
A s other articles in this issue of Scien­
ft tific American have noted, the 

earth in general and the bio­
sphere in particular have grand-scale 
pathways of energy metabolism. For ex­
ample, solar energy falls on the earth, 
green plants utilize a tiny fraction of it 
to manufacture energy-rich compounds 
and some of these compounds are stored 
in the earth's crust as what we have 
come to call fossil fuels. The primary 
fission fuel uranium and the potential 
fusion fuel deuterium were originally 
"cooked" in the interior of stars. In re­
leasing the energy of these chemical and 
nuclear fuels man is in effect racing the 
slow cycles of nature, with inevitable ef­
fects on the cycles themselves. 

Before 1800 the power available to 
human societies was limited to solar en­
ergy that had only recently been radi­
ated to the earth. The most direct form 
of such power was human or animal 
power; the energy came from the me­
tabolism of food, which is to say from 
the biological oxidation of compounds 
storing solar energy. The burning of 

WA STE HEAT that is an inevitable accom· 

paniment of the human use of energy is evi· 

dent in the thermal infrared image of New 

York on the opposite page. The thermo· 

gram was made with a Barnes thermograph 

that depicts emissions of energy on a color 

scale ranging from black for the coolest ob· 

jects through green, yellow and red to red· 

purple for the hottest ones. Some of the 

emissions represent solar energy stored in 

the walls of buildings, but a large fraction is 

waste heat from the human consumption of 

energy. The rectangular elements of the im· 

age result from digitized output of thermo· 

graph. Empire State Building is at center. 

by S. Freu Singer 

wood or oils of animal or vegetable ori­
gin to provide light and heat also repre­
sented the conversion of recently stored 
solar energy. By the same token the use 
of moving air or falling water to drive 
mills or pumps constituted the use of re­
cently arrived solar energy. Among the 
other limitations of such power sources 
was the fact that they could not be read­
ily transported and that their energy 
could not be transmitted any consider­
able distance. 

This picture has of course changed 
completely since 1800, and it has as­
sumed Significant new dimensions in the 
past two decades with the advent of nu­
clear power. The most striking measure 
of these changes is the increased per 
capita consumption of energy in the de­
veloped countries. In deed, the correla­
tion between a nation's per capita use of 
energy and its level of economic devel­
opmen t is almost linear [see illustration 
on page 178]. The minimum per capita 
consumption of energy is what is re­
quired in food for a man to stay alive, 
namely about 2,000 kilocalories or 100 
watts (thermal) per day. Today the per 
capita use of energy in the U.S. is 10,000 
watts per day, and the figure is risin g by 
some 2.5 percent per year. 

Hand in hand with the advance in the 
rate of energy consumption has gone the 
introduction of the new sources of ener­
gy: fossil and nuclear fuels. In contrast 
to the sources used before 1800, fossil 
and nuclear fuels represent energy that 
reached the earth millions and even some 
billions of years ago. E xcept occasional­
ly for political reasons, it matters little 
where the new fuels are found; they can 
be transported readily, and the energy 
produced from them can be transmitted 
ovcr great distances. 

On first consideration it might seem 
that fossil and nuclear fuels are funda­
mentally different, in that the energy of 
one is released by oxidation, or burning, 
and the energy of the other is released 
by fission or fusion. In a deeper sense, 
however, the two kinds of fuel are close­
ly related. Fossil fuels store the radiant 
energy o riginally produced by nuclear 
reactions in the interior of the sun. Nu­
clear fuels store energy produced by an­
other set of nuclear reactions in the in­
terior of certain stars. When such stars 
exploded, they showered into space the 
elements that had been synthesized 
within them. These elemen ts then wen t 
into the formation of younger stars such 
as the sun, together with its family of 
planets. 

The production of fossil fuels is based 
on the carbon cycle that has been de­

scribed in the article by Bert Bolin [page 
124]. In the process of photosynthesis 
plants use radiant energy from the sun 
to convert carbon dioxide and water into 
carbohydrates, at the same time releas­
ing oxygen into the atmosphere. When 
the plant materials decompose or are 
eaten by animals, the process is reversed: 
oxygen is used to convert carbohydrates 
into energy plus carbon dioxide and 
\\'a ter. 

