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APPROACHING THE ENERGY CRISIS

The many headed monster of Greek myihology ealled the Ilydra had the
unpleasanl characteristic of growiug back two heads for cdch one cut off,

The list of crises which have plagucd us in the past decade seems to behave
somewhdat in the same fashion. As soon as we begin to ¢ope with onc crisis,
two new problems appear. We have seen (¢ rapld snccession the nroblemy

of air pollution, water pollution, nelse peltution, monetary erises, mineral
shorlages, food shortages, commodity shortuges, ete, Now, a new and more -
disturbing crisis which®is implicitly Involved ir all the probletas ahove has
cxploded onto the conlemporary scenn--the energy crisls, .

This mosl recent unpleasaniness is particularly alarm'ng for several r+ acons.
First, it seemed to develop very rapidly springlag fron potitical and economic
events over which we had little if any divcet contvol, Tne erisis touched us
all in a more persontl sense than have the carlicr problcms 1'sted above,
The average Amcrican, still deep in a love affuir with the automobile,
experienced great trauma when fuel for the object of his affection e‘ther wus
not available, or had to be purchased at a much higher price. Our sensi-
tivities were jarred when, in the midst of the cnergy crisis, oil companies
reported record profits. There scemed Lo be move than a little justification
for the suspicion that the petroleum shortage was engineered, and that in the
process, the public had been "had.'

A year or so ago, we were exhorled lo find new ways (o use electrizity so
that we could all have mora of the '"good life." Now we are bombarded from
the media with hints about how we can do our part to conserve enerygy and
help solve the crisis which is implied to be the public's fault in the first nlace.

Great gobs of information about the energy crisis have been disseminaled
through the media. Much of it is either misleading, incorrect, or hoth. )
The new drive toward “self sufficiency in ten years" sounds like an admirable
energy goal for the United Stales, but is thcre more in the concept than meets
the eye? Exploitation of vast coal reserves seems like a good idea, but
should this be at the expense of air pollution standards which were so difficult
to win? Is there really an energy crisis, or were the long lines at the
gasoline pumps a short term perturbation, and now its hack to 'business as
usual?'"  Possibly we shouldn't be too concerned with the energy crisis in any
case, because with our technical ability we can engineer a’'"fix" to the
problem,

The taxpayer is caught in the middle between concepts he doesn't understand
and prescribed solutions- which may or may not produce the desired results.
Most dangerous is the assumption that, being ignorant of the true issues,

the best thing for the average citizen to do is not to worry. 'They" will see

LN



lo the problem and el us whut g hesl to do,  OF eourse, Sthey' ofter have no
valid expertine ab o but are merely inoa position of political ar ceonomic jowed
vhich lends o degree of credibility to their comments,

Understanding of the issues and concepts involved in the energy erigig does ool
cuarantee good golutions, bul it does help avoid making gerious blunders or
arrors,  The cducated citizen is al least in o hetter position lo ohjectively
cvalusile the Merisis activity” areund him,  In his unit we will explore some of
the fupdamentn] idens perfaining to the energy crisiy, using the computer as 4
tor 1o When you have completed this manual, you should have ‘some feeling for
(e renl dimensions of the problem, andd hopefully you will have” an understanding
0 tome of the vinble possibilities for its solution.

ME/STRES OF POWER AND CENFROY

Bleasuving Power

The best way to approach (he cnergy crisis initially is with the concepl of power
since (his is generally much moie familiar than energy.  We all have = fund:unental
appreciation for the concept of power. The-difference between the capithilities

of 1 300 horscpower cngine and n 1 horsepower engine is well understoott and
uncauivoceal, This is interesting since most of us haven't the vaguest nolion of

how much power it horse can deliver! However, lhrough cxperience, we have

5 overy cleay picture of whal can be done with @ 1 horscpower gagoline engine

o1 4 pump or Frvn mower. To provide a frume of reference, consider these
typical activities anel rough estimales of the power involved: '

Lawn Mower 1 1lp
Automohile 200 Hp
Jel (Bocing 707) ' 20,000 TIp

Thus, measured in Ip, @ lawa mower is '"small” and o jet is "hig, "

To cxplore the coneepl of power a bil decper, consider the following cxample,
Supposc thal, if we mow grass for 1 hour with a 1 Up mower, we usc 1 pint

of gasoline. It follows that if we mowced for 2 hours, the engine would consume
2 pints of gasolinc. ‘The engine on (he mower is lhus a deviee which donverls
the energy of the gasoline /o useiul work (culting grass) at the rate of 1 pint
of gasolinc per hour. Power, then, is the rate al which energy (in some forin)
is converted lo useful work. :

Fnergy (E) converled (o useful work

Power - 7
Time (1) reyuired for gonversion

or

Aruitoxt provided by Eic:



To further iMustrate the concepl, suppode we caleulate the “power' of a

human.  ‘The human body is an engine Gimong other things) which converts
enerpy from nutritional sources into the work required fo maintain the

operation of the body and to perform usetul external work (stacking hiles of

hay, painting houses, ele,).  The average nul ritional requirement of o

human Is 2400 large culorles of food (encrgy) per day.  Therefore E 2100 Keal
(Keal is an abbreviatlon for ‘1000 ordin: ry calories which is equal to the large
calorie) and t - 24 hours. 'The compuled power rating s

P M 100 Keal/hr

24 hr

This number has little Impact sinee the unit of power used (Keal/hr) is nol
generally famitiar to us,  We can convert Lo 1y by mulliplying hy 0.001569
giving & human power ruating of 0.1559 Hp. This number is only an average
power consumption figure, and probably shouldn't be taken too seriously.

