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INTRODUCTION 

Recent events, dubbed the "energy crisis" 
have created a great demand for teaching and anal
ysis of the world and American energy systems. Be
cause for most of the public energy means gasoline 
and utility bills, which are but a small fraction 
of income, it came as no surprise that few had the 
opportunity, time, or motivation to examine or 
question the details of this system that is so fun
damental to our existence. As controversial as the 
energy system has become, it also lends itself well 
to objective analysis, since much of the basic in
formation is the concern of physical science. Yet 
in the wave of publicity following the oil embargo, 
little time or space in the media was devoted to 
explanation of the basics of the energy system; 
politicians daily advocated violation of fundamental 
physical laws, and the public remained confused. I 
was told by one television producer that the basic 
knowledge was too boring to be presented on the 
tube, because viewers would switch quickly to "I 
Love Lucy. " 11nother news commentator cautioned me, 
"Pretend that you are speaking to eighth graders." 

I have therefore felt a need to assemble a 
guide or outline of the most asked about, contro
versial, and basic characteristics of our energy 
system. In my judgment, the parameters of supply, 
demand, environmental impact, growth, conservation, 
future energy sources, research and development, 
and certain sociopolitical issues form the basis of 
all discussions of energy. I developed several pro
grams from 30 minutes to three hours long in which 
I discuss these parameters, illustrating them with 
slides, exhibits and demonstrations . . Audiences 
ranged from technical engineers to street people, 
from third graders to senior citizens. But the de
mand for explaining* energy has increased, and I 
sincerely hope that more qualified people in a 
variety of disciplines both in and out of the physi
cal sciences will lend their time and effort to 
such programs. Hence this manual. · 

It is hoped that explainers and would-be ex
plainers will use this manual not as an indisputable 
source of information, but rather as a guide to 
organizing materials and selecting topics. Some of 
the slides are shown here to stimulate interest in 
the often neglected art of graphic display. The 
captions attempt to suggest areas for discussions. 
Certainly for every s lide shown,** 20 or 30 could be 
added, but those shown illustrate come of the energy 
facts least understood and most mistreated by the 
public. 

Certainly, too, I have included my own judg
ment and values. These, of course, are always open 
to discussion, and the reader should always consider 
the variety of "positions" surrounding various 
issues, remembering 'at the same time that much of 
the input to the discussion of energy policy is 
nevertheless quantifiable or measurable. 

Explainers are teachers, lecturers, organizers, 
seminar givers, journalists, writers, media pro
ducers. They are not limited to physical scientists. 
In fact, the dissemination of information beyond 
"energy people" is the object of this paper. 
** . 

A catalog of 1500 slides is in .preparation. 

But even objective numbers can be misleading. 
Industrial energy consumption, for example, is often 
quoted as being 32%, 42%, or 75% of the national 
total. All three numbers are correct, because the 
first does not include fuel for generation of elec
tricity while the third includes commercial use of 
energy and industrial transportation energy as well 
as all fuel consumed in generation of electricity. 
Hence, the warning that explainers must take pains 
to define their numbers and illustrate their deri
vations. On the other hand , I can honestly say that 
there is a saturation point beyond which even the 
most technically-minded audiences will not absorb 
numbers. An out, however, involves either comparing 
numbers in the same units, or illustrating numbers 
with objects. Honeywell Corporation, for example, 
illustrates graphs of energy usage/shortages with 
oil barrels such that the numbers can be safely 
ignored, but the relative quantities are clear. 

Finally, readers/explainers should familiarize 
themselves with a wide variety of literature. A 
small sampling is given here in the bibliography, 
and nearly every work cited contains itself a use
ful reading list. Included in the list are certain 
institutional sources for information which are 
particularly helpful and, in some cases, downright 
generous when it comes to providing materials. I 
have prefaced with "M" those references which are 
musts. 

Many of the slides shown were designed by me 
and drawn by Bob Stevens of Lawrence Berkeley 
Laboratory Graphics for use in programs at LBL and 
in the surrounding community . A typical "energy" 
show might contain anywhere from 30 to 150 slides, 
depending on the audience and time allotted. Dis
cussion is desirable, again subject to time limi
tations. People want and need to get puzzling ques
tions off their minds. In general, audiences are 
amazed and confused by the large doses of informa
tion they face, but at the same time they are in
spired, perhaps at last, in knowing that so much 
is knowable . 

Readers should note the plethora of material 
available at little or no cost from Congressional 
committees, government bureaus, the Government 
Printing Office, industry and lobby groups, environ
mental organizations, and, of course, research 
institutions. Government Hearing pamphlets often 
reprint entire issues of magazines or collections 
of research papers, some of which are otherwise un
obtainable. Committees of Congress maintain calen
dars from which alert readers can spot energy-re
lated hearings. The committees, a.s well as local 
Congressmen, are usually glad to send out the 
printed materials. 

Of course, all material should be carefully 
scrutinized, especially as to assumptions and 
sources, expressed or implied. For example, many 
projections of energy use in the future, including 
those most often cited, state express l y that they 
represent only a continuation of present trends, 
with no account of changing economic conditions, 
efficiencies, technologies, environmental condi
tions or human values . Yet, such projections often 
appear as hardened predictions of what must happen 
in the future. By the same token, the notion of 
energy options, i.e., that there may be several 



l'ncrgy futures from which we can choose, is ga1n1ng 
acceptance as each future is closely scrutinized 
to see i f it represents a world that is physically, 
as well as socially, possible. Particularly dif
ficult to treat, however, is the notion "causes of 
the energy crisis" which depends a great deal on 
political judgment as well as fact. I prefer to 
develop programs which expose the energy system in 
a way not dependent on fiKing the blame for the 
current situation, in a way which does not dep~nd 
on the "fact or myth" dichotomy often cited during 
the recent problem with oil. 
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I have also made ample use of other aids, 
machines, and various kinds of electric generators 
which can be operated by the audience, including a 
bicycle generator. In addition, I obtained, rather 
easily, samples of crude oil, coal, shale oil, and, 
with permission from Lawrence Lab Health and Safety 
staff, I was abie to use a pound of pure Uranium 
(natural abundance) and a small amount of Cesium-
137. While the latter two items are not recommended, 
the former should be considered musts and many fuel 
suppliers can help with oil and coal (see Figs. 37 
and 71). 

The most exc1t1ng tool developed so far is the 
"Energy Environment Simulator" made available to me 
by the Energy Research and Development Commission 
and Oak Ridge Associated Universities (Figs. 1 and 
2). This simulator is an analog device which 
graphically keeps track of energy sources, rates of 
use, the various end uses of energy, environmental 
problems, resource exhaustion, and population 
growth, in a simplified model in which time ticks 
off at the rate of a century a minute. Everything 
in the machine is controlled by the audience except 
total amounts of fuels originally available, al
though that can be changed with a little effort. 
The goal of playing the game i s to compare various 
energy future options, both in supply and demand. 
A careful lecturer can pinpoint the meaning of 
twisting any dial, so the game is very realistic. 
Satelite controls allow several groups to compete 
or cooperate. The machine illustrates the multi
dimensional nature of the energy system, and a 
recent group of public health officials who tried 
it gave the simulator good reviews in surveys which 
they fill ed out. Most participants relax their older 
attitudes while playing, creating a dialogue with 
the audience hard to match elsewhere. Interested 
explainers or potential audiences can contact 
ERDA for more information. 

During the anticipated national debate on en
ergy issues there will undoubtedly be a cry for 
citizen participation in the decision-making 
processes. The people who will take part, as well 
as those who may only watch from the si delines, 
will be asking for information so that they can 
act as informed participants. The material in 
Explaining Energy is intended to guide those who 
will be acting as informers and teachers giving 
"first courses in energy" to find quickly the 
literature and methods of energy. Journalists, 
writers, and political observers may also find it 
helpful to review Explaining Energy. With these 
thoughts in mind, the reader ~ited to go fur
ther and develop his own program to "explain en
ergy." 

Fig. 1. The author with the Energy Environment 
Simulator developed by ERDA and the Oak
ridge Associated Universities. ("GB ,,.,.,.,.) 

Fig. 2. Panel of the Energy Environment Simulator. 
(car.. l4b~ 4.1o7) 

I wish to acknowledge the help of many people 
·in preparation of this guide: Drs. John Holdren, 
Gene Rochlin, Mel Simmons, Carl Shinners, and 
Howard Shugart for their suggestions and help in 
preparing the manuscript; and the many government, 
industry, research, and environmental contacts that 
have helped me obtain information and visual mater
ials. Finally, special thanks to Drs. Larry Akers 
and John Yegge and the staff of Oak Ridge Associated 
Universities, and many people at various branches 
of ERDA, all of whom got me mixed up in this in the 
first place! 

I have listed the addresses of many helpful 
organizations in the back of the bibliography. 

• 

... 
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"\\IHATCHA GOT THERE?" 

This picture, first published by United Air
lines ''Mainliner Magazine" in an article on energy 
use, illustrates what many feel was the national 
energy posture for 1nany years . Energy companies 
worried about what the glutton ate, environmental 
groups were equally concerned with what came out 
the other end ! With the oil embargo and apparent 
shortfalls in oil supply the rest of the public 
took note. We would l ike to develop some of the 
basic information and issues about the energy 
system here, independent of the speculation of 
whether the recent oil crisis was "real or con
trived." The subject is multidisciplinary, hence 
nearly every listener will come face to face with 
the new terms and concepts that are illustrated 
here. 

- 3-

l 

Figure 4 shows an energy system that is in
deed complicated. It is often hard for people to 
understand the difference between stored-up energy 
(as resources, reserves , or stocks of fuels) and 
power , or the rat e of ener gy conversion, a function 
of demand, conversion capacity, and fuel availabil
ity. Since we have not yet exhausted all fuel re
sources, most believe the current difficulties are 
due to a variety of problems concerned with the 
rate of flow or conversion of energy, and the eco 
nomic, political and environmental problems associ
ated with these flows. Any gap between supply and 
demand results in some kind of energy crisis, even 
if the "causes" are human! 

Note, too, that solar energy is directly or in
directly the source of nearly all the fuel and 

Fig. 3. An energy glutton! (Reprint ed by courtesy of Mainliner Magazine, 
as carried aboard Uni t ed Airlines , copyright East/West Network, 
Inc. ) (~l'lil 7"~-no~l 
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energy used today. Nuclear energy appears stored as 
heavy elements (fission) and in light elements 
(fusion) found in the earth's crust and oceans, and 
nuclear energy also accounts for geothermal heat. 
Note well that energy is used to recover and pro
duce energy, a point often overlooked, and that en
ergy is used in copious ru~ounts to prepare a form of 
energy called food; as much as 6 to 10 times more 
energy to produce, process, and prepare food than 
is contained in the total ultimately consumed(ll). 
Notice that the diagram does not stress the trans 
portation of energy, except for imports as shown. 
Note too, the important fact that ALL POWER ENERGY 
POLLUTES, and that all energy use adds to the rate 
of heat formation at the surface of the earth, ex
cept for hydropower and some forms of solar energy 
that redistribute that heat. 

An energy gap (Fig. 5) arises when the flows 
in any part of the diagram get out of balance; when 
"demand" exceeds "supply", or when the rate of supply is 
limited by pollution or capacity to process energy . 
Note that these two concepts refer to rates of use 
or conversion . Reasons for this "power gap" are 
many and they are always debatable (Fig. 6). 

It is important, however, to consider two 
dilemmas which are hard to evaluat e. One, illus
trated by Fig. 8, is that the United States uses 
fastest those fuels generally recognized to be in 
shortest total supply. The other is the problem of 

importing fuels. The cost of imports (Fig. 9, 
figures are pre-embargo) is higher per barre l 
(mid 197~than that of domestically produced oil 
because of the actions of the Organization of 
Petroleum Exporting Countries' cartel. This price 
is several times the real cost of production, and 
the effect of oil imports on the U. S. balance of 
payment is worrisome. Equally important is the pos
sibility that some or all of these imports may be 
cut off for political or economic reasons, For 
sudden curtailment of energy supply is a different 
matter than use-conservation. Thus even when for
eign oil is freely flowing perceptions of national 
security lead some to desire to reduce imports by 
law, or by substitution of domestically produced 
fuels. These aspects of the "energy crisis" are 
visible in the higher price of energy and while 
many argue (28) that world oil prices will fall, 
it is reasonable to deem the combination of problem 
with the environment, the rate of supply, imports, 
the effect of sudden price increases, and the un
certain prospects for future supplies a "crisis". 

How the "gap" is closed is the domain of the 
subject of energy policy, and that involves govern
ment and industry policy, tax policy, luck, inter 
national politics, the weather, and so on. Leaving 
many of these topics dangling for the time being, 
we would like to look at the physical character
istics of the energy system, ones which, to a large 
degree, exist regardless of the decisions made un
der the rubric of "energy policy". 

EXPLORATION 

"' ENERGY 
ENERGY'" 

NET IM PORTS 

FERTILIZER MACHINERY 

TRANSPORTATION 

ELECTAIChY 

HEAT 

FOOD ENERGY 

PLANTS 
!FOOD) 

Fig. 4. The flows and stocks of the energy system. 
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Fig . 5. The energy gap. 

Fig. 6. 

•ARABg ? 

• ~NVIRONMi;NTALJgTg ? 

e(!Li;AN AIR? 

•OIL C!OMPANJI:;g? 

• GOV~RNM~NT? 

• W~ TH!; Pi;QPL!; ? 

•~C.ONOMJgrg? 

•GR~i;N M~N? . 

• TOTAL gUPPLY? 

Some possible causes of the energy cris is. 
{X8L 71.f i.-7~Q) 

Fig. 7. Is the energy cr1s1s more than gas station 
lines like this one in Berkel ey in 
February 1974? See Note 2 for a simple 
explanation of gas lines. t~>~< "7- %.,! 
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Fig. 8. 

10 1 ~ BTU 

30.000 

20,000 

eo.. U.S. RESOURCES AND USAGE 
lJooo OF FOSSIL FUELS 

10.000 Ool Sri .... . 

10 

20 171/o 

30 

40 

•t. Total Use 

T•tS•ndl 

'·""' 

3~/o 

U.S. resources (upper) and usage (lower) 
of fossi l fuels . We are using what we have 
the least of the fastest(!) (From Ref. 
567) . 

THE IMPACT OF OIL IMPORTS ON 
U. S. BALANCE OF PAYMENTS 

Milhons ol 
Barrels Per Day 

30 

1975 1960 1985 

Fig. 9. The impact of oil imports on U.S. balance 
of payments: energy imports are causing 
increasing deficits in balance of payments 
(From Ref. 567). 

One widely held misconception is that energy 
in the pipeline (that is, energy in the system 
which is between "reserves" and final demand) is an 
indication of overabundance in the system. Many 
uninformed critics of the recent oil shortage 
pointed to the large amount of fuel "in the pipe
line" as evidence that there was no real shortage. 
Figure 10 suggests one partial accounting for 1973. 
While there were probably many irregularities we 
should note that when the flow into the pipeline 
is less than the flow out (demand) then one can 
draw on stocks, which are counted as being in the 
pipeline, or reduce demand, or increase the rate 
of supply , or perform some combination of all 
three. Typically the oil pipeline in the USA con
tains about 45 days 1 supply of various forms of oil, 
refined and crude. Policymaker s must decide how 
much of this to draw on, and how much to reduce 
demand or increase supply, but one must very care
fully account for all stocks and flows before 
making conclusions about the "reality" of a crisis 
(28,114,115). 

Energy is the capacity to do work, lift things, 
or transform substances or environments. Power i s 
the rate of using energy, (Fig.ll) . It is important to 
understand the kinds of energy: energy of motion, 
or mechanical energy (Fig. 12b ) , also called kinetic 
energy, is a familiar "active" form. Heat (Figs. 
12c, 13) is a form of motion, the more .or less ran
dom motion of particles or molecules of a liquid or 
a gas or vibrations of molecules in a solid. Temper
ature measures the concentration of heat energy per 
particle. More important are stored up forms of en
ergy, or potential energy. Since any book can fall 



and gain speed f rom gr avity , we speak of gravita
t ion<.Il ener gy as a f onn of stored energy. The fool 
i n Fi g . 12 a is e:>,.1Jeriencing the conversion of gr avi
t at i onal t o kinetic ener gy as he f alls. Electrical 
energy , mechanical energy , both special cases of 
el ectr omagnetic energy i s another kind of energy, 
and light i s a manifestation of el ectro-magnetic 
ener gy , chemical energy , including energy stored in 
fuel s , actually arises because of el ectric forces 
between atoms . Similarly nuclear energy is stored 
in the forces among particles of the atomic nucleus 
i tself . Chemical and nuclear reactions are usually 
used to convert these energies to heat. 

Between you and us 
is a stream of gasoline 

650 million gallons long. 

A typktJI gosoliiW' Jupp/y J)'Jirm Jtutchrs from tltt rtfl""'Y through p<~lrnu. sltip1. /xlrgtJ. tt'rmitto/J and rank trucb 
to J0'" Jrn·•rr Jfollun AI E:uon. it tal,. about 6SO m111io" go/Ions to ku p thr J'Jirm .. ·or/ring 

A gasoline supply :.y:.tcm i ~n "t li kc 
a lake . it's like a :.trc:un . From the 
moment ga:.olinc i:. made at re fi n
eries until it reachc:. your tank . the 
stream is !.lcadil y moving . 

You've -.ccn thoM: big t:mb in 
our rdincrics and tcrminab . They 
ex ist primari ly to even out the tlow 
o f gasoline to you. In mo:.t ca:.cs 
what's more irnponant than how 
muc h is in tho:-c tank:. i:. how much 
comes in ... and IHlW much gt>es ow. 
That'!. the amuunt moving to you. 
And how mu~:h it i ~ depend~ on 
how much we pmdUl'C in our 
refinc.ric ... 

Wha l il ta kes lo keep 
lhe system working. 

It l:tf...c, Munc minimum amount 
of ga~o l inc ju~t to kc!.!p the .~ upp l y 
·'Y~ I e lll wnrJ...ing . Pan of it i~ in nur 
f!.!fim:ric ... '>llllll' i'>utt 'hip ... in 
pipd in..: ... ha rge' . te nnina l' and 
t:m].. tru..:J... .. . 

AI Exxon there arc approxi
m:ttcly 650.000.000 gallons in the 
sy~tcm. o n thei r way to you . 

Alt hough we <:OUnt 01 ll of thi~ in 
"i nw ntory·: if, g:t)l.() li nc we c:m ' t 

sell unJc~, "'e rcpi<JC!.! il. any more 
than you c:m u .. e water in your 
home wi thout having !'.OillC more 
pumped into your w:; tcr pipe~ 
behind it. 

How much more we have. 

In :u..kli tion to the 650,000.000 
ga l lon~ m.'cded to make the sy,tem 
\vork. we h:1vc M>me ca..ol ine in 
sto rage . At the .. tan of May, thi ~ 
amounted to about 160.000.000 
g:tiJon~ . Sc<tltcred throughout our 
~Y'>h.'lll. th i~ volu me help., buffer 
the variation' in d!.! mand aml .. upply 
whk h 1l<."l"Uf due tu more dri vi ng in 
.. unHn!.!r :md le'' in the winter and 
to unfllfC'>I."Cn happ..:n ing' like 
cquipuwnt pmhknh at our refin
eric ... , h ip delay'. e tc. 

Exxon Company. U.S.A. 

Of course. when you' re used to 
th inking of gasoli ne in tenm of 
what it takes to nm your car, 
160,<X>0.000 eallons seems like a 
lo t. Actu :~.ll y. i t's less th:J.n six days' 
~upp ly to our customers. Or you 
can look at it another way . 
160.<X>O .OOO ga llons is slightl y over 
one gal lon fo r eac h car . bu~ and 
truck in the U.S . 

So the supply of gaso line at the 
pump depend~ tno :o>t on how m uch 
we produce in our rc fincric~ .. 
every day". .. rather than how much 
we have in "inventory·: Fur you to 
have more. we h:~vc to refine more. 

Whal we ha\'e to do . 

Right nm' \IUr n-fi ncril'.'> an- pn'('CS· 
~ing all tht• r rutk we ...-:m uhtain. 
But th:n i .. not enough. So we arc 
im;rca,ing o ur c"<ploratillll fur oi l 
(ant! natural g;~:.) :mJ cx p:tnding our 
n:fining l':tp:t~.:i t y h) aho.1u1 ~Opcrcent . 

Fig . 10. Some of what Exxon wants you to know i s 
wor th knowing! < < Bv'J~> - 4! ~1) 

ENERGY, WORK, AND POWER 

ENERGY is stored work . 

WORK is the exertion of force through o distance . 

POWER is the rote at which work is done. 

Fi g . 11. Defini tions of energy , work and power. 
(): !)~ 7.., ? -LIJ l l) 
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-GRAVITY!! .... 
J, 

C H~MICAL 

(FU ~ Lg) 

Fl RE 

Fig. 12. Three ki nds of ener gy i llus trat ed. (See 
Refs . 9, 11, or 12 for more on these 
bas i cs .) (--.:1\ L 7~2- ,t.c. ,-,<W,-?"}o) 

I. RANDO M MOTION, VIBRATION OF 
MOLECULE S, ATOMS 

2 . MOST DILUTE FORM Of ENERGY 

3."FLOWS" FROM "HOT" TO "COLO" 

4. TEMPERATURE MEASU RES CONCENTRATION 
OR QUALITY 

" HOT" -CONCENTRATED 
"COLD" - LESS CONCENTRATED 

5 . THE ULTI MATE WAS TE : YOU CAN'T 
" GET RI O OF HEAT " 

Fig . 13. Heat has important properties. No t ech
nology past, present or future wi ll get 
rid of heat. And the earth can only r adiat e 
it into space at a finite r at e . <••• H <-33%) 



• 

0 0 u 

The laws of energy are conveniently summarized 
in Fig. 14 (5,6,9,-12). It is important to know 
what energy can and cannot do (Fig .l5). Readers ~ill 
recognize the first and second laws of thennodynamlcs, 
as well as a general principal stating that "no 
exceptions will be made". It is important to define 
these laws carefully, since many people expect un
scientific miracles from technology or ask that 
political decisions overrule fundamental principles. 
The "free lunch" rule (Fig. 16) is illust rated with 
a typical energy bill of the early ' 70 's showing 
about what we paid for the amounts shown. Since 
most audi.ences are unfamiliar with energy units or 
prices, explainers should give some easy examples 
in heat tenns, in t erms of quantities of fuel, and 
in tenns of tasks which can be done (like bath-
tubs of hot water) see Table 1. That a "cheap lunch" 
(Fig.l7) l eads toproblems , especially environmental 
problems, is agreed upon by nearly everyone, though d~
bate ranges as to the worst problems· (Fig .18) . In addl
tion, few can agree on who should pay for what and 
how much. The difficulty in including environment~l 
costs such as pollution, in the price of energy lS 
recei~ing careful study , too, and is an interesting 
issue (154,801,802 , 804 , 822). 