The amount of carbon dioxide in­
volved in photosynthesis annually is 
about 110 billion tons, or roughly 5 per­
cent of the carbon dioxide in the atmo­
sphere. The consumption of carbon di­
oxide through photosynthesis is matched 
to one part in 10,000 by the annual re­
lease of carbon dioxide to the atmo­
sphere through oxidation. Under normal 
conditions the amounts of carbon dim:­
ide and oxygen in the atmosphere re-
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In releasing the enelf stored in fossil and nuclear fuels man 

accelerates slow cycles of nature. The waste products of power 

generation then interact ,,·ith the last cycles of the biosphere
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main approximately in equilibrium from 
year to year. 

There are, however, small long-term 
imbalances in the carbon cycle, and it is 
owing to them that the fossil fuels being 
exploited today all derive from plants 
and animals that lived long ago. Over a 
span of geologic history extending back 
into the Cambrian period of some 500 
million years ago, a small fraction of 
these organisms have been buried in sed­
iments or mud under conditions that 
prevented complete oxidation. Various 
chemical changes have transformed 
them into fossil fuels: coal, oil, natural 
gas, lignite, tar and asphalt. Although 
the same geological processes are still 
operative, they function over vast peri­
ods of time, and so the amount of new 

fossil fuel that is likely to be produced 
during the next few thousand years is in­
consequential. Therefore one can as­
sume that the existing fossil fuels consti­
tute a nonrenewable resource. 

Coal has been burned for some eight 
centuries, but it  was consumed in neg­
ligible amounts until early in the 19th 
century. Since the middle of that cen­
tury the rise in the consumption of coal 
has been spectacular: in 1870 the world 
production rate of coal was about 250 
million metric tons per year, whereas 
ihis year it will be about 2.8 billion tons . 
The rate of increase, however, is lower 
now than it was at the beginning of the 
period, having declined from an average 
of 4.4 percent per year to 3.6 percent, 
largely because of the rapid increase in 

CO2 FROM FOSSIL FUEL 
COMBUSTION 

the fraction of total industrial energy 
contributed by oil and gas. In the u. S .  
that fraction rose from 7.9 percent i n  
1900 to 67.9 percent in 1965, whereas 
the contribution of coal declined from 
89 percent to 27.9 percent. 

World production of crude oil was 
negligible as recently as 1890; now it is 
close to 12 billion barrels per year. The 
rise in the rate of production has been 
nearly 7 percent per year, so that the 
amount of oil extracted has doubled ev­
ery 10 years. As yet there is no sign of a 
deceleration in this rate. 

Nonetheless, the finiteness of the 
earth's fossil fuel supplies gives rise to 
the question of how long they will last. 
M. King Hubbert of the U.S.  Geological 
Survey has estimated that the earth's 

_----3111> CA.RBON MONOXIDE 

�---+ SULFUR OXIDES 
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ENERGY CYCLE involved in the combustion of fossil fuels be­

gins with solar energy employed in photosynthesis millions of 

years ago. A small fraction of the plants is buried under conditions 

that prevent complete oxidation. The material undergoes chemical 

changes that transform it into coal, oil and other fuels. When they 

are burned to release their stored energy, only part of tbe energy 

goes into useful work. Much of the energy is returned to the atmo­

sphere as heat, together with such by-products of combustion as 

carbon dioxide and water vapor. Other emissions in fossil fuel com­

bustion are listed at right in the relative order of their volume. 
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coal supply can serve as a major source 
of industrial energy for another two or 
three centuries. His estimate for petro­
leum is 70 to 80 years. However much 
these periods may be stretched by un­
foreseen discoveries and improved tech­
nology, the end of the fossil fuel era will 
ineVitably come. From the perspective 
of that time-perhaps the 23rd century­
the period of exploitation of fossil fuels 
will be seen as only a brief episode in 
the span of human history. 