A man can deliver more power than this bul only for short periods of time.
The rating of 0.16559 [Ip, however, does ilustrale the power advantage man
enjoys through the use of cnergy conversion devices (automobiles, jetls,
machines, ctc.).

‘Another common unit of power is the kilowatt, abbreviated kw, The kw is
1000 watts, the watt being reasonably familiar since we have all purchasca
light bulbs whose power rating Is given in watts. But, ‘whal is the relation-
ship belween a kw and a Hp? Let's look al an exar’nple:i An electric
griddle typically has a power raling of about 1.5 kw, The griddle converls
eleetrlml energy into heat which is then used to cook food. To make the
power rating morc meaningful, we can Lnnvert from kw to Hp by multliplying
by 1.3410. The electric griddle, rated at 1.5 kw, thus has a horsepower
rating of 2.012 Hp. This is a very good lllustmtmn of the way ve often
silently consume huge amounts of energy. ‘The contrast belween eggs
sputtering on the griddle, and lwo lawn mowers working outside the kilchen
window is dramatic, yet the two activities are consuming energy at roughly
the same rate!

.A-third unit of power which is commonly used is the British Thermal Unil
abbreviated BTU. A medium sized air conditioner which would cool two large
rooms has a rating of 13,000 BTU's. That is, the air conditioner can ’
remove heat al the rate of 13,000 BTU/hr. As before, this unil of power

ls difficult to appreciate. We can convert to Hp by multiplying by 0.0003929.
Thus, 13,000 BTU/hr is equivalent to 5.11 Hp. The.contrast between silent,
cool air and a 5 Hp engine consuming gasoline and making nolse is again
dramatic. ’ :




A summary of the various horsepower ridings discusged thus far provides the
hivsts for o very roevealing comparlson.  Arrmged in decreasing order we have

Jot 30,000 Tip
Car 200 1Ip
Alr Conditioner 5 Np
Liiwn Mower ‘ 1 p
Humain 0.16 Ip

Now we can express jels in terms of cars or lawn mowers lo get the relative
power rating:, These compiarisons are given in ‘Table 1. The numbers arc
rounded off and are not precise calculations. ‘The intenl is lo provide a mean-
ingful basis to gauge energy demands of various aclivities. It s Important,
for example, to realize that when driving a car we are consuming energy il

a rale equivalent to the nutritional requirements of 1200 humans.  We should
understand that o jel consumes enerpy at a rate equal Lo 200, 000 people, or
G006 air conditioners. If the peneral (rend of the numbers in Table 1 is kepl
in mind, off-handed comments or projections aboul cnergy consumption will
begin Lo he viewed in a significant new light. '

AIR COND-| LAWN
] JET CAR ITIONER MOWER HUMAN
JET 1- 150 6,000 | 30,000 | 200,000
CAR _ 1 40 200 1,200
AR CONDITIONER 1 5 30
LAWN Méwz-zn 1 6
HUMAN 1

Table 1. Comparisons of IIp Ralings.

Measuring Encrgy

Now, let's turn the (reaiment around and look al encrgy rather than power.

!
{

Energy Converted = Power x Conversion Time

or,

[ - Pt @

[
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If we drive a car with o rating of 200 Hp for 5 hours, the cuerpgy consumexd
ig 1000 IlIp hr. We nole that Tip hr i8 not one of the measures of cnergy
we are most familiar with. However, if we cook on @ 1,5 kw priddle oy (wo
hours, we consurme 3 kw he of energy.  This unit of cpergy Is more
famliliar since 1l is the way we arve billed for eleciricily in our homes,
Usu!\d\ly we pay a few cents for ecach kw hr of cleel rleal enerpy consumed,

X

Recall that the nutrittonal requirement for a human is 2400 Keal per day.
In two days a human would consume 1800 Keal or 4,800,000 calories of
energy. An alr conditloner with a rating of 10,000 BTU per hr operaling
for 5 hours will process 50,000 BTU's of heal eneppy.

Olher useful energy unils can be derived from those we have been discussing.
For example, a pound of coal hus a realizable encrgy content of about

13,100 10, Thus, 26,200 BTU of energy can «.‘tluiv:llvnfly he expresyedd

ag 2 pounds of coal. A borrel of oll has an energy conlent of about
5,510,000 BTU. Thus, 10,000,000 BTU's and 1, 815 barrels of oil deseribe
the same realizable quantity of energy. :

Often, "'equivalent energy unils' can allow us lo convey much more moaning
than do the rlgorous scientific unlls.,  Five kw hrs may or may nol say
much lo us; however, the equivalent unit--42.99 human hrs--has much nore
meaning., We can readily see that the 5 kw hrs of cnergy means enough
energy to sustiin 1 human for about 43 holrs, or 43 Lumans for 1 hour,
Likewise 10, 000 barrels of oil Is simply a lot of oil to mosl of us, Iis
equivalen—-721.5 jet hours, or 108,200 car hours--is something we can
identify with. ‘

Energy and Power Conversion

All we have discussed thus far, and a greal deal more, is summarized

in Table 2. This table glves the converslon faclors nccessary to convert
from onec energy measure to anotfier, or from one power rating Lo another.
If we are intcrested In energy converslon, the information at the left and
top of the table is used to locate the proper convevslon factor, If power
ratings arc to be converted the information at the right and bottom of the
table is used. The "E notation" familiar to BASIC language users has
been used In the table. In this nolalion 5. 200L -8 5. 200 x 1()"’8,

7.635E7 - 7.635 x 107 and so on.

