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CHAPTER 1.

THE NATURE AND CHARACTERISTICS

OF ENERGY,'

The discovery and development of atomic power have led
to a rash of speculation ab@ut the influen@e whi@h this new source
of energy will have on the future of mankind The prophets of
doom say that it will condemn man to a return to the cave, There
is no way scientifically to refute this position-here we can con-
sult only hopes and fears. On the other hand,:there are ‘those
who see in atomic energy the basis for a brave new warld, in
which war is impossible and men are freed from the necessity to
work, This clain can be tested on the basis of man's past expe=-

rience,

In peacetime, atomic energy will compete with other socurces
of energy. In the pastfman has‘aband@ned one source of snergy
for another only bacause of the prospect of overwhelming advan-
tage, and then with reluctance., So to predictiwh@r@ and how
atomic energy will influence the future we must know not only its
costs and the gains to be made through its use; but also the costs
and advantages of the forms of energy'ndw in use, The same kind
of speculation as has accompanied the rise of atomic power was
associated with the introduction of mew energy sources in the
past, but in the past we did not have the store of scientifie
knowledge that we have today. This w@rk is an effort to bring
together and examine some of this knowledgs so that we may in-
crease our ability to forsee the future effe©t§ of energy, and
to avoid some of the pitfalls into which we might otherwise stum=-

ble. . : _ t

THE PROBLEM STATED

r The thesis of the book is simple. It is that. the energy
available to man limits what he can do and influences what he will




do. It will not be easy to establish, for the energy converters
man uses are embedded in a social matrix in which it is difficult
to distinguish the relationships primarily connected with techni-
cal operations from those primarily of social origin., Neverthe-~
less the effort must be undertaken, because only if we can sepa-
rate the effects of the two types of controlling factor can we
know how much of what men strive to do i1s possible of achievement.

Conflict between communism and social organization in the
patterns found in the Free World shapes our day., Free enterprisers
hold that the political and economic ideas developed largely in
the British Commonwealth, the United States, and Northwest Europe
have demonstrated their capacity to deal with industrial socliety,.
Communists, on the other hand, believe that only through use of
the Marxian medel can man fully realize the potentialities of
modern technolegy., Each school holds that iﬁ its system is
adopted; eventually all the world will share a standard of material
well-being equal or superior to that now enjoyed in the wealthier
states, Each is expected by its proponents to bring into being a
society largely free from toil and poverty, without reference to
the geographic and demographic facts or the technological proposi-

["tions faced by a particular pecple, Now if the thesis here pre-

sented 1is substantiated, it will be up to these ideologists to
show how the systems they propose will convert and distribute
energy so that man everywhere will do what they hold he will be
able to do, and also to prove that nothing involved in the pro-
cess of producing and using more energy is likely to influence
men to distribute it unequally - or, more specifically, to deny to
great areas of the world the wealth it would be possible for them
to have if energy were "properly" distributed.

Thus the thesis offered here is likely to raise questions
about the reliability of certain propositions which are basic to
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the policies of both the Communist and the Free World., Some of
the mafkers of these policies will be unwilling to accept its im-
plications. In anticipation of such resistamce, our argument has
been built upon widely accepted principles of natural sclience rath-
er than "self-evident" truths about human naturs,

The scientist's.contribution can be summed up inm the for-
mula: If you do thus and so, this will follow, In other words,
science prescribes the conditions necessary to bring about change
and predicts its consequences. Whether or not human beings can
be influenced deliberately to perform or to eschew certain acts
in order to achieve or to avoid predicted consequencss cannot be
learned from the scientific position itself. If we are to predict
whether or not a given group will wish to change in the manner
required to make use of new fuels and converters, we shall have
to know what, in the particular situation envisaged, has to be
changed so that these fusels and converters can be used. This
means that a careful effort must be made to distinguish between
the social relationships that are dependent upon the use of pre-
sent converters and those that may be expected to continue even
though new sources of power energlze them. Only to the degres
that we know what must be changed can we know the costs of change
and so estimate man's willingness to alter his soclety,

There are and have been many kinds of labels used in ex-
plaining why man persists in or modifies his behavior, He has
been variously classified as primarily a power-gseeking or politi-
cal animal, a money-seeking or economic being, a being endowed by
blood and soil with racial instinots whioh gulide his cholces, the
helpless puppet of physical or biological forces which move him,
an anarchistic element in time and space guided only by his will,
and. many other kinds of creature., The makers of these labels,
having endowed man with a bagic nature, then proceed to infer how
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’regard to ‘these relationships are &arled The physical and bio-
. loglcal sciences can tell us the® nature and“amount” st éhergy *that
¢ah be secured fr@m a’ glven fuel or converterod‘Examinlng this
'evidence enables us to form an idea of the way ‘man’ wéuld*act ‘if
limlted by ‘this partlcular source “of energy,‘ We can“also estimate
how he mlght act if he were ‘to seek to make“the most’ efficiefit
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rﬁ Even the most elementary knowledge of physiology and of
thermodynamics makes it clear that man can exist only where he is
able to replace the energy which he uses up in the process of
living. He must regularly be in control of energy equal to or in

Lg;cess of this minimum, A permanent deficit makes l1life impossible,

Beyond this biologically set minimum the amount of energy
required by man is set by the goals he seeks, There are few, if

any, societies in which men choose to exert no more energy than

is required to maintain a supply of food, protection from the
elements, and procreation, Rather, there is a wide range of val-
ues which induce man to strive for a large number of goals re-
quiring for their achievement control over varying forms and

——r
| amounts of energy. The preservation of a system of values re-

qQuieres a continuous supply of energy equal to the demands im-

B

posed by that system of values. Conversely, as we shall later

show, changes in the amount or form of energy available give rise
to conditions likely to result in changes in values, for men who
share common values make similar changes in choice when faced
with similar changes in the consequences of their acts, These
changes in choice are influenced not only by the values they have
learned but by changed limits as to what it is physically possible
for them to do. Thus the possibility of predicting change depends
as much on a knowledge of the physical potentialities in a situ-

ation as it does on a knowledge of the values men hold.

Probably as a result of the errors of the physical deter-
minists and the Marxists, there has in the United States particu-
larly been a marked hesitancy to examine the social consequences
of the physical arrangements by which men live, Thers have how-
ever, been a number of fruitful investigations., Among the social
scientists, W. F. Ogburn, lLewis Mumford, George K. Zipf, John Q.
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Stewart, Leslie White, Hornell Hart, and numerous others have
given particular attention to the social implications of tech-
nology and of the energy it makes available, This beook starts
with a somewhat different type of investigation from theirs and
arrives at somewhat different conclusions, and no attempt will

be made generally to discuss their contributions.

The approach here used cuts across many of the traditional
lines of division of labor among social scientists., This gives
rise to some of the same kinds of difficulties as have confronted
other scientists using energy as a common denominator., Many
things which are elementary te the specialist in one field must
be said for the sake of the reader who is not trained in that
field, Thus readers sophisticated in any of the areas covered
will find the work a mixture of elementary and more advanced levels.
This difficulty may be illustrated by the concept of energy. - -

ENERGY DEFINED

Energy must be ‘defined in terms of the ways in which it
manifests itself, It is variously classified as heat, light,
sound, radio, radar, TV, electxicity, magnetism, mechanical ener-
gy, growth, and even "matter", At one time it was difficult for
the layman to accept the fact that these fields represent differ-
ent manifestations of the same thing, and even today in the face
of "the bomb! and of the everyday miracle by which electricity is
converted in the average household into many other forms of energy,
conversion of energy from one form to another is not yet a commone
place, To do justice to the concept of energy would require treat-
ing each of its manifestations as it is treated by experts in that
particular field. We must ignore the somewhat variant meaning of
the concept to experts in various scientific pursuits; a common
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core of meaning. .as shared by layman and expert . is the most that

we can deal with in these .pages.