This year the V. S. will consume some 
685,000 million million B.T.V. of en­

ergy, most of it derived from fossil fuels. 
(One short ton of coal has a thelmal val­
ue of 25.8 million B.T.V. The thermal 
value of one barrel of oil is 5.8 million 
B.T.V.) Industry takes more than 35 per­
cent of the total energy consumption. 
About a third of industry's share is in the 
form of electricity, which, as of 1960, 
was generated roughly 50 percent from 
coal, 20 percent from water power, 20 
percent from natural gas and 10 percent 
from oil. 

The nation's homes use almost as 
much energy as industry does. A major 
consumer is space heating, which for the 
average home requires as much energy 
as the average family car: about 70 mil-

lion B.T.V. per year, or the equivalent 
of 900 gallons of oil. The other domestic 
uses are for cooking, heating water, 
lighting and air conditioning. 

Transportation accounts for 20 per­
cent of the annual energy consumption, 
mainly in the form of gasoline for auto­
mobiles. Another 10 percent goes for 
commercial consumption in stores, of­
fices, hotels, apartment houses and the 
like. Agriculture probably consumes no 
more than 1 percent of all the energy, 
chiefly for the operation of tractors 
and for running irrigation and drainage 
equipment. 

Looking at the use of fossil fuels from 
another viewpoint, one finds that most 
of the coal goes into the generation of 
electricity. Oil and natural gas tend to be 
used directly, either for heating purposes 
or to provide motive power for vehicles. 
Fossil fuels are also used as the raw ma­
terials for the petrochemical industry. 
NotWithstanding that industry's rapid 
growth, however, it  still accounts for less 
than 2 percent of the annual consump­
tion of fossil fuels. 

C learly the production of energy from 
fossil fuels on the scale typical of a 

modern industrial nation represents an 
enormous amount of combustion, with 
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attendant effects on the biosphere. By 
far the greatest effect is the emission of 
carbon dioxide. Combustion also injects 
a number of pollutants into the air. In 
the U.S. the five most common air pollu­
tants, listed in the order of their annual 
tonnage, are carbon monoxide, sulfur 
oxides, hydrocarbons, nitrogen oxides 
and solid particles .  The major sources 
are automobiles, industry, electric pow­
er plants,  space heating and refuse dis­
posal. The burning of fossil fuels also 
produces effects on water: chemical ef­
fects when the air pollutants are washed 
down by water and thermal effects aris­
ing from the dispersal of waste heat 
from thermal power plants. 

Carbon dioxide is the only combus­
tion product whose increase has been 
documented on a worldwide basis . The 
injection of large quan tities of carbon 
dioxide into the atmosphere in the past 
few decades has been extremely sudden 
in relation to important natural time 
scales. For example, although the sur­
face of the sea can adjust to changes in 
the level of carbon dioxide in the atmo­
sphere in about five years, the deeper 
layers require some hundreds or thou­
sands of years to adjust.  If the oceans 
were perfectly mixed at all  t imes, carbon 
dioxide added to the atmosphere would 
distribute itself about five-sixths in the 
water and about one-sixth in the air. In 
actuality the distribution is about equal. 

It appears that between 1860 and the 
present the concentration of carbon di­
oxide in the atmosphere has in creased 
from about 290 parts per million to 
about 320 parts per million, an increase 
of more than 10 percent. Precise mea­
surements by Charles D. Keeling of the 
Scripps Institution of Oceanography 
have established that the carbon dioxide 
conten t increased by six parts per mil­
lion between 1958 and 1968. Reasonable 
projections indicate an increase of 25 

percen t (over 1970) to about 400 parts 
per million by the turn of the century 
and to between 500 and 540 parts per 
million by 2020. 