To illustrate lhe use of Table 2, suppose we convert the nutritional encrgy
consumed by a town of 10,000 people in onc year o an equivalent number
 of barrels of oil, Human hrs = 10,000 x 365 x 21 - 8,760E7, Irom lhe
table we sec that to gel barrels of oll, we must multiply human hours by
7.206E-5, Therefore, barrels of oil = 8.760E7 x 7.206E-5 = 6312, If

we further desirc to convert this quantity Lo jet hours the table indlcates we
must mulliply by 7.215E=2. Jet hours = 6312 x 7.215E-2 = 455. Thus,
10,000 people for a yvear = 6312 barrels of oil = 455 jet hours,

e
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We can convert power measures by the same [nmvaa (‘scnpl wo use the mfm mumn
on lhe l)izunm and right of the tuble.  To illustrale, one jel is cquivalent Ln how
many BI'U's per hour? From the (able we see (hal lo pel BIU's per hour we
must mull,lply the number of jets by 7.63517.  Thercefore, Ljel, | 76,360,000 BTU
per hour. ~ We note In passing that this is cquivalent to miny nmny air tonditioners.,

“We ¢ use the conversion faclors in Table 2 lo acquire i feeling' for a1 wide
range of phenomena hearing on energy and power. Il you have access Lo a
pmlwt caleulator or know how Lo use & slider rule, (he exmt"%u%fcwn be done
qulie L‘l'-:ll‘{ withoul resorling lo the computer, For those who prefer Lo use
the: computer, o simple program is glven in I lpure 1,

I

194 REM CONV PROG

114  PRINT .

126 PRINT

13 ORINT "QUANTITY 10 Bl COMVERTED',

14¢ INPUT X i '

15 PRINT 'CONVERSION FACTOR'";

164 INPUT F .

17¢ PRINT "CONVERTED QUANTITY - '"F*X v
184 GOTO 110 ) , ‘
L9y END Tas

Fig, 1. Conversion program.
EXERCISES
1. A frankfurter contains about 150 Keal of food encrgy.
a. How many BTU's is this?
. How many human hours?
¢,  Suppose we cat and converl’ lo cnergy 2 fmnkfurter:s

per hour, What is the power rating-in Hp?

quarter pound block of TNT has an cnergy cﬂntcnt of 410 Kceal,

2. A
A quarter pound blncl{ of bulter has an gnurgy content of 812 Keal.
a. Assume il takes 24 hours for Lhe quarter pound of bul;ter lo
be converted Lo encrgy. Compute the power rating in kw
and Hp. ’ .
b. Assume il takes 0.0001 seconds (or 2.778E-8 hr.) for the'
quarter pound of TNT to be converted to energy. Compule
the power rating in kw and Hp. o .
¢. The energy conlent ratio of TN'T to butter is abow 1 (o 2.
During the time energy is being converted, whal, is “the
power ratio of TNT Lo butter?
#* 7:

~



© 3, Tho 1970 pﬂplll}ilt[ﬁn of Californin was aboul 20,000,000 people,

a. How many jets will consume energy at the same rate as
the nutritional requlrements of the population of California?

b. What is the nutrltlonal jmwer rating of the populatlon of
Callfnrnla in barrels of oll per hour? '

w - C. What is the nutritional pawer rating in horsepowecr?

4. The overall energy ;:onsumpticn per capita In the Un[ted States
s about 20,500 BTU per hour, while the snrne figure In Japan
is about 3400 ETU per hour.

a. What is the equlvalent horsepower rating for a United
States family of five?

b. What is the equivalent horsepower rating for a
Japanese family of five?

One of the largest electrical generation facilities in the world is -

b,
* _ operated by the TVA at Paradise, Kentucky. The plant has a
f ’ capacity of'1,150,000 kw. What Is this power rating In:
a. Tons of coal per day?
b. Barrels of oil per day?
c. Jets?
) )
_ ' d. Cars
N '
) e. The actual ccnsurnptlnn of cc;tal is 10,570 tons of caal per .
. ' day (enough to fill 210 railroad cars). “How do you explain
" the difference between this number and the answer
obtalned in a.? What is the dverall converslon efficiency
of the plant, if. - ’
g ) ,x - Energy Consumed ,
- . efficlency = ——2—oo — — . X 100
/ % efficlency Actual Consumption x A0 . .
6. The 1971 automoblle registration in the Unlted States was 92,700, 000.
- | a. On the average 92,700,000 cai's ‘operating intermittently -
L o s equivalent to how many cars operating Lontlnunusly?
’ : (Make a reasonable estimate.)
e = -x‘.‘ - s . ] - 15
'8 C o ’ '




b. How many barrels of oll per hour are Implied
by the answer to .part a?

Assuming a conversion efficiency of 50% from coal:
to electricity, how much coal (tons per hour) would
be required If we powered the cars by electricity

in the answer to part a, and gererated the electricity

from coal?

7. .In 1971 the United States produced 22.5 trillion (22.5E12)
cubic feet of natural gas., Averaging the production out over
365 days, what s the natural gas production power rating:

“a. In kw?

b. In jets? ,
. \\ R
c¢. In power plants (1,000,000 kw \psr plant) ?