I. YOU CAN'T GET 
SOMETHING FOR NOTHING 
YOU CAN ONLY BREAK 

EVEN/ ENERGY IS CQNSERYED 

2. YOU CAN'T BREAK EVEN, 
YOU CAN ONLY LOSE./ 

AS ENERGY IS CtiNYERTE/J Ttl HEAT 
IT IS IJ/LUTE/J fDREYfR. NDT ALL 
HEAT CAN BE CDNYERTEIJ Ttl ltiRI. 

3. YOU CAN'T GE.T OUT 
OF THE GAME./ 

Fig. 14. The Laws of Energy (paraphrased) . «"' 74>-"•>) 

Auto manufacturers have recently been adver
tising (and in some cas~s labeling) the gas con
sumption of their cars, though often the claims 
have bordered on the absurd: "Thrifty Eight Cyl
inder," "Gas Stingy Six Cylinder," "We drove 100 
miles on only a quarter tank in our (large car)." 
In the l atter ad the spoPsors neglected to remind 
the listener that this car had a 27 gallon tank; 
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no mention was made of the cost of filling the tank. 
The point here is that energy consumption can be 
described subjectively--"stingy," "thirsty," and so 
forth, with no references to actual numbers or 
standards. But alert teachers will point out that 
energy comsumption can, and should, be quantified 
and further translated into easily understood units 
mentioned above (see note 4). 

I 8 

Confusing to some are the problems in trans
lating the various sizes (or scale) of energy units 
and power rates. Energy can be measured in abstract 
units, like Britisn'rnennal Units (Btu), one of 
which heats 1 pound of water 1 degree Fahrenheit, 
in gallons of gasoline (which are defined to con
tain certain number of Btu's), or in units of out
put, such as "heat for __ homes," _"gasoline 
enough to drive a Volkswagen three tlffies from 
Paducha to Iowa Falls," and so forth. Power is 
usually measured in watts (kilo-, mega-, giga- , 
or even tera-, referring to 1,000, 1,000,000 and 
so on) or in units of fuel used/time taken, such 
as barrels of oil/day. An interesting statistic 
usually overlooked by even those familiar with 
energy is the measurement that per capita power 
use (all forms) in the USA amounts to about 12,000 
watts. Most listeners immediat ely shout out "watts 
per second, or year?" But watt, being a rate (1 
joule/sec) includes the time already! (See Table 
1.) 

Figure 19, from Honeywell Corporation, em
phasizes the difference between kilowatts, or 
thousands of watts, a rate of flow of energy, and 
kilowatt hours, the total amount of energy trans
ferred. A kilowatt hour is any combination of 
(kilowatts) x (hours) which gives l. Though kilowatt 
hours are used most commonly with electricity, 
they have equivalents in other units, reminding us 
that energy is convertible from one form to an
other. Table 1 summarlzes the various energy units, 
as well as some useful energy equivalents that can 
be effectively compared. 

The calls for energy conservation have in
creased public interest in energy bookkeeping: 
"How much energy does it take to . .. ?"I usually 
use the example of the lights at the Riverfront 
Stadium i n Cincinnati as a good illustration of 
some of the pitfalls. These lights consume elec
tricity at the rate of one megawatt (1000 kW). But 
the local power company must burn fuel at the rate 
of about 3 MW to produce this electricity.5 Keep 
this up for four hours, you have a lot of energy, 
right? This was pointed out by many energy savers 
during the Winter 1974 Crunch, but they may have 
cried "wolf" too soon. First of all, the amount of 
energy consumed at the ball park is no larger than 
that which the fans (say there were ,40,000) wo~ld 
consume at horne and probably quite a bit less .* 
But, suppose that the fans journey~d to the ~ame 
in 10,000 autos, making average trlps of 5 rnlles 
each way at the average 15 miles/gallon. We can 
summarize the results: 

(4 hrs) x (3000 kW) = \2,000 kWh 
(10,000 autos)x (2/3 gallon) = 6666 gallons 

* round trip of 10 miles = 2/3 gallon per car 

Since one gallon of gasoline equals approxi
mately 36 kWh, we see that the cars consumed nearly 
20 times more total energy than the lights . Most 
audiences, of course, are shocked and stunned. 
Such is the power of Energy Bookkeeping. (See Note 
1 for another example . ) 

* For example, 40,000 people watching 20,000 TV's 
@ 100 watts consume electricity at the rate of 
2 MW. 
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Fig. 15. What is wrong with this picture? A per
petual motion machine such as this is 
often implied in many uninformed state
ments about solutions to the energy 
crisis, but no solution can violate the 
fundamental laws of phys ics. (From Col
lected Works of M.C. Escher, ed. Iijl, 
Zolle, Holland, 1968. Courtesy of the 
Escher Foundation, Haags Gemeentemuseum, 
The Hague, Holland.) (,,,~ . '~7- 433o) 

• 
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Fig. 16. Summing it all up. 

Fig. 17. Economists tel l us that underpricing . 
resources is a "no -no ." They're right-
right! O"l<- 7••-"1') 

.A;,., WQttr, Solid \JashJ. T<odioac:tivity 

Chemical Pollution cf 
.Air, \.\{ah~r 

Wirts, Power flanh.-, 
'R£nn~rief,. Strip MiMs 

Fig. 18. Some kinds of pollution resulting from 
energy use. (}"l)C 74"1'-l.)B'i') 
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KILOWATT~ 
INSTANTANEOUS 
ELECTRICAL ENERGY 

l{I~WATT 
IIOU& 
ACCUMULATED 
ELECTRICAL USAGE 

Fig. 19. Power is "how fast", while energy is 
"how much." (From Honeywell Corporation.) 

(Jl!3i~- 7'-17· 4'~)2) 

L 
· OIL WEL LS 

PURCHASED ~. 
FUELS ~ 

,;. Jl "K Jl'·~ 

Jm 
~· 

19,900 - DI RECT ENERGY, GASOLINE) 

OT HER 
(PARKING, GARAC.tNG 

·- -1~' 
REPA IR$, MAINTENANCE 

TIRES, OIL 

700-:Q 
! 

HIGHWAY CONSTRUCTION 
:-

TOTAL 

16,700 
Btu/mil t 

D•rect ond Ind i rec t Ene rgy Req,,ure ments for the Automobi le'" the U.S. 197 1 

Fig. 20. The total energy cost of an automobile 
expressed i n Btu/mil e . (From Ref. 330) . 
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Fig. 21. Energy for bicycling (Ref . 332). l>'0~ 7w·l ••~) 
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In Figs.20 - 23 we see the energy inputs to 
several different end products. Careful systematic 
thinking, and use of input/output statistics (267, 
303) allows one to compute the average amount of 
energy that goes into every process in commerce or 
industry. Hence, we can say that autos consume 
about 2/3 as much energy indirectly as they do at 
the gas pwnp (330). Similarly, the energy content 
of a ton of steel or aluminum, of a can of beer 
(the beer or the can), a sheet of paper, and so 
forth, canoe evaluated. Certain industry and 
govennnent sources publish typical amounts of en
ergy consumed by popular appliances, such as stoves, 
air conditioners, and even electric toothbrushes 
(57). 

Understanding energy units is the key to 
interpreting physically the nature of the spaghetti 
bowl (Figs. 24 - 26) made popular by E. Cook and 
others in the early '70s (in Ref. 24). Note that 
we do understand where nearly every Btu goes, and 
we know in particular how the various energy sources 
(fuels) are apportioned to various end uses. It is 
important to emphasize here the approximately three 
to -one penal·ty paid for using heat engines to con
vert fuel heat into electricity, shown as "genera
tion and transmission losses." While production of 
electricity accounts for nearly 25% of all energy 
consumed, with the relatively small contribution of 
hydropower usually counted as nearly 100% efficient, 
electric energy makes up only 10% of the energy 
actually consumed in an end use. 

FOOD 
32.4- m•lhe,n Btu/person 

WHOLESALE AND RETAIL TRADE 

:.t.<225) 

-arJ~ 
HOMES 

Fig. 22. Total energy for food : Six to ten cal
ories of fuel for one calorie of food 
energy (Ref. 304) . w>a , "' _ """l 

ENERGY 
INPUT 

INTERMEDIATE 
ENERGY FORMS 

ENERGY 
USE 

1619 

~ 
r-=l 
L:J 

fuornaledal l 51>1tiCt!n!OI ;goa leneqJYCOnlUini>IIOfl 

Of linue pepet fnechoneo 10.15 • 6 .0 " 1 35 ~ .] 231 

2. AI 6 lb of uean> per In ol paper end IUII)Itrboard 

P<Oduced end llSO eo.,/lb 

ESTIMATED ENERGY FLOW IN MANU FACTURING PAPER AND 
ALLIED PRODUCTS- 1967 (Trill ions of Btu) 

Fig. 23. Energy inputs for manufacturing paper and 
allied products (Ref. 52). (yo" 744 - vM) 

fiROSS 

APPROX IMATE FLOW OF ENERGY THROUGH 
THE UNITED STATES ECONOMY, 1971 

CONSUMPTION 

ENERGY LOST IN GENERATION 
ANO TROI;,SMISSION OF ELECTRICITY 

'0' 

E. COOK, 197) 

Fig. 24. A "spaghetti bowl" diagram of energy 
flows. Efficiency estimated from First 
Law by Cook . Note that the overall "ef
ficiency" is only 36%. (Reprinted by per
mission, see Refs. 159, 160 or 281; see 
also Note 6.) (c~>c 7<<~- ,,«) 
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ENERGY UTILIZATION IN WESTERN STATES-1971 
(Biflt!IOII Equlnlenl ParPert.OnAnnullly) 
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I ' '•./ ' 
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2100 2200 2300 2400 2500 2600 2700 
YEAR 

Fig. 25 . A spaghetti bowl energy flow diagram for 
energy utili zation in the Western States, 

Fig. 27. Hubbert's Pimple : The use of coal, gas 
and oil projected. (Adapted from Ref. 2.) 

1971. ( XI)~ 7 >/. -1 .'>) 

(Y:ea 7v7-4'3JG) 

PRICE OF ENERGY 

1. R & D 
2. EXPLORATION/ MAINTENANCE 
3. INVESTMENT 
4. RECOVERY 
5. TRANSPORTATION OF FUEL 
6. ENVIRONMENTAL CLEAN UP 
7. REFINING 
8. DISTRIBUTION 
9. MARK UP, PROFIT, 

ADVERTISING, DEMAND 
EFFECT, COURT COSTS---

Fig. 26. A spaghetti bowl energy flow diagram for 
Wes t Germany, 1971 (Ref. 22) . '"'" 7YY-N•v) 

Fig . 28. Why energy costs so much. 

Table 1. 

ANY ONE OF THE FOLLOWING CAN YIELD * 
1,000,000 BTU USABLE AS PHYSIOLOGICAL OR POWERPLANT FUEL 

12,500 Large Eggs 
9,174 Pounds of Cabbage 
2,660 Pounds of Potatoes 
1,560 Quarts of Milk 

800 Pounds of Ground Beef or Brea~ 
625 Pounds of Dried Corn or Grain Sorghum 
606 Pounds of Wheat or Flour 

1 100-liter ( ~ 30- gallon) tub of 
hot water, heated from 20°C 
to 35°C (68°F to 9S°F ), 
requires about 6000 Btu or 26 
tubs to a gallon of gas . 

EARL COOK, 1974. 

571 Pounds of Sugar 
469 Fifths of 100 Proof Whiskey 
308 Pounds of Butter 
122 Pounds of Firewood 

80 Pounds of Coal 
8 Gallons of Gasoline 
0 . 0 5 Ounce of Uranium (1% burnup) 

1 aluminum beer can requires 
about 6800 Btu of total 
energy or, 3~ six-packs to 
a gallon of gas. Note that 
this is for the can alone. 
The beer itself requires far 
less. 
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Table 2 

UNITS OF ENERGY AND POWER: 
ENERGY CONTENT OF FUELS* 

M = 1,000 

MM = 1,000,000 

Units of Energy 

1 kilocalorie (kcal) warms 1 kilogram (2.2 lbs) of water 1 degree Centigrade (1.8 ). 
1 British Thermal Unit (Btu) warms 1 pound of water 1 degree Fahrenheit. 
1 foot-pound (ft-lb) lifts 1 pound 1 foot. 
1 joule (J) lifts 1 kilogram 10.2 centimeters (4 in). 

Units of Power 

1 watt (W) = 1 joule per second 
1 kilowatt (kW) = 1000 watts 

Conversion Factors 

1 Megawatt (MW) = 1000 kW 
1 horsepower (hp) = 33,000 ft-lb 

per minute 

1 kilowatt-hour (kWh) = 860 kcal = 3,413 Btu = 3,600,000 J 
1 kcal = 4184 J = 3.97 Btu = 3080 ft -lb (a food calori~ is a kcal) 
1 Q = 1018 Btu (one billion billion Btu); 1 Quad = 10l~Btu 
1 hp = 746 watts; 1 kw = 1.34 hp 
2500 kcal/day = 121 watts = 1 average American food diet 
12,000 watts = 1 average American non-food energy diet 

Energy Content of Fuels 

1 lb TNT = 478 kcal 
1 lb bread = 1,300 kcal = 5150 Btu 
1 lb wood . = 1,800 kcal = 7150 Btu 
1 lb Eastern coal = 3,300 kcal = 13,100 Btu 
1 lb crude oil (0.14 gal) = 4,800 kcal 
1 barrel (bbl) = 42 gal 
1 lb gasoline (0.18 gal) = 5,700 kcal = 22,000Btu 
1 lb natural gas (25 ft3) = 6,600 kcal 
1 therm = 100,000 Btu= 25,200 kcal 
1 lb uranium 235 = 8.6 billion kcal (note: in nature you find 140 lbs u238 to 1 lb 

u235) 
1 ton Eastern coal "' 26 million Btu 
1 barrel crude oil ( 42 gallons) ::: 5. 8 million Btu 
1,000 cubic feet natural gas "' 1,000,000 Btu 

There are about seven barrels of crude oil to a ton. 
Often all energy is expressed in Metric Ton Coal Equivalents (about 28 MM Btu) 

or barrels of oil equivalent (BOE). 

* Source: John P. Holdren, private communication. 
See also page 9, above. 
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One must define "used energy" and "waste 
heat" carefully; in fact, recent studies tend to 
raise the fraction of energy use termed "waste" . 
Waste is hard to define objectively, but Refs.250 -
253contain interesting methodologies for objectively 
evaluating energy waste . 

Examination of Table 3, reveals that .heat 
(and cold) are the predominant end applications of 
energy use in structures and industry, while heat 
is the intermediate energy form for conversion of 
fuels to electricity or motive power. Cook's dia
gram really defines efficiency as: 

Energy in desired form or place 
Total energy used 

This physical definition can be extended by ob 
serving that the second law of thermodynamics (Fig. 
14) says that the amount of fuel (or "available 
energy") required to transform the temperature of 
a substance or an environment can be reduced by 
utilizing available heat and "pumping" up (or down) 
the temperature of this heat using the energy in 
the fuel: we can thus estimate energy requirements 
for a desired process by either the first law or 
the second law of thermodynamics (250,251,252,253). 

However, physical analysis alone ignores 
vital problems in energy system design, maintenance, 
or such other parameters as insulation in a home. 
Taking these parameters into account, we can define 
"efficiency': 

ff . . _ minimum energy required by physics 
e ICiency - 11 d . . energy actua y use 1n practice 

But an even more important definition of 
efficiency takes economics into account. Considering 
the cost of energy, maintenance, and the various 
alternative systems that use the energy, figuring 
the cost of all this per unit of output (e.g., com
fort, a unit of production, or a passenger mile), 
and considering the "cost" of pollution, or 
psychological factors like (in-Jconvenience, time 
spent, comfort, etc., 

Table 3 
Production of electriCity uses heat 85% 
Combustion engines use heat 100% 
Homes use heat 75% 
Businesses use heat 55% 
Industry uses heat 75% 

What the spaghetti bowl doesn't say: Heat is used 
at some point in nearly every energy conversion 
process or application. 

efficiency cost of "cheapest" system 
cost of system being used 

(Don't forget to count interest, the cost of tying 
up money in an energy system, and so forth). While 
economic efficiency as defined here may seem com
plicated, it is the kind of efficiency energy users 
seek in typical situations. 

Economics may be the most important force 
determining how man uses energy, but it is always 
the laws of physics and technology that determine 
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what rna~ or may not happen. This point is often 
overloo ed by those unfamiliar with physical science. 
Note, too, that all energy used winds up as heat; 
both "useful" energy and "wasted" energy (see Fig. 
13 and Table 3) . 

Many references contain such spaghetti 
bowls for a variety of years, locations, and energy 
futures (22,35,39 and 62). 

"How much ya got?" 

In every energy discussion, the question 
"How much fuel do we have?" is always brought up. 
Explainers should be very careful to define their 
answers, and be prepared to state real costs, in
cluding environmental ones. The most graphic display 
of "how much" was popularized by M. King Hubbert 
who used the resources curve, "Hubbert's Pimple" 
(Fig. 27) to illustrate the expanding use of a 
particular source of energy that only levels off 
and falls when rising prices, scarcity, or environ
mental restraints make continued growth in the rate 
of fuel use undesirable, uneconomic, or impossible. 
Or, new technologies or discoveries might make use 
of a fuel unnecessary, or enable the rate of use 
to be lowered through increased efficiency even 
before environmental, economic, or supply con
straints act. This happened to coal in the 1950's. 
In the Hubbert diagram, the total area under the 
curve is limited to the total amount of fuel which 
will be ultimately discovered. The shape of the 
curve describes the growing or falling rate of use. 
The position of the peak, that is, the time of the 
maximum rate of use and what, if any, efforts can 
be made to prolong the duration of peak use, are 
important subjects. Reference 2 provides a very 
valuable introduction to the meaning of these re
source curves, and Refs. 31,33, and 34 discuss 
estimates of how much is there. 

But the price which one pays for energy, 
discussed in Fig. 28, will influence to a great 
degree the amount of a resource that can be dis ·
covered and used. Often we forget that our world is 
a finite one, and we assume that resources are 
plentiful, as long as the price can go up. Cer
tainly higher prices often do lead to more explora
tion and discovery, but this cannot go on forever, 
especially as the energy cost (and resulting pollu
tion) of recovery rises. Indeed, many accept ed 
models of resource economics assume the infinite 
or nearly infinite world principle, and ignore 
what the physical world tells us. Reference 167, 
from a major bank in California, virtually ignores 
energy in its many lavish pages of evaluation of 
the economic future for 1974 in California, mention
ing only that "energy prices will rise." This is 
another example of the way in which we ignored the 
physical nature of energy, and perhaps hints at 
how our basic thinking helped allow an energy 
crisis to occur. 

At the same time, many forget that items 1 
through 8 in the Fig. 28 "price list" represent 
real physical costs, with subjective values and 
politics entering mostly in number 9. While new 
technologies can reduce the costs of numbers 1 
through 8, the new technologies themselves demand 
inputs which are also subject to the same physical 
constraints, hence, it may be unrealistic to assume 



that "we will always find a way" to have cheap en
ergy (at increasing rates of usage) . Note that 
rising prices often lead to substitution of one 
fuel for another, as new sources or methods become 
economic. But, again, this process cannot continue 
indefinitely, and it should be explicitly stated 
what will happen. 
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Figures 29 and 30 remind us that both invest
ment in energy and transportation of energy cost 
dollars (and energy). It is difficult to realize 
that energy facilities take years to build; even 
then, energy must be moved over great distances, 
often with resulting environmental damage, because 
"energy is where you find it," while people usually 
live in concentrated urban areas. 

One important principle mentioned above 
should be kept in mind: energy costs now go up as 
energy is used faster, even if there is plenty of 
energy in stored fuels in the ground. While Hubbert' s 
Pimple (Fig. 27) shows how much coal there is, the 
slope of the curve tells how fast coal use is rising, 
but shortages of coal mines, coal miners,envestment, 
unwillingness on the part of mine owners to use the 
time> technology and money required to ensure the 
safety of the miners and health of the environment, 
or shortages of water or railroad hopper cars, or 
shortages of clean air (e.g.) too many smokestacks 
in a given area), in fact, restrict the rate of coal 
use even though there is plenty of coal! 
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Fig. 29. Building the energy system costs! 
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Fig . 30. Moving energy costs too! (Ref. 38). 

Finally, account must be taken of the energy 
inputs required to produce a unit of available en
ergy; energy in the form desired. Odum (Ref. 8, also 
in Ref. 21) has emphasized this "net energy concept" 
and explainers should be careful not to fall into 
the trap of putting in more and getting out less. 
This warning also applies to those who clain1 "in
f inite resources" from the sea, that "we have only 
begun to tap the earth's crust ." As always, a strict 
account ing of real costs, including machines, men, 
energy, and environmental spoilage, must accompany 
any honest evaluation of "how much." 

More recent work on the energy cost of en
ergy (506,512) caution us about the folly of esti
mating the .size of resources in energy units. Shale 
oil, gas or oil from coal, and uranium enrichment 
all demand energy that must be supplied before the 
fuel in question can be used. 

"HOW MUCH D'YA WANT FOR IT?" 

Figure 31, a drawing by Kenneth Boulding, 
illustrates what, in the ideal case, would be the 
role of the free market and economics in determining 
how energy is bought and sold, and ultimately used 
(150). Ri sing prices lead to lowered demand and 
at the same time increased supply. Rising supply, 
beyond demand, leads to falling prices and increased 
supply. Surprisingly, in the USA energy prices in 
real (non-inflated dollars) fell from World War II 
until about 1970. According to this model, changes 
in demand and/or supply are correlated with changes 
in prices. 

When the level of supply or demand is sensi
tive to changes in price, the relationship is de
termined "elastic." If steep price increases do 
not bring about reductions in consumption, if sharp 
price drops do not increase usage, if sharp price 
rises do not make increased supply available, or if 
falling prices do not inhibit the producer's desire 
or ability to make supplies available, then the re
lationship, for the given price, supply, and de
mand levels is called "inelastic." Many "solutions" 
to the energy crisis state simply that "rising 
prices will discourage consumption and encourage 
production." But it is important to explain what 
the physical and technological mechanisms of this 
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response will be, and in particular, to evaluate 
who will or will not respond to price changes. Can 
the poor use less? Do the rich care? Do dollars 
find oil, or do the dollars first have to become 
drilling platforms, petroleum engineers, and good 
luck? And, most important, how long does the market 
or price 1nechanism take to provoke the desired 
change, if at all? Many of these questions are dis
cussed in Refs. 100,106,107,115, and 155. 