The most widely discussed matter re-
lated to these increases is the possi­

bility that they will lead to a worldwide 
rise in temperature. The molecule of 
carbon dioxide has strong absorption 
bands, particularly in the infrared region 
of the spectrum at wavelen gths of from 
12 to 18 microns. This is the spectral re­
gion where most of the thermal energy 
radiating from the earth into space is 
concentrated. By increasing the absorp­
tion of this radiation and by reradiating 
it  at a lower temperature corresponding 
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is 100 times the food·intake level of 100 watts that is barely exceeded in many nations. 

to the temperature of the upper atmo­
sphere the carbon dioxide reduces the 
amount of heat energy lost by the earth 
to ou ter space. The phenomenon has 
been called the "greenhouse effect," al­
though the analogy is inexact because a 
real greenhouse achieves its results less 
from the fact that the glass blocks re­
radiation in the infrared than from the 
fact that it cuts down the convective 
transfer of heat.  

The possibility that addition al carbon 
dioxide from the burning of fossil fuels 
could produce a worldwide increase in 
temperature seems to have been raised 
initially by the American geologist P. C. 
Chamberlain in 1899. In 1956 Gilbert 
N. Plass calculated that a doubling of 
the carbon dioxide content of the atmo-

sphere would result in a rise of 6.5 de­
grees Fahrenheit at the earth's surface. 
In  1963 Fritz Moller calculated that a 
25 percent increase in atmospheric car­
bon dioxide would increase the average 
temperature by one to seven degrees F., 
depending on the effects of water vapor 
in the atmosphere. The most extensive 
calculations have been made by Syukuro 
Manabe and R. T. Wetherald, who esti­
mate that a rise in atmospheric carbon 
dioxide from 300 to 600 parts per mil­
lion would increase the average surface 
temperature by 4.25 degrees, assuming 
average cloudiness , and by 5.25 degrees,  
assuming no clouds. 

Unfortunately the problem is more 
complicated than these calculations im­
ply. An increase of temperature at the 
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pared (right) with total consumption Ile/t) over the same period. 

A t  right one can see that in 1850 fuel wood was the source of 90 

percent of the energy and coal accounted for 10 percent. By 2000 it  

is foreseen that coal will be baek to almost 10 percent and that 

other sources will be oil, nat ural gas, liquid natural gas, hydro· 

electric power, fuel wood and nuclear energy. The estimates were 

made by Hans H. Landsberg of Resources for the Fut ure, Inc. 

surface of the earth and in the lower 
levels of the atmosphere not on ly in­
creases evaporation but also changes 
cloudiness. Changes of cloudiness al­
ter the albedo, or average reflecting 
power, of the earth. The normal aver­
age albedo is about 30 percent, mean-

ing that 30 percent of the sunlight reach­
ing the earth is immediately reflected 
back into space. Changes in cloudiness, 
therefore, can have a pronounced effect 
on the atmospheric temperature and on 
climate. 

The situation is further complicat-
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ed by atmospheric turbidity. J. Murray 
Mitchell, Jr., of the Environmental Sci­
ence Services Administration has deter­
mined that atmospheric temperatures 
rose generally between 1860 and 1940. 

Between 1940 and 1960, although 
warming occurred in northern Europe 
and North America, there was a slight 
lowering of temperature for the world 
as a whole. Mitchell finds that a cooling 
trend has set in; he  believes it is owing 
partly to the dust of volcanic eruptions 
and partly to such human activities as 
agricultural burning in the Tropics. (In 
the future the condensation trails left 
by jet airplanes may contribute to this 
problem. )  

I n  sum, the fact that the carbon diox­
ide content of the ahllosphere has in­
creased is firmly established by reliable 
measurements. The effect of the increase 
on climate is uncertain , partly because 
no good worldwide measurements of ra­
diation are available and partly because 
of the coun teractive effects of changes 
in cloudiness and in the turbidity of the 
ahllosphere. An exciting technological 
possibility is the use of a weather satel­
lite to keep track of the energy radiated 
back into space by the earth. The data 
would prOVide a basis for the first reli­
able and standardized measurement of 
the "global radiation climate." 