%
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| - PART 1. ENERGY CONSUMPTION AND SUPPLY

EXPONENTIAL GROWTH

At the heart of the energy crisis are exponentially growing enexgy demands
while the supplies of energy tend to remain fixed. The whole notion of ’
exponentlal growth s not well understood in general, because we ordinarily
tend to think In terms of linear growth. Since the contrast between linear
and exponential growth has such fundamental importance, we must make
certain that the characteristice are clearly understood.

Linear growth is characterized by a fixed amount added In each time
interval. To illustrate, suppose we agree to work for 1 cent the first

~ day, 3 cents the second, 5 cents the third day, and so on. The daily

_ pay Is growing linearly at the rate of 2 cents per day. (The term '"linear"
refers to straight line growth.) : *

1 2’7 3 4 5 6 T
Flig. 2. Linear grc»wtli is in a straight line.
. 3 B

Exponential growth, on the other hand, is quite different. Here Instead
of adding a fixed amount, a fixed percentage of the amount at the
beginning of each time period is added during that time period. If we
return to the example of recelving 1 cent pay the first day, but now set-
the growth at 100% each day, we would receive 1 cent the first day,

9 cents the second, 4 cents the third day, and so on. In this particular

11




. case when the growth In each time interval is 100%, there is a doubling each '
time interval. :

19

et
o

11

Flg. 3. Exponential growth double in each time interval.

e two types of growth is shown in-the list in

The comparison between the
Fig. 4. C
) : Linear : Exponential
Day Growth ' ‘Growth

oI i I ]

'
e

1
2
4
8
16
64
128
256
512

s
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\ o 10
\ , Flg‘; 4. Exponential versus linear growth.
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Now it Is clear why the old fable about working for 1 cent the first day,

2_cents. thesecond,-4-eents--the-third-and-so-forth—is so—startling
As seen in Figure 2 the wages the 10th day would be $5.12. If we
project forward the worker receives $5,242.88 on the 20th day, and
$5,368,709.12 on the 30th day. Such are the astonishing and somewhat
terrifying characteristics of exponential ‘growth.

It is also clear that no quantity can grow exponentially for too long
_without absurd conclusions. If a doubling process is allowed to proceed
for 333 time periods, the quantity will have grown to a googol (10100

1 followed by 100 zeros) a number so large there is question whether any
physical meaning can be assigned to it. Thus, we can be very certain that
if bacteria are doubling, for example, that the process will be Interrupted
long before 333 doubling times have passed. A simple program which will

permit us to mvcstigatc cxpcncntlal growth is glvcn in Flgure 5.

196 REM GRO
11¢ PRINT _

12 PRINT "INITIAL AMOUNT";

13¢ INPUT A

14¢ PRINT "PER CENT GROWTH PER TIME INTERVAL;
15¢ INPUT P |

16¢ PRINT "HOW MANY INTERVALS";

17¢ INPUT N |

18§ PRINT
; 199 PRINT
e e e e e e iz i k__ggg_—*PPINT”E\ITEBVAL";_"AMQDTIT“* , _
21§ PRINT

22§ FORI=1TO N
238 PRINT I,A

24§ LET A=A+P*A/100
250 NEXT 1
264 END

Fig. 5. Program for exponential growth.

The Simple Rule of Scventy Two

- In the exercises concerning resources and consumption nt the end of this
segction we will examine the characteristics of cxponential growth in delail,
However, there Is a very simple rule which can give quick information
about the subject. If the growth In percent in each time period is divided
into 72, the result is the number of time periods to double the quantity
growing.

tf=wc are lucky enough to find a steady 12% investment and Invest $1000,
leaving the interest to add to the principal, the Investment will grow to
$2000 In 72/12 or 6 years. If bacteria Increase by 2% each hour, the

et
oy
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e pumber-of-bacteria will double in 72/2 or 36 hours, The rule of 72 is not precise, .
but it does give very rapld and reasonably correct insight into exponential growth.

RESOURCES AND CONSUMPTION

Oil Reserves and Consumption

There is a bewildering, and often contradictory, set of data purporting to
_-—___describe the- world oil reserves and consumption rates. Upper estimates of '

the Earth's original stere of oil range from 1000 to 2000 -biltion barrels,l _Of

_course, the originglAmouit\present isn't what concerns us the most at the

-present time.  What we nee\d to know is: how much oil is presently available

for exploitation on some reasonable economic basis, what is the present

consumption rate, and how is the consumption rate changing?

The U.S. Bureau of Mines estimates the known global reserves al 455 billlon
barrels. The global consumption rate is about 15 billion barrels per year, and -
is growing at an average rate of 3.9 percent per yearig Putting aside for the
momert the staggering political and distribution problems involved In.equitable
consuinption of the world's oil reserves, and assuming that there is no additional
grow.. In consumption rates, we have a 31 year supply of oil remaining. Of
course, even this alarmingly small number of years must be very optimistic
because it is almost certain that consumption rates will grow, if not in the
developed countries,.then certainly in the underdeveloped countries.