' : Energy Converters

It is apparent that, as a means to éon?ert energy, man

can be measured like any other converter. This is not to say

that in every situation the most significant thing about a man

is that he is ‘a converter - even though when he ceases so to be

he 1s,dead It is to say that, significant or: not, it is a:. fact
that if man acts, his activities can be measured in physical terms.
T " Man also makes use of converters‘other?than his own body
to achieve his ends, and the'énergy these converters make avail-
able to him is also measureable,.. Thus wherever other .converters
can bb usedftdfreplace or supplement the energies. of man, the
relative advantage, in energy terms, of using them over using his
own physical effort can be calculated. However, such calculations
will not alone serve to indicate whether the more or the less effi-
cient converter as so measured will, in fact, be used. One of the
problémsiincidental to this study will be to discover some of the
conditions undeg\ﬁgiph man will be likely to continue to pursue
;—;;;;;; demonstrabl;f}wasteful" of energy in preference to a
aggré efficient way. Man seems frequently to follow such a course,
For this reason we .do not here accept Zipf's conclusi@n that in-
evitably man will "in the long run® medify his culture in . the

direction of making life physically less difficult. In fact, -

there are some very old practices which are dellberately contin-

ued in use as- if in response to an urge to do things‘“the hard

A L‘ff‘y ; - ;[
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See References cited by chapter in full at, the end of this
Book. ’ )

+




MEASUREMENTS OF ENERGY

To calculate the costs and gains of any aétion requires
the use of common measures and accepted concepts., For conven-
ience some of those frequently used in this book are presented
in this chapter, Newtonian physics asSumes'thaﬁ material objects
will keep their existing relationships unless acted updn by an
outside force. In other words, work is defined as a factor re-
sponsible for some sort of change in physical relatidnshipso This
may be a change of form, time, or place. Energy; in turn, since
it is defined as the ability to do work, is involved in'any.change
in physical relationship. A good deal of the time we shall be
dealing with the potential emergy to be derived from a change in
‘a given source of energy. Such energy as is aotualiy involved in
doing work is called kinetic emergy. Kinetic energy takes many
forms, each of which can be measured., For example, ﬁechaniqal
energy is measured by setting up an arbitrary unit to measure
force and another to measure distance., These twa"measﬁrements
are multiplied to give a composite figure. So, for example; a
force adequate to 1lift one pound a distance of one fd@t is a
foot-pound; that capable of 1lifting one kilogram a distancg of -
one meter is a kilogram-meter; etc. These meaSurements have in
turn been converted into other convenient units, Thus when Watt
was attempting to sell his steam engines he found it necesséry to
state the relative capacity of his engine as combared with that
of the horse, which the engine was often expeéted teo replace.
‘Watt set out to determine the strength of his engines'as.compared
with that of the horses then in use in England, By testing them
he discoevered that the average horse could do 22,000 foot-pounds
of work per minute for as long as 10 hours a day. In fixing on
a unit to state the power of the steam engine, he arbitrarily
increased the figure based on the horse bf oqewhalf, to ensure
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re, makin
that the purchasers o;,his engines would get full measure, : g

- er
the horsepower equal to a rate of 33,000 foot-pounds of work pS

minute, or 550 foot~pounds per second. This measure came intoi

wide use with the adoption of the steam engine,

It may be well to state here the equivalence of some
measures of heat and mechanical power that will be used. One
kilowatt=hour is equivalent to 1,34 horespower-hours and to 860
Calories; 1 horsepower-hour equals about 641,56 Calories. (Tech-
nically the great calorie, or the kilogram-calorie, this is th?
unit in which diets are commonly stated; it will be referred t?
throughout simply as the Calorie.) .

. Acceleration

It was stated above that mechanical energy is calculated
in terms of motion, force and distance being used as parameters.
However, force itself was arbitrarily described in terms of pounds,
a measure commonly used to express weight. To measure force in
motion we must add a new dimension. This is acceleration, the
rate of change of speed of movement, The specific relationshiﬁ
between rate of motion and energy required to produce it has been
established empirically: the energy is equal to one-half the mass
times the velocity squared. If the mass remains unchanged, it is
clear that to increase the rate of motion of an object requires
energy in proportion to the square of the velocity, Thus, at
high speed fairly large increments of energy may have only slight
effects in altering the rate of motion.

1
3

Another of the laws of physics with which we shall be con-

cerned is the principle of the conservation of energy. Nowtonian
physios hold that the amount of energy in the universe is a con-
stant, and thus energy 1i1s never lost or gained, Man never creates
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r(ﬁ;ﬂérgy ér destroys it. These words have meaning only in terms of
tﬁuman’v§1ués,' What we mean when we say'méhféféﬁ%éﬁméhé¥g§:@@*that
‘he increases its siupply at the tiﬁe“and-plébé*and5iﬁﬂtn§afafﬁﬁﬁn
which 'he needs it. He consumes energy when He' malfes Wt de¥s dvail-
able to serve his purposes., Thé effibféhéjfbﬁﬁ&vgﬁhverw%rfis?a
measure of the proportion of the energy fed into it which is con-
verted into the form desired. It is nbt’bniyiaﬂﬁﬂysféal measure-

k\?entg it is also a social estimafeo"‘Fof‘eXémbie%’bfdodf%ﬁga¥fis_
converted into ‘various forms of energy by ﬁhb’hhhéﬁ“bcdy;“~Wihter
or summer, muscular exertion requires cheémi cal “chdnge ifr . thht
‘sugar, which also Tesiilts in tle giving off-of heat-'*In»w&ﬁter
the heat is of ten desirdble, -and exercise’ may ‘be” ifidutged in “for
the simple purpese of warming the body, -whereas in sumﬁéh;the'heat
is frequently an undesired concomitant of exercise and its reduc-
tion would be welc@me° Thus the efficiency of the body in -con-
..verting feod into. energy would vary from season; te,.season- with the
.change.-in the ends. desired . Usually the-englneer simply -assumes

_ measures in terms of it without further concernmﬁ,lf he is de
;signing a light bulb he seeks to minimize heat; in a heating. ele—“
.ment -he reduces :to the lowest possible peint, the prpportion of,

. light. rays.being generated, But without .a, knowledge: of ;the. forms
. of ‘energy being sought he has no_means.Qﬂ.degggﬁ}n;ngjggﬁig;pnpy.,r

- o n
ERAI S X ST I

THE ENERGY PIELD. . ... : ~t o+ f winic

There are a number of other concepts w1th.which we shall

Er;ave to. work The theSLS that the energy avallable to man geter-
ines what man cam do means that energy sets a limit The idea

that energy influences what man will do implles that w1thin the
';limits to set the supply of energy is also a factogﬁg} work,in—
fluencing ch01eeo This kind of situati@n involves what is termed

'Li limiged field, The concept of 1imit is one very familiar to us.

SEROCCY O RV



As applied to the discovery and measurement of energy, it is the
point at which the energy being discovered ceased to have an effect
upon the instrument used to discover and measure it, A Geiger
counter shows the presence of radioactive substances; when it
ceases to manifest any change in the presence of a substance we
say we are outside the field of any radioactive substance, or be-
yond the limits of such a field., A battery yields a flow of elec-
tricity; when it ceases to affect an instrument designed to reveal
a flow of current, we say that so far as the instrument is con-
cerned the battery no longer creates a field, that the instrument
is beyond the limits of the initial supply of energy the battery
was capable of generating. If a thermometer placed in or near a
fdurnace shows no perceptible change from the temperature which it
exhibited at a more distant point, we say that the fuel which the
furnace contained has been exhausted or the fire extinguished.
Perhaps‘nothing more need be said about this familiar aspect of
the concept, which relates to the total amount of energy. However,
there is often another type of limit involved: the rate at which a
converter can change energy. Enlarging the gas tank will not make
a car go faster, A man who can easily 1lift a thousand bricks one

at a time may find himself totally incapable of lifting all of them
at once. Obviously the factor limiting the rate of conversion are
other than those controlling the total amount of energy yielded,
Since we are so frequently confronted with limits - on the amount
we can lift at one time, on the speed at which we can run, on the
amount of light yielded by a bulb, on the distance we can go in a
given time in a car = this form of 1limit needs no further amplifi-

cation.