Missing too, from a simple "free market" 
description of energy are the effects of govern
ment or private policies regarding taxes, depletion 
allowances (tax breaks for fuels actually dug up 
and sold), pollution and other costs to the general 
public ("externalities") borne by the seller or 
user of energy, and many other rules or restrictions 
which may influence energy demand . For example, 
scrap iron dealers are charged higher rail freight 
rates than shippers of iron ore. (308). Thus the 
price of scrap is higher than otherwise, so that 
it is not as competitive with ore as it might be. 
Since scrap requires considerably l ess energy to 
re-refine, and the whole process results in less 
pollution and less solid waste, the advantages of 
scrap re-use and recycling in general and implica
tions for total energy demand are lost, due to a 
freight ruling that appears to have little to do 
with energy or pollution. Explainers who wish to 
explore the economics of the energy system are 
forewarned to take a deep breath and expose them
selves to some economics and related political sub
jects . 

The various forms of environmental impacts 
(Table 4) both direct and indirect, are very im
portant to any discussion of energy, and one should 
not overlook those impacts, even where quantifica
tions or cost/benefit is difficult or controversial 
as in the case of nuclear power. Although energy 
itself is consurned in cleaning up pollution (especi
ally the mess made by energy consurnption), recent 
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studies (Ref. 805, and Table 5) suggest that ulti
mately this clean-up bill will not amount to more 
than a few percent of total energy consurnption. In
creasing efficiency of energy use also cuts pollu
tion, as do other measures listed below under con
servation. (See also Refs. 253,159,819,810,828, 
830.) What is important to understand about energy 
use and the environment is that all power pollutes; 
pollution exacts a real cost on our health, welfare, 
property, and in the long run on the economy (Fig. 
32). Since nearly all activities introduce some 
foreign substances into the environment or change 
rates of flow of substances, it is difficult to 
imagine eliminating pollution entirely . But eco
nomists suggest that up to a point it is worthwhile 
for society to force individuals to "clean up" 
pollution, pay a tax on pollution, develop anti
pollution technology or cease certain polluting 
activities. Auto makers and energy producers (and 

· consurners) have a nasty habit of complaining loudly 
about the dollar cost of cleaning up whily ignoring 
the dollar and non-dollar value of a clean environ
ment, especially where health is concerned. Because 
few producers or consurners would voluntarily clean 
up pollution, economists suggest that government 
standards and enforcement is necessary. (See the ex
cellent book by Barclay and Seckler (150) for more 
on the economics of pollution.) 

7 ' 6:.. 2 

H IGH 

I 
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p 
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Fig. 31. How the free market might operate. A is 
the stock, P is production, C is consump
tion. What if the tub overflows, or the 
valves do not work? (From "The Shadow of 
the Stationary State," by K. Boulding, 
Ref. 28.) 1 m r;-on -4" a) 

Table 4 

ENVIRONMENTAL IMPACT OF ENERGY SOURCES 

COAL GAS/ OIL URANIUM 

PRE-CONVERSION 
DEFACING LANDSCAPE X 
MINERS' HEALTH X 
WATER POLLUTION X 

CONVERSION 
PARTICLES, NOx• SOx• C02 X 

MERCURY X 
LOW LEVEL RADIATION X 
RADIATION ACC IDENT 
HEAT X 

POST-CONVERSION 
SOLID WASTE X 
PLUTONIUM DIVERSION 

Table 5 

NatktMI Petrolatm CCNJncil ntimatn of 1980 

enet;v conwmption to meet .,...ironment.! stAndards 

lncre~ 

!trillion Btu) 

Automobile em ission controls 914 

Electric utility industry 
Control of waste heat 
Control of air pollutants 183 

Sewage. water, and solid waste 
treatment 1,000 

Env ironmental control by 
industry 976 

TOTAL 4,073 

X 

X 

X 
X 

X 

X 

Percent of total 

energy use0 

0.89 

0. 18 

1 95 

0.95 

3.97 

11 Total projected en~gv consumpt ion fOf' the intermediate case in 1980 is 102.581 
!rillton Btu. 

x· 
X 
X 

X 
X 
X 

XX 
X 

And additional caveat about discussing pol 
lution is important! It is the rate of adding pol
lutants in a given area, measured as a resulting 
concentration there, that is important. As the nurn
bers of factories or autos in an area increase, so 
does the rate of polluting. Then more abatement 
must be applied to every polluter in order to main
tain a given degree of "clean" environment. But pol
lution control on an individual source rises spec
tacularly in cost as the amount of abatement and 
new technology required rises, as Cook's diagram 
(Fig. 33) shows. Sometimes too, abatement itself 
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adds to the problem as when by-products like sulfur, 
limestone, or other chemicals are produced are col
lected in unwieldy quantities. Still the important 
lesson is that the fas ter we pollute, (the more the 
economy grows--the larger the share of our wealth 
we have to expend in order to keep pollution con
stant. (Ref. 820, Fig. 33). 

~ENERGY~ 

ECONOMY------ ENVIRONMENT 

~WELl-BEING./ 
XB L 759-4095 

Fig. 32. This simple drawing by J. Holdren suggests 
that the links between energy and well
being are several. While energy use makes 
a positive contribution through the 
economy, it has a negative impact through 
unabated pollution, which hurts well 
being as well as hampering many economic 
activities. 

I 
PER DAY PER BARREL 

I 
I 

54,000 0.36 COSTS OF REDUCING DISCHARGE 
OF S02 FROM A TYP ICAL U.S. 

46,000 0 .32 PETROLEUM REFINERY 

"' ct: Adopted from 1972 Annuol Report of <X 
...J 42,000 0,26 Resources for !he Future, Inc. , poge 42. 
...J ·a 
Cl 

Ul 
36,000 0.24 

>-
Ul 
0 
u 30,000 0.20 
z 
0 
;:: 
u 24,000 0.16 
::> 
Cl 
UJ 
ct: 
UJ 16,000 0.12 

" ct: 
<X 
I 12,000 0.06 u 
Ul 
Ci 

0 6,000 
Ul 

25 50 75 100 

PERCENT REDUCTION, SOz DISCHARGE 

Fig. 33. Diminishing returns on pollution control 
expenses warn us to be careful with en
ergy waste! (From Cook, Ref. 159, used 
by permission.) cc "' «' '~ - ' '""l 

Three important subjects that have roots in world 
history are the history of fuel use (and substitu
tion), (Fig. 34) the geographical distribution of 
energy resources, (Fig. 35 ) and the recent rising 
international trade in fuels, especially oil (Fig. 
36). The character of a people is very much in
fluenced by fuel availability and distribution, and 
the history of f uel use reflects changing social 
conditions, values, and technology. The cost of pre
paring energy, such as refining, the cost of mining, 
transportation, and conversion, must all be con
sidered in understanding the economics (5,9,11,12). 

Millions of 
kWe yrs 

Year 

Fig. 34. History of fuel use in the U.S.A. (From 
General Electric Co.) cx.Q 7 " 7- .,"ol 

WORLD PUBLISHED PROVEN CRUDE OIL RES ERVES" 

Fig. 35 . Who has the oil? (From Shell Oi l Co., 
Ref. 28). (Xt}l')ll.ft-4.1 t,'t) 

1980 WORLD PETROLEUM 
CO NSUMPTION AND MAJOR MOVEMENTS 

Fig. 36. Who sells to whom? (From Shell Oil Co. , 
Ref. 28). 1<8 0 747- l./342 ) 

A car eful reading of t he National Petroleum 
Council Summary (110) produces the predicti on that, 
"The more ya want, the more ya gotta pay." Whi le 
many call this "bloody murder," they often forget 
that rising demand rates , as well as cumulat ive 
usage, do use up the energy fuels that are cheap 
financially, environmentally, and geographically, 
as well as physically . Then we have to do more t o 
produce the same: drill farther, drill i n f ar-of f 
places (the Arctic), make deals with governments 
that might want to limit demand by high prices, and 
so forth. This is illustrat ed in the data given by 
NPC, adapted here to illustrate the findings of the 
NPC. Note in Fig. 37 that higher demand brings on 
the "need" for higher prices . The NPC estimates were 
made in 1972, before the embargo. While prices have 
risen, the effect illustrated in Fig . 37 remains . 
Economists say that the marginal or i ncremental cos t 
of oil is rising, so that "the more ya want , the 
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more ya pay per unit." This interaction is typically 
found in markets where scarcity and rising physical 
costs finally offset economies of scale and effi
ciencies of technology. We might still argue a lot 
with the oil companies, but we cannot argue with 
nature, too. 

To illustrate the point about r1s1ng costs 
and cumulative usage, I show three samples of shale, 
containing 90, 30, and 15 gallons of crude oil per 
ton of rock (Fig. 38). All audiences agree: "Take 
the 90 gallon stuff first." They shudder when they 
are reminded that when that is gone, they will have 
to move much more rock and water (with h1gh environ
mental hazard and lower net energy gain) which has 
to cost more, even with a Second Coming . 

/ 
Dollars per barrel prb: ran~"' 

Fig. 37. Supply vs price in 1975--before the em-
bargo (Ref. llO) . c•G<-7v, .~,.,ol 

Fig. 38. Three pieces of oil-baring shale, _ with 90, 
30, and 15 gallons of oil per ton of shale 
respectively from left to right. Which 
would you mine first? What would you do 
with the leftover part? c.,,., ••. 4 .... ,) 

WHO HAS ALL TilE ENERGY? 

Understanding the energy supply system is 
an important part of preparing to explain energy. 
Since total direct and indirect expenditures for 
energy add up to about 10% of GNP in the USA in 
1972 (and more in 1975) we can say that the energy 
system is in fact the largest industry, charged 
with running the rest of the country! Note that we 
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include "indirect energy use costs" (use of energy 
for products and services), a point we will amplify 
later (157, 267, 270), but not environmental costs. 
The pies (Fig. 39 and 40) .show the energy sources 
for the USA for 1972, and for the World in 1968. 

38% coal 

38% 

Total l90xlo15 
BTU 
USA used 1/J of 
the totallll 

Fig. 39 . World energy supply as estimated in 1968. 

natural 
32% 

petroleum 
46% 

Fig. 40. U.S. energy supply for 1972 (from Refs. 
25, 101). 

The fuel industries and electric utilities, 
some of whom also buy or sell natural gas or water, 
are engaged in all forms of energy activities, in
cluding exploration, recovery, processing, con
version, transmission, distribution, retail sales, 
and environmental clean-up activities noted in 
Fig. 28. In addition to the very interesting ~echni
cal and physical problems inherent in recover1ng 
energy (32, 618, 625), these industries face con
troversy on various aspects of public and pri~ate 
energy policy. Explainers might. consider such 1ssues 
as: 

1. "Incentives" needed to encourage energy 
recovery and development (100,113). Should theprice 
of energy be the only incentive for companies to 
harvest and sell fuels? 



2. Competition and structure in the energy 
industries (122). 

3. Government's role in watching over, re
gulating, and aiding the energy industry (121, 
102, 106, 107, 201, 186). 

4. Integrated ownership/organization of the 
energy facilities: a) vertical integration, where
in one company owns or controls a fuel from extrac
tion to ultimate retail sale, b) horizontal inte
gration (actually diversification) wherein a com
pany controls significant activities in competing 
fuel industries, say uranium and coal, as well as 
oil (Exxon, for example). (Ref. 122, plus many 
Hearings, 188) 

5. "The Free Market." What is it, and what 
is its ultimate role in the allocation of energy 
resources and patterns of energy use? (See Refs. 
150,100.) 

6. The role of taxes, depletion allowances, 
import/export quotas, indirect (environmental) 
costs, subsidies, and so on (176-179,119,120). 

7. The effect of physical constraints on 
costs, competition, and the market. Might physical 
and environmental factors preclude the effects of 
the market, such as competition, from being im
portant under certain conditions. Does nature co
operate with economic, and exponential man? (See 
Refs. 819, 821, 153, 127.) 

8. Promotion of energy use (201, 827). 
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Reference 813 contains an interesting state
ment of policy from a united group of energy in
dustry leaders. References 100 - 214 analyze other 
aspects of energy policy. 

Tables 6 and 7 give some idea of the 
economic size of the energy industry as compared 
to the entire United States economy. The energy 
industries employ far fewer people per dollar of 
revenue, cost or investment than the rest of the 
economy, and trends in the energy industry as ex
emplified by the figures in Table 8, are for fewer 
employees per dollar. (These facts will be discussed 
later when we discuss conservation). It is important 
of course, to have an economically efficient energy 
industry, but these employment figures should be kept 
in mind by those who see the energy industry growing 
relative to the rest of the economy. If we use too 
much energy, that is, if we use energy inefficiently 
we inflate the energy industry by giving up jobs, 
output, and welfare in the rest of the economy. 

Electric utilities have grown rapidly in 
the past three decades, in fact, more rapidly than 
the rest of the energy industry as a whole. Most 
are investor owned, though there is a significant 
number that are publicly owned, such as the Los 
Angeles Municipal Department o£ Water and Power, and 
the federal Tennessee Valley Authority (Fig. 42). (Ref
erences 4 and 7 discuss many of the institutional 
aspects of utilities, as well as the technical as
pects of electric power.) Explainers should gain 
an understanding of the regulated monopoly nature 
of private utilities, and the various economic and 
physical costs that determine prices for electricity . 
The system of rat e structure should also be investi
gated. The most notable feature of present day rate 
structures is that larger users usually pay signif
icantly less per unit of energy, reflecting ap
parent lower generation costs when the system is 
used fully. But this rate structure is under scru-

47% 

24% 

Fig. 41. One example of how the ener gy i ndus t ry , 
in this case the oil industry , processes 
fuels, converting crude oil i nto a variet y 
of useful liquids. The coal and nuclear 
industries also differentiate among kinds 
of energy content of fuels. (Us ed by per
mission of Petroleum Industry Research 
Foundation, New York.) ('''" w-4Hff) 

tiny from several directions (186,187,182). Simi
larly, it is now suggested that useage of electric
ity be more expensive during time of peak useage , 
when generation is more expensive (18 7,1 76) . 

Other aspects of electrical generation are 
changing. For example, the mix of fuels used t o 
generate electricity in this country as shown in 
Fig. 43, has changed since 1972 when the graph was 
drawn, and continues to evolve. Mos t ar e surpr ised 
by the relatively small share of hydropower, t he 
large share of coal. The portion of el ectricity 
generated by natural gas is falling r apidly, whil e 
the small contribution generated by nuclear power 
is rapidly growing. Ref erence 801 compares many of 
the environmental effects of alternat e methods of 
electric generation. 

To most listeners, the surpr1s 1ng aspect of 
the generation of electricity is the lar ge price 
in fuel paid for a unit of electric ener gy (Figs . .:J-5 
and 46).Basic physics works here, saying that when 
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Table 6. Energy-1974 

National Income 

Value Sold 

Personal Consumption 

Indirect Costs in Personal Consumption 
(in goods and services) 

Investment of Energy Industries 

Employment: 
Extraction, refining, pipelines, 
utilities 

Retail, wholesale dealers 

Sources: 1J. Holdren, private communication. 

2Reference 100: Data are for 1971. 

4% of National Income 1 

9% of GNP1 

7% of PCE1 

4% of PCE1 

22% of Non-Residential Gross 
Domestic Investment 

3% of Total Employment2 

2 1.75% of Total Employment 

1.25% of Total Employment2 

Table 7. Investment and Employment, Some U.S. Industries 
Capital Investment per Employee 1971 

Electric Utilities 
Petroleum 
Motor Vehicles 
Chemicals 
Paper 
Food 
All manufacturing 

$ 173,000 
150,000 
42,000 
36,000 
22,000 
22,000 
22,000 

Source: Edison Electric Institute, 1973. 

Table 8. Some Statistics from Electric Utilities 

Capacity Output Revenues Construction Employment 
kW 1012 kWh $ 106 $ 106 OOO's 

1961 190 .80 $12,200 $ 3,300 343 
1971 370 1.62 $24,700 $12,000 394 
1973 440 1.85 $31,700 $13,900 415 

* 

* 

Of the total number of employees, roughly 25% were engaged in construction. 

Source: Edison Electric Institute, 1973 and 1974. 
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we heat a gas to turn a turbine to make mechanical 
energy from heat and electrical energy from me
chanical energy, the ultimate best efficiency de
pends on how hot we can heat the gas, usually steam, 
and then how cool we can make it after it has pushed 
the blades of the turbine. The efficiency in this 
written as E = 1- (TcooJ/Thot). Note that an effi
ciency of one is impossl5le-oecause we can't get 
Tcool to be absolute zero, and we can't get Th t 
to be very high before the system wants to fal~ 
apart from heat. In order to cool the steam, and 
send it around again, we have to either run the 
steam pipes through cooling water, which conducts 
away the heat and condenses the steam, or run the 
steam pipes into contact with a pond from which 
water evaporates, or vaporize water directly, or 
cause air to be conducted through the system in 
such quantities as to cool the steam (see Refs. 4, 
7, and 814). Figure 47 shows the cooling water 
inlet for a nuclear power plant. The result--only 
about 32% of the energy in the fuel actually winds 
up as electricity. Furthermore, 10% (average) of 
the remaining electrical energy is lost in trans
mission (4). Thus, today Fig. 46 represents a valid 
picture of approximately how much of the heat en
ergy originally present in, say , coal, winds up 
as ligRt bulb in a home far from the power plant. 
Note t a t the bulb itself only converts 6% of the 
electricity it receives into light. On the other 
hand, heat is itself "low grade" energy, while 
electricity is high grade, in the physical sense 
that we can then convert nearly all of it to nearly 
any end use. Once we have paid the physical (ther
modynamic) penalty to convert heat to work, we can 
keep that work as electricity. For some end uses, 
such as light, motors, and electrical separation 
of chemicals (electrolysis), the price is necessary . 
and well worth paying. But, as Berg points out 
(252), some uses of electricity , especially for 
resistance heating, squander the high grade thermo
dynamic quality of electricity. 