- —A~Progr a:m“whfc;h*will"*eznabl'e—‘tts"*'I;crinvesI;tgate&depieﬁmhemgwith="-» B
- assumed growth in consumption rates is given in Flg. 6. We will use this
" program to consider other depletable energy resources in turn., -Without making
any calculations beyond those presented above, however, we can already conclude
that there must be fundamental and far reaching changes in the United States In
the next three decades. It is particularly important to consider the United g
States since with only 6% of the world population, we account for approximately
33% of the total energy consumption.? First, there is bound lo be a shift away
from oil to other energy resources. This will cause economic shock waves in-
those, parts of our economy primarily concerned with consumption of -oll (the
automobile and power production industries). Second, the oil will not simply run
out on a given day. As the oll reserves become more difficult to locate and
work;" the price of oll must inevitably rise. There is only one way gasoline
prices can go, and that is up! To fall to recognize these simple facts is to
deal In the most dangerous type of fantas% - ,
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~l 21 LET A =(1+R/108)*A

1¢¢. REM RES DEPL
11§ PRINT

12¢ PRINT "TOTAL RESOURCE (ARBITRARY UNITS)"

13¢ INPUT T

14¢ PRINT "ANNUAL CONSUMPTION (SAME 'UNITS)";

154 INPUT A

164 PRINT "ANNUAL GROWTH IN CONSUMPTION (PER(:ENT)”
17¢ INPUT R

184 LET N=1

19§ LET T=T-A

26¢ IF T<@§ THEN 24¢

22¢ LET N=N+1
236 GOTO 194

244 PRINT
'25¢ PRINT "RESOURCE DEPLETED IN '"N" YEARS"
zaﬁ END -

Fig. 6. Program for resource depletion.

Coal Reserves and Consumption

The world situation with regard to coal is certainly much brighter than the
oil picture. The known global reserves of coal are estimated to. be 5000

" billion tons. -The annual total consumption is about 2 billion tons per year,

4
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and the cansumptlan rate is growing at 4. 19, per year

If world consumption went on at the present rate, there would be a 2500 year

gupply which looks very good indeed. However, the oil will certainly be
exhausted soon, and we realistically should replace consumption of oll with

"coal., The present world consumption of oil is 15 billion barrels of oil

per year, which is equivalent to 3.2 billion tons of coal per year. Thus,
the ‘total consumption of coal and oil is equivalent to 5.2 billion tons of
coal per year, giving a 480 year supply at present rates. Even with
reasonable grnwth it consumption rates, it would appear that there s still
plenty Df coal.

The true sltuatlon is not guite this simple. First, the mining of ceal
itself can be very destructive to the environment. Underground mining
does little to the land but is expensive compared to other methods. The
mining method preferred by coal companies is strip mining where the coal
deposits are laid bare and scooped out with mammoth machines. This is
the process that has laid waste to large areas In Appalachia. . Powerful

forces are presently ‘being brought on Congress to pass’ legislation requiring -

strip miners to restore the land they dig up to the same condition it was

in when they found it. ngeven ‘this will add to the price of strip mined

. L .



.éaal,,apd iﬁay' well foreclose the possibility of massive strip mmmg of
“huge ‘coal deposits in Montana "and Wyoming.

Another problem is that combustion of coal, most of it with high sulfur
content, produces unacceptable levels of air pollution. We will have gained
little if we solve the.oil crisis by turning to coal, and in the process convert .
the atmosphere into an open alr cesspool! The technology is available to

" convert coal to synthetic oil or natural gas. Synthetic otl was -produced from

coal in Gérmany in World War II. Massive projects are underway in the

United States now to.develop an economically- sound coual gasificatlon process.

However, coal- gasification is still in the experimental or pllot plant stage
and is many years away from a significant contribution to the nation's energy

_peeds._ For_the next decade, it seems likely that we will continue (o use oil

regserves, buylng time to develop the technology 1o take-advantage-of-our.coal ~___

=

i

‘Natural Gas Reserves and ansggx}ptidij

Of all the fossil fuels, natural gas is in the shortest supply and the greatest

demand. . Natural gas provides the cleanest source of energy, and is- used in
many different manufacturing processes. The world situation with regard to
natural gas, however, closely parallels that of ofl. This is not accidental since

. there is an almost constant ratio of natural gas reserves to oil reserves.
Historically, about 6000 cubic feet of natural gas are discovered for each

The United States is in a particularly ‘unfortunatg position in that federal

barrel of oil.

resources without creating an ecological disaster..~ ' L .

=
s
.
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The world reserves of natural gas are estimated to be 1140 trillion(1140E12) ——

cubic feet. The world wide consumption is 30 trillion cubic feet per year and
is increasing at an average dnnual rate of 4.7%5 If cpnsﬁmptian remains at
the present level, ‘there is a 38 year supply left.

3

regulation of naiural ‘gas‘prices has encouraged residential and industrial
usage at a time when the gas prices should realistically be much higher.
Thus, an artifically lcw price, and delay in development of new natural gas
flelds has produced a serious shortage in the United States. 1t is interesting
to note that one of the first trade agreements with Russia calls for Importing

- large quantities of liquified natural gas.

Other Energy Reserves

Muﬁh has been sald recently about nuclear, geoﬂieémal, solar, tidal, and ethei:

new sources of energy. In the long run some of these new power siurces
may be very promising. = At the present time, however, nuclear pcwer plants
are still not providing a significant part of the lotal energy lnput into our
economy. In point of fact, our economy 'is almost completely dependent upon

. oll, natural gas, and coal, and probably will continue to be so for the next

decade. This I8 rqulred‘by the lead time needed to design, construct, and



begin operation of new nuclear power plants. Otber new sources of
power will require even longer lead times. Like it or not, we are
inescapably bound to the economics and politics of fossil fuel for the

near future.

__%EXERGEES

1.