The concept of the field, already in part described, is a
riittle more difficult. The field is the sphere of an operation,
that is, it is the range within which what is being observed re-
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tains its identity and -affects an instrument in a manner,signifi—
cant to the observer,. Fields are often recognized as a. consequence
Lgf the pattern which they reveal., If a stone is dropped into still
water, concentric circles spread across the surface; revealing_the
way the energy derived from the falling stone is4beingvdispérsed in
. the water, Most of us have seen how iron filings, sprinklgd on a
sheet of paper spread over a magnet, reveal the magnetic lines of
force which constitute the field of the magnet. The c@nverters
which man uses have similar patterns. To use them most efficiently
requires variation — in the way farms, roads, and streets are laid
‘/ﬁut, buildings are erected, and other structures. are placed. The
shape of the pattern existing in a man-made structure demonstrates
whether or not it was constructed in such a way as to use a given
.converter efficiently. Such patterns give some evidence of past
effects of the use of energy. Ecological study of man thus provides
a means of showing what values have been operative in the past and
also of indicating to a certain extent the changes which will be
required if new converters with different fields come inte oper-

L\?tiono

CONVERSION RATE OR GRADIENT

f( Aside from this type of concept which deals with structure
and form, we need a concept which will deal with the dynamics in-
volved, that is, something to make it possible for us to measure
the rate of conversion in one situation as compared with that in
another. The rate of conversion can be expressed in terms of time
or of distance. It can also be expressed as a fraction of the ini-
tial supply of available energy, a quantity of fuel @onsuméd in a
L§pecific period of time or distance, or in some other manner. This
is usually done by setting up a pair of coordinates; measuring on
one axis some attribute such as the energy avallable and on the
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other time or distance, thus showing graphically how the two fac-
tors are related, For example, a graph may be set up showing, on
one axis, the total gasoline in an automobile tank in terms of gal-
lon units and, on the other, distance in terms of miles., Such a
graph may be used to demonstrate the difference between two cars

as to gasoline consumption., One of the coordinates might repre-
sent time rather than distance, in which case the graph would \
show how  fast the consumption of the gasoline was taking place, or
perhaps the difference in gasoline consumption of the same car at
different speeds. The graph may be constructed from a known rate
of consumption or may represent empirical observations (actual
distance traveled and actual quantity of gas in the tank). Such
graphs are very familiar, Commonly they arxe so censtructed that

the  slope of the line joining the coordinate points becomes a
significant indicator of the facts which are being portrayed, and
a calculation of that slope can be made in terms of a mathematical
equation, Since the slope of the line resembles an inclined plane,
or what we call when we are climbing, a hill a "grade", many sci-
ences use the word gradient to indicate this relationship. Usually
a rapid rate of consumption of energy is represented by a steep

grade and a slower rate by a gentler grade,

A single line serves to¢ show the particular gradient of a
specific operation, but to represent the poéential effects of an
action, or the range of possible actions, another kind of repre-
sentation is necessary. If, let us say, our automobile was in the
middle of a perfectly flat plane (for example, the Utah salt flats),
so that it could equally well move in all directions, in order to
show all of its potential movement (assuming in each case that the
path taken would be a straight line), we would have to revolve our
singlé line, marked off into segments showing the xate of enerxrgy

use, about the point of departure. We would thus gensrate a series
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of ccncentric cireles° To shcw hlgh energy consumption we wou}d
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construct one’ set of circles close tcgether,m%nd tq ehcw a field
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with- gentler gradlent we would draw the circles farther aﬁert

"The cutermcst circle would represent the pOlnt @fﬁéxﬁéuééiah’or §
our original supply Tof ¥ energy, and ‘the ethers[would shcﬁ‘tﬂejg;cé
portlon ‘of" energy whlcﬁ'would be ccnsumed by the éﬁ%ffn }Bécéiﬁg
that series of points represented by a partléﬁler cifbfé““sa'w%d

LA
ISR QRN+ S I o DM

rcculd‘visualize the whele pctentlal field, As’we shall see, the
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} . .- There is.one:other general ‘concept used thrcughcut~thev1

,wcrkﬁwhich;shpuldhbe defined here'<. the concéept” of45urplus*energy.
(of ten: shertened to: surplus)., This is the energyiavailable?fts &

‘man in excess of that expended totimake energy'dvailable,-!Like

the concept fefficiencyl, surplus:.efiergy. representsia®sscéialfess

*timate of . a..physical fact. Like-efficiency,lit has sometime§t®sdd

been a: source. of .error because it:has been taken“to‘be excludively
a physical fact rather than a concept involving the:process “of™:
valuation, To be sure that there will be no -question as to what
is meant by the»term, we shall elaborate on our definition, At
any given moment of time a man, . atgroup, or any“other:socially °“
functioningrunit-has-available a 1limited supply 'of énergy. :iThis '
can be utilized immediately in.its-present £ofmi;- ‘It canfdl56"be

-used in an operation:.designed. to increase theffﬁtﬁﬁeTSupﬁlyjef”5‘

available -energy i .The simplest "example would'be sééd'grain, YWhich
may- be.eaten or;planted! It is obvious that fif cthe '‘plaiiter does
not even get his seed back from tlie harvest, ‘hé has iless“energy* !
at his dispesal than he,previously .hads he "has inciurred: a’’defidi't.
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On the other hand, if. he harvest enough graim to replace the seed,
to supply the amount of energy expended in planting, cultivating,
and harvesting his crop, and to get something more, he has galined
energy beyond that which was previously his to command: he has
surplus energy. A stroller eating blackberries growing wild along
the road expends in the operations necessary tc secure the berries
only a small part of the energy he receives from them. He has
gained surplus energy. On the other hand, a man who runs down a
jack rabbit in an 80~acre field will probably expend more energy
than he will gain from the operation.

[ In the more complex activities of modern society it is
sometimes extremely difficult to discover all the costs and all
LEhe gains, energywise, which are involved; yet it is clear that
the same propositions about energy hold for complex actions as
Tﬂold for the simplest examples given above., The continual under-
taking of projects that produce less energy than they consume
inevitably leads to a deficit, and this must be made up from
other operations in which there is a surplus if the soclety is
not to find itself with less energy tham it had before the pro-
jects in question were begun, As will be shown, in the older
'societies deficits were rather guicklvw detected, Elther steps
designed to coriect energy deficits were taken gulckly or the
culture soon disintegrated. Im more modern societles the facts
are extremely difficult to coms by. The struggle %o determine
the point where output exceeds imput, or to assure that surplus
energy from some operations can be dependesd upon to supply the
deficits from others, is inconclusive and is usuwally prolonged
until some crisis forces recognition of the deficit or results

{in collapse of the system,

It is assumed here that the value of energy in the situ-
ation in which it is being expended to c¢reate new energy is un-
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changed when, in turn, surplus energy becomes available, and hence
‘the quantities of energy can ‘be compared., Iﬁ othef words, ‘the “as=
sumption is that' there "i's no qualitative ehange in energy input
‘and’ output. For example, it is assumed that® energy in the" form

of seed can be treated as' being, energywise,”the ‘same commodity
‘as results ‘from -the harvest u-or, again, that kllowatts of ‘élec-
”trioity going into the mining of “coal are eomparable ‘to kilowatts
yﬂf eleotrioity manufaetured by ° means of the mined coal'“‘We heré
treat” energy as being so eas;ly eonverted from one form ‘to’ anéther
that it ¢an for'some: purposes of calculation be considered neutral
as a commodity and therefore capable of ‘treatment on a strfctly
quantitative bagis, The inoonvertlbility of other fuels into

food makes a’ s1gniflcant exceptlon to this prop051tion, and we
k\hall later have‘'to deal. with that difference at length Through-
out ‘our discu581on we must keep elear the distindtion between the
operations that” produoe surplus ‘energy, and determine its’ amount
and form, ‘and those that determine the soc1a1 ¢Taim plaeed upon