In any event, the higher levels of car­
bon dioxide may not persist for long. For 
one thing, the oceans, which contain 60 
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times as much carbon dioxide as the at­
mosphere does, will begin to absorb the 
excess as the mixing of the intermediate 
and deeper levels of water proceeds . For 
another, the increased atmospheric con­
tent of carbon dioxide will stimulate a 
more rapid growth of plants-a phenom­
enon that has been utilized in green­
houses. It is true that the carbon dioxide 
thus removed from the atmosphere will 
be returned when the plants decay.  For­
ests, however, account for about two­
thirds of the photosynthesis taking place 
on land (and therefore for nearly half of 
the world total) , and since forests are 
long-lived, they tend to spread over a 
long period of time the return of carbon 
dioxide to the atmosphere. 

'fhe five major air pollutants resulting 
from the combustion of fossil fuels 

also in teract with the biosphere in vari­
ous ways, not all of them clearly under­
stood. One tends to think of pollutants 
as harmful, but the situation is not that 
simple, as becomes apparent in a con­
sideration of the pollutants and their 
known effects. 

Carbon monoxide appears to be al­
most entirely a man-made pollutant. The 
only Significant source known is the im­
perfect combustion of fossil fuels, re­
sulting in incomplete oxidation of the 
carbon . Although carbon monoxide is 
emitted in large amounts, it does not 
seem to accumulate in the atmosphere. 
The mechanism of removal is not known, 

but it is probably a biological sink, such 
as soil b.acteria. 

Sulfur, which occurs as an impurity 
in fossil fuels, is among the most trou­
blesome of the air pollutants.  Although 
there are natural sources of sulfur di­
oxides, such as volcanic gases, more than 
80 percent is estimated to come from the 
combustion of fuels that contain sulfur. 
The sulfur dioxide may form sulfuric 
acid, which often becomes associated 
with atmospheric aerosols, or it may re­
act further to form ammonium sulfate. 
A typical lifetime in the atmosphere is 
about a week. 

'Vhen the sulfur products are removed 
from the atmosphere by precipitation, 
they increase the acidity of the rainfall. 
Values of pH of about 4 have been 
found in the Netherlands and Sweden, 
probably because of the extensive indus­
trial activity in western Europe. As a re­
sult small lakes and rivers have begun to 
show increased acidity that endangers 
the stability of their ecosystems .  Certain 
aquatic animals, such as salmon , cannot 
survive if the pH falls below 5.5. 

Nothing is known about the global 
effects of sulfur emission, but they are 
believed to be small. In any case most 
of the sulfur ends up in the oceans .  It 
is possible, however, that sulfur com­
pounds are accumulating in a layer of 
sulfate particles in the stratosphere. The 
layer's mechanism of formation ,  its ef­
fects and its relation to man-made emis­
sions are not clear. The fine particles of 

the layer could have an effect on radia­
tion from the upper atmosphere, thereby 
affecting mean global temperatures . 

Hydrocarbons are emitted naturally 
into the atmosphere from forests and 
vegetation and in the form of methane 
from the bacterial decomposition of or­
ganic matter. Human activities account 
for only about 15 percent of the emis­
sions, but these contributions are con­
centrated in urban areas . The main con­
tributor is the processing and combus­
tion of petroleum, particularly gasoline 
for the internal-combustion engine.  

The reactions of hydrocarbons with 
nitrogen oxides in the presence of ultra­
violet radiation produce the photochemi­
cal smog that appears so often over Los 
Angeles and other cities .  The biological 
effects of several of the products of the 
reactions, including ozone and complex 
organic molecules, can be quite severe. 
Some of the products are thought to be 
carcinogenic. Ozone has highly detri­
men tal effects on vegetation, bu t fortu­
nately they are localized. As yet no re­
gional or worldwide effects have been 
discovered. 

Hydrocarbon pollutants in the form of 
oil spills are well known to have drastic 
ecological effects . The spill in the Santa 
Barbara Channel last year, which in­
volved some 10,000 tons, and the Torrey 
Canyon spill in 1967, involving about 
100,000 tons, produced intense local 
concentrations of oil, which is toxic to 
many marine organisms .  Besides these 

SOURCES OF WASTE HEAT are evident in a thermal infrared 

image, made at an altitude of 2,000 feet, of an industrial concen-

tration along the Detroit River in Detroit. The whiter an object is, 

the hotter it was when the image was made. The complex at left 
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well-publicized events there is a yearly 
worldwide spillage from various oil op­
erations that adds up to about a million 
tons, even though most of the individual 
spills are small. There are also natural 
oil seeps of unknown magnitude. Added 
to all of these is the dumping of waste 
motor oil; in the U .S. alone about a mil­
lion tons of such oil is discarded annu­
ally. Up to the present time no world­
wide effects of these various oil spills are 
detectable. It can therefore be assumed 
that bacteria degrade the oil rapidly. 