[

Use the program.in Fig. 5 to verify the "rule of seventy
two." Look at growth rates of 1, 2, 3, ..., 20%. For

- what growth rates ls the rule most applicable ?

In an expnnentiglly doubling process, the size at any étage
is 1 more than. the sum of all the pz‘eced[ng stages. (check
this out in Flg. 4,) After about 10 doubling perlods, the

- sum-of all the sizes is essentially double the last one.

Use 'this fact to investigate how much wheat is involved

~ In-the indian fable about 1.grain of wheat on the first

square of a chess board, 2 grains on the secgnd 4 grains
on the third square, and so on for the entire 64 squares
on the board. How many grains of wheat are on the
board? (Extra credit: Assume a grain of wheat is 0,25
inches long and 0, 02 inches In dlameter, How big a bin
would be required to hold the wheat?)

Use the prcgram in Fig 6 Lo Investigate the ‘time to
depletiun of the fossil fuels dlscussed in this chapter

a, Begln with the estimated reserves, annua,l
consumption, and growth rates given in the
discussion. -

b. Find out what is the effect of changmg the size
of the reserves.

c. W’hat is the effect of changmg the growth in
consumption? .

.d. Suppose we cut down on consumption ([3: negative
percentage in growth of consumption)? What .
effect does this have on times to depletion?

17



4. Possibly the natlons of the world could stretch.out the oil .
) reserves by cutting back on the growth. in consumption by a
, fixed amount each year as Indicated below. -

A Growth in
Year ~ Consumptlon -

4%
3%
2%
1%
0%

NN

RS )
1
[
_

etCi
The growth in consumption is decremented by a constant armount
each year, Modify the program in Fig. -6 to take this into
account by adding these lines:

175 PRINT "DECREMENT";

176 INPUT D

215 LET R=R-D
Try different decrements and see what the effect is on the
lifetime of the oil reserves. : ‘ ‘ "

13

‘Optional for Programmers

5. Let D be the depletion of a resource in percent, and N be the number
. of doubling periods in consumption of the resource .to exhaustion. . The
relation between N and D is ' -

N = 2= 0.4342941n(D)
0,301206

a. Wrlte a BASIC program to generate a taibié giving N for D
equal to 100, 10, 1, 0.1, ..., 0.00000001%.

~ b, Suppose we have used 10% of the world's oil, and that the
L growth in consumptlon Is 4% per year. What ia the doubling
. ~ ‘perlod in years? How many years until depletion of the oil -
- resources ? " : ’ 3

o BN 2




Suppose we have used only. 0.1% of the oil

‘supply In the world. What does this do to the

answers to b, ?

e
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PART IlI. ENERGY CONVERSION AND DISTRIBUTION

ENERGY CONVERSION

Energ"_i‘esouréels in their natural form are usually not available or useful

‘to us 'as consumers. A barrel of crude oil.in a well in Kuwalt is of
no value when we attempt to prepare 4 meal on an électric range In '

California. Similarly, water impounded in a dam above a hydroelectric
plant In Waghington provides no direct assistance to a commuter traveling
to work .in Chicago, Energy must be transformed into forms which are
eagy to distribute and convenlent to use, ' An important difficulty in the
complex of energy-related problems is that the processes of converting
and distributing energy are not very efflclanti ‘

When examining the effectlveness of an energy conversion process, the
energy losses at each stage are considered. Table 3 gives a number of
conversion processes and their m:rrespundmg efficlencies. The ratings
were taken from a numbér of sources and should be considered only as
typical, They are sufficiently accurate, how;exrs:, to provide insight Into

the overall efflciency of energy cansu,mptsp' patterns.,

By efflciency, we mean the fraction of énergy that survives the process,
For example, Table 3 Indicates that a diesel engine has a converslon
efficlency of 0.38. If 1000 BTU's of dlesel fuel are consumed by. the
engine, only 380 BTU's" (equivalent) are| delivered In the form of.
mechanical energy. The balance of 620 BTU's Is lost In the form of
heat which may not be recovered. If more than one stage ls Involved,
the correspondlhg efficiencies must be muitiplled together. If the diesel
engine Is coupled to an electric generator which s used tn power an
incandescent llghtmg systern; ‘the overall efficlency is

0.38 x 0.98 x 0,05 ~ 0,019

In-this example, for every 1000 units of energy that enter the

conversion process, only 19 emerge as light, with 981 units lost and

no longer avallable, This example makes it painfully elear that this

type of Hlumination is lncredlbly wasteful. T
Flgures In Table 3 indicate tbat water lurbines are highly efﬂc[ent. as are
electric generators, It seems clear that the most efficient way to utllize

hydrnpower 18 in liyc]melectrlc plants, The overall efficlency of the

generation of electriclty by Edroelectrlc plants ls:

DBS)COBB = 0.81
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Device ' ) Efficiency _ Converts : - To

‘: - - — M— N —

8 - Fossil Fuel (diesel oil) Mechanical Energy
' Fossll Fuel (gasoline) Mechanical Energy
3 Energy of falling water Mechanical Energy
47 Steam ‘ ' Mechanicdl Energy.
.63 Electricity . i Mechanical Energy
.24 Food Energy ", Mechanical Energy

" Diesel Engine
Gasoline Englne.
Water Turbine
Steam Turbine
Electric Motor
Human

- -
oo ho Lo
14

Steam Boiler 0.88 Fossil' Fuel (any type) -~ Steam
Nuclear Reactor 0. 65 Nuclear Fuel (uranium © Steam

. Gas Turnace 0. 85 . Fossil Fuel (natural gas) Heal

_ Oll Furnace' 0. 65 ' Fossil Fuel (heating ofl) Heat
Gas Range 0. 65 Fossil Fuel (natural gas) Heat

. Electric Range 0,90 Electricity Heal .