'
o . Ty ob g E . Tl N P s o
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Some economists have attempted. to deal with' “the problem of
stirplus energy on the basis of moral and relfgious prop051tions'
derived from man's experience of “an earlier day:’ The’ fact s "
that the struggle to create m@rals which will furnish a- ratlonale
for the- dlsposition of surplus energy is probably ‘one of the cru-
cial peints- of conflict in modern’ soeletyo It is ‘obvilous ~that
since the amount of surplus is" elearly related to"the social sjs—
tem under which it is being'ﬁredn@edithe'tﬁo“aetiVitiesﬂafe'not
entirely separables but it ‘is possxble to measure “the first ‘of
these' sets of facts w;th tools that are not dependent'for their
rellability -upon assumptions peeuliar "to the situation 4in which '
they are being used, The possibility of doing this répresents a
real advantage., NN o R .
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To recapitulate,>we,shail be constantly u%ing.concepts
and measurementsftaken from uarious sciences, Thgy will be
used with exactly the same denotations that they carry in these
sciences., It is’ hoped that certain new connotations of some of
them as they relate to social _Phenomena will be seen to be neces-
sary attributes of their use in real situations. i Among the con-
cepts are those of kinetic and potential energy; field, limit
and gradient; and such measures as the Calorie, the kilowatt and
the kilowatt-hour,'the_horsepower"and the horsepo%erehour; We
shall assume a knowledge of the concepts of mass,gacceleration,
distance, and the energy relationships that exist%between'them,
of the law of the conservation of energy, and of the concepts of
efficiency and surplus energy. If they are kept clearly in mind
and reexamined from time toﬁtime, it will add to the book's read-
ability’and serve to keep the reader on his guard against the
errors that inevitably creep into a work of this kind

: : D - _ g

Other concepts, particularly some from social science,

will be- brought in as needed, It seemed advisable to define them

as we go along, in the context in which they are used, rather than

-

W

to introduce them here. L ;f" ' ;
{
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CHAPTER IT

ORGANIC ENER‘Y AND THE LOWwENERGY SOCIETY
LTI AR vy e Lizeyou ga»ufu”‘aﬂaJﬁ ol

e Laiar o o o oteo s Mg bepaty iogl rad:f i f pOT Tl T F P bw
With Jhly insignlflcant exceptions, such as the 1imited
Thtad e Wit oeflt F RS Rt R RS B 'i:’*ﬁ—q.ﬁ HAEe Lot
amount of energy available on earth from lunar gravxtatlon and
in oanen e FS N R r 2 e ULrAe o e F ey f F 1 0 gD L
from cosmic rays, the enengy that is avallable to man has come,
w4y ©3 0l amten odg 1 SR W oxolon wodd e oodd
or currently comes; from the sun° Uranium and other possibl
B 2N THE T Ot LU g PPN S S Jemet o E ooy oot e rodudtberd . vne
sources, of” at@mic energy were @reated as. the gases from which
° T vy 0 yE2Y piCundl Ys enod? ovn cigew
the earth was derived @@mblned "to~ f@rm solids Coal and oil,
STn ALt ond LoaaToko Yoegs stosocd Fame ban jenacthayr lrs
peat and gas are . a@cumulatlans st@red 1n the earth's crust from
TP SR vl T DAL vF I =% Y ogeyd  caper-Fisvelld ond
' past operati@ns of plant and anlmal llfe that have converted the
: ETene Lanng oo 30 rape ettt Ty che el Lo mumean LIoo
radiant energy, of the sun into. energywladen substances° We shall
GidLe®T saswaccd Todme or, rnoodumivoto it o) byta  osoniusb
treat these resources as 1f t ey were @f a different type . from
oneec e i Ly e boe - ‘ y G ool [oikn T b oarsi s Eg
vthose that make use @f the re@urring prasence @f the sun. While
S 0T .[.é Sy I e 2 ’l‘l..i«“’ b‘g-ﬁ T’ﬂr‘ﬂ'«t ii‘u

they represent only a tiny a@@reti©n as‘cdmpared with their ori-

Lo tuoad ofl oar rhn 7 . foeetgk pavry Dosdasaroeg b
ginal saurce, they currently pr@vide man w1th hi's major sources -
< ShANED S TR P Lo oh LTICD b v%&IvH>
of energya This is primarlly due t@ the fact “that one of
by uald R i J’“'- LI vicrz bvon ',r.', ,‘70 e ¥

still unsolved problems of sclen@e is how - t@ take full advantage
of the sun's’ energyo ‘

L TRS TR ¥ 34 SQUIE T 3 S _'.,.)Z“‘z::.{:"' - 't;_;;g“gg,;;:q,r;d.g; e gl
i B o ten oo '.E”L Doy opmopk teomiovdd od 0L
It is obv1ous that it is n@t lack of a source of energy
[y PR e e Gl teowagh. Al oo couoeely opl o Lrcmelns ean B

which liMltS man s activities, The am@unt of sunlight falling
upon thelaarth‘s surface is S0 great that iﬁ“is‘ifﬁésﬁ”fﬁ%éﬁ§éei*
hensible, An acre receives about 20 mmllm@n.Cal@rles_per day,
and the amount of soeolar heat that falls»@n-@ﬁly 1% square miles
in a day is equivalent to that gemerated by an atom bomb such as
that used at Hiroshima, Thus the amount of radiant energy is so
far in excess of man's preéentwabiiity-t@ convert it that it can-
inot be considered to limit human behavior, - Energy-imposed limits
stem from the particular means by which energy is converted into

the particular forms desired by man at a particular time and place.
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PLANT AS CONVERTERS

Man has learned to convert radiant energy into other
forms in only tiny amounts at a relatively high cost.? He has
depended upon the action of plants to make the original synthe-
sis and has proceeded from there to convert the resultant energy
for his own. purposes. His simplest method has been to eat plants,
thus making some of their energy available to him. This system
requires only a knowledge of what is edible. The converters auto-
matically divert energy in sufficient quantities to ensure their
own reproduction., This plant-man system is the prototype of all
the systems of converters man uses; however, since man very early
undoubtedly also ate animals, the plant-animal-man system is not

much newer,

Plants vary in their ocapacity to survive in various soils
and climates, and we can through the study of plant and animal
ecology discover the 1limits within which the survival of various
plants is possible, Plants also vary in their capacity to con-
vert the. energy of the sun into plant struocture: Willoox® has
shown that %“the fixation of the calorific energy of the sun is
variable with the species", The limits of the use of radiant
energy by plants are fixed by the nature of photosynthesis itself?
It has been well established that only a small fraotion of sun=-
light can ever be converted into other forms of energy by plant
1ife, For example, it is estimated that only about 3-1/3 per
cent of the sunlight falling on the United States as a whole
could be so converted. As a matter of fact, no crop grown in
this country even approaches such a figure. Here corn is the
crop that probably yields the largest heat-energy return, and a
bumper corn crop returns only about 0.3 per cent of the radiant
energy falling upon the land on which it is grown, This return
includes the heat which can be obtained by using the cobs, stalks,
and leaves as well as the edible kernels. Such a return is excep-
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tional., "Corn belt" corn is the product of extremely favorable
geographic conditi@nSyﬂéided_bxqggientigic~qggigultqng;' In areas
where,the land is poorer and farming practices -are.less;efficient

.the returns-are very much smaller. - -« o '-: a.or oo ol o af
W YooY a4 - L L T S L B Lo S AR
PEESRL IR - The amount of energy each plant can.convert-is spe01flc

. to- that -plant. Wlllcqxé,glves §he simple;fqgmg;g‘wgpked;oup‘@y
,_3acr0b101@gic science for aécertaining what it is:-{Divide 318.by
.ithe normal percentage.nitrogen content of what every-agrotypefis
beinggconsidered "the quotient is the theoretical absolute maxi-
yvmum number. of pounds of ewry vegetable substance which. .that agro-
.-type can-:yield on._one-acre of ground in one crop;cycleo .} Now ;
since a plant also consistently yields a given quantity of energy
per pound of dry weight, it is possible to discover the limits
;.o that are, selfiimposed on a people who choose..a given crop as their
basic.diet. Rice apparently comes- closest to .yiélding:the various
~food elements in the proportion required‘by.the humanhbddy; ~but
.Indian corn, soya beans, millet, rye, and wheat have become -the
) basic diet in some areas, as have potatoes, sweet .potatoes, and
other .crops in jother areas, The particular .crop whichywould pro-
vide -the largest -energy return in a given ageg;@s‘nqt necessarily
??f“the one-used there.~ Factors @ther:thanj@nergydggﬁigiqncyfaﬁﬁeet
.the choice:of foods made by man,-and in a-given,i@staggeutheuprefu
.erence may-be for auf@odlthat is¢less efficient than some other
known§gnd‘availgblgﬂfood'SQurceo_-Ihe total energy.available to
the ipeople of a givengafea is thus:detegmineqigyughe.@nn@rent%
efficiency of the particular plant they have ﬂqh«z%@n .to.make .their

source jof  food. _;- S G s e e s

- e v [
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Plants ‘have-in addltlon to their inherent efficiency
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R cepti@ns‘they are r@oted in -one pla@e;‘thus,thedfield ingwhich a

- . Yo - - - . i N [ SR A

et A e i v Wit S A R T .
t .

o



- 21 =

plant can act as a converter is the area which the plant itself
occupies., Concentration of the energy which they produce in-
volves the energy costs of harvesting them, Moreover, any me-
chanical energy which is derived from using themxmmb involve

another converter,

Where the only converters avallable consist of plants,
animals used solely for food, and man, not only is man the con-
troller and director of available energy, but his muscles pro-
vide all the mechanical energy he commands, And all operations
which require the use of mechanical energy are limited to such
as can be carried out by human beings.