UNITED STATES SOURCES OF ELECTRIC GENERATION 
BY TYPE OF OWNERSHIP 

TOTAL UNITED STATES SUPPLY I 

TOTAL ELECTRIC UTILITY INDUSTRY 

~~~~~~n~r:elu~ef:.ne~a~~,!~tiso~~~:,lan~~~ 
btiltdin~s. amusement parks, etc., for which infor
mation •s not available . 

INVESTOR-OWNED 
ELECTR IC UTILITIES 

Fig. 42. Types of electric utilities. (From Edison 
Electric Institute Yearbook for 1972, 
used by permission.) <o•, ,,7-"""'l 

SOURCES OF U.S. ELECTRICAL ENERGY 

NATURAL GAS 

24% 

HYDROPOWER 

16% 

Fig. 43. Sources of energy used to generate elec-
tricity in 1972. (l<% 7"7- ,.,.,.) 

Fig. 44. Uses of electricity in 1970. (From Gen-
eral Electric Co.) ex,,. 7'1-7- 43 >o) 

The electric system has certain problems. 
First, sites for power plants and space for trans
mission lines are hard to win, and even today fuel 
is still a small fraction of the cost of electric
ity the system itself being expensive._Raising cap
ital is difficult for utili ties, espeoally as thelT 
share of construction grows, in comparison with all 
investment in the USA. Vigorous battles are being 
fought in various states over new rules governing 
utilities (see especially the paper by Chicetti, 
in Ref. 186, and the papers by Ralls in Refs. 276 
and 118). 

But the most frustrating characteristic elec
tricity utilization is the difference between times 
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when demand on the capacity of t he system (the rate 
at which the system can supply energy) is low, and 
when it is high, or exceeds the system capacity. 
When this happens the system may buy or borrow 
power from another sys t em, release water it has 
previously pumped uphill ("pumped storage"), reduce 
voltage to everyone ("brown-out") or, in the most 
unfortunate situations, shut down ("crash down") 
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in certain locations. Figure 48 shows t ypical loads 
for a utility; here air conditioning is seen to be 
mostly responsible for the need to build a large 
reserve. This difference between capacity to gen
erat e power (a rate limit) and limitations on the 
system due to unavailability of fuel (an amount 
limit) should be made clear . The cost of maintaining 
a l arge generation capacity for use at only a few 
times should also be considered (133,186). 

Sulfur oxidH • 97 lb. 
Fly ash • 1.1 lb. 
Heat energy "' 1,526,000 Btu 

. -~...o~w~ 
Smokestack 1 • 94•000 Btu 

~ 
1000 pounds 

Electric 

Fig. 45 . The flow of energy in a steam electric 
plant. The fuel heats the steam i n the 
boiler, the steam rushes under pressure 
through the turbine, turning the blades 
(which turn the generator), but the steam 
must be cooled in the condenser to make 
everythingwork. You can only loose! 
(From Priest, "Problems of our Physical 
Environment," Addision-Wesley, Reading, 
Mass. , 1973.) <v•o-7•7- YHJ) 

Fig . 46. Ultimate conversion of fue l at the power 
plant to light in an incandescent bulb. 
(See also p. 209 in Ref . 11.) <•C3L m-n1J 

.. ~ 

Fig . 47. 700,000 gallons of Pacific Ocean are 
pumped through these intakes every minute 
to absorb heat at the rate of 2000 MW 
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at the Diablo Canyon Nuclear Power Plant 
in California. < r:H>c 7"'7- 4 ok9) 

TYPICAL LOAD CURVES FOR A MIDWESTERN UTILITY 

Jo.------------------.--,---,---.---,--,---.--, 

2 -

~ ~ - ~ ~ ~ M ~ ~ ~ - ~ 
Month 

Fig. 48 . Airconditioning use accounts for much of 
the growth in summer peak loads for the 
electric utilities. (From Ref. 38). 

(>'1313 ·7.7 - 4J<N) 

WANT MORE? 

Attention is now focusing on the evolution
ary nature of the energy system, its growth, and 
penalties or benefits of that growth (Fig. 49). 
We have difficulty in perceiving the consequences 
of exponential growth, as illustrated in Fig. SO. 
Yet , mos t economic systems follow this kind of 
growth, with energy use growth relat ed to both the 
enabling causes and the results of economic growth 
(30,38,1 50 ,166 a,b, 818,819). Note that energy use 
grows per capita, that is, faster than population, 
reflecting rising standards of living, new t ech
nology, the falling price of energy f at least until 
1970) and also the effects of waste, congestion, 
and suburban lifestyles. But exponential growth 
(like compound interest) can quickly grow beyond 
all bounds. The doubling time, or interval required 
for a rate or amount which increases at a certain 
percentage every year, to double, is given as 
(70)/(annual percentage growth). As much energy 
capacity must be added in addition to replacement 



of worn out capacity in a single doubling time as 
already existed at the beginning at that time if 
growth is to be maintained. As much fuel is used 
in one doubling time as in all history previous 
to that period if the growth had been constant. 
Note in particular that electricity use grows 
faster than total energy use, with a doubling time 
of about 10 years (Fig. 51). How long the growth 
can be maintained, how desirable this state is, 
and what the alternatives, costs and consequences 
might be are highly controversial subjects (see 
especially 133). 

70 

·-· ..... ~ ... .,., "" .......... ., /~ 
/ . 
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Fig. 49. The growth of American energy use and pop
ulation. (From ORAU Workshop, Ref. 25). 

(X13~ 7 47- 4347) 

Fig. 50. The curve for exponential growth. 
c '"c '""- n,%) 
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U.S. ELECTRIC POWER GENERATION DEMAND 
1970·2000 

9Tri llion 
Kwh r 

83'7, 

16% 
1'7, 

Key 

I rl Foss iL FuEL PLANTs 

~~I]:]~J:I HYDRO PLANTS 

1111111 NUCLEAR PLANTS 

33% 

7% 

60% 

1970 1000 

Sovtte fedt~ol Power Comm1\HOn 

Fig. 51. Does the expected growth in electricity 
generation remind you of Fig. 50? (From 
Ref. 32). (~o~ 7Y7 - 43<~il 

In proj ect ing future demands analysts will 
often separate growth into several factors. Broadly 
put, the consumption of all fuels is broken down by 
each fuel, each gross end-use (farming, driving, 
etc.), the technology of the use, the rate of con
sumption of that end-use (how much per capita) and 
the number of people in the consuming population. 
We can write: 

USE = [l: (outputs per capita) 

x (inputs to each output) 

x (energy_for each input)] 
plus d1rect energy . 

X POPULATION . 

The first factor is often termed "affluence" (816, 
817) . 

Estimating changes to (inputs) is difficult 
because technologies change, and even "energy" 
might vary, as, say, manufacturers of a material 
develop an energy saving device or turn to an en
ergy-intensive source of raw materials. The SST, 
for example, would have consumed 2-21-z times more 
energy per passenger mile compared to a 747 , 
assuming standard load factors. Given the growth in 
air transportion assumed (as late as 1972) to be 
continued well into the 1990's with a fleet of 
300 SST's predicted as profitable by the Depart
ment of Transporation, oil consumption in the U.S. 
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would be 500,000 barrels per day higher than if all 
the SST passenger miles were flown on ?47's (see 
Ref. 329). Thus we must be careful with technology 
(see also Ref. 127). Another factor is saturation, 
discussed in Refs. 384 and 393 for many kinds of 
consumer's items. Per capita consumption of energy 
depends on the average number of people (or homes) 
with various appliances, and the number of people 
using each appliance. Saturation in ownership 
means 100% of all homes have a certain appliance, 
say a vebelfetzer. Projected future growth de
pends on how many homes will get certain energy 
using devices which are not near saturation: elec
tric resistance heating, air conditioning, heated 
swimming pools, recreational vehicles, third autos, 
and, to a smaller degree, washers, dryers, and 
electric ranges. (Refs. 39, 40, and 48). These 
factors are life style, and they depend on 
affluenc~i.e., per capita personal income, which 
depends, of course, on everything else. Further
more, it is not clear how fast per capita use of 
other inputs to life style will rise: travel, 
synthetic goods, processed food, and most impor
tant, throw-away packaging using aluminum, paper, 
and plastics. (Ref. 75, 76, and 305 discuss future 
scenarios in materials and energy). 

If we lump these things under "affluence", we 
arrive at a very famous equation: 

Energy use = population x Affluence per capita 

or, E = P x A . 

The meaning and value or importance of changes in 
either right hand term are the subject of famous 
literary debates (803, 817, 816). Following Holdren, 
and Ehrlich, we can write 

(E + ~E) = (P + ~P) (A + ~) 

where E is the energy used in a year, E + ~E is 
energy used in a certain time later. Writers "argue' 
whether population growth or affluence is the 
"villain" in rising use of energy or environmental 
insults. But if we examine carefully this product, 
we see graphically the following (Fig. 52): 

~ 

~p A ·" ~p ~ . ~p 

p E P"M 

A M 

? E + ~E 

I 

lj 

A rbitrary 
Units 

Fig. 52. I!lustration of E + ~E derivation. 

I purposely draw the case ~ > ~~ . Note that the 
change in energy, ~E, comes from three terms . A large 
population gives big changes to small or large 
changes in affluence because all terms-are 
multiplied together. Merely assigning percentages 
to population growth or affluence growth as 
"causes" of energy growth is misleading. The real 
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relationship includes four terms, (P)"(A), 
(~P)"(M), P"(~), & (~P)"A. Population growth is 
slowing dramatically, though "zero-population 
growth" is still decades away. Nevertheless Ref. 
258 quotes a revised "traditional" energy use 
forecast based upon 260,000,000 people in the year 
2000 in the U.S., rather than more. In view of the 
preceeding note of caution, we see that slowed pop
ulation growth will have a beneficial effect on the 
energy system, since lower demand allows us to 
ignore the most dirty or expensive fuels, thus 
lowering average energy costs for all (see also 
Ref. 253). 

But population growth itself can have a 
significant multiplying effect on per capita en
ergy use. (See especially Holdren in Ref. 253). 

1. More people-----+ congestion, urban sprawl, 
more distance to cover ----+ more energy 
for transportation per capita. 

2. More people ----+ higher gross demand for 
resources ----+ higher demand for the most 
energy consuming and marginal resources or 
synthetics. 

3. More people----+ higher demand from 
agriculture----+ more energy (fertilizer, 
machines, transportation) per acre or per 
ton of food. 

4. More people ----+ more everything, even if 
affluence tries to stay constant ~ more 
pollution (for a given technology and 
abatement) ~ more technology and 
abatement to maintain the same level of 
"clean air , water, land" ----+ more energy, 
materials needs to maintain same quality of 
life. 

In other words, more people at a given level 
of affluence, more mess,more energy just to keep 
up. Or, population growth (and affluence growth) 
multiply themselves and create greater "needs" to 
keep running. 

I did not postulate readjustment in technology 
or lifestyle or affluence to offset population in
creases, or any other permutation of these items. 
But it should be clear that the various inputs to 
life interact, and population size is an important 
multiplier in this interaction. Technology could 
reduce the impact of affluence, but, then again, if 
population were lower and technology more provident, 
impact and energy use would be still lower. 

There are a variety of energy forecast 
methodologies (Fig. 5~ discussed in Refs. 161 -
163, and 210 but the forecasts are usually extrapo
lations of present trends, often in great detail, 
so that the forecaster estimates growth in each 
consuming sector and then projects the total de
mand, looking to the energy industry to see if 
requisite fuels can be obtained. Demand reduction 
can occur in many ways : 

1. Sudden reduction in demand due to short
ages, conservation, climatic beneficence or 
economic collapse. 
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Fig. 53. A comparison of energy demand forcasts. 
(From Ref. 35) . (x "'' 74, - "'") 

2. Stabilization in demand: i.e., if expected 
rises in demand are just cancelled out by conserva
tion, the net change will be zero. Some conserva
tionists will look dismayed, not realizing that 
conservation did take place. The head of the 
California Public Utilities Commission, Mr. V. 
Sturgeon, did report to me that electricity de
mand in California had indeed dropped by X% in the 
spring of 1974 compared to 1973, instead of rising 
at the historic 7% rate. Based on these figures 
the reduction in demand was really (7+X)%. How son 
the growth returns in 1) or 2) is always an open 
question. 

3. "Slowed Growth" (see Refs. 100 and 208). 
In slowed growth the yearly growth percentage is 
lower than in traditional forecasts as efficiency 
measures, market-price effects, and life style 
changes evolve to increase energy productivity. 
As Summers (24) points out, all of these demand 
patterns succumb eventually to exponential growth, 
when and if that growth returns or quickens. For 
more discussion of growth curves see Ch.5 in Ref. 
11 and Refs. 164, 165, 260. 

Energy industry people attempt to predict the 
amounts of various fuels that might be available 
at a given time and price . A notable study by the 
National Petroleum Council (110, 161) fil l s sev
eral volumes and treats the energy supply situa
tion in great detail. But most studies state ex
plicitly or implicitly that the effects of changing 
technology, rising efficiency, environmental re
straints, rising prices, consumer awareness, or 
changing lifestyle are not included. One can, 
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however, take a critical look at projections, re
alizing that it is possible to postulate several 
energy futures, with energy consumed by different 
sectors at various efficiencies. One should not 
postulate a priori that downward adjustments in 
energy use automatically imply adverse economic 
conditions or changes in lifestyle, as stated in 
the NPC study. One might instead compare various 
energy futures and energy use technologies, as well 
as the possible shifts in consumer patterns or 
even lifestyles, and quantify the differences, 
pointing out costs and benefits from various levels 
of energy use. The Energy Policy Project of the 
Ford Foundation, (100,101), for example, examines 
three scenarios, and in its final report makes 
clear the various assumptions and data used. 

While energy conservation and efficiency is 
significantly overlooked in most studies written 
before 1972, many recent studies (257,258) allow 
for the effects of conservation. Reviews by the 
Exxon and Shell Oil Companies (109,257) explicitly 
allow for possible effects of energy conservation. 
Similarly the "Project Independence" movement 
formed by the Nixon-Ford administrations to elim
inate the dependence on foreign sources of energy 
also looks at Energy Conservation. While I am not 
implying that these studies are right or wrong in 
their approaches to physics or policy, they should 
be noted as among the first From the energy i n
dustry or the U. S. Government which now do pro
ject energy savings as part of the "conventional" 
future scenario, something the conservationists 
called for years ago. 

At the same time economists are busy trying to 
predict the effect of inflation and price rises 
for particular forms of energy; will rising prices 
dampen growth and encourage conservation? (See 
Refs. 210 - 214,156.) While many industry and 
government sources assume little effect from 
rising prices, a growing body of literature is 
accumulating which seeks to study these effects. 
We are also asking how changes in energy prices 
will effect various income classes, in particular, 
the poor. Conclusions seem to point to price rises 
which have caused a slowing trend in the growth of 
demand. Tyrell, Chapman, and Mount, for example, 
studied not only energy prices, but personal in
come and appliance prices as well in analyzing 
changes in electricity use. The assumptions shown 
in Fig. 54 might result in the different levels of 
consumption as indicated (309-14). While these re
sults are still under much discussion, we see that 
perhaps we ought to explore the full implications 
and prices of several energy futures. If rising 
prices do not dampen growth in energy use then we 
must be able to predict what consumers and busi
nesses will give up in order to be able to afford 
as much energy per capita as the high projections 
of Fig. 53 and 54 imply. 

One overlooked part of the energy system is the 
importance of the cost of energy on our lives. 
Figure 55 illustrates the relative amounts of en
ergy that various American income families buy, 
and the fraction of their incomes that they spend 
for energy. While it may be no surprise to see 
that the poor tend to spend a l arger fraction of 
their incomes on energy than the rich, the rich 
far out-consume the poor due to indirect consump
tion, that is, in products and services (40,122). 
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Herendeen and his co-workers are looking at the 
energy pie from a dollars-per-Btu point of view, 
tracing the detailed flow of energy and dollars in 
the economy. Usually the cost of energy is buried 
in the goods and services we enjoy, but some ser
vices, materials, or goods are energy- intensive, 
and energy-expensive . (See Table~. 

While the price of energy usually adds about 
5% (or less) to the cost of most things, the en
ergy cost for airline travel, aluminurr,, or many 
chemicals can be as much as 15% of cost of pro
ducing the product (155). Figure 56 shows Hannon's 
results (266) for labor and energy requirements 
for things in 1963, and indicates how we would de
cide the effect of adding mote demand for some 
things, less demand for others. Put in a dollar's 
worth and see what it buys in energy and jobs. Di
r-ect energy purchases, incidentally, buy fewer jobs 
than nearly anything else. 
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Herendeen's results (Fig. 55) and Table 9 sug
gest that we can estimate our "energy cost of 
living" .by figuring what we buy, what services and 
transportation we use, and what energy and materials 
went into them. The energy cost of g1fts, for ex
ample, is discussed in Ref . 270. 

Other research is directed towards possible 
changes in consumer habits as rising energy prices 
push up the cost of certain goods over others: 
plastic furni ture, for example, would rise in price 
relative to hand made wood furnishings as petroleum 
prices moved up. Possible effects of energy taxes 
on prices and patterns of consumption are also 
studied, and this topic is the subject of many 
sharp debates. Researchers use a technique called 
input/output analysis to see just how much lab~r, 
energy, and capital is required to produce a g1ven 
product or service. Producers will begin varyi~g 
inputs or production methods as energy costs r1se; 
many observers see a greater demand for labor as 
a possible result . Reference 268 discusses more of 
the conclusions of input/output work in addition to 
those noted here. 
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Fig. 54. A forcast of the effects of price in
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Ref. 214). 

7 4 7 

WHO l!SE5 ENEI:GV '? 

s 1.5 
"' ::. ... 
::<! 1.0 ::> 

~ 
'1: 0.5 
..J 

ff 
~ 

0 5 10 15 20 
INCOME CThouso nd5) 

..... 
::1 

WHO l'AVS THE MOST? 
0 

~10% (INOIRECT 

l!i ... ;e. 
w 
~ 
IJJ 
0.. 

Fig . 55. Use of energy by income and percentage 
of income. (Adapted from Ref. 157.) 
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Many suggest that the trend to a "services" 
economy, rather than a production economy , will re
quire less energy. But if service industries are 
housed in energy inefficient buildings, and de
pendent upon trucking and large autos, the total 
energy picture might not change . 

The relation between the GNP of a country 
and its energy use is interesting. Many state as 
proven fact that energy consumption and standard 
of living are directly related (see Ref. 82 for 
example) . A closer look, however, reveals much 
variation in physical factors such as efficiency, 
climate and demography, resource availability, as 
well as factors such as price and life style. (Many 
of these factors are discussed in Ref. 100.) Since, 
in addition, there are many factors in industrial 
production besides energy, it is naive to rep~esent 
this correlation of GNP and energy use as an Iron
clad destiny. Perhaps the relationship indicates 
instead of kind of evolutionary path taken by 
nations as they rely on their cheap energy re
sources as the primary tool of economic and social 
development. Recent trends in the USA of changing 
energy consumption per unit of GNP (Fig. 59) also 
serve warning to approach this relationship cau
tiously (253). I emphatically recommend a multi
dimensional approach to the relationship of energy 
use and society, a relationship that is often 
maligned and over-simplified by looking at this 
graph. 

One technical example illustrates the dangers 
inherent in correlating the energy input to an 
economy with its economic ·output. Both the U~i~ed 
States and Sweden use relatively large quant1t1es 
of electricity per capita, with Sweden supplying 
over half its needs with hydropower. Nevertheless, 
steam generation in Sweden is becoming increasingly 
important. If one counts all the inputs to steam 
electric generation in Sweden, one finds the bal
ance shown in Fig . 60 . The similar balance f~r 
the USA is shown in Fig. 58. (Ref. 70) The dif
ferences in energy utilization is striking: In 
Sweden, 53% of the output of thermal plants_i~ used 
as industrial or residential heat or electr1c1ty, 
while in the United States, very little of the 
waste heat from power plants is utilized. This 
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large scale difference in technical energy utiliza
tion is not reflected in the GNP statistics of a 
country, and only shows up in the gross energy 
statistics to the extend that Sweden does not have 
to burn fuel to get some of its low-temperature 
heat. (From Refs. 63-65 and Fig. 23.) 

However we choose to pursue energy and 
economic growth, it is clear from Fig. 62 that 
many of the other nations of the world have yet to 
enjoy the fruits of wise energy use. Explainers 
should compare the per capita energy use and total 
energy among various countries. Reference 305 gives 
a breakdown of energy use and standard of living 
for two countries, Great Britain and New Zealand, 
with which we can compare American standards, and 
various organizations including the United Nations 
publish statistics on world energy use. (Ref.34) 
Those who are skeptical about the reality of the 
energy crisis today ought to consider the implica
tions of world industrialization and the growth 
in energy use tomorrow (Fig . 63 ) . If all nations 
today consumed energy at today' s per capita rate 

(in the U.S.) world energy consumption would be 
six times higher, based on 3.5 billion people at 
12,000 watts per capita. This effect can be seen 
visually by filling in the entire graph in Fig. 62 
If the world of the year 2000 kept our pace 
(25,000 watts per capita by traditional predictions) 
then its probable that 7 billion people would use 
nearly 25 times what 3.5 billion use today. Figure 
63 shows projections of world energy demand. Note 
how the U.S. share falls as most countries try to 
catch our per capita usage. These numbers are so 
stagger ing that we are forced to consider all of 
the political and economic ramifications they con
tain, asking both "Where do we go from here?" and 
"How do we get there?" In addition, one should ob 
serve that as world resource prices rise in re
sponse to demands from the most industrialized 
countries, the developing nations will be caught 
in a squeeze between expanding population, rising 
prices, and reduced access to the very elements 
that the industrial countries were nourished on! 
(See Ref. 34 and speeches in Ref . 26 . ) 

Table 9. Btu Content and Energy Value Content of Selected Goods 
and Services: Partial List 

PRODUCT 

Plastics 
Man-made Fibers 
Paper Mills 
Air Transport 
Metal Cans 
Water, Sanitary Services 
Metal Doors 
Cooking Oils 
Fabricated Metal Products 
Metal Household Furniture 
Knit Fabric Mills 
Toilet Preparations 
Blinds, Shades 
Floor Coverings 
House Furnishings 
Poultry, Eggs 
Electric Housewares 
Canned Fruit, Vegetables 
Motor Vehicles & Parts 
Photographic Equipment 
Mattresses 
New Residential Construction 
Boat Building 
Food Preparation 
Soft Drinks 
Upholstered Household Furniture 
Cutlery 
Apparel, Purchased Materials 
Alcoholic Beverages 
Hotels 
Hospitals 
Retail Trade 
Insurance Carriers 
Misc. Professional Services 
Banking 
Doctors, Dentists 

ENERGY 
CONTENT 
(Btu/$) 

218,097 
202,641 