07 Heat - Electriclty

) . 98 ~ Mechanical Energy = " Electricily

" Solar.Cell ) -~ Light ) Electricity .
Fuel Cell” . 60 Elementdl Fuels (Hg and , :

, Oy - ' Electricity

Thermocouple -
Generator

=
.
=

Tné(andescéng Ligh[ 0. 05 Electricity Light -
Florescent Light - C0.20 Electricity,. - Light L
Electrolysis Cell 0.98 -+ Electricity. Elemental Fuels

oo Table 3. Energy Conversion Efficiencles <
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An additional advantage of this process is lhal” hydroelectric plants are clean
and nonpdlluting. Unfortunately,the amount of developed hydroelectric power
available in 1970 to the United States was only about 4.2% of the total energy
consumption. Geography and- weather place absolute upper limits on the
hydrcélectﬁr:' power that is theoretically available. This becomes very clear-
if we compare the hydroelectric potential to the annual per capita consumption
of power in the United States which is about 10 kw., The entire hydroelectric
_potential in the United States is 0.8 kw per capita which is about 8% of our
current energy.consumption. ° At the other extreme, Norway has a hydro-
electric potential of 13 kw per capita.ﬁ Obviously hydroelectric power cannot
provide long range solutions to the energy problems facing the United States.

If one were to step into an .clectric generating plant in the United States,
the odds are overwhelming that it will be a steam generating plant fired by
fossil Tuel. The conversion is by steam boiler, to steam turbine, to
generator with an overall efficiency of , ‘

0.88 x 0.47 x 0.98 = 0.41
: W
~It is most impoctant to note that if 1000 energy, units are converted to
electricity by this process, 590 units will be lost as a heat load to the
environment. Any time electric applications-are considered, wc rmust
remember this baslc fact. If, as some recommend, we move to ruioas:
+ eladtric plants, the overall efficiency |

0.65 x 0.47 x 0.98 = 0.30
goes down and the 'heat load on the environment is increased. In a{ddihpn.
nuclear plants pose difficull safety and disposal problems; their
radioactive fuels and wastes, while not cxplosive, are extremely
toxic.

ENERGY DISTRIBUTION

Just as lmportant as the conversion of energy in praviding‘ consumers with
.~ ugable energy is Its distribution, Certain lypes of energy, such as mechanical
energy, steam and heat, can only be distributed in’a.very limited sense.

possibly within a town; however, it Is not possible to distribute steam
economically over larger areas.

The network of high voltage transmission lines which crisscross (he

United States bears mute testimony Lo the ease with which ‘electricily can

be distributed. Indeed, (his distribution system extends inlo individual
rooms within our homes. If society desires, the generating plants can be .
located far from the area served with consequent decrease In air pollution
for the consumer. ; B
23




. 1 .
Thé vast mamrlty of our z:m_rg;y needa are pru\uded by, fzjsqll fuels. Oil can
_ ‘be dlStleutEd easily over land thrﬁugh pipelines. The cheapest mode of
* : atransportatmn of oil known is -E)y sea.’ The super tankers.shuttling from.
the mideast to world markets tmnsport lnEI‘Ldiblé quantities of crude oil
. very, econdmically. Like otl, natuml gas can’ be moved kasily in pipe lines;
. and it can also be moved in refr lgemted tankers whu;h hold liquified
oL natural gas for ocean transport. Coal can be m@ved econpmically ,in any
, * bulk transport facility (trains, ships, barges; etc.): Coal can alSo-be
.- pulverized, mixed with water o make a slurry, and” then pumped through
plpelines as any other fluid. :

In Summary, fossil fuels can be Lrﬂnsmuted and dlstubuted easily using
existing techniques. When fuels are converte,d to’ electriclty, the energy
can be distributed very easily over transmlqswn lines. ‘This faclt (among

others) has en“‘euraged the rapld growth in demand for electricity.

NEW ENERGY C GNVERSICJNS
f

~ As the price of fossil fuels goes up, as it mewt'rbly TTIU‘at serious f.gnsideratian
must be given lo new sources of energy. These include:

a. Nuclear reactors
bg‘ Breeder reactors
c. Solar energy S P
- ; ‘ d. Wind efergy . - .

¢. Tidal energy’ ; -

f Geﬁtherma} energy

Fusion reactors : § : .

b

Each of these has cerliain advantages and each has problems which must
be considered and dealt with. . o ) '
Nuclear reactors are already on lhe scene, Every year new plants- come
on=line and new construction permits are filed. Nuclear fuel (Uranium 235)

is flsslcned or split, with the resultant release of energy used lo generate &
‘steamn which through turbines powers electric generators. As already
dlscussed the process is not particularly economical having an overall

efficiency of about 30%. Two serious problems mar the desirability of °

nuclear power. The first is that there are limited supplies of uranium

to fuel the reactors. It would only be a question of time until the price

of nuclear generated electric power would start the inevitable climb due to -
scarcity gf uranlum The second prablem is more .serious--that of absolute -

9 : S
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conlainment of the radiopelive residucs from the veaclors,  Much has been
wrilten, and many solutions hiave been propoescd, bul no foolprool method has
been demonstrated o date,  This hazard of radionetive contaminatlon is
regponsible for mosgl of the prolests against nuclear power that have beon
flled by environmental groups.