Although man is a chemical-energy machine, his efficiency
can be measured in terms of the heat value of the food he consumes
as contrasted with the heat value of the mechanical energy he can
deliver. Part of what a man consumes is utilized in such funce
tions as respiration and the circulation of the blood. Part is
given off as heat, and part is indigestible and leaves the body
as waste product. Some energy is lost during slesp, and some is
converted in the activity of the nervous system, So, as in the
case of other engines, the total heat value of the fuel consumed
can never be recovered in the form of mechanical energy. The
average efficiency of the human being is about 20 per cent, This
means that for each 100 Calories comsumsd as food the average
man can deliver mechanical anergy equivalent to 20 Calories of
heat,

Physiologists are generally agreed that to maintain effi-
ciency the average daily consumption of food should not be less
than about 2,600 Calories per person per day. It is improbable
that any population with a normal number of childrem and old peo-
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ple in 1t @@uld consume more t?an 3,000 Galorxes per day per.
2
caplta with@ut pr@&ucing ex@essive fat, which a@tuallyfreduces
. L . oAb
the capacity to work _Three th@usand Galomies average intake

and 20 per cent average effi@zen@y pr@vide mechanical energy equ1=

valent ﬁ@ 600. Oalorles per person'ber day., Thls is a little less

G H I ¢

- than one horsepower-hour (about 641,56 Cal@rles)

R X
No society keeps its members stemﬂly emphyed at converta
Dok oo, ¢
1ng food into economlcally pr@ductive mechanical emer'gy,9 and
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many socletles have never Supplled their members w1th as much

as 3,000 Cal@ries per dayo Thus 1n many societles there IS ava11=
J_-. . .-,v;}} 'r

able considerably less than 1 h@resp@waruhour per day of mechania

R S {‘«

cal energy per capita, Part @f this mechanical energy muSt be
used to produce or gather food, The remainder may. be used for

-----

L
‘other pursuits° But n@ matter h@w llttle 15 used in pr@curing

St Avar

:food the Sum @f the tWQ cannot @xceed the- very modest total set

. oD Xt I
by man s @apa@ity as a me@hani@alnenergy c@nvercero Thus, reg

ey

gardless @f ‘the f@@d supp1y9 the difference per)@aﬁlta bebwéen
the most and the 1east f@rtunate @f societ1e59 b@th using only‘

-~

k. Lt ot
ﬁmen as me@hanlcal energy @@nvert@rs, is’ n@t very great _The

.addition to, plants for food,

average cgnsumptlon cannot fall very much bel@w 2 OOO Calories“
. i WLk anle e

per day per person andp as we have seen, 1t cann@t rlse much

.above 3,000 Galorleso So even taking the max1mum difference in

Je £l 4L N .
food consumptlon between the 1@W§St and th@ hlghest t@ b@ as much

i; -'m\
as 1 000 Galorlesg at an efflciency of 20 per @ent there is a

-

dlfference in t@tal mechani@al en@rgy avallable equivalent t@3
N _

about 1/3 h@rsep@werah@ur per day per p@rsbn “Nor is this féct
significantly affected by the use of animals rather than, @r in
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- . .. " ANIMALS AS ‘CONVERTERS - i T¢ta i w5 i
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The differen@es between th@se wh@ consume plants @nly and

R P IJ-::-&-L} o

those who make use of animals as well as plants for foed are pr@bw
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ably significant rather for the pattern than for the limits of
the field generated. Man usually adds meat to his diet if he
can, and under some circumstances his chances for survival may
be tremendously affected by his ability and willingness to pro-
vide himself with animal food. The chief significance of the
use of animals lies in the fact that some edible animals can as-
similate plants — and parts of plants, such as bark - which man
cannot directly digest. Many of the grasses which are not di-
rectly consumable grow in areas where it is not possible for man
unaided by other sources of emnergy to replace them with edible
plants. Since sheep, goats, and cattle on the hoof can be
driven over distances much greater than it is poessible for a man
to carry or drag the meat of their carcasses, man is able by
following or driving livestock to consume the plant products of
an area enormously more extensive tﬁan he could otherwise make
use of. Similarly, man is able to live in climates where plants
are not available the year round, partly by using the energy of
plants stored in the form of animal products during the months
when no plant food is available, Occasionally even carnivores
are used to promote man's survival. The Plains Indlans sometimes
lived through a hard winter by eating the doge which had shared
their kill during the summer months,

The use of animals for food is subject to the limitation
that the animals so used ars in competition with men for plants.
The number of plants in an area sets the limit on the food avail=-
able both for man and for other animals. If man permits animals
to eat plants which he otherwise might himself eat, or permits
land to be used to raise plants for feed which could be used to
raise plants for human food, he limits the number of men who can
be fed from that land, Wheat, which is very widely used as a
foodstuff, will serve as an illustration of this relationshlp.
The amounts of energy made available to man through the use of



wheat in the form of bread and in the form of agiqal products‘are
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shown, in the table on this page. .
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C e Slnee other feed crops can, usually be gro%a;mere advan%a-
geously, wheat is only rarely raised t@ feed animals ‘ However,
..0ther plants edible by Jhuman beings exhlbit the same pattern of
loss as does.wheat, Man galns thr@ugh eating animals only a{

fraction of, the energy contained in the plaqtg_eateq by those

..animals, . S ) e e LT T P
BT I i wie eI SR . WRSCHECI R LT L
100 LB,OF“WHQT‘CQNSUMED gmrooo oy o o SYIEBLDL R s, s
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' Chicken .......... ‘ "9, 625
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- . . T . . o ¢
o -, _ Lt S ST o
’ ‘Nevertheless,’ in many areas people.permit animals to sur-

'vive even though this results in reducing the number of- human-
beings who can live there., The case of the sacred-cattle of
India, whlch are permltted to eat f@@d Whl@h would lengthen the
iife ‘span of a large part of” the p@pulati@ng is ‘an example Else=

'whe;e‘animals are kept ‘for the ena@yment @f a parti@ular class,

as were the deer of the English f@resbso S@metime59 t@o, an inef=
fleient use'@f animals 1s requlred ‘by rellglaus bellef,'as in “the

case of the Jews and the M@hammedans, who are pr@hlblt@d fr@m'\
eating the flesh of sw1ne9 whi@h happen t@ ‘be mors efficlent con-