Nitrogen oxides occur naturally in the 
atmosphere as nitrous oxide (N20), nitric 
oxide (NO) and nitrogen dioxide (NO�) .  
Nitrous oxide is the most plentiful at .25 

part per million and is relatively inert. 
Nitrogen dioxide is a strong absorber of 
ultraviolet radiation and triggers photo­
chemical reactions that produce smog. 
In combination with water it can form 
nitric acid. 

The production of nitrogen oxides in 
combustion is highly sensitive to tem­
perature. It  is particularly likely to result 
from the explosive combustion taking 
place in the internal-combustion engine. 
If  this engine is ever replaced by an ex­
ternal-combustion engine that operates 
at a steady and relatively low tempera­
ture rather than at high peaks, the emis­
sion of nitrogen oxides will be greatly 
reduced. 

Solid particles are injected into the 
lower atmosphere from a number of 
sources, with the combustion of fossil 

fuels making a major contribution . The 
technology of pollution control is ade­
quate for limiting such emissions . If it 
is applied, solid particles will become in­
significant pollutants. 

�though th e fossil fuels still predomi-
nate as sources of power, the intro­

duction of nuclear fuels into the genera­
tion of power is changing both the scale 
of energy conversion and the effects of 
that conversion on the biosphere . Nucle­
ar energy can be considered as a heat 
source differing from coal or oil, but 
once the energy has been released in the 
form of heat it is used in the same way 
as heat from other sources . Therefore 
the problem of waste heat is the same. 
The pollution characteristics of nuclear 
energy, however, differ from those of the 
fossil fuels, being radioactive rather than 
chemical. 

Two processes are of concern: the fis­
sion of heavy nuclei such as uranium and 
the fusion of light nuclei such as deute­
rium . The fission reaction h as to start 
with uranium 235, because that is the 
only naturally occurring isotope that is 
fissioned by the capture of slow neu­
trons.  On fissioning the uranium 235 

supplies the neutrons needed to carry 
out o ther reactions . 

Each fission event of uranium 235 re­
leases some 200 million electron volts 
of energy. One gram of uranium 235 

therefore corresponds to 8 1,900 million 
joules, an energy equivalent of 2.7 met-

center, identifiable by a distinctly warm dIluent entering the river, is a power plant. Group 

of hot buildings at right is a steel mill. Cool land area at bottom is p art of Windsor, Ontario. 

ric tons of coal or 13.7 barrels of crude 
oil. A nuclear power plant producing 
1,000 electrical megawatts with a ther­
mal efficiency of 33 percen t would con­
sume about three kilograms of uranium 
235 per day. 

A nuclear "burner" uses up large 
amounts of uranium 235, which is in 
short supply since it has an abundance 
of only .7 percen t of the uranium in 
natural ore. 

'
If reactor development 

proceeds as foreseen by the Atomic En­
ergy Commission, inexpensive reserves 
of uranium (costing less than $ 10 per 
pound) would be used up within about 
15 years and medium-priced fuel (up to 
$30 per poun d) would be used up by the 
year 2000. Hence there has been con­
cern that present reactors will deplete 
these supplies of uranium before con­
verter and breeder reactors are devel­
oped to make fissionable plutonium 239 

and uranium 233. Either of these iso­
topes can be used as a catalyst to burn 
uranium 238 or thorium 232, which are 
relatively abundant. Thorium and urani­
um together have an abundance of about 
15 parts per million in the earth's crust, 
representin g therefore a source of en ergy 
millions of times larger than all known 
reserves of fossil fuel. 