177,567 
152,363 
136,961 
116,644 
109,875 

94,195 
91 '977 
91,314 
88,991 
85,671 
81,472 
79,323 
75,853 
75, 156 
74,042 
72' 240 
70,003 
64,718 
63,446 
60,218 
60,076 
58,690 
55,142 
51,331 
50,021 
45,905 
43,084 
40,326 
38,364 
32,710 
31,423 
26,548 
19,202 
15,477 

GALLONS OF 
GASOLINE 

EQUIVALENT 

1. 74 
1.62 
1.42 
1. 22 
1.10 

.93 

. 88 

. 75 

.74 

.73 

.72 

.70 

.65 

.63 

.61 

.60 

.59 

. 58 

.56 

.52 

. 51 

.48 

.48 

.47 

.44 

.41 

.40 

.37 

.34 

.32 

.30 

.26 

.25 

.21 

.15 

.12 

ENERGY 
VALUE 

CONTENT 
( ¢/$) 

13.2 
7. 4 
7.9 

12.0 
7.3 

11.6 
6.7 
7.1 
5.8 
5.9 
6.5 
5.1 
6.3 
5.8 
5.3 
7.3 
5.6 
5. 2 
5.9 
3.8 
4.5 
4.5 
4.9 
4.8 
4.5 
4.1 
4.0 
4 .0 
3.0 
5.4 
5.4 
4.4 
4.4 
4.3 
2.5 
1.9 

These values are for producer's prices, and do not take into 
account mark up to retail price, about 66%. 
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FIGURE 1. TOTAL (DIRECT AND INDIRECT) ENERGY VS EMPLOYMENT INTENSITIES FOR 362 SECTORS I N 1963. 
SOURCE: CAC ENERGY - t::HPLOYHENT POLICY HODEL FEBRUARY 1973. 
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Fig _ 58. Energy use and the national income per 
capita displayed for some important in
dustrial nations. Note how the U.S. 
and Canada have high use of energy per 
dollar . (From Ref.253) . 
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FILLING Trill SUPPLY PIE TOMORROW 

All energy futurists seem to agree on one 
point: new sources of energy will have to be de
veloped, no matter how fast or slow energy use 
grows-maximum efficiency with no supply is no com
fort. Nor is abundant, but polluting energy fuel. 
But "abundant cheap energy" (32) is not necessarily 
as desirable a goal as "reliable, clean, safe, 
efficiently used" energy. 

In my view, based on information contained 
in Refs. 3,11,100,150 250-287, conservation plays 
a very key role in easing the pressure for energy, 
keeping prices reasonable, and allowing time to 
develop "new sources." (Figs. 64, 65 ) . Conserva
tion also allows the role of certain "new" tech
nologies, like solar energy, energy from wastes, 
and wind energy, to assume a proportionally larger 
role than in the full growth futures predicted a 
few years ago. In the Joint Committee on Atomic 
Energy scenario (Fig.65 ), nuclear energy plays an 
important roll, with "imports or shortages" filling 
the gap. What the JCAE overlooks is that shortages 
will not come about if the demand fails to ma
terialize, i.e ., if the nation does in fact mobi
lize to meet the challenge of energy conservation. 
The study by the Ford Foundation Energy Policy 
Project (EPP) (100) looks at not only the tradi
tional and conserving ("techni cal fix" ) scenarios, 
but also a "zero energy growth" future, zero pop
ulation growth having already been assumed . (Fig. 
66).Since only a minority of writers and workers 
seem to have accepted the inevitability of an end 
to growth in the rate of energy use, population, 
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and eventually, in the rate of economic expansion, 
the debate over "limits to growth" is in its in
fant stages and makes many tempers run high (166a, 
818). What is clear, however, is that one cannot 
expect technology to violate physical laws in order 
to satisfy what we deem today (or tomorrow) to be 
socially necessary. For today, however, the impact 
of growth, especially concerning population growth 
and the rise in standard of living in underdeveloped 
countries, has become bound up in the details of 
energy use (and abuse). 
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The criteria for allocating r esearch funds 
in the search for energy sources have been widely 
discussed (501,503,505), and the five conditions 
of Fig. 67 come into play at all times. In addition, 
most policy-makers ask whether a new form of energy 
conversion will be easily adapted to our presently 
existing hardware. 

Amidst the criticism that we have "all our 
eggs in one basket"--the nuclear fission basket-
there has been renewed interest in other forms of 
energy conversion, as shown by the variety of 
baskets in Fig. 68. Note that the gas and oil eggs 
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have been broken, suggested, in fact, by the work 
of Hubbert (33,24,, 2) and others who claim that 
while these fuels have not run out, their rates of 
domestic production have peaked. While competition 
for research funds is fierce, the total private 
and federal funding for 1975 and beyond wil l be 
much broader than in the past with many projects 
studying, for the first time, details of energy 
consumption. 

Nuclear Fis sion 

The most talked a.bout form of energy con
version is nuclear fission, in which heat from 
the fissioning of certain forms of uranium (see 
Fig. 69) is used to drive a steam system and pro-
duce electricity. While nuclear power thus gen
erated only provides about 5% of all electricity 
in the US today, that fraction is growing fast, and 
traditional forecasts place the nuclear share of 
electricity at around the 50% mark by the year 
2000 (553,567,570). 

Nuclear energy is heralded by its proponents 
as safe, economic, reliable, and environmentally 
clean: There is virtually no air pollution, much 
less solid waste by volume than from coal-fired 
electric generation, and nuclear plants are gen
erally quiet and attractive. 

In the nuclear basket, Fig. 72, we see three 
eggs whose initials stand for the three most com
monly discussed kinds of nuclear reactors. Light 
Water Reactors are the kinds most commonly built 
today, but they use only the 0.7% of natural urani
um which is of the right (fissionable) type 
(U- 235). One by-product of these reactors is plu
tonium, which fissions, and which can be included 
in the fuel cycle at a later time. LWRs produce 
more waste heat per unit of ~lectricity than the 
best fossil fuel plants.? A more advanced form of 
reactor , the High Temperature Gas Cooled Reactor 
(HTGCR), util i zes a slightly different form of 
uranium, or thorium, in a different fuel cycle, 
but produces more useable fuel (as a by-product) 
than the LWR and operates at a higher efficiency. 
The LMFBR, Liquid Metal Fast Breeder Reactor 
(5, 701, 6), or "breeder", converts linus able 
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Fig. 69. Fission and fusion compared. ( 'l"c 7 </b- '~>as) 
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Fig . 70. Where the nuclear plants are/will be. 

Fig. 71. The P.G. & E. nuclear power plant under 
construction at Diablo Canyon on the 
central California coast. The two units 
of this plant will each have a capacity 
of 1000 MW and ar e scheduled for com
pletion in 1976 and 1977. <xroo 7Y? - 4 l ~J "l 

Fig. 72. The nuclear basket. 

Table lO.Fy 1976 Energy Research and Development 
Admin. Budget, Millions of Dollars 

Nuclear Fission Power 
,Theoretical and Experimental Physics 
Nuclear Fusion -- Magnetic & Laser 
Fossil Fuel 
S.olar 
"Conservation" (of which 10% end-use) 
Geothermal 
Advanced Systems ~. Fuel cells, etc.) 
Weapons 
Total Classifiable items 
Other 

Grand Total 

2342 
367 
208 
332 

57 
$35 ($100) 

29 
23 

1026 
4419 

556 

4975 

Source: Nuclear News, April 1975, and J. Holdren, 
private comm. The figure for Conservation was 
magnified recently by Congress and appears in 
parenthesis. 

U-238 to plutonium while "burning" U-235 or 
plutonium~ and actually makes more usable fuel than 
it burns. 0 The breeder reactor is the center of a 
very hot controversy over its economics and pri
ority, though construction of a full-scale test 
breeder began in 1974. Explainers who touch on the 
issues of nuclear power should r ·ead relatively un
biased accounts of nuclear power, as in Refs. 6, 9, 
and 11, as well as accounts of the advantages and 
disadvantages as seen by the nuclear industry 
(553) and its critics (550). Attention should be 
paid to the careful accounting of the economics 
of nuclear power, especially with the large amow1t 
of capital required to build a plant (569,570f, 
570j) . 

Nuclear fuel is considerably cheaper per w1it 
of generated electricity than most fossil fuels, 
and nuclear fuel is plentiful. But the cost of fuel 
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is only a part of the cost of generated electricity. 
The cost of nuclear electricity is particularly in
sensitive to the cost of the r aw uranium ore (555, 
569). The cos t of building a nuclear power plant 
is higher than that for a comparable fossi l fuel 
plant, and utilities have to compete today (1975) 
in a tight mone~ market, financing more of their 
growth from today 's utilities rates. Still, growth 
in nuclear power is impressive, as over 100 nuclear 
power plants have been operational, under construc
tion, or ordered. (Ref. 570d,j). Experiments ar e 
taking place to test the feasibility of floating 
nuclear power plants, and some have suggested the 
clustering of reactors into large "nuplexes ," 
wher e fuel enrichment, r eprocess ing, and storage 
would be combined on-site with multi-million kilo
watt clusters of power plant s . A typical single re
actor produces electricity at the rate of 1000 MW. 
An accelerated program would allow for the substitu
tion of nuclear plants for anticipat ed fossil fuel 
power plants and even the substitution of electri
city for fuels in home heating, transportation, 
and industry , as discussed in Ref. 567, and in the 
Atomic Industrial Forum paper (277). One cautionary 
note, however, the demand for money, engineers , 
workers, and even materials limit the rate of ex
pansion of nuclear power, especiall y as costs for 
plants continue to rise. 

GAS AND OIL SUPPLY VERSUS DEMAND TO YEAR 2000 
OuadrrlhOn BTUs 
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Fig. 73 .. Westinghouse Corporation solution. 
Substitute electricity wherever possible. 
But at what total cost? (From Ref. 567; 
used by permission) . 
.-------- -~- --- - -

POWER.. CYCLES FO~ BOIUN'"WAiEJ\ 
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Fig. 74. Two types of light water reactors. 
(From Ref. 3) . < c r; L 7 '-/7 - 4~• s:) 

SCHEMATIC DIASAAM 
Of .. 

FA5T B~£DtR. lt&AGTOR.. 

QI.DIOACTM:. SODIUM 

Fig. 75. A breeder reactor schematic. The uranium 
in the blanket is converted to plutonium 
while the fuel in the core "burns." 
(From Ref . 3) . ( c r;L 7 47 - '<8 79) 

Fig. 76. Compare one pound of uranium (right) 
with one pound of coal (left). The uranium 
is pure metal, 0.7% U- 235, and would gen
erate about 21,000 times as much heat as 
the coal. If the naturally occuring U- 238 
were used in a breeder reactor, it would 
generate over a million times more heat 
than the coal. But these figure do not 
include the energy cost of processing 
uranium or coal. If only it were that 
Simple! ( •l O< 7 '16 - <~z•o) 

The safet y issues for all fission power plants 
r evolve around certain well-defined questions and 
the most often discussed include: (Fig.??) 

1. How probable, or improbable is the r e
lease of radioactivity due to accidental over
heating of the r eactor and failure of the backup 
cooling and conta inment systems? (5 51,558,563-65) . 

2. How meaningful are our cal culations in 1? 
(564' 565). 
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Fig . 77 . Nuclear safety means a lot more than 
what this ad talks about . (From "the 
peopl e at your investor-owned utilities."). 

(X G ~ 7'17- 4)~4) 

3. How safe is the fuel cycle (outside of the 
reactor) against accidents in shipping or re
processing, or theft? (554,561) . (Fig.78 ) . 

4. What are the best means for disposing of 
the wastes which, while small in volume (compared 
to the ash from coal giving the same amount of en
ergy), are intensively radioactive, so radioactive 
that they must be kept out of the biosphere for 
centuries? (566,570e,f). 

5. How vulnerable is the entire fuel cycle to 
sabotage and/or human error? (556). 

6. Where , should nuclear power plants be lo
cated? (See Refs. 560, 562 and 568). 

I have omitted routine releases of radioactiv
ity from power plants, which have been reduced to 
levels satisfying nearly everybody (568,826). The 
subject of routine releases, and the fact that nu
clear power plants do not blow up like an atomic 
bomb should not be taken as sufficient proof of the 
safety of nuclear power . 

Though there is much discussion and contro
versy, scientific or otherwise, as to the answers 
to these questions, the hardest topic to evaluate 
is perhaps the risk/cost vs . benefit analysis in
herent in any social decision to adopt a technology . 

Particularly diff icult is the weighing of an im
probable event with potentially catastrophic con
sequences against every day, less consequential 
but probable danger, such as the damage to health 
from fossil fuel emissions (568,826). 

The nuclear industry has pointed out that de
lays in the granting of permits and licenses, as 
well as labor and material shortages or engineering 
delays stretch the time needed to build a nuclear 
plant to nearly 10 years. Yet the licensing and 
permit hearings are the step at which the publi c is 
supposed to be able to express its feelings on the 
site, safety, or necessity of a particular power 
plant. Often critics of proposed nuclear power 
facilities have pointed to mistakes in uti lity need 
projections, or possible conservation measures 
that would postpone the need for a particular power 
plant (212 and 259). Indeecr-two stories f rom the 
Wall Street Journal (Fig . 79) t ell of the high 
cost of a new power plant in New England ($750 
per kl;V of capacity) on the one hand, and money 
not invested because slower growth in demand 
erased the "need" in Arizona, on the other. Thus 
a big factor determining the ultimate rol e of nu
clear power will be how much, how soon, and at what 
cost. The reader is urged to contact r eactor manu
facturers, local utilities, environmental groups , 
and others for more views on the pros and cons of 
nuclear power. These issues are being given wide ex-
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Fig. 78. The nuclear fuel cycle. But the leaks are 
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Utility to Build 
$1.7 Billion Plant 
In New England 
Westinghouse Will Supply 

$100 Million of Reactors 
To New England E lectric 

BV 4 WALL STI\EET JounNAL Staff Reporter 

WESTBORO, Mass.-New England Elec
tric ·System said it plans to build a $1.7 bil· 
lion n uclear power station with total capac
ity of 2.4 mil!Jon kilowatts. 

The utility hopes to build U1e station in 
Charlestown, R.I., at the oceanfront s ite of 
the abandoned Charlestown Naval Alr Sta
tion. It is negotia ting with the Navy to buy 
the station, which has been declared sur· 
plus. 

A spo·kesman said the company has other 
potential sites 1n Rhode Island, Massachu
setts and New Hampshire but considers 
Charlestown uour prime site.'.' 

MORE? IT WILL COST! 
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posure, bo t h scientifically (Science, Nuclear News, 
Nucleonics, Publ i c Utilities Fortn1ghtly, to name 
a few journals, as well as papers from the American 
Nuclear Society, Atomic Ind. Forum, Union of Con
cerned Scientists, and others), and in the media. 
Witness the full page ads, radio and t elevision com
mercials, pamphlets and utility "bill stuffers, " 
stockholders magazines, and so for th. (For dis
·cussion of the role of "Experts" see Steinhart in 
Ref. 132 . ) 

Nuc lear' Fusion 

Nuclear fusion differs from fission in that 
the joining together of two or more of the lightest 
atoms provides the energy to make large quantities 
of heat (Fig. 69). The recent oil embargo has 
inspired a new effort towards developing fusion 
(which has yet to be carried out in the laboratory), 
which would produce more energy than was needed to 
start up the process. In one form of fusion, a very 
high temperature gas, or plasma, of deuterium (a 
form of hydrogen) is compressed and held together 
by intense magnetic fields (Figs . 80,81). When the 
fusion reaction ignites, heat can be removed and 
used to make electricity. The difficulty is getting 
the plasma hot enough and dense enough, for a long 
enough time, and fulfilling these three conditions 
simultaneously. A newer approach has been to use 
lasers, powerful sources of light, such that the 
laser beams converge simultaneously on several 
sides of a small pellet of deuterium (Figs.82,83). 
The resulting implosion of deuterium holds the 
matter together long enough for the fusion reaction 
to ignite, and the heat generated is used for elec
tricity. This reaction too has not occurred yet 
with a net energy surplus, and work now mainly 
awaits the perfection of the most powerful lasers 
ever constructed. ''Will it ever work?" can be 
asked, too! 

A rizona PS to Reduce 
Spending Through '76 
By Some $631\;l illion 

By tJ \VALL STREET JOURNA J .. Stalf Reporter 
P HOENIX - Arizona Public Service Co. 

said it ~ill reduce its capital s pending $63 
m il llon through 1976 by delaying for one 
year the in-service d ates ot generating uni ts 
under construction at two power plants. 

" New, updated studies show that we can 
defer the completion dates of these projects 
without aff ecting our ability to meet the 
·needs ot our custome rs," said Kei th L Tur
ley, president of the utili ty . He added that 
the company was "pleastl_d" to make the -re
du r. tions when fin ancing -costs are at r ecord 
levels. 

Expenditures will be r edu ced $13 million , 
to $174 million , this year :lnd will be lowered 
$34 million in 1975 and $16 million In 1976, 
the company said. Tra nsmission lineS" a nd 
substations associated with the genera ting 
un its also \\~11 be delayed, it added. Thetgen
ci·ato rs a.f!ccted wi ll produce a total of more 
than one million kilowatls. 

Arizona Publi c Service said the new stud
ies indicate that future peak demand wU!'be 
lower than earlier estimates . 

LESS? UNIT PRICES WILL 
NOT RISE SO FAST. 

Fig. 79. Two items from the Wall Street Journal. 
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Fig . 80. A possible fusion reactor using magnetic 
confinement . (Courtesy of Lawrence 
Livermore Laboratory) . (~<Jr.. ..,.,..,_ 4~~s> 
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Fig. 8l.What the inside of a plasma fusion machine 
might look like. 
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Fig. 82. A model of a possible l aser implosion 
fusion reactor. Light from the left is 
amplified, reflected into the ball near 
the right, and implodes a pellet of deu
t erium located inside. (Courtesy of 
Lawrence Livermore Laboratory). <>-~<> '"7-'J•r.) 

BLAST CONFINEMENT 
CHAMBER 

Fig. 83. How l aser fusion will work. 

Since deuterium exists in nature as a small 
fraction of all the hydrogen in water, the fusion 
egg is particularl y limitless, as the world's 
oceans cont ain enough deuterium for millions of 
years worth of power. However, four points should 
be accentuated in any discussion of fusion : 
l) critical materials needed for fusion machines 
may be someday i n short supply, 
2) the cheap fuel costs will be overwhelmed by 
undoubtedly expensive investment s required to 
build fusion r eactors , 3) a nearly infinite 
~ of fuel does not allow us to increase the 
rate of usage indefinitely, because fusion, like 
all other energy forms we have considered so far, 
converts energy to heat (see below), 4) and fusion, 
while free of many of the hazards of fission, 
nevertheless produces radioactive tritium, and the 
metals that line the walls of the reactor become 
highly radioactive. Fusion may be a cheaper lunch 
than fission, but i t is not-rTee (See Refs . 580, 
582-585, and especially~ 

Fossil Fuels 

Since fusion is not here today, we might look 
into the other eggs i n the basket (Fig. 68) . The 
search for advanced methods of recovering and con
verting fossil fuels faces many problems. Coal is 
plentiful, but strip mining and deep mining both 
are wrought with environmental and safety hazards 
that cannot be overlooked . Worse, much of our coal 
contains sulfur, which creates another environmental 
hazard when the coal is burned. Techniques for con
verting the coal to liquid, or combustible gas, like 
ethane or hydrogen, are being examined (617,622, 
627, 823). Furthermore, work is proceeding in the 
removal of the sulfur dioxide and other chemicals 
emitted by burning coal, and in removing particles 
and ash that also result. Since the coal egg is the 
largest fossil egg, this work could have a big pay
off, though social issues concerning the problems 
of coal miners and mining areas of the USA should 
also be exam~ned9 (671,626). 

Any discussion of oil (see above) must address 
itself to problems of how much oil is available at 
a given price,and how fast the oil can be pumped
at a given price. A look at the Hubbert Diagram 
(Fig. 85) drawn for oil alone suggests that oil 
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Fig. 84. "Coal has two problems: You can't mine 
it, and you can't burn it," says S. David 
Freeman of the Ford Energy Policy Pro 
ject. But coal is abundant. <"~ -'S-"~'l 
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Fig. 85. Prospects .for oil. Note the similarity 
to Fig. 27 if you ignore imports. (<~c '41-'lq?) 

use has peaked but will not cease for many years-
the figures for natural gas (Fig. 86) are similar. 
Industry spokesmen tend to be optimistic about 
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"how much" but also remind us that the cost of 
additional supplies will rise. Probably Alaskan oil, 
offshore oil, and increased recovery from old wells 
can at least maintain a stable rate of domestic 
supply at around 10 million bblldaY or more for 
some time, but the economic reports in the Wall 
Street Journal or Business Week remind us tnar
domestlc production of oil in the USA has fallen 
for more than a year. Higher post-embargo prices 
will certainly a id the oil companies' attempt to 
boost the rate of production, but as Hubbert implies, 
there is a point of diminishing returns. Finally we 
should not forget that increasing rate of supply 
only hastens depletion. 

Still, oil offers some hope in addition to 
coal. Increased exploration and advanced recovery 
techniques to recover oil from sand and shale 
(Fig. 87) may prove helpful in the long run, as 

these supplies are potentially large (615, 519, 
629, 630). No free lunch here, however, since some 
shale rock contains as little as 15 gallons of oil 
per ton (Fig. 38), so that shale mining will involve 
large areas of land and, in particul ar, problems 
concerning the availability of water, and, its 
possible pollution. The trru1sportation of oil poses 
some problems too; the famous oil spills, the issues 
of where to put pipelines, and special deep water 
ports to handle supertffi1kers are stil l being de 
bated. And in spite of energy shortages, plans to 
build new refineries still meet with stiff opposi
tion from local residents on environmental grounds. 

Increasing natural gas supply may be the most 
challenging egg in the basket (620, 624, 625, and 
631). Figure 87 indicates that a combination of 
synthetic gas (SNG) made from coal or even oil, or 
liquid natural gas (LNG) would extend the peak of 
natural gas use a few decades. Since an exte~sive 
pipeline distribution system for gas already 'ex
ists in the USA, it would seem advantageous to de
velop new sources or forms of this fuel. 

The "net energy" mentioned earlier must be 
considered when dealing with advanced fossil fuel 
sources: Do exploration, recovery, conversion, and 
transportation costs add up to more useful energy 
than is ultimately. recovered when the fossil fuel 
is used? 
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Fig. 86. Prospects for natural gas. Note the sim
i l arity to Fig. 27, and how we try to 
stretch out the time of peak usage. C• ~>c? •• - 4") 
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IN-SITU OIL RECOVERY 
FROM OIL SHALE 

u 

Fig . 87. One concept for oil from shale. But be 
careful about the environmental impact 
and net energy recoverable. (From 
Lawrence Livermore Laboratory, Ref. 624). 

(Xr>~ 7V7- <;lO) 

We must not forget that the energy cost of 
these fuels rises with the real cost. Cook, for ex
ample, (Fig. 88) shows how the cost of drilling a 
well rises exponentially with depth. In addition 
much of the energy content of shale oil and coal 
will be consumed in converting these to synthetic 
gas and oil, as these figures show! Vyas and Bodle 
estimate the following net energy output from vari
ous synthetic fueld processes. Their estimates do 
not include energy expenditure for capital equip
ment or harvesting (earth moving, crushing, water 
supply) nor are transportation energy requirements 
given. Figures are percentages of Btu- inputs (from 
Ref . 630). 

In summary, we can look to continued use of 
fossil fuels, but rates of use of oil and natural 
gas will probably not rise significantly over the 
peaks of the 1970's. Imported oil and gas as well 