LN

verters of plants than are @attleo' But in certain 1arge areas such
as China, in some parts of Eastern’ Eur@pe, #nd in Southeast Asia,
men are unable to eat meat simply'beéauee thé”plants which animals
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might consume go directly to human consumption. In these areas
a return to the consumption of meat could come zbout only with
widespread reduction of the population or encrmous increase in
the available plant food supply, or both. In 1940 about 55 per
cent of the world's population had a daily intake of 2,000
Calories or less; 30 per cent had 3,000 or more, and 15 per cent
had about 2,500, The world average was about 2,400 Calories per
day.6 Asia, where the population presses most closely on the food
supply, produces about 49 per csnt of the plant foods but only
about 16 per cent of the meat, dairy, and poultry products, With
the world's population increasing steadily, it is unlikely that
in most areas there will be any large general increase in the

use of animals for food,

The domestication of draft aninals greatly increases the
mechanical energy available to those who possess them. There
are many varieties of animals used for draft, and in order to be
exact it would be necessary to calculate the costs and output of
each kind. However, since the horse 1ls so widely used it will
serve to illustrate the emergy gains to be made through the use
of draft animals. As we have already indicated, Watt found that
the horses in use in England in his day produced the energy equi-
valent to about 2/3 horsepower, or about 6 horsepower-hours per
9<hour day. Morrison7 says that a modern horse welighing 1,500
to 1,600 pounds can convert about 1 horsepowsr steadily for 10
hours a day, and that the average horse 1is about 20 to 25 per
cent efficient. However, since horses in the Unlited States to-
day work only 800 to 1,000 hours a year, they deliver only 6 to
7 per cent of the heat value of thelir average annual food con=-
sumption, A man working 50 hours a week for 50 weeks a year
delivers, then, only & as much energy as a horse, but the heat
energy consumed by the horse is 10 times as great as that con-
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umed by man . Compared strictly on the basis of energy, under
At L SRR IRT LT
these conditions .man is 2 times as efficient as th; herse ’
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-, . ., e : ’ !. * ‘ \ b .
. . The great value of the herse 1ies in the ragerat Which it
o Foooaldofire. o
is able to dellver energy° During a limited plewing seisen, fer

example, a man and a team can prepare a very mueh larger area

. for, planting than can a man alenee Outside the trepics enlj a
N F!...u, LRI
. lhmxed number ef days can be Spent in preparing the seedbed and
. .
plantingcw Creps requlre a minimum grew1ng seasen and the inter-
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u
val from the time when .the greund can be werked te the time when
frost sets inoz Where the limit on the size of the ' erep that ‘can
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be, raised is. found in the length of the peried during which 1and

aeein' d

can be prepared, the horse, by permitting a great inerease in the
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- amount of land plowed, may more than eempensate for the days when
bit is idle,
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) It must not be forgetten, hewever, that the efficient
use of draft animals takes rlace within dlstinet limits. In the

ol ok
first place, arable 1and is not always available in sueh quantle
© o ool
tles that plowmngder harvesting is the llmltlng faeter en the
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. Frequently the number of persens whe have a rlght
éu,

- to share in the preduet of the land is great eneugh te make lt
pessible for them t@ plant and harvest all the avallable 1and in
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tlme permltted by the grow1ng seasenc In sueh eases the net cost
of using the herse weuld be greater than the inerease in the ener-
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gy ., returned Furthermore, in many cases 1and that eannet be eula
tivated by the use ef the horse exists interspersed w;th 1and fit
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Because man's skill, intelligence, and dexterity enable
him to do many things not possible to a horse, man can be em-
pPloyed many more hours of the year than the horse can. His effiw
clency rises proportionately., Thus those who control the method
of cultivation may choose to rid themselves of horses in order to
employ men., This might take place in an area dominated by the
family as an economic unit because it would obligate family mem-
bers to work for the food they had a right to share anyway, In
a feudal or slave system the value of men as a source of military
power and prestige or as contributors to the bodily comfort of
the landlord or slave-owner often resulted in the displacement of
horses by men, Where other values and social structures prevail,
the relative efficiency of men as compared with draft animals in
securing the desired results has determined the choice as to
which would be permitted to survive.

One of the early evidences of population pressure is the
reduction in the number of food animals, followed by the reduc-
tion of draft-and-food animals, such as cows and horses, in fa-
vor of those draft animals, such as the water buffalo, which can
survive on the plant product of land which wiil not yleld nearly
as much energy in the form of humanly edible food., Thus many
areas which once supported draft animals and food animals now
make use of almost none. This tendency to regress has frequently
been checked. The failura of a soclety to utilize its land in
such a way that the land provides sufficient enexrgy in the requi-
site form to maintain the population has often resulted in the
society's being overrun by outsiders, If a soclety uses its
land in such a way that it passes the point of diminishing energy
returns, it may be conquered by a neighbor with greater surplus,

who then may ruthlessly restor that land-to-population ratiqﬂ
Lﬁhich will yield maximum surplus. Feudal landlords who permitted
the population to grow to ths point where they had mo horses were
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qoften defeated in battle by their horseeriding neighbers*n ‘The
» exploits in Ind1a and China of such h@rse—riding\herder51as"
Genghis Khan give ev1dence of some .of the dangers of. overpopula-
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. o .

oA o

ff B The difference between the maximum and. minimum mechani-

Y
cal-energy surplus available to those using only" plant. and animal

converters is by modern standards very small; ¢ iBut:;in the%absence

u"of other energy sources these differences have been very:signi-
]ficanto " . . S ey L
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Today all but the more primitive secieties?supplement
plents and animals w1th other sources of:energy; -and- itxisﬁthere-

.‘i

fore necessary to turn to the data on such prlmitiveasocieties
Provided by anthropologists, archaeologists, and historians to

_ascertain the relatlon between plant and animal: ‘use ;and soc¢ial

lelfe These data have not, however, been presentedpin terms: of

.,-:\

the analytical concepts used here, and 1dea11y they ‘should'.be re-
examlned in terms of these concepts, Practical, consideérations
preclude our deing thlS, and what follows is based up@n summaries
of anthropologlcal and ‘other research into primitive»pe@ples The
result is. the use ef analytical @ategeries thatlare not entirely
germane t@ the pr@blems here under consideratien, but no bétter

U

alternatlve is at present available, . -7 5 L L L2
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One method of classifying sosleties is that devel@ped by

“Forde in his classic work Habitat, E@@n@my and S@@ie@y .He groups

“the societies he dlscusses in three eategorleso food gatherers

A s —

cultlvator59 and pastoral nomadso Ve have found it expedient to

!1ump the two 1atter types under one headinggAWf@@d raxsers“ The

P
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data that Forde worked with were collected by men using various
field categories that cguld conveniently be subsumed under his
types. All the societies studied are primarily dependent upon
q[lhe use of plants, men, and animals as converters. The differ-
ences that they exhibit give some evidence of the range of so-
cial relationships possible within the 1limits imposed by these
energy sources; they also give evidence of the social consequen-
ces of even slight variations; by today's standards, in sources

and amounts of available energy.

r’ As Forde points oﬁt, food gatherers are for the most

part without the accouterments of "civilized" man, The surplus
energy gaineéd under this system is very small on an annual basis,
though it might temporarily be enormous during berry-picking time
or the salmon run or after a buffaloc hunt. The total energy an-
nually available does not permit any great expansion of popula-
tion, and thus food gatherers have frequently fallen victim to the
more numerous and powerful foed raisers, In point of fact, once
domestication of plants and animals has developed, the focod gath-
erer has tended to be driven away from the areas in which food
raising was possible. As a result, he currently exists chiefly
where food gathering actually ylelds a higher return from exist-
ing resources than would an available alternative land use. The
precarious existence of such contemporary food gatherers as the
Eskimo, the Athabascan hunter, and the Indians of the Orinoco
suggests why food gatherers often fail %o survive in the face of

kﬂore effective systems of energy exploitation,

r/ Since food rarely grows in such abundance that a group
can long remain in one place; everything that food gatherers use
must be transported, Their means of transportation are, character-
istically, limited to human portage or sledge dogs. Consequently,
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alone with his dog. Finding his quarry, he then had to run it
down relentlessly, perhaps for several days, until he could get
close enough to shoot it; he would then have to carry it painfully
home on his back." Andwe may add that unless he was unsually
lucky a good deal of the meat would spoil befere it could be
eaten. The Paiute clothed himself after a fashion in rabbit
skins, piled up brush in a wickiup to shield himself from the
storm, and usually died before he was twenty-five years old,
Although he lived in an extremely adverse environment, which to-
day does not support one person per square mile, he probably is
more typiocal of the food gatherer than the romantic cares to
admit. Bilby's account of the Eskimo in Nanook of thes North
describes another food-gathering people .living under adverse
conditions, The fact that Nanook, his chief informant and the
central character of the book and the film, later died of star=-
vation puts a fitting conclusion to the acccunt.