The possibility of generating energy 
by nuclear fusion is more remote. Of the 
two processes being considered-the 
deuterium-deuterium reaction an d the 
deuterium-tritium reaction-the latter is 
somewhat easier because it proceeds at 
a lower temperature. In it li thium 6 is 
the basic fuel, because it  is needed to 
make tritium by nuclear bombardment .  
The amount of energy available in this 
way is limited by the abundance of lithi­
um 6 in the earth's crust, namely about 
two parts per :nillion . The deuterium­
deuterium reaction, on the other hand, 
would represent a practically inexhausti­
ble source of energy, since one part in 
5,000 of the hydrogen in the oceans is 
deuterium. 

One must hope, then, that breeder re­
actors and perhaps fusion reactors will 
be developed commercially before the 
supplies of fossil fuel and uranium 235 

are exhausted. vVith inexhaustible (but 
not cheap) supplies of nuclear energy, 
automobiles may run on artificially pro­
duced ammonia or methane; coal and 
oil shale will be used as the basis for 
chemicals, and electricity generated in 
large breeder or fusion reactors will be 
used for such purposes as the manufac­
ture of ammonia and methane, the re­
duction of ores and the production of 
fertilizers . 

It is difficult at this stage to predict 
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"CLASSIC" 
"A classic study of why government 

doesn't work . . .  " -The Baltimore Sun 

"CONCERNED" 
"Facts, literally millions of t h e m  . . .  I 
can't think of any concerned American 
. . .  w h o  s h o u l d n't w a d e  t h r o u g h  t h e  
N ader facts . . .  a n d  form a theory of 
what they mean ."  - New York Times 

"EXPLOSIVE" 
"Nader's Raiders have produced three 
solid books on the function of three 
crucial agencies in the area of consumer 
protection and service-and they are as 
e xplosive as anything since Upton Sin­
clair. We owe a debt to these young 
peopl e . "  -The Los A llgeles Times . 

"URGENTlY NEEDED" 
' These fact-packed books a r e  urgently 
needed and they may help to implement 
the vital actions necessary to preserve 
civilization . "  

-Madison ( Wisc. ) Capital Times 

"SOLID" 
"Excellent books, ful l  of sol id '  research 
and information ."  - Washillgtoll Post 
Nader's R aiders - I I O university stu­
dents-came to Washington, D.C.  to 
probe for facts.  Now they tell what 
they found in three important books 
that show how ind ustry/Government in­
action and hypocricy are end angering 
our food, our air, and our transporta­
tion systems. � 11' 1 
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curves assume doubling of at mospheric  dust in 20 and 10 years respectively ;  bOllom curve, 
doubling in 10 years with twice the thermal effect thought most probable. Chart is based 
on work of J. Murray M itchell, Jr., of the Environmental Science Services A d m inistration. 

the effects of large- scale use of nuclear 
energy on the biosphere. One must make 
certain assumptions about the disposal 
of radioactive wastes. A reasonable as­
sumption i s  that they wil l  be rendered 
harmless by techniques whereby long­
l ived radioactive iso topes are m ade i n to 
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solids and buried. (They are po tentially 
dangerous now because of the technique 
of storing them as liquids in under­
ground tanks.) Short-lived radioactive 
wastes can presumably be s tored safely 
until  they decay. 

For bo th nudear energy and for proc-

Jt ] 
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SO URCES O F  EMISS IONS from comb ust ion are ranked. F ive parts o f  each bar  represent 

( from lelt ) carbon monoxide, sulfur oxides, hydrocarbons, nitrogen oxides and particles. 
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CONTROL 
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esses involving fossil fuels the major 
problem and the major impact of human 
energy production is the dissipation of 
waste heat. The heat has direct effects 
on the biosphere and could have indi­
rect effects on climate . It is useful to dis­
tinguish between local problems of ther­
mal pollution, meaning the problems 
that arise in the immediate vicinity of a 
power plant, and the global problem of 
thermal balance created by the transfor­
m ation of steadily rising amounts of 
energy. 