as synthetic fuels will play an important role in 
energy balances. Coal, while large in supply, will 
rise in useage as environmental, logistic, and 
financial factors permit. 

SoZar Energy 

Since the fossil fuels, as forms of stored 
energy, are being used up quickly compared to the 
millions of years they took to be formed, much 
attention. has been focused on "renewable" or con-
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tinuous energy sources: solar energy, tidal energy, 
windmills and hydropower.lO Hubbert and others 
point out t hat nearly SO% of the ultimate hydro
power only generates a relatively small shae of 
electricity (15% in the USA in 1972) its full ex
pansion might mean the l oss of wild rivers and 
scenic valleys without making a dent on electricity 
supplies. Hence the interest in solar energy which 
is non-polluting, abundant, and apparently free. 
We should emphasize apparently free, for with solar 
energy it is the conversion and storage facility 
that costs (700-715). 

3 .0 r 

I 
I 
I 

2.5 r 

r~ 
i ''I 
~ 1. 0 ~ 

I 
0.5 

COST OF DRILLING AND EQU IPP ING 
OIL AND GAS WELLS' 

UNI TED STATES, 197 1 

BO!ed on Joinl Anoc lotion Survey 

• 1nelud ii'\Q Ory Holu 

TOTAL DEPT H - FEET 

Fig. 88. Energy, materials, and dollar costs rise 
spectacularly with scarcity . (From Cook, 
Ref. 159, used by permission) . (en ~ 7Vto· b79vl 

While economics and materials considerations 
have hampered the development of certain forms of 
solar energy, this renewable source should not be 
omitted from an evaluation of the energy future, 
especially since heating and cooling of buildings 
can be available soon and at economic savings over 
the lifetime of the building being affected even 
before we consider employment, pollution reduction 
and energy demand reduction benefits from using 
solar energy. Other pathways to solar energy in
clude 1) use of concentrated solar heat to run 
central steam systems for producing electricity, 
2) bio-conversion, or processes that use plants or 

Table 11. Comparison of processed gas energy content. 
Process 

CSF -Coal Coal - Shale-
Lurgi-Gas Process Methanol Sync rude 

%of Btu ' s 56.2% Gas 59 . 7% Gas 32.2% Fuel Oil 39.6% 66.5% 
recovered in 21.5% Ga-
desired form 

Other byproducts 15.3% 8.2% 12.2% 1.5% 7.4% 
by Btu content 

Total 71.5% 68% 67 % 42% 73% 



plant materials to make fuels or split water into 
hydrogen and oxygen, and 3) direct conversion of 
the sun's light to electricity, probably from solar 
cells similar to those found on space-craft.ll 
Since solar energy systems do reduce pollution 
(including heat added to the earth's surface) to 
almost nil, solar energy has advantages beyond 
those that simple dollar economics might show. 

Wind as a source of energy was all but aban
doned by western society in the 20th century, fos
sil fuels having become too cheap to justify new 
investments in windmills -and storage devices. Now 
the situation has reversed, and many small (kilo
watt) and a few large (megawatt) wind generators 
are appearing (710). While the fact that the wind 
doesn't blow all the time creates obvious storage 
problems, wind power, like solar power offers the 
user a great degree of independence from energy 
suppliers or the local power grid. To some it is 
worth whatever extra investment is required to 
hqrvest renewable resources (see Figs. 93,94). 

[\{RI-\ CA\ PRtl\IDI Alll~t.:(,y ',[1 

Fig. 89. Various ways to harness solar energy. 

Fig. 90. The solar house "Solar One" at the 
University of Delaware (see Ref. 180b). 
This house gets heating, cooling, and 
electricity from the sun. (Courtesy of M. 
Telkes, Institute of Energy Conversion, 
University of Delaware). (Y007¥7-"J7o) 
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That solar energy uses renewable r esources 
presented an economic dilemma until the U. S. Con
gress indicated its willingness to phase out cer
tain tax anomalies (e.g., the depletion allowance) 
for the fuel extraction industries (see Ref.l79 for 
an excellent discussion). The difference between 
non-polluting, renewable sources of heating, 
cooling and work and pollution-ridden fossil fuels 
are certainly not shown in the prices of fossil 
fuels, which rarely include pollution or health 
costs in their price. 

Fig. 91. The house of the future . This innocent 
looking structure is actually a low energy 
house, constructed by the Pennsylvania 
Power and Light Co. near Allentown, Penn. 
Solar energy falling on the vertical 
panels is used along with a heat pump for 
heating. Low energy automation keeps cur
t ains closed when the sun goes down. The 
heat circulation system (see Fig . 92) 
keeps heat in the house by recycling heat 
from various sub- systems, making thi s 
house also a total energy house. Someday 
we 'll all live in these kinds of houses. 
Eat your heat out Edison!! 

\ 
HEAT EXCHANGERS 

\ 
"\ 

\ 

Fig. 92. Schematic for house of the future. 



0 u i~.) u q '- 4 0 

XBL 753-2478 

Fig. 93. It worked in the olden days ! 

Wind-

XBL 753~2480 

Fig . 94. A modern windmill design. (From Ref. 710). 

Geo therma l Energy 

Increasing attention has been focused on geo
thermal energy, especially in the western United 
States, where already a large frac~ion of the elec
tricity used in San Francisco is generated by the 
system run by the Pacific Gas and Electric Company 
at The Geysers (Fig. 95). Basically, one captures 
underground heat that results from a thinning of 
the earth ' s crust that allows the hotter interior 
materials to come within a few miles of the sur
face. By finding naturally occurring steam, by 
using hot water existing underground, or by pumping 
water into hot dry rocks, one captures some of this 
geothermal heat and uses it to run steam systems. 
But, even geothermal energy faces certain environ
mental problems, such as the hydrogen sulfide gas 
common to many underground water formations, the 
caustic minerals in the water, or the radioactive 
gas radon, which geothermal wells may contain. 
These issues should not be overlooked in a dis
cussion of geothermal power (601, 604, and 4). 

;.J 
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Table. 12 . World geothermal power production, 1971. 

Country Field 

Italy Larderello 
Mt.Amiata 

U.S.A. The Geysers 

New Zealand Wa irakei 
Kawerau 

Japan Matsukawa 
Otake 

Mexico Path€ 
Cerro Prieto 

U.S.S.R. PliUlhetka 
Paratunka 
ctreon plano 

Iceland Namafjall 

Electrical Capacity, MW 

Operating 

358 .6 
25.5 

192 

160 
10 

20 
13 
3 .5 

5 
7 

2. 5 

790.8 

Under 
construction 

110 

75 

185 
I =975.a 

Table 13. Geothermal energy resources potentiaL 

Year 1975 1985 2000 

Power 0.75 132 395 
!thousands of MWJ 

Electrica l Energy' 5.913 1,041 3,114 
(millions of MWH) 

Oi l Equivalent 2 

(mi l lions of Bbl;/day) 
0.024 4.213 12.60 

Foreign Trade lmpact3 0.051 6.919 2667 
<billions of dollars/year> 

1. 90 per cent load factor 
2. 3,412 BTU/KWH and ~.800,000 BTU/Bbl of 

oil used at 40 per cent conversion efficiency 
3. $5.80 per barrel (Sl.OO per mi l lion BTU} 

*Hickle Report 

Fig. 95. Geothermal power, here nearly 1000 MW, 
is alive and well at the Geysers in 
California. (Courtesy of Pacific Gas and 
Electric Co.) c""" 7V7- 'IJ71) 

Exis ting and potential geothermal 
areas of the western United 
States. 

Fig. 96. Some places to look for geothermal power. 
(•~" ""7-'137l) 
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Other "Non-Scheduled" Energy Sources 

While we have not exhausted the list of pos
sible new sources of energy, we have mentioned the 
most promising ones that are receiving attention 
at present. One additional source,.the re~o~ery of 
fuel from sewage or solid wastes, 1s rece1v1ng 
wide attention and actually represents a kind of 
leakplugging (623,627-628). This idea solves a 
solid waste disposal problem, and adds to the 
supply of fuels that can be burned to make elec
tricity or cooked to make a liquid or gaseous 
portable fuel. 

The idea of capturing energy or fuel which 
would otherwise be thrown away is usually termed 
"total energy." Figure 97 shows one system similar 
to that in use in the town of Vasteras in Sweden. 
In Fig. 97 sol id waste is burned in a power plant 
(perhaps mixed with coal) and both electricity and 
low temperature space heating (or industrial heat) 
are produced. similar to the diagram (Fig. 60 
illustrating electric power conversion in 
Sweden.l2 In a different kind of total energy sys 
tem (Fig. 98) a factory generates its own electric 
power, using the waste heat for process heat, and 
selling any surplus electricity to the local utility 
(a strange twist!). Berg (22) discussed some of 
the problems such systems face. References 301, 
315, 250, 576, and 377 discuss total energy sys
tems (see also footnote 12). 

TOTAL ENERGV I 

1 
Fig. 97. Electricity from solid wastes . rx,c H ¥-H,q) 

TOTAL ENERGV H 

-

Fig. 98. A system for manufacturing heat could 
also produce heat for space comfort. 

(X ~C 74~ - 231 &) 

Explainers should no doubt investigate less 
familiar sources of energy, and certainly many ideas 
not treated here may prove to have much merit 
(515, 112). Sti ll, we will always be hounded by 
questions such as "When will we have ... ?" "Why do 
we not have ... ?" and "What about the pill that 
turns water into gasoline?" The firs t two questions 
are, of course, legitimate and sincere, but the 
third represents a common kind of question asked of 
the author. It represents the hope that science 
and technology may someday break the very rules 
upon which they are founded! 

ANOTHER LOOK AT ENERGY USE : CONSERVATION 

The energy pies (Fig. 99) show American con
sumption by various end uses and economic sectors. 
Explainers should point out that the pies do not 
tell the whole story, since no efficiencies or 
prices are given for the various forms of consump
tion, nor do we see the end products or services 
we get. We tend to overlook the fact that the ob
ject of heat (or cool) is comfort, and that indus
trial heat is used for production. By contrast 
the amounts of energy consumed say very little 
about what actually happens, and this point is 
often overlooked by explainers. (See earlier dis
cussion of efficiency, where it was indicated 
that the temperature of heat/cool used is an im
portant parameter of how much fuel must be con
sumed.) Table 13 shows the information from Fig.99 
sorted by energy quality or temperature. 

IIOW UOES TilE U . S . USJ: JTS ENERGY? 

Intcrci ty 
rrc igh t 

Fig . 99. How the U.S. uses its energy. (From 

(3 . 71) 

Ref. 25) . (x !)i) 7~7- 43>s ) 
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We should also recall from Fig. 61 that en
ergy is but one input to the economy as a whole . 
This is symbolized by Fig.lOO in which we see that 
various goods and services demand different 
amounts of labor and energy (and capital, land, 
design, pollution, and so forth). Increasing the 
efficiency of energy use moves the average energy 
requirements for a unit of goods/services towards 
the lower part of the figure, and, as we see below, 
to the right (more "jobs"), not by increasing 
sweat or hard labor, but by substituting other 
economic factors for energy, factors which di
rectly and indirectly employ more manpower. 

Tab l e 14. A.P.S. estimates of efficiency of energy 
use. 

More 
energy 

I 
I 

Less 
energy 

ECONOM IC ACTIV ITY I 

1
1 

Put in o dollar 
of demand or i investment I 

0 : © 
I 
I 

-------t--------
1 
I 

® : @ 
I 
I 

Fewer jobs- -More jobs 

Fig. 100 . How the economy uses its energy. 
(From Ref. 25) . l•o~ H</-H•>) 

We can also ask ourselves about the role of 
efficiency in energy use by breaking down for ex
ample the energy requirements .of the automobile 
by physical processes, as is done in Fig . 101 
Note that both First and Second Law efficiencies 
are represented here. Or, we can look at efficiency 
·of energy use in the economy from a task or output 
point of view. Figure 102 for example, shows the 
varying energy requirements of many familiar passen
ger transportation modes per passenger mile, which, 
after all, is one measure of the utility of trans
portation. Changing the physical efficiencies of 
automobile energy use involves engineering as well 
as economics, and such changes can reduce the 
physical requirements of a given propulsion system. 
At the same time, changes in social behavior and 
values could change the size of cars people dirve, 
the number of miles they drive, the kinds of trips 
they take (long or short, downtown or out in the 
country) , or change the number of peotle who par
ticipate in each trip. Certainly we s ould recog
nize the differences between purely physical-eco
nomic changes in physical efficiency and the more 
broad changes in social use-efficiency of automo
biles which energy conservation might usher in. 
Both Fig .103 and Table 14 suggest a version of the 
song, "It Ain't How Much Ya Use, It's The Way That 
Y a Use It." We must examine the quality of energy 
use as well as the quantity of energy use, but this 
idea was overlooked ln nearly every traditional 
energy survey or forecast until recently. When 
Cook, for example, redrew his original spaghetti 
bowl (159) shown in Fig. 24, he changed the overall 
(First Law) efficiency of energy use from SO% to 
33%. As we examine the details of energy use, we 
will find that conservation means "doing better" 
rather than "doing without." 

Re I at I ve 
Thermodynamic 

Use Qua I I ty 

Space heati ng Lowest 

Water heating Low 

Cooking Low 

Air Condition ing Lowest 

Refrigeration Lowes t 

Industria l uses 

process steam Low 

di rect heat High 

electric drive (work) High 

electro l ytic High 
processes 

Percent of U.S . 
fue 1 consumption 

( 1968)a 

18 

4 

1.3 

2.5 

17 

I I 

8 

1.2 

Transportation (work) Highest 
automobile 13 

truck 5 

bus 0 . 2 

t rain I 

airp l a ne 

military and other 

Feedstock 

Other 

100 

Estimated overall 
second- law 
efficiency 

0 . 06 

0. 03 

0 . 05 

0.04 

0 . 25 

0. 3 

0 . 3 

0. 1 

0.1 

a. Sources: Referen ce 11 and 80. "Work" is defined as "infinite-temperature'' 

energy by the APS study. 

AUTOMOBILE ENERGY CONVERSION EFFICIENCY 

60 

EnQi ne thermal elf. 2 9'l'o 

40 

Fig. 101. Where the gas goes. (From Ref. 25). 
(x~~ 7¥7- '<l%) 
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AUTOMOBILES BUSES MOTORCYCLE TRAINS AIRPLANES 

250 mph tracked hovertrain 

I Jumbo jet 

Typical 
Very 

sma ll cars Urban bus 

J Highway bus 

I 
Minibus 

I Motorcycle 

_llliill_ 
XBL 759-4097 

Fig. 102. Energy consumption of various trans
poration modes . (From Refs. 261, 333). 

The energy buckets in Fig.l03 des igned by 
Yegge (25), remind us that we can carefully examine 
the energy system to see what leaks exist. Since 
1971, increasing attention has been paid to the 
idea of energy conservation, or, better put, in
creased efficiency of energy use. Under careful 
implementation, the payoffs are not only improved 
efficiency but lower costs, reduced pollution, in
creased employment (see below) and most important, 
lower investment requirements for the energy in
dustry, and thus slightly lower prices, which are 
very sensitive togday to demand and capital re
quirements. This suggests a rather touchy topic, 
that "we are all in it together;" that the price 
Mr. Brown pays for gas for his Volkswagen depends 
on the number of miles Mr. Green drives his 
Cadillac. Thus energy utilization is a topic that 
should be discussed from all points of view, in
cluding political and social perspectives. 

POWER FROM 
FOSSIL FUELS NUCLEAR POWER 

HYllROELECTR I C 
POWER 

USEFUL 
HEAT 

MECHANICAL 
WORK 

TRANSPORTATION 

.-U-SE-F-UL_W_OR_K...,~ I I ~ 
WASTED ENERGY 49% 

ELECTRICAL 
ENERGY 

Fig. 103. An example of energy flows; the "ef
ficiency" values are probably taken from 
Cook (Ref. 24) and should be adjusted 
downward. (Original drawing from J. 
Yegge, Ref. 25). r~'~"' 7~7-~J s <f) 
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EFFICIENT ENERGY PIES 

The theory of energy conservation involves 
many factors besides the potential energy save~. 
The cost curve (Fig.l04) shows symbolically that 
today's energy use, based on older, lower energy 
costs no longer gives the lowest total output cost 
of a product or service. Increasing energy effi
ciency lowers total costs (268). Since many inputs 
go into~utput obtained from energy use 
(Table 14),the object of energy conservation is to 
readjust the mix of inputs in order to lower the 
energy costs and dollar costs as well. The Energy 
Dollar (Fig.l05) illustrates energy saving, with 
"indirect" energy referring to energy expended in 
creating the energy saving system, such as energy 
for manufacture of insulation . Note in Fig.l06 
how money saved from conserving energy is r edistri
buted; some is reinvested in the improved system, 
used for maintenance, labor, taxes, or interest, 
and the rest is respent or invested in some other 
activity (253, 268, 288). A theoretical balance 
sheet for making a comparison is shown in Fig.l07 
Note too that since the dollars left over will be 
spent for something, care must be taken in re
spending if the object is to reduce energy consump
tion (see Ref. 266). Since there is less labor (and 
usually more pollution) in a dollar's worth of en
ergy purchased directly, than in a dollar's worth 
of nearly anything else (253, 266, 267, 270, and 
271), one can expect a slight increase in employ
ment and decreases in pollution as energy is used 
more efficiently. But one must take care with the 
bookkeeping to foresee hidden consequences of · 
shifting energy use. Banning television viewing 
after 10 pm, for example, might encourage more 
evening drives in the family car. 

"TOTAL" 
COST 

OF 
PRODUCT 

OR 
SERVICE 

OPTIMIZING ENERGY USE : 

MINIMUM MAXIMUM 

ENERGY EFFICIENCY 

Fig. 104. Re-optimize inputs, reduce energy costs, 
reduce total costs. Fight inflation! 
(From Ref. 253). (XC313 7'15-2.9'1 3) 

Fig. 105. The energy dollar: Find its most effec
tive use. 
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EXPENDITURES SEFORE 
CONSEitVATION 

~ 
J_NERGY DOLLAR 
\9t !@ 

o.os* 
*1971 EmpiO'Imtni:- irtf;~"~i+i<t6 ~mah:d .,:rom+kmrdun,1974-. 

In,ludce. dir...:h:md indired- job!> fU •1000. 

Fig. 106. 1be economic dollar: Save money, create 
jobs, clean the air. cc13r., 7s-~-6o•s) 

Fig. 107. Compare and save! (xo..c 7YS"- 1J'IS") 

Fig. 108. Many ways to save energy. 



The kinds of energy conservation shown in 
Fig.l08 can be explained as follows (253, 288): 
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Plugging Leaks: Preventing heat and cooling 
losses in life-support systems, correcting energy 
systems that are not running at designed efficiency, 
and eliminating unutilized or underutilized energy 
by retrofit in all energy systems. Examples in
clude insulation in buildings, heat recovery in 
industry, improved maintenance of all energy sys 
tems. Leak plugging techniques are generally im
plemented once, and then remain passively effective. 

Mixing Modes : Changing the mix of transporta
tion to utilize modes requiring less energy per 
passenger-or ton-mile. 

Thrifty Technology: Introduction of new 
technology in any energy system to increase the 
useful output of the system per unit of energy 
consumed. Examples include heat pumps for 
industrial heat, electric ignition of gas water 
heaters, improved propulsion systems in transporta
tion. 

Juggling Inputs: Change in the mix of eco
nomic or physical inputs to a given kind of out
put. Substitutions can be among energy forms, ma
terials, or among economic variables such as labor, 
capital, design (a form of capital), and machines. 
Recycling is a form of input juggling. Solar en
ergy substitutes capital and materials for energy. 
Many energy conservation options listed under 
thrifty technology actually substitute investment 
capital, design, and, indirectly, labor for en
ergy expenditures. Returnable beverage containers 
substitute capital and labor for the extra energy 
and material requirement of throwaways. 

Juggling Outputs: Changes in lifestyle, con
sumer preferences, investment practices, or shift 
from manufacturing to services in the economy 
that lead directly to lowered energy requirements. 
Smaller cars, changing hous ing patterns, increased 
lifetime of consumer durable goods, changes in 
recreation or tourism patterns. 

Belt Tightening: Involves turning off lights, 
heat or cooling, changes in thermostat settings, 
driving more slowly, carpooling, increasing load 
factors in public transporation. Belt-tightening 
involves small but important changes in energy use 
which cause minor inconveniences or changes in life
style and habits. "Belt tightening," unlike leak
plugging, must be actively pursued by individuals 
or firms. 

CUrtailment: Conservation by cessation of a 
particular process, including driving bans or 
factory shutdown, often by rationing or allocation 
of fuels. 

The ideas assembled in Table 15 and summarized 
in Fig. 109 are compiled from a variety of references 
with some of my own judgments added. They have been 
shown to be cost effective , meaning that the total 
or life-cycle cost of the energy-efficient sug
gestion is less than that of today's "business as 
usual" practice. Again, the goal of each of these 
measures is to provide the same (or greater) out
put for fewer energy inputs. 

IJ'l!TED STATES ENERGY USE 
POTENTIAL SAVINGS 

PERCENTAGES GIVEN ARE TODAYS BREAKJX)IN OF ENERGY 
CONSLMPTION. SHADED AREAS GIVE SAVINGS. 

Source: "Energy Conaervation:Hidden Barriers , Hidden Benefits" (L. Schipper) 
and references contained therein. (Paper number UC I D-3725, 
Lawrence Berkeley Lab, or ERG-75-02, Energy and Resources Group) 

XBL 756-1653 

Fig. 109. A pie diagram showing energy use and po
tential savings in the various sectors. 
(From Ref. 253). 

Notice that the object of house heating, for 
example, is comfort, not just heat. Thus, one can 
measure the effectiveness of the measures listed 
here by studying in detail comfort needs and use 
patterns in housing and buildings, as indicated in 
Ref. 408. Using the energy consumed as a direct 
measure of the comfort is misleading, especially be
cause construction standards, climate, and other 
factors vary from place to place and time to time. 
Explainers might consider evaluating not the cost 
of gas heat per Btu, but rather the full cost of 
comfort (fuel~ furnace, insulation) per cold night. 
This method emphasizes what you get (comfort) and 
what you pay (dollars, energy, design, etc.) Thus 
energy is one of the inputs to home heating, not 
really an output in this method of analysis(Figs. 
110,111). 

Air conditioners are a particularly frustrating 
energy consumer. They pour most of the salt on the 
blackout wounds during the summer (see Fig . 48). 
Increased use of inefficient air conditioning l eads 
to heavy peak loads for electric utilities in the 
warm months, and ironically, the energy consumed 
plus the heat removed from all the indoor spaces, 
contributes to the heat of the outdoors; this is 
responsible for part of the rise in temperature in 
places like New York (806,812). 

But Ref. 392 discusses fully the available air 
conditioning technology which, if systems were 



1./') 

~ 
~ 
Cl 
H 
U) 

Ei1 

1;2 
tii a 
~ 

CXl 

i§ 

s 
!:;: 
~ 
U) 

~ 
ci:! 
E-

0 
,...; 

u.l 

~~ 

0 0 ) u e~f 4 0 ~ 7 7 

-45-

Table 15. Rai s ing energy productivi t y . 
Summary of Studies """ U) ,...; 

tiiifi 
..,., 

§:~ ~ !;; U-10 
N U>-< 

..... U) U) Bt;; 8 ~~ 16~ oe:b ..... >=; 
u.l t!du.l ~in ti 53 u.l<ll 

ffiNCE!YI' ~ R~ §~ ti!~ 
u.. 

HU.. H ti!~ u..o ..-l 

Insulation (homes) Plug Leak 5% Lower fuel prices t ~ t (manufacture, 127,385 
Lower summer air installation) .:396 
condit. needs 

Air Conditioning TI1rifty l%+ Lower summer peaks t + t (manufacture) 392,407 
(homes, offices) Technology Fewer brownouts 

Slower elec. growth 

Building Design Juggle1 5%+ Lower needs for = + +(construction, 383,387 
(lighting, . appliance Inputs heating and cooling to design, materials 389,396 
efficiency, heat pumps) t fabrication) 398,400 

406,408 

Solar Heating/ Tiuifty 3 to Could replace antici- t = t (manufacture, 
Cooling Technology, 5% pated strains from to construction) 700-715 

Juggle grO\vth in electric + 
Inputs heating and cooling 

Industrial Heat Treat- Juggle 5 to Less vulnerability of = ~ t(eqnipment, mfg., 250,251 
ment, Process and Inputs, 10% industry to fuel or increased labor) 252,262 
~mtcrials Improvement .Plug Leaks costs or interruption t 

Returnable Cans, Juggle .2% Typical of the kind + +6 t 302,303 
Bottles vs. Tilrow- Inputs of choice we could 305,306 
a1vays make ~~?t~l; 
Recycle Paper Plug Leaks, 3% Stabilize resource 'V+ ~ t 

300,313 Primary ~lctals and Juggle prices, eliminate 
280,761 Plastics Inputs solid wastes 

+7 TOTAL Ei-IERGY Plug Leaks, 5 to Lower energy 'V+ Unknown (probably t 
(also applicable Juggle 10% consumption, same due to on-site main- 305 
to RESIDEm'IAL) Inputs use! tenance & monitoring 