The Horse and the Plains Indians

The Plains Indians, like some other feood gatherers, lived
in a more favorable envirenment, But because they had no draft
animals they were unable to cultivate the land extensively and
raise crops that could compete successfully with the buffalo
grass, In those few areas where trees killed off the grass the
Indian could in turn kill the &rees and for a few years get a
crop from the land so cleared., In most of the pralrie such cul-
tivation methods supported only small groups of food raisers.
The chief source of energy was the buffalo, which was hunted
afoot with the aid of the long bow and arrow. During the summer
the Plains Indians gathered into large groups for the purpose of
staging a drive in which the buffale were driven to their deaths
over a bluff or into a trap. Only thus could these Indians sur-

vive in groups larger than a few households. Continuous hunting
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skilled horse thief and warrior was elevated to a position equal
if not superior to that of the hunter, The size of the effective
social unit changed as the advantage of the large group for pro-
tection in warfare more than offset any residual value which the
snall group originally had in hun;ing. Social organization be-
came necessary to contradl these larger groups. Pilicked hunters
frequently brought in game for the whole community. Unskilled,
slow, or crippled heads of households were denied the right to
hunt lest they endanger the source of food for the whole group.
The relationship between responsibility for the family and abil-
ity to meet that responsibility was altered by social fiat. One
squaw could not preserve all the meat or dress the hides of all
the game killed by one horse-borne hunter. Since there was no
change in the division of labor between the sexes, polygyny be~
came the rule, and the accumulation of women, particularly by

stealing, became a source of power and prestige,

Many of the pre-Columbian food-gathering tribes were con-
fined to areas in which food raisers were unable to operate., As
the Plains Indians acquired the horse, the energy available to
them increased sufficiently to permit them to drive back the cul-
tivators and thus extend their hunting grounds. The gain was,
however, temporary. As the European settlers moved westward,
bringing the harness and the plow, which enabled them to turn
under the buffalo grass of the plains and replace it with orops
that yielded a larger surplus, they relentlessly drove the food-
gathering Indians from their ancestral homeland inte less and
less satisfactory areas. Here their culture was destroyed by
their inability to get at the buffalo, whose energy had sustained

it, and they survive today only as a colorful anachronism,

Most other food gatherers have met a l1like fate, Some

have been able to maintain their existence by attaching them-
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so restricted, "food raiser" is sometimes less useful than terms
based upon other distinctions. For example, it is probable that
there are more significant differences between people who are de-
pendent primarily upon cereals grown on irrigated soil and nomad-
ic herdsmen (who are also food raisers) than there are between
those herdsmen and some of the hunters who occupy country where
game is plentiful, Nevertheless, the significance of the domes-
tication of plants and animals as contrasted with the use of these
converters in the wild state is very great. Food raising repre-
sents an advance in the means regularly to provide and secure

energy surpluses,

In his work Social Evolution, Childe takes the position
that all civilizations derive from "the cultivation of the same
cereals and the breeding of the same species of animals," Curwen
has traced the use of some of the existing food plants back to
very early man and has shown how the appearance of new plants
causes new social relationships to emerge. We shall not here
attempt either to review or to criticize the whole of the theories
propounded, but the facts adduced will show both how greatly sur-
plus can be increased through the introduction of a new plant and
how greatly surplus can vary among food raisers who use the same

‘plant.
=

Curwenllestimates that the yield in Norman England was
ohly 6 bushels per acre from 2 bushels of seed, with a total pro-
duction per person of only 15 bushels per year, On the other hand,
Thurnwald? found that in ancient Sumeria the yield was 80 to 100
times the seed. The total amounted to "2,800 litres per hectare,"
or nearly 32 bushels per acre, which is not a bad yield by today's
standards. It is apparent that such great variability in yield at
least established great differences in the energy limits under
which men lived, however they may have used the surpluses so estab-
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lished., The variations in environment tec which cultivated plants
are subjected are easily observable even in o0ld and well-estab-
lished agragrian societies., The yield from the same seed on var-
ious parts of the same field frequently varies greatly; between
farmers, or more particularly between regions, there is even
greater variation., The usual adverse factors take their toll in
differing degrees: there may be a shortage of some of the nutri-
ents required for optimum growth; during the growing season there
may be either too little or toc much tetal precipitation, or pre-
cipitation may come at the wrong time; there may be other organ-
isms to contend with, both plant and animal; the very process of
cultivation may be such as to reduce rather than to increase yield,
Recently it has been discovered that the presence or absence of
tiny traces of such minerals as cobalt and copper result in huge
(differences in plant yield, Where low yields are a consequence
of a deficiency in minerals, the fact can now be determined and
corrected; but a pecple dependent solely upon the energy of plants
and animals could never develop the scientific knowledge necessary
for the correction of such soil deficiency.

r’ It is evident, then, that the 1imits imposed by the nature
of the plants rarely constitute the actual and effective limits
confronting those who depend upon those plants for daily living.
In the first place;, the land available sets limits to the amount
of plant life that can be developed, whatever the character of the
plants used. That plant life, in turn, sets limits upon the size

Lgf_the possible population. It is comparatively easy to show, for

example, that when population increases much beyond 3 perseons per
acre the energy derivable from most plants will not provide the
means to carry out intensive cultivation and restorative fertili-
zation which are the enly methods by which so 1little land can be
made to provide sufficient energy yields produced anywhere in the



world are secured from the intense cultivation of rice by the
Japanese, They produce about 2,200 pounds of rice per acre. This
yields roughly 9,000 Calories per acre per day the year round,
Thus, 1/3 acre would yield an average of 3,000 Calories, about
what an active 150-pound man requires the year round for an ade-
quate diet. During the period of intense cultivation he will, of
course, demand more than this, but he can conserve his strength
at other times. The average return from rice in India is only
829 pounds (1931-1936 average) as compared with the 2,200-pound
Japanese yield. Therefore, in India a reduction in the amount of
land per person below 2/3 acre reduces the energy available to a
point belbw that necessary for survival., Soya beans or sugar
beets produce more than this per acre under specified conditions,
but they require supplementation by other crops and do not yield
more than rice does when all the necessary factors are taken into

account.

For a long time economists have been pointing to the law
\of diminishing returns, which sets an outer limit on the amount of
!food that can be produced in a given area., While they have some-
times confused the physical product of plant life with the "eco-
nomic" value thereof, and have sometimes extended the meaning of
the law to cover all the economic effects of limited land, no
matter what its use, in essence the argument really stems from
the facts to which we have just alluded, It is true that after
a given point is reached a specific plant on a given piece of land
will yield only so much plant product, no matter what increases
in expenditure of labor or what additions to it in the form of
nutrient are made. Moreover, as that limit is approached it is
highly probable that a great deal of what is done is not what is
required to permit the plant to reach its maximum output. There-

fore, most of what is done will not yield a commensurate return
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day is still no greater than that of the human beings and the do-
mesticated draft animals present. Food raising permits an increase
in the number of persons who can be supported from a given piece of
land and thus permits an increase in the surplus locally available.
The increased surplus may be used in a variety of ways. It may be
widely dispersed and result only in a general increase in leisure,
(However, such dispersal may, and often does, lead to an increase
in population, so that the land available per person is decreased
to th; point where each unit of land is supporting all the popula-
tion that it can; when this point has been reached, there is no
surplus.) The increased surplus may be used merely to increase the
amount of waste, Or it may be concentrated, and the concentrated
product, too, may be used in a variety of ways., It may be sacri-
ficed to the gods., It may be buried in a tomb or destroyed at the
death of a landlord or other ruler, It may be expended in the mi-
litary conquest of areas which themselves yield lower surpluses.
It may create a leisure class that is devoted to the cultivation
of knowledge and the arts or that simply demands the continuous
use of surplus in the creation of goods and services that are not
productive of new arts, or knowledge, or new fixed structures. But
there must be a surplus before it can be devoted te any such use.