The efficiency of a power plant is de-
termined by the laws of thermody­

namics . No m atter what the fuel is, one 
tries to create high-temperature steam 
for driving the turbines and to condense 
the steam at the lowest possible tempera­
ture . Water is the only practical medium 
for carrying the heat away. Hence more 
than 80 percent of the cooling water 
used by U . S .  industry is accounted for 
by electric power plants. For every kilo­
watt-hour of energy produced about 
6,000 B . T . U .  in heat must be dissipated 
from a fossil fuel plant and about 10,000 

B . T . U .  from a contemporary nuclear 
plant. 

In the U . S . ,  where the consumption 
of power has been doubling every eight 
to 10 years, the increase in the number 
and size of electric power plants is put­
ting a severe strain on the supply of cool­
ing water . By 1980 about half of the nor­
mal runoff of fresh water will be needed 
for this purpose. Even though some 95 

percent of the water thus used is re­
turned to the stream, it is not the same: 
its increased temperature has a number 
of harmful effects .  Higher temperatures 
decrease the amount of dissolved oxygen 
and therefore the capacity of the stream 
to assimilate organic wastes. Bacterial 
decomposition is accelerated, further de­
pressing the oxygen level. The reduc­
tion of oxygen decreases the viability of 
aquatic organisms while at the same 
time the higher temperature raises their 
metabolic rate and therefore their need 
for oxygea. 

In the face of stringent requirements 
being laid down by the states and the 
Department of the Interior, power com­
panies are installing devices that cool 
wa ter before it is returned to the stream . 
The devices include cooling ponds, spray 
ponds and cooling towers. They func­
tion by evaporating some of the cooling 
water, so that the excess heat is dissi­
pated into the atmosphere rather than 
into the stream . 

This s trategy of spreading waste" heat 
has to be reexamined as the scale of tbe 

problem increases .  I t  is already apparent 
that the "heat islands" characteristic of 
metropolitan areas have definite mete­
orological effects-not necessarily all bad. 
The fact that a city is warmer than the 
surrounding countryside affects the ecol­
ogy and biospheric activity in metropoli­
tan areas in numerous ways . For exam­
ple, the release of heat in a relatively 
small local area causes a change in the 
convective pattern of the atmosphere. 
The addition of large amounts of par­
ticulate matter from industry, space 
heating and refuse disposal provides 
nuclei for the condensation of clouds.  A 
study in the state of Washington showed 
an increase of approximately 30 percent 
in average precipitation over long peri­
ods of time as a result of air pollution 
from pulp and paper mills. 

The worldwide consumption of ener-
gy can be estimated from the fact 

that the U . S .  accounts for abo ut a third 
of this consumption. The U . S .  consump­
tion of 685,000 million million B . T . U .  
p e r  year is equivalent to 2 .2 million 
megawatts.  World consumption is there­
fore some 6.6 million megawatts . Put an­
other way, the present situation is that 
the per capita consumption of energy in 
the U . S .  of 1 0,000 watts per day com­
pares with somewhat more than 1 00 

watts (barely above the food-intake lev­
el) in most of the rest of the world. 

Projections for the future depend on 
the assumptions made. If  one assumes 
th at in 50 years the rest of the world 
will reach the present U . S .  level of en­
ergy consumption and that the popula­
tion will be 10 billion, the total man­
made energy would be 1 1 0  million 
megawatts per year. The energy would 
of course be distributed in a patchy man­
ner reflecting the location of population 
cen ters and the distributing effects of the 
atmosphere and the oceans. 

That figure is numerically small com­
pared with the amount of solar energy 
the earth radiates back into space. Over 
the entire earth the annual heat loss is 
about 120,000 million megawatts, or 
more than 1,000 times the energy that 
would be dissipated by human activity 
if the level 9f energy consumption pro­
jected for 2020 were reached. It would 
be incautious to assume, however, that 
the heat put into the biosphere as a re­
sult of human energy consumption can 
be neglected because it is so much small­
er than the solar input. The atmospheric 
engine is subtle in its operation and deli­
cate in its adjustments.  Extra inputs of 
energy in particular places can have sig­
nificant and far-reaching consequences . 
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