Mass Transit for 50% Mix M:Jdes 2\ Less congestion & t + t 333,33£ 
of Urban inconvenience 31fO, 341 
Passenger Miles 

Smaller Autos ~lix ~lodes 3 to Less congestion & + + Slightly + 334,33E 
~lore Efficiency 5% inconvenience 343,34 

Shift Freight and ~lix ~lodes 1% Less congestion t = Unknown 3311,3111 
Passengers to Rail 

Urban Design All UnknO\vn 

100,2~~ Consume rs Demand Juggle Unknown 
Changes Output ~~s.z1 

1
Percent of total 1972 US energy consumption. To get percentage of sector or fuel use, consult (4~. 
Figures overlap so they can not be added together. Estimate based on ''how much 1~c would save today 
if 1.,oe had done it this way" approach. 

2See references for further discussion. 

3
Life costs include interest, upkeep, taxes. Estimates vary with interest rates, payout time. 

~ · 
4comparc with Ref. 123 and Ford EPP results. Since employment per dollar of demand in energy sectors is 

-~ ~ lmv, nearly every switch of energy dollars elsewhere raises total employment. Employment shifts, however, 
> u:: are knotty problems and the intangible expenses incurred here are not included. 

51 ignore thermostat setbacks, though they arc effective as are other belt - tightening measures. Sec 388,402, 
6Help several birds with no stone . Organization necessary. Get more jobs and usc less ra1v materials. 

7Design important. 

8speed limits, good driving habits, tedmological improvements save more th;m clean air dev1ccs raise 
conswnption. Compare ~42. 

9See Ref. ~30 for indirect energy needs of automobiles. 

10
1 did not explicitly discuss lifestyle in this paper. Some ch;mgcs here whid1 effect energy use include 
living near work, vacationing near home, banning snmvmouiles and off-the-road vehicles, r ecycling organic 
was tes nt home , etc . See Ref. 268 and 270. 
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designed efficiently and only the most efficient 
window models were used, could save not only 1% of 
all energy consumed in 1972, but as much as 7,000 
MW of peak-load. (Ref. 60 estimates a savings of 
1,000 MW in California; Ref. 827 estimates a saving 
of 7,000 MW for the entire U.S.). Consumers buy the 
cheaper, inefficient models, not realizing that 
higher electricity prices, plus higher consumption, 
cost them more in the long run than if they had pur
chased the efficient models. In commercial buildings 
as much as half the heat removed on a summer day 
comes from lights in the buildings (346), suggesting 
that we might be wrongly designing our total system. 
In Refs. 394 and 399 the notion of energy efficiency 
standards for home and commercial air conditioning 
are discussed. 

Studies are now also indicating that the in
dustrial energy requirement for similar products 
or materials can vary greatly according to en
gineering and process design (309).17 In trans
portation, the energy use is usually compared for 
various modes and conditions, such as urban versus 
rural. The energy requirement is evaluated per 
passenger mile (Fig.l02) or per ton mile, and many 
authors include the effect of load factors (331). 
In the commercial sector, which includes businesses, 
offices, schools, and other public structures, most 
of the work centers on lights, heating, cooling 
and design. References 975, 403 and 408 contain 
much valuable work on possible savings of up to SO% 
of the energy used in large buildings. 

lfOUR 
BACK.. liARD 

SPACE HEATING? -
Fig. 110. We heat the outdoors only too well! 

HOME INSULATION BENEFITS 
GAS HEAT 

EncrvJ rldvoc.tion 29% 
Mon.tor1 ~ving $28/por 

EntrQy ••ducl ion <49'% 

Mc»Mtor)' tovinv $32/year 

Fig. 111. An example of money and energy savings by 
installing various amounts of insulation. 
New York climate, 1972. (From Ref. 285). 

Nearly all forms of peak plugging, input 
juggling, mode mixing, and thrifty technology have 
the ultimate effect of requiring more non-energy 
inputs at lower overall energy cost, financial cost, 
with more employment the direct result. In addition, 
less pollution usually results. Finally, energy ex
penditures and energy capital investments are them
selves surprisingly less labor-intensive while more 
energy- or capital-intensive per unit of energy 
bought or per dollar of investment. The savings in 
cash and capital saved from energy expenditures 
through conservation in general buys goods and 
services with higher employment intensities com
pared to energy, (Tables 6 and 9, Fig. 56). An
other hidden benefit of energy conservation is that 
demand for capital to harvest energy eases, freeing 
billions of dollars for other investment or for 
consumption, often with higher labor impact but 
milder effect on the environment (253, 288). Con
servation also slows the rise in the energy and 
pollution cost of energy while allowing 
us to minimize our dependence on sources that are 
environmentally messy (shale oil, strip-mined coal), 
politically shaky (imports), or technologically and 
socially uncertain, such as carelessly used nuclear 
power. These benefits of efficient energy use, 
which are unfortunately rarely felt directly by the 
energy user, might justify government policies that 
speed up or bolster ordinary economic incentives 
to conserve (for a detailed discussion see ~' re
views, Refs. 253 and 288). 

Few energy surveys to date, however, have con
sidered all effects of various levels of energy use. 
In fact, the NPC survey assumes that less energy 
use leads to less employment and more pollution, 
but this study did not explicitly study energy use 
patterns, and considered only ~nergy shortages. 
Certainly more refinements in these relationships 
are needed, especially quantitative, but these gen
eral observations suggest that one can entertain 
seriously the notion of energy conservation and in
creased efficiency, albeit very carefully: "It 
won't hurt, after all!" Indeed, the popular con
ception that conservation means doing without, as 
far as consumers are concerned, seems inaccurate, 
especially in view of the chart that outlines some 
of the major changes in energy use efficiency 
usually considered. 

It is important here to emphasize that we are 
talking about higher energy productivity when we 
use the term "conservation," because conservation 
means using resour.c:'es optimaily, or at lowest total 
cost. What TablelS really implies is that energy 
use in the USA in 1975 was far from the economic 
optimum, as symbolized for a single system in 
Fig.l04 . Many energy enthusiasts confuse economic 
conservation with curtailment, as Fig. 112 almost 
perversely implies.l3 

Certainly a few of the changes shown here do 
imply changes in lifestyle regarding transportation 
and, to a certain extent, the use of materials. For 
recycling represents a change in inputs from energy 
intensive material production to more labor inten
sive recycling, and recycling depends on organizing 
and planning so that materials are not irretrievably 
dispersed. Similarly, shifts in employment are to 
be expected as the economy becomes more energy 
efficient. Explainers should discuss all con-
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ENERAT~ 

LESS 

There's no more nonsensical a 
concept than "generate less" as a 
solution to our energy crisis. 

The nonsense is revealed by 
this evidence: it took energy to pro· 
duce everything we have in this 
country. 

Everything . 

Since we produce more than 
any other nat ion, America uses 
35% of the world's energy and en· 
joys the highest standard of living. 

Just start listening to the critics 
of our society, start generating less 
energy, and the plummet begins. 

Less production , fewer jobs, 
lower demand for products, fol
lowed by still further diminished 
production and galloping unem
ployment until Anierica is eventu
ally reduced to the hard life. 

GY 

That is what no- growth critics 
advocate- whether they realize it 
or not. 

America's population is grow
ing and it is going to take more
not less-energy merely to main
tain our present standard of living. 

And the poor are still with us. 
What of them? Reduced energy will 
hurt them the most. 

With oil and gas in short supply 
where wil l that energy come from? 

It can come from electricity, gen
erated by coal-which won't come 
near short supply for over 500 
years. 

And once we've c1· 1r it we can 
begin to put eler · .. ~1ty- to work in 
all the places where it can be used, 
and assign to oil and gas those 
tasks where nothing else can be. 

8 

Coal-reliable coat-is the so
lution. 

But coat can't be used unless 
our representatives begin to act: 

1. To reasonably modify the 
Clean Air Act so that more of 
our coals may be burned. 

2. To release the vast rJserves 
of U. S. Government owned 
low-sulfur coal in the West. 

If America didn't own about half 
the world's known supply, every 
Y..l rking man would rea lly have 
something to worry about. 

And that's not nonsense. 

American Electric Power Company, Inc. 

Fig. 112. Many people still identify curtailment 
with honest conservation. See Note 13. 

ceivable implications of each of these suggested 
measures, as well as any other changes in energy 
use that might reduce the demand for energy. We 
could challenge_the outputs, i.e., the lifestyle 
that demands qu1ck-order hamburgers , the preparation 
of which consumes the energy worth of two pounds of 
coal per hamburger!* There are many examples, of 
course, of the "effluent society", but I leave 
these choices to the reader. 

Some barriers to conservation come from many 
social and political customs and institutions, 
often not obviously r el ated to energy use (253). 
Some spck"!smen for the energy industry, too, are 

Bruce Harmon, private comnunication. This figure 
estimated for hamburger produced by a national 
drive-in chain, includes the energy cost of the 
packaging. 

TODAY 2000 

Fig. 113. If energy use efficiency did increase, 
the economy would provide all the goods 
and services in the "business as usual" 
energy forecast--and more. Emplo~nent 
would be higher, pollution lower, and 
energy l ess scarce. Compare with Figs. 
5 and 64. 



-48-

skeptical of big energy savings (see statement of 
Mobil Oil in Ref. 101). A few critics even see the 
call for more efficiency as part of the so-called 
conspiracy that brought on the energy crisis. An
other thorny issue involves shifting empl oyment 
patterns, as would be brought about if, for example, 
returnable bottles were used instead of throw
aways. In the past many pointed to studies that 
showed weak consumer response to rising energy 
prices, especially when energy was such a small part 
of the average budget (108). Few, however, could 
foresee the possible consequences, and benefits, 
of an active policy designed to encourage efficient 
use of energy (100, 103, 254, 255, 256) by con
sumers and industry. And no energy forecasters 
foresaw the public outcry for energy conservation 
at all levels that followed the 1973 oil boycott, 
or the pressure to "return to the old ways" re
garding lifting of the 55 mph speed limit! 

Other barriers to efficient energy utiliza
tion include the fact that energy prices do not in
clude full environmental costs. Some prices are 
propped up by cartels, others held down by controls. 
Worse, most energy use as a function of useful out
put depends on the original stock of equipment, 
such as buildings, climate systems, autos, or 
machines, which cannot be exchanged or re-optimized 
with each energy price change. More dismal is the 
problem of misplaced incentives: appliance manu
factures, auto makers, home builders, or landlords 
don't pay user's fuel fills, so they have no direct 
incentive to invest in energy efficiency. Any 
selling advantage due to the extra savings can be 
obscured through advertising (false or honest, 
see examples provided), marketing practices such 
as "rebates," or the general lack of information 
on energy use and economics. 

One point often overlooked by the many critics 
of plans for energy conservation is the effect of 
reduced .energy demand on lowering somewhat prices 
for all consumers of a given fuel in the long run. 
Just-a5many are hurt by the wasteful consumption 
of a few, so too can many benefit from the savings 
of a few. The possible consequences, benefits and 
costs of an active public policy designed to en
courage efficient use o energy should be explored. 

At the same time, most studies are cautioning 
about the degree to which the response to higher 
energy prices or to the calls for conservation can 
be expected, especially in situations involving 
retrofitting, as in the case of insulation added 
to older homes. The public should discuss the side 
effects of energy conservation as well as possible 
means to encourage it; popularly discussed (255, 
265) are various tax, rate, and price penalties to 
discourage consumption on the one hand (".stocks") 
as well as tax subsidies, low interest loans, and 
price breaks to encourage conservation on the 
other ("carrots" . 

Minimum efficiency standards have been dis
cussed in many state legislatures, especially re
garding appliances and home insulation, which are 
usually provided by a builder who has no eco
nomic interest in raising his costs in order to 
cut the long run cost to home owners or society 
(see Rauenhorst in Refs. 394, and 253). The social, 
psychological and institutional issues of energy 

conservation are indeed many. Some private utilities, 
for example, have undertaken massive advertising 
campaigns telling subscribers essentially not to 
buy the utilities' products, gas and electricity! 
These same utilities were encouraging the use of 
electric heating and appliances with no mention of 
efficiency only a few years ago. (Examples of past 
and present advertizing are shown in Figs. 114-117.) 

The electric climate can do more than help 
give you more room for living ... 

11'5 a superior indoor enviro nment thai can make 
!!..!!Y kind ofbulldln& cost Ius toown ... and it 

ca n help the outdoor cnvironmcnt,too! 
Q.\o.J<o~·Nool><bm<flnol ....,.hb<tttT ,..,.,..Ii.,,...,pl.l, ol><t<iooo•"l"""'of""'. G.n· 
,.,,,_.,.,,.,_,.<MI.,...,IO or>di<Om><>d-~ ...... ~. «ooOMof<lt«roc"lbJ<_._· 
~-···-·-"' pl<.o ... ,,......,......,, _ ..... _f"Oil<>Cnb>'• 

;:::;-~·~::.-:=.: ~~~;.,v:11 1':.,7.';'ftt oQ( ~,';'~;:;:::::;::.:.'!~:';:'_, 
ri:'~-nlon.dlto efohc ~;';';!::,:!.';:;'~~lio =~~::':'i::~~':,,...,, 
dnt<lt<ll.....o• • "''.W<Imuu!-"Q"""• ""'"'"l'"',_.....;,,l>t.l< 
n ..... ~m,lt<uOthollnttw ....--oootS....«ohM•Iw• ~..w......n.o-"' 

?::~~;:~·:::.: :::EE':S-2.... ~::=~:~~=:2.-:. -·-·S.•.tl) ........ n....-... - .. _.., ....... ~ 
S.-..<Wo. lo<.,.. ... tt.t M<kol«t<lrclioooo <<! n.~~~ •. - ...... -~~• 
·--.•-hMIIII ~ ~·, """"""''""h' .. "''"~·~· """"''~'""'" ~""''"''"""''""" 
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Fig. 114. Huh? This kind of electrical heat re
quires twice the total energy of nat
ural gas or an electric heat pump. 
From a national magazine in 1972. 

(xr.>r.> Nof · '(~S. i) 

Fig. 115. Ads like these contributed little to 
efficient energy utilization, and have 
since been replaced by ones such as in 
Fig. 116. (From S.F. Chronicle, 
Feb. 1972) . (1'~13 7W-'13s?) 

HOW BIG CAN THE PIE GET? 

With the exception of solar energy (and re
lated forms) every energy technology increases the 
rate at which heat is produced at the surface of 
the earth (Fig. 118). Heat is the ultimate pol
lutant, since it cannot be "abated". In fact, the 
Second Law assures us that any scheme that pumps 
heat has to produce even more heat. Today, however, 
the total rate of generation of heat by man is on 
the order of 1/5000 of the rate of receiving heat 
from the sun (812). However, man's production of 
heat is not evenly distributed, and his rate of 
production is growing exponentially. Figure 119 
shows man's heat production compared with solar 



0 0 

Ways to conserve 
energy 

and save money, too. 

RE-FRIGERATOR. Don't let 
frost buiiJ up in the fn.:c:cr comp~n· 

mcnt of your n::frigcr:nor. 
DRYER. Don't ovc-N.lry clothes. 

Find the right se tting for fluff dried. 
A slightly dnmp setting is just right for 
ironing. 

RANGE. Turn off clccnic surfnc l." 
units a short time before food is done. 
Food will continue cooking from the 
leftover hc at. Th:~w fro:cn mc:u s lxforc 
cooking. 

WASHER. AJju!lt water level fur 
partiallu:u..l s if pos)ibk·. Otherwise save 
your bundry until yuu hnvc :1 fullloaJ . 

DISHWASHER. CullcCI Jishc, 
fur a full load. Gd extra !! :lvings hy 
turninl( uff :1fh:r final ;il~!lc, before dry 
cycle . 

AIR CONDITIONER. When 
purcha)inte an air cunJiliwh,:r ,check its 
o.:Hici .. : ncy . K ... ·c p Jrap.:rio..·-. clo!\l.'J un the 

!IUillly .,,J'-· uf your huu .. c:. 

LIGHTING. Fluorescent lighting 
is more economical than inc=mJescenr. 
20tft; of the electricity for flu o rescent 
lighting is converted into light, co m
pared to only S'fi- for incandcsccnr. 

usc cold w~tl:r, never hot water. 
IRONING. Do IarKe botches ot 

one time so then: is o nly un~.· h\.·at-up 
for your irun . 

WATER HEATER. If yuu hove 
a Jishwashcr, a senin"' sli"'htly abow 
no rmal is adequate. Otherwbe set :H 

normai114Q'·r. 
For many other tips un hm .. · w 

cun)ervc \.' ner"y anJ get thl..' m'-ht lur 
you r l..'llerKY dullar , ;hk :u1y PU&E 
1.1ffice f~.1r a Cll(lY uf ' 'Th~o· ~ieter-~firt~lcr" 

GuiJehuok .' ' 

0 

Fig. 116. A healthy carrot. One of a long series 
of progressive ads dealing with energy 
conservation (Summer 1974). ex~~ .,~4-lf3 sq) 

heat in the Los Angeles and Boston-Washington 
metropolitan areas. As the graph shows, man's en
ergy use in these areas is comparable to solar 
heating. 

The real problem, however, belongs to the 
future. If we project ~orld energy use (11) 
to grow at 4.0% per year for a little over 100 
years, energy use will be about 50 times greater 
than it is today. Or, we may wish to simply postu
l ate that in some "advanced" society in the next 
century a given population, let's say 20 billion 
people, consumes energy at twice the per capita 
rate of Americans today--such a society has been 
discussed by Weinberg and Hammond (cited in Ref. 
813). Simple arithmetic shows that total power 
use is 

25,000 watts/person x 20 x109 persons 

= 5 x 1014 watts = heat! 

which is about 1% of total solar heating. 15 

Schneider (809, 813) and other climatologists have 
expressed some doubt about the ability of the earth 
to support present day biological and climatic 
systems when the artificial heating becomes so 
high. Yet one economistl6 naively used a mistaken 
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l 

piece information to announce that he had heard 
that the earth could support 1,000 times today's 
population at the present American standard of 
living! The heat burden of this would be unbear
able, on the order of 10% of solar heating. Air 
conditioning doesn't help, of course, since that 
just makes more heat. 

The problem of how big the pie can get, as 
illustrated here by these confusing yet enlighten
ing examples, is called the "Limits to Growth" 
argument, after the title of a famous study done 
at MIT in 1972 (281). While this study has sparked 
much debate, often bitter (see for example 819) 
two important issues have emerged that should be 
discussed when explaining energy. 

bank 
announces reduced rates 

on energy-saving 
home improvement loans. 

Now you ctn bO<tOW VD !O $7.500 !or ti>IH'iiJY · U.VJIIQ 
home im t~rovemtm!saras~>eciatredueedinteoest•ele . 

And you get 1 Paclhcb•n~ Simple ln1ere5! Lo.n. 
You',. cNugedoolylortneoul5\lndmgbal~nceotyour 
loln. Asyoupayitback, your~t~terestcosldecrusn. 

FOt" wiNs.ceilings ltldawcs. 
lleanhelt~euthel!lngbills. 
Eneriorsid~t~gqo.M~Iiliesas 
ontulahon. too. 

We'd like to be your bank. 

Andll\e!I"IIIOI)eNIIIy iO<t!lffyllly·OII. 
!lyou"reaPICllicbankGoldcustomer.you"ll 
oecel,.a~evenlowerrale loranenergy-savlnghome 
tml)roveme-ntloln. 

lfl\helpSJt,._f9Y~UYII"f'iiJ~'I. Wt'!tiUIO<II. 

ltofmwlndow.1nddoor1. 
Tlleyhel~kHPcOidout, /lealin 
Alsoal)pltes\Owt!alherSinl)plf"lg 
andcaullung. 

-Anolhefgood wav iOsawenergv 
by insuUting.gainsl lhecold. 

Fig. 117. One carrot: low interest loans for 
energy-capital investment. (Spokane 
Chronicle, April 1974). <·~~ .,,.,._l'fo~) 

Fig. 118. All use of fuel creates .extra heat. 
( Xl3( 7 W - 2"3'(~) 
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Fig. 119. Still dubious? Jaske (Ref. 800) finds 
and predicts these temperature rises 
in the Los Angeles Basin and the Boston-
Washington Corridor! (Xrk 7H - "9o) 
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The first issue is the problem called "running 
out". Physically we cannot destroy energy or matter, 
but we can reduce the quality of energy irrever
sibly, and we can take concentrated deposits of 
minerals, use them and then cast them aside in a 
less concentrated form--though today the junk 
heaps are in fact mineable collections of just 
about everything. When the physical or work cost of 
getting something, including energy goes up, so 
does the dollar cost, unless some new technology 
arrives in time to offset the rise in cost. But 
technology has inputs that themselves cost in 
physical and dollar terms, and it is absurd to 
assume that technology can continually lower the 
real cost of finding raw materials as they become 
scarce, because this would imply creating physical 
order, or negative entropy, out of disorder, which 
is impossible by the Second Law of Thermodynamics. 

Do we ever run out of something, then? Yes 
and no. No in the sense described above, but yes 
in more sophisticated analyses. For one thing, we 
run out of a substance when we have to give up 
100-plus units of that substance in order to pro
duce 100 units of the substance: when oil shale re
quires more oil inputs than it ultimately pro
duces, we would be fools to mine shale! Economists 
rightly remind us that most substances can be sub
stituted for, especially as scarcity makes prices 
rise and encourages the search for substitutes. 
But if substitutes become "economic" only as the 
price of a substance rise; then the substitutes 
themselves are scarce. We might then say that we 
have "run out" of something when we are forced by 
high prices to do without or substitute; this may 
occur long before the physical cost is greater 
than what is produced. Or we can define "running 
out" as what happens when, given a total ulti
mately recoverable quantity of substance S in the 
earth's crust and a small number near zero e, the 
total amount of S remaining, as a fraction of s0, 
is less than e. If prices and costs rise and 
society uses less of S, there still must come a 
time when the point 1-e of cumulative utilization 
of S is passed. Recycling, of course, could stretch 

the time out by an order of magnitude, but no re
cycling can be 100% efficient. If society decides 
to stop using substance S because of its high cost, 
then we can also say that we have "run out" of S. 

As pointed out earlier in the discussion of 
energy resources, rising prices do lead to more 
exploration and discovery as well as research and 
practice with both substitution and conservation 
(or more welfare for each unit of resource use). 
Because the energy cost of getting energy rises 
with scarcity, however, this process cannot con
tinue indefinitely, so it is fair to say that the 
total ultimately recoverable resources of fossil 
fuels are limited. How long particular resources 
last (at a given price) depends on how fast 
society uses those resources. What is depressing 
about this part of the "limits" controversy is not 
that "running out" will destory the world, but-
that rich nations can afford to use scarce re
sources carelessly, while most of the world strug
gles for the crumbs that remain. Today the indus
trial world is managing on oil at the cartel 
price of $12/barrel, but this price shuts most un
derdeveloped peoples out of the market. The 
scarcity part of the Limits to Growth debate, then, 
could revolve not around running out but around the 
equity questions that arise when the rich out
consume the poor and force them out of the market, 
perhaps forever. 

Where many economists have completely misun
derstood the "limits" problem is illustrated in 
Fig. 120. As the above discussion of heat suggested, 
the problems of pollution are rate problems. As 
Singer (820) Holdren (821), anQIDOok (159) have 
pointed out, the cost of pollution on health and 
property, or the cost of managing a constant level 
of background (i.e., abating pollution from each 
source so that the concentration of pollutants in 
a region is below some biologically dangerous 
level) rises non-linearly (out of proportion) to 
the rate of economic benefits derived from the 
activity that pollutes. New techniques can always 
be postulated that increase abatement, but the 
cost of abatement then rises, as Fig. 33 shows for 
oil refineries. To assume that technology can al
ways "find a way" that is cheaper is really asking 
for order from disorder, impossible by the Second 