SURPLUS AND CIVILIZATION

T/ Civilization waited on the appearance of such energy sur-
pluses. As Childelbsays, civilization meant "the aggregation of
large populations in cities; the differentiation within these of
primary producers ..., full-time specialist artisans, merchants,
officials, priests, and rulers; an effective concentration of eco-
nomic and political power; the use of conventional symbeols for
recording and transmitting information (writing), and equally con-

ventional standards of weights and of measures of time and space
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tively small energy surplus is utilized in such a way that there
is no disturbance to the energy-producing procedures. The Egyp-
tians left a durable record of their accomplishments, and these
records have been subjected to a great deal of study. The Egyp-~
tian system operated, moreover, under unique physical circum-
stances which precluded a disturbance of the balance through soil
exhaustion, The Nile regularly replaced the soil and continuous
cropping caused no depletion., The deserts, sea, and river cata-
racts formed barriers which could be crossed by an invader bent
on conquest and plunder only with great expenditure of energy
surpluses. The Egyptians were, under these favorable conditions,
able to push food raising to a climactic ® stage.

During 1oﬁg periods of its history the surpluses of Egypt
were absorbed by the burial mounds or pyramids. These contain
both direct and symbolic evidence of Egyptian accomplishments,
During the reign of some of the Pharachs almost the total surplus
of the people was concentrated in the erecting and furnishing of
the pyramid which was to honor the ruler upon his death. The
ruling class was small and consumed no great amount of wealth, for
the chief objective of its way of life was to accumulate surpluses
to be taken into death., The population was held constant or even
diminished, since men were worked to death about as fast as they
could be brought to maturity. Even so, the surpluses werse never
great, The Cheops pyramid, together with its furnishings, absorbed
all the surplus energy produced during the lifetime of about 3

® This word is applied here in much the same way that it is

used by ecologists., It indlcates the culminating stage of
the possible development in a region, given a limited set ‘of
plants and animals to begin with and assuming no major alteration
in geographic conditions. We imply that givem sufficient time
the use of low-energy converters results in a type of persistent
equilibrium between men and their environment,
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to which ,the Egyptians ‘¢ould have adyaneed §imilar1y,rthe pos-
sible spread of.: Egyptian culture was 1imited by’its~eapaeity to

yield surplus under the” very different cenditiens “that prevailed
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outside Egypt. Egyptian culture was adopted elsewhere enly with
great difficulty, When Egypt did conquer a people, it was sel-
dom able to assimilate them, And when conditions in Egypt led to
disorganization, the conquered people usually broke away and re-
sumed their previocus way of life., Such a resumptiocn is reported
in the Biblical story of the excdus of the ngs from Egybt.

The peoples of the Fertile Crescent contributed much to,i '
what we now regard as civilization, But the extent of thelr poli-
tical holdings, the range over which they were able to secure and o
maintain cultural homogeneity, and the diversity of their skills
and knowledge were slight by present standards., Their history
shows c¢yclical variations within constant limits, The abuses of
one system gave rise to another system, which in turn was defeated
by its own weaknesses, None of these systems could, however, ex-
ceed the limits imposed by the basic conrerters, that is, plants W
and animals, And these same basic converters are dspended upon
by the greater portion of the peocple of the world today, Moreover,
the cultures of the rest of the peoples of the modern world were
developed in considerable part under the limitations imposed by
the plant-animal-man system.

CURRENT LOW-ENERGY SOCIETIES

Societlies such as those that now exist in Indlia, Afrioca,
and China have been greatly modified by the introduction of new
converters but are still closely restricted by the limited energy
which they have available, The population is in many of these
aroai so great that local resources will not supply an adsquate
diet. In Yd{nnan, for example, about 100 families (500 to 600
people) share 150 acres., This is about all the people that plant
life will support if the plants are eaten directly., Buckl?found
that in the 1930's nearly 90 per cent of the potential farm area
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of China was in crops, while only 1.1 per cent was in pasture., By
comparison, in the United States 42 per cent is in crops and 47
per cent is being used to pasture animals., Moreover, in the
United States much of the crop land is used for feed rather than
for food., The energy available from animal power in China was and
probably still is close to zero, and the limits on the mechanical
energy available in many Chinese villages might be ascertained
simply by multiplying the number of persons by 20 per cent of the
heat value of the per capita food intake,

Under these circumstances the energy costs of transporta-
tion between village and field would cut deeply into the avallable
surplus if the distances were great. Consequently villages are
very small and leccated at frequent intervals, When the small
surpluses available have been used teo support centralization of
control, the effect of that control on energy production has
rarely been equivalent to its cost. Even the introduction of new
sources of supply has tended to affect the old system adversely,
For example, many Chinese villages had long paid their taxes and
bought necessary imports by converting the leaves of the mulberrry
trees along the canal banks into silk. When the Central Government
was forced by foreign powers to protect trade in Japanese silk,
American cotton, and British Commonwealth wool, many villages
lost ‘this source of income and were confronted by a great change
in their way of life, Often the land was sold to pay taxes, and
city people gained control over it. The consequences here was a
great increase in tension between town and country, absentee owner
and tenant, and an intense effort to restore the earlier balance.
The present turmocil in China evidences both the efforts of the
Communists to achieve greater centralization, which upset the bal-
ance still further, and their efforts to restore to the peasant
control over the land he cultivates and to the village the self-
subsistent economy which trade upset.
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India shows many of the same characteristics. The average
net cultivated area per capita of agricultural population in Bengal
in 1939 was less than 1 acre, and 46 per cent of farming families
had less than 2 acres eachl8 The tillable land of India is sup-
porting the maximum number of people which it can maintain with
the energy that is obtainable from it with existing practices.

If higher demands are made on the soil, it will pass the point of
diminishing returns. Here also the village community serves as
the predominant spatial and functional unit. It supplies almost
no surplus beyond that required for the local institutions them-
selves. The energy costs of national government or more exten-
sive social organization must be provided by other energy sources.
In the past much of the energy used for these purposes was im-
ported from Britain in the form of goods produced with British

coal and water power,

In some areas that have used only organic sources for en-
ergy the population has been limited at a point short of that which
characterizes the "overpopulated" parts of China and India. How-
ever, as land becomes scarce in relation to the population, the
tendency has been for more and more intensive cultivation to be
undertaken. This has frequently resulted in an effort on the part
of each farmer to increase the only productive factor over which
he himself has control, namely, children., As a consequence, even
greater pressure has been put upon the soil and even less energy
has been available to devote to the development of new agricultur-

al techniques or the enlargement of the area under cultivation.

Among the Bantu in Africal? it is the labor of clearing
the land that sets limits on cultivation., Every child thus becomes
an economic asset, and there is continuous emphasis on increasing
the size of the family. However, life is there so precariously
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they consider totally disproportionate to any foreseeable gains.
Those members of the society who value very highly certain of the
gains to be made through the introduction of new converters, wel-
come change and encourage it, For others, whose pastoral and agri-
cultural values are thereby destroyed, the "material benefits"
which accompany the use of the new converters are not adequate
compensation for the values lost, and they struggle to preserve
the system that is jeopardized by the introduction of the new con-
verters. Even in the highly industrialized United States of today
there is great respect for the virtues of the husbandman and for
the rural institutions which support and are supported by many
American ideals. For example, the "family-sized farm" is widely
held to be necessary to democracy, Christianity, and individualism,

T‘ Thus low-energy societies offer more barriers to change
than just those imposed by cost of securing the new converters
needed to effect change., Added to these are the cost of social
disorganization and of purposeful resistance, If these barriers

"are to be overcome, there must be considerable energy in the hands

. of those who seek to bring about change. Since, as we have indi-
cated, most of the energy available in low-enaergy socleties rests
in the hands of those with traditional social claims to it-for
example, peasants, landlords, and others who will not want such
change-~a great increase in energy is necessary in order to pro-
vide a surplus adequate to secure the introduction and use of new
converters, In a low-energy society change must come slowly, for
the range between the most and the least effective use is not, by
modern standards, great, Therefore the conquest of users of low-
energy converters has frequently meant that the surplus produced
merely passed from the hands of one group to another, its size
remaining relatively constant and the oulture remaining basiocally

Lgnchanged. Such drastic changes as the engulfment of the Plains
Indians in the United States have been possible only with the ex-~
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