Law without an external source of "order", in this 
case energy and technology. Of course long before 
a real hardship point is reached some peoples 
might simply try to ignore the real costs of pol
lution, as witnessed in the debate over the "Clean 
Air Act" in the 1970's. 

Economically the situation can be analyzed 
by asking the question "When does the incremental 
cost of the increased human economic activity that 
accrues extra pollution exceed the incremental 
benefits derived by individuals from that activity? 
When, for example, will the addition of another 
coal-burning plant into a region cause more damage 
to health and property than benefits. in the form 
of electricity? Or, when would cost of additional 
abatement equipment on that plant and the others 
already existing make it not worth putting up the 
additional plant? Individual firms or consumers 
could ignore these questions, passing off the 
costs into society, but the"buck has to stop 
somewhere.'' 
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LIMITS TO GROWTH ? 

they depend on ... 

RATE OF---

1. Formation of pollution. 

2. Food production. 

3. Heat production (climatic change). 

4. Demand of energy, water, 
raw materia Is. 

5. Radiation or radioactive wastes. 

Fig. 120. Many scientists are recognizing physical 
limits to man's activities. Will anyone 
else understand then? 

"Limits to Growth", then properly suggests 
that it is the rate of using energy that may hang 
us up, not the total supply. Let's not forget, 
however, that as supplies of minerals become 
scarce the energy required to produce them will 
increase: the grandiose schemes to recover minerals 
from the sea, uranium from granite, and so forth 
would increase the heat and pollution produced 
along with a unit of production. But living within 
the rate limit, a kind of 55 mph "natural" speed 
limit may mean gross changes in society as we know 
it, especially since few today are prepared to 
accept the notion of the finite pie or the zero 
sum game. And we should realize that there is much 
debate over where the various rate limits from 
pollutants lie, in addition to debate among eco
nomists as to how fast the economic system can 
produce the capital, men, and machines that allow 
the economic pie to grow. 

Whether we are worried about the political 
aspects of the long term implications of "Limits 
to Growth" or the decision over that nuclear power 
plant in the next county, it is clear that "Ex
plaining Energy" must involve a lot more than the 
cold recital of numbers and presentations of end
less pie diagrams. Holdren's diagram (Fig. 121) 
reminds us that energy policy, society's decisions 
on how to influence energy use, depends on many 
variables that arise in the political, economic, 
or social processes that I have not discussed in 
this manual. My own "energy future" (Fig. 122) is 
probably an oversimplified statement of what many 
others would like to see come about. A second 
glance at Holdren's telling figure (Fig. 121) re
minds all of us that the social interactions which 
have to take place in order to change energy policy 
are complex and sometimes tinged with "energy 
Watergates" and all of the most unpleasant odors 
of any of the world's political systems. Perhaps 
changes in energy use, or resource use in general, 
depend more on social and political factors than 

' on individual economics and technologies, as some 
claim. Even if this is the case, the role of the 
scientist-economist in identifying as many mea
surable aspects of energy utilization should not 
be underestimated. 
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Fig. 121. The mess: The many factors involved in 
energy choices. There is no shortage of 
oversimplifications, but no glut of 
real answers. ( x"'c 74>- JJ""' 

THE ENERGY FUTURE 

I. Prices reflect true costs. 

2. Environmental damage minimum. 

3. Maximum efficiency of all uses. 

4. Clean supplies, which last longer. 

Fig. 122. The author's energy future: Reasonable 
costs are not cheap, but the energy is 
there and is clean. Compare with other 
policy statements. 

Nevertheless, it is up to all of us--mostly 
non-scientists--to judge for ourselves what the 
"best" road for energy policy to take is. In that 
sense Porky's comment that "We have met the enemy 
and he is us" applies, not in the sence that any
one is quilty of something, but that anyone who 
does not get involved with energy questions might 
not be fvlfilling his/her vital social role. I 
hope that this manual will aid energy explainers 
in making that point to everyone, while providing 
us with safe and sane food for thou~ht, not pie 
in the sky. 
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Fig. 123. The problem. 

FOOTNOTES 

1. I also had occasion to contact various TV, 
radio, newspapers and magazine journalists, for 
whom I provided short energy vignettes, examples 
of which are given in the appendix. My aim was to 
provide them with a scientifically correct morsel, 
lest they speculated in public with no way of 
knowing the real answers. Often I volunteered in
formation during public controversies, such as 
"throwaway bottles versus returnables", and "should 
we label air conditioners?". But most joumalists 
were not allowed time to delve into important en
ergy facts. When an important American Mayor called 
for "public works jobs to take up the slack in 
employment from energy crisis layoffs," no 
journalist asked the major where the energy for the 
public works jobs would be found! Clearly most of 
us were not ready to think physical overnight, in 
a world where free lunches come in the junk mail 
and TV advertising constantly! 

"A TYPICAL ENERGY VIGNETI'E" 

This energy vignette was presented by Jim Steck, 
Television Station KPIX, San Francisco, in March, 
1974. 

ENERGY USE AND SPORTS: ANOTIIER VIEW ..... 

While many rightly point out that when en
ergy is tight, some uses, as for motor sports or 
night lighting, ought to be curtailed. But sample 
calculations show that it is not the sports even 

itself, but usually the transportation, by car, to 
that event that takes all the energy. 

At a recent racing event at the Ontario 
Raceway, 33 cars were each alloted 280 gallons of 
methyl alcohol. Again this seems like a waste of 
a large amount o£ fuel, but consider the energy 
needed to send 25,000 cars (attendance was 100,000) 
20 miles each way to the raceway: About 70,000 
gallons of fuel against only about 9000 for the 
racers, assuming they all used up their allotment. 

Ironically, as reported in an issue of Science 
last December, methyl alcohol offers a prospect 
as a man-made liquid fuel for the future, to be 
synthesized out of coal or methane from organic 
wastes. Thus the day when all cars run on methyl 
alcohol is not inconceivable ! 

Indeed, most forms of entertainment and rec
reation are heavily dependent on transportation by 
car or airplane for their business; hence the im
pact of the energy crisis is felt heavily on the 
skiing and other outdoor industries, although the 
product/activity itself consumes relatively little 
energy per participant. Many commercial structures 
used for sports can be upgraded through better in
sulation, lighting and cooling to offer large re
ductions in energy consumed on site : It remains to 
be seen whether the American people can make simi
lar savings in transportation so that the energy 
shortage will not deprive them of their good times! 

Source: Lee Schipper 



2. If cars went 50% more often to buy gas, 
and 10% of all stations went out of business, and 
those remaining cut total operating hours from say 
an average of 100/week to 72/week, or 12 hours a 
day, closed Sunday, and at any one time only 1 
station in 4 was pumping (i.e., gas was sold for 
3 hrs. daily out of 12) then there would be 150% 
as many customers (compared with before lines) but 
only (.90)·(72/100)·(1/4)=15% as much pumping time, 
or capacity. Then the ratio of customers to time 
would go ~by a factor of 10: Ten times less 
"space" at a gas station per customer! Customers 
would thus arrive at a greater rate than they could 
be handled, because of this compression. 

Of course gasoline advisory services all 
warned "buy gas earlier", but no one was told that 
this would not increase the amount of gas, only 
increase the competitive atmosphere - "Buy early, 
beat the other guy." Note that actual fuel supply 
does not figure in this argument, only our per
ception about that supply - maybe there was a 
shortage, too! · 

Actually I believed we had a shortage, but I 
used this illustration to warn explainers to dif
ferentiate between gas lines or oil company 
"theories" and the energy crisis. 

Still, confusion reigned elsewhere. For ex
ample, one listener complained that he had cut back 
on electricity use by 30% but his bill remained the 
same. While some of this was due to the rate 
structure, part was the effect of a price increase 
for electricity. He perceived the results as an 
indication that conservation would not pay, until 
the rest of the audience and myself convinced him 
of how much more he would have paid if he had not 
conserved! 

3. The first law says that energy comes from 
somewhere and in some form, goes somewhere, into 
the same or another form. The second law relates to 
the quality or grade of energy - Dyson, in Ref. 24-
discusses these ideas. Basically the second law 
says that energy is constantly, though gradually 
being converted into heat. Rub your hands together: 
chemical - mechanical - heat. Now turn the energy 
flow around. Hard! Heat moving devices do exist, 
called refrigerators, air conditioners, or heat 
pumps, but they require high grade energy in order 
to pump heat from cold (or cooler) to hot; and the 
energy these devices use is also turned into heat. 

The second law is also related to the concept 
of entropy, or disorder. Heat is energy, diluted 
or distributed over many systems especially mole
cules or atoms which move at random. Other forms 
of energy are ''more concentrated" or ordered. That 
heat flows "downhill", from hot (hi-concentration) 
to cold (low concentration) means that nature 
moves from order to relative disorder. You can 
clean up ("order") a part of a system, but only 
by using up some hi-grade energy, and creating 
more disorder elsewhere in the system. The second 
law warns us that no matter how hard you try the 
order gained will be less than the disorder caused 
elsewhere. 

4. More mysterious is the fact that nearly every 
television ad claimed that their cars averaged 
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better than 15 miles per gallon. Since the national 
average (Ref. 331) was under 14 MPG, someone was 
fooling someone. The resolution, of course, comes 
in the disclaimer, "Of course the mileage you get 
depends on how you drive and under what conditions", 
but, ironically, only the Cadillac ads emphasized 
this clearly. 

5. Be sure to count the energy required to make 
electricity in ahy evaluation. A recent GMay 1974) 
issue of Consumer Reports ignored this in evalu
ating energy consumed by dishwashers, and they also 
ignored a carefully written analyses ·by Prof. Gene 
Rochlin and myself explaining what was wrong. 

Some statistics even count "electric utilities' 
as a consuming economic sector, rather than~ c?n
version, and in these statistics energy use 1n ln
dustries, homes, and businesses is deceptively un
derstated. Similarly Mr. Donham Crawford (in Ref. 
276) testified to the effect that since electri
city accounted for only 10% of end-consumed en
ergy, savings from conservation would not be so 
earth shattering. Crawford skillfully ignored the 
power-plants' waste heat, the millions of acres. of 
land consumed by transmission lines, and the bur
geoning growth in electricity use, some of which 
is very wasteful. Figure 124 illustrates a com
parison of electric and gas water heating: .ob
viously counting only the energy consumed rn the 
house "favors" electricity, but counting the energy 
required by the utility that made the electricity, 
as well as losses in the natural gas delivery sys
tem, produces the balance illustra~ed here. (See 
Ref. 250 and 401 for more perspect1ves on water 
heating.) 

OA~ OR ELEeTR!e/TY! 

3 UN ITS 
GAS-

2---' 
UNITS 

WASTE 
HEAT 

I UNIT 
ELECTRICITY 

Fig. 124. Efficient ~~ter heating. 

lila UNITS GAS 

'I• UNIT WASTE. HEAT 

6. The figure first appeared in Cook's article in 
the September 1971 issue of Scientific American, 
"Energy and Power". The revised version shown here 
was part of Cook's presentation to the "Earth 
2020" Lecture Series in California in 1974 and is 
published in "Resource Conservation, Recovery, 
and Solid Waste Disposal", Senate Cormnittee on 
Public Works, 1973. Cook undoubtedly uses First 
Law efficiency or maintainence efficiency. 

7. While uranium mining, processing, and enrich
ment do consume up to 5% of the energy ultimately 



produced by fission, explainers should be careful 
of claims that LWR fission is a net energy con
sumer, as this is not the case. Currently we en
rich more uranium than we use, especially because 
of weapons and exports. See Ref. 512 for a lively 
discussion of the energy cost of nuclear power. 

8. The "breeder" does not make energy, it only con
verts U- 238, a form of uranium whose energy cannot 
be readily recovered, to plutonium (Pu), which can 
be utilized. 

9. I take particular exception to the misleading 
oversimplifications inherent in a set of ads which 
appeared regularly in Newsweek and Time Magazine 
on behalf of American Electric Power Company in 
Spring 1974. These ads ignored too many factors 
in appealing for an all out exploitation of coal, 
a relaxation of environmental standards, and a 
simplistic plea: ''More Energy! II A recent ad 
implied that more coal-generated electricity would 
be consumed than the uranium fission would ulti
mately provide. Nasty! 

10. Don't forget the environmental impact of dams, 
t idal generators, and even windmills! 
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11. Present solar cells must operate for many years 
before returning as much generated electrical en
er gy as was consumed (in all forms) during the 
fabrication. Or, that's why they are so expensive! 

12. Some listeners always ask whether the U. S. 
could rw1 everything on wastes alone. While we 
could derive a great deal of energy (perhaps 5-
10 %) from wastes; we could not TW1 a system on the 
wastes of that system, since we would probably 
violate both the First and Second Laws. We only 
have wastes because we process so much in the First 
place. However , some futurists postulate both a 
high-recycle, low-waste - input society and power 
from wastes, even though wastes are minimized in 
that scenerio. Careful here. 

13. If you thought that ad struck a weird tone, the 
famous "Energy to the Year 1985" prognosis of the 
Chase Manhattan Bank (108) echoes the theme that 
energy conservation opportunities were unimportant. 
In fact the CMB study stated that: "It has been 
recommended in some quarters that the United States 
should curb i t s use of energy as a means of 
alleviating the shortage of supply . However, an 
analysis of the uses of energy reveals little scope 
for major reductions without harm to the nation's 
economy and its standard of living. The great bulk 
of the energy is utilized for essential purposes 
as much as two-thirds is for business related 
reasons. And most of the remaining third serves 
essential private needs . Conceivably, the use of 
energy for such recreational purposes as vacation 
travel and the viewing of television might be 
reduced -- but not without widespread economic and 
political repercussions. There are some minor uses 
of energy that could be regarded as strictly non
essential -- but their elimination would not per
mit any significant savings." (Ref. 108, p. 52) 
While it is probably possible to find a definition 
of "conservation" which fits the Chase description, 
many physical scientists and economists would be 
appalled by the Chase analysis, or lack of analysis. 
In view of the confusion and disruption generated 

f rom a sudden curtailment of fuel supply, as was 
seen during the Arab Oil Embargo, one can under
stand why some observers actually fear energy con
servation. 

14. Explainers will be asked "Yes, but what can we 
do?" References 127 and 222 contain lists of sug
gestions, but those who do want to encourage con
servation and efficiency can consider t he fo llowing : 

1. Lists of belt tighteners and technical 
fixes are popular, but few people will run out and 
replace everything they own that is inefficient at 
once. 

2. Hints in transporation are very helpful, 
especially regarding 55 mph speeds, driving habits, 
car weight, and so forth. References 89, 93, and 
96 discuss these further. 

3. Comments about lifestyle must be made care
fully, unless you know the audience well. But I 
usually find at least two or three listeners out 
of 25 who are fed up with the "no-deposit no-re
turn America." 

4. A discussion of how very similar lifestyles 
and/or levels of affluence might be very different 
in terms of energy (Ref. 67) is enlightening. 
Listeners do respond to careful explanation about 
how (and why) to choose certain products and ser 
vices over others. 

5. Most listeners do not comprehend the dif
ference between first cost (purchase price) and 
life cycle costs. Explaining this might allow them 
the chance to purchase appliances, homes, or cars 
that cost more at first, but less in the long TW1 
due to greatly decreased energy costs. I find it 
particularly frustrating that we are so preoccupied 
with today's costs, not the long run prices, 
especially when low prices and shabby quality re
sults in energy waste and pollution. See the dis
cussion of Rauenhorst and Stein in Ref. 394. 

Explainer must remember: Audiences might leave 
impressed by authority, full of inspiration, but 
still be confused. Nevertheless at a recent program 
in ·energy conservation organized by one of the 
Armed Services, I was approached by officers from 
all over the country, each eager to tell me how 
much his program had already saved! 

6. Beware of listeners who "heard about" en
ergy sources, energy studies, and so forth. This 
does not mean "talk down to audiences", but merely 
be super cautious. Then again, someone might think 
up a good idea! 

15. Hubbert, in Ref. 24, gives three figures for 
the solar insolation: 170 X 1ol5 watts received at 
the top of the atmosphere, 121 X lol5 watts trans
mitted through the atmosphere and 41 xlo15 of those 
coupled to the weather and climate. 

The latter figure is probably the important one, 
since it is the climate! The percentage given in 
the text is based on the 121 X 1015 figure. 

16. The economist, Carl Kaysen, had quoted Prof. 
R. Socolow on the numbers which sugges t ed that the 
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world couldsupport 1,000 t:imes today's population 
at today's U. S. per capita standard of living. 
Socolow told me privately that he did not mean 
this; yet Kaysen's formulation, stated as a foot
note in an article in Foreign Mfairs ("The Com
puter That Cried Wolf", reprinted in Ref. 819) was 
quoted widely, most recently in a book on limits 
to growth by W. Beckerman. That neither Beckerman 
nor Kaysen challenged these figtires (or their mis
interpretation) is unfortunate. That heat pro
duction would rise to about 10% of solar, as I 
cla:imed, is calculated by assuming half the pres
ent per capita use of energy in the U. S. for each 
of these world citizens in this model. What I 
·ignored is that the energy requirements for food, 
pollution control, resource, and so forth would 
probably be several t:imes higher, since all of 
the processes which supply resources would be 
pushed hard, as explained in the section on growth, 
population, and projections. Essentially d:imin
ishing returns in resource and food production 
would push up the energy (and heat and pollution) 
cost of doing anything enormously. Whew! ! 
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7 6 2 

17. Identified savings potential of eight industrial 
plantst 

* Total Annual 
Plant Type Energy Bill 
Basic Chemicals 
Textiles 
Agric. Chern. 
Oil Refinery 
Chern. Intermediates 
Food Processing 
Pulp and Paper 
Rubber and Tires 

Average 

* 

$ 5.5 
.9 

1.7 
10.3 
13.2 
1.1 
5.3 
2.9 

-----.. 
$ 5.1 

In millions of dollars 

* Identified 
Savings 

$ 2.39 
.29 
.28 

1.12 
1.87 

.33 
1. 70 

.47 
--* 

$ 1.05 

Percent 

43.4 
32.0 
16.7 
10.8 
14.2 
30.1 
31.5 
16.4 

20.6 

tSource: E. I. Dupont 1973 Energy Management Client 
List. 

BIBLIOGRAPHY 

In this bibliography I have shown a bias 
towards references emphasizing the use of energy 
and energy choices, though many of the general ref
erences form the framework of "standard energy fore
casts and methodology." 

Readers should also consult the back issues of 
Scientific American, Science, Power, Ener~ Con
vers1on, 01l and Gas Journal, FOrtUne, Bus1ness 
Week, Wall Street Journal, New York T:imes, Los 
Angeles T1mes, Envuonment, Envuonmental Action, 
Energy D1gest, New Sc1ent1st, Technology Rev1ew, 
Nuclear News, Bullet1n of the Atom1c Sc1ent1sts, 
and so on. 

Many of the items on this list, especially 
government documents, can be obtained at little or 
no cost by contacting congressmen, committee staff 
members, or energy companies, Addresses for :im
portant places are listed in the back. Environ
mental groups also maintain large energy libraries. 

Of all the references I have listed, I heartily 
recommend the textbook by Steinhart and Steinhart, 
the April 19, 1974 issue of Science, the text by 
Holdren, and the Energy Policy Project Report 

"A T:ime to Choose" as introductory reading. These 
works give many "non-traditional" views worth ab
sorbing. 

Common abbreviations include AAAS (American 
Association for the Advancement of Science, re
ferring to papers given at Annual Meetings), 
LLL (Lawrence Livermore Laboratory), LBL (Lawrence 
Berkeley Laboratory), IGT (Institute of Gas 
Technology), ORNL (Oak Ridge National Laboratory), 
OST (Office of Science and Technology), GPO 
(Government Printing Office, with numbers given if 
known). 

Oak Ridge National Laboratory prepares monthly 
a series of energy abstracts which can be obtained 
.(at cost) by writing: M. Guthrie, Oak Ridge 
Environmental Program, Box X, Oak Ridge, Tennessee 
37830. 

The numbers in parentheses after some of the 
citations refer to the bibliography in the first 
draft of this report. References coded with M are 
"musts". Gaps in numbering herein are to allow for 
additional references to be included in future 
editions. 
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26. "Earth 2020, 11 Lecture series sponsored by National Aeronautics and Space 
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R. Andrews, Sciehce 185, 5 July 1974. (262) 

76. "Report of the-Commission on Materials Future: Materials Needs of the 
Future and the Environment," GPO, Washington, D. C. 1973. (38a) 

77. Man, Materials, Environment, National Academy of Science, MIT Press, 
Cambridge, Mass, 1974. (37) 

78. Population, Resources, and the Environment, Committee on Population 
and the American Future, U. S. GPO, 1973. (8) 

79. "The Need for a National Materials Policy," 
mental Pollution, Committee on Public Works, 
1974, Serial No 93-H47, Parts 1, 2, and 3. 

Subcommittee on Environ
U. S. Senate, June 11-13, 

POLICY ORIENTED MATERIAL; ANALYSIS 

100. A Time to Choose, Energy Policy Project, Ballinger Books, Cambridge, 
Mass. 1974. Summarized in "Exploring Energy Choices". 

101. "Exploring Energy Choices," Ford Foundation, Energy Pol icy Project, 1974. 
( 199) 

102. "Energy Manifesto," available from Mobil Oil Company, New York, January 
1975. 

103. "Project Independence Summary", Federal Energy Administration, Washington, 
D.C., November 1974. 

104. "The President's 1375 State of the Union ~1essage, including Economy and 
Energy", President Gerald Ford, the White House, January 15, 1975. 

105. "The Nation's Energy Future," United States Atomic Energy Commission, 
Washington, D.C., #~/ASH 1281, 1973. (9) 

106. "Background Readings on Energy Policy," Committee on v/ays and Means, U.S. 
House of Representatives, t1arch 1, 1975, U.S. Government Printing Office. 

107. "Energy Policy Papers, II Committee on Interior and Insular Affairs, u.s. 
Senate, Serial No. 93-43 (92-78), u.s. Government Printing Office. 

108. "Energy Outlook in the United States to 1985," Chase Manhattan Bank, 1973. 

109. "Energy Briefing, Exxon Co., June 1974. ( 19) 

110. U.S. Energy Outlook, National Petroleum Council, A Summary Report, Dec., 
NPC, Washington, D.C., 1972 (Also detailed reports available on each 
subject in the summary). (20) 

111. Facts About Oil, American Petroleum Institute, Washington, D.C. 1973.(32) 

112. "Energy Options," Environmental Education Group, L.A., Calif. 1973. (212) 
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