Brecder reactors offer a golutton to the polentinl uranlum shorlage problem
mentioned above, During the fission process, nculrons which are relensod

in abundance cin be used lo converl o non fissionable form of wraniwm (U238)
to a fisgionable form of plutonium (Pu2iy), In effect, while generating power
the breeder reictor generates new fuel which can be used lo generale more
power., The problem of radloactive resldue, however, remalns, The
technology for the breeder reaclor is nol well developed., 1t seems likely
that significant power generated by breeder reaclors Is al least a decade
away. i

Solar cnergy has been referred Lo ag the "giant beyond reach, ' Whether

this is true or nol remains lo be seen, It was solar energy, convertec to
blomass by pholosynthesis laid down over millions of years thal Is responsible
for the fossil fuels we are depleting in a few decades In modern Limes, A
little data shows why solar energy is potentially so attractive. At the latitude
of the United States, about 0.15 watt per square inch of power is recelved

al ground level from the sun. From here on, it is strictly a question of .
efficiency of conversion. Solar cells have proven efficiencies of at least 10%.
At this efficlency 1 kw of electric power would require a square solar cell

22 feet on a side. Higher efficiencies would cut down the size of the necessary
. converters. At the present time, a great deal of research is taking place

* looking for cheap, cfficlent ways lo convert solar power to electricity or heat.
At 50% cfficlency, the 1970 power requirements of the United States could be
furnished (when the sun is shining!) with a square conversion facillly 85 miles
on each 8ide.

Since the solar energy Is availuble only during hours of sunshine, this source
of energy is feagible only if o storage mechanism can be found to permil the
steady distributlon of power, One very altractive ‘solulion has been proposed.
Electricity generaled during hours of sunshine would be used in electrolytic
cells to convert water to hydrogen and oxygen, These gasses could be

Or, the gasses could be recombined in fuel cells which generate electricity :
with water as a byproduct. The electricily generated with fuel cells is
completely nonpolluting. A 42 million dollar project is under way at Pratt
& Whitney to develop a 26,000 kw fuel cell. Nine power companies hope (o
-begln delivering fuel cell produced electricity by 1978. Each of the 26, 000
kw fuel cells wlill produce sufficient electricity for a city of 20,000, will be
"“located on less than half an acre, and will be about 18 feet high.
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wind energy has been uscd sinee early In the 1Hth century to provide power,
In modern times, technology has ignored this frec dotree of energy.
Considerable power ls available. One source indicates the average wind
power In the Oklahoma Cily arca i nhout 18.5 walts per scuare fool of
area perpendicular Lo the wind dlfeclimi.7 In 1941, an experimental wind
iurblne was constructed in Vermont which developed up to 1400 kw of
power. Al that time stuclies indlcated that an cconomically optimum wind
turbine would stand about 165 feel high, with a diameler of about 226 feel,
and could deliver up to 2000 kw.B Since thal time new lechnlques, and
especlally new materials may have made wind power much more feaslble,
The federal government has a five year program which will study and

pulld protolype wind power plants. ' By mid-1975 a 100 kw wind operated
plant capable of heating, cooling, and lighting six homes will be In operalion
in Ohlo. As in solar cnergy, if the eleclricity produced from the inter-
‘mittent wind Is used to produce oxygen and hydrogen, constant distribullon
of energy can be achiceved.  Once agaln, no pollulton results from harnasging
this encrgy source.’ '

The tldes furnish another free source of energy. The total tidal power has
been estimated at 3 billion kw. As Lhe lides flow, waler can be impounded
and subsequently directed through lurbines. Only one full scale tidal

electric plant is In operalion, Buill on the channel coasl of France, and
started wp in 1966, it had an initial power output of 240,000 kw.” The
average powetr consumed per capita in the United States is 10 kw. Thus

the total power consumption in the U.S. at the present time Is about 2 billion
kw, or about the same as the lolal eatimated tidal power. Tt is cle r Lhat

if world power requirements keep growing, tidal power can be only part of
the total solulion. : —

There ate two potential sources of geolthermal power.. The first derives

steamn from underground voleanic aclivily near the surfuce of the carth. At
several localions in the world, power is being produced commercially from
this source. The total capacily has heen estimated lo be 0.3 bhillion kw.

A “second source which potentially is far larger is the heat conduction in

the earth's rock crust. This has been estimated to have a total capacily

of 32 billion kw, or roughly 16 times the 1970 U.S, power rating. 10 There
are great unsolved techn ical problems In the economlcal recovery of geothermal
- power in significant quantitites. As the price of fossil fuel- increases,
geothermal power will certainly receive more attention.

If there is an ultimate source of energy it is controlled fuslon. The encrgy
is derived from the fusion, or joining logether, or deuterium=--~one of the
forms of hydrogen. This is the same source of energy utilized in a hydrogen
bomb, .except the energy release ls controlled. The mosl plentiful source

of hydrogen is waler. For.every 5000 atoms ‘of ordipary hycrogen in water
a single atom of deuterium i present. To glve some idea of ‘the energy
involved, the deuterium in 1 gallon of water has an energy equivalent of

4




aboul € barrels of crude oil, If cnough deuterium were withd rawn from (ho
oceans Lo reduce the initial coneentratlon by 1%, the enerpy thal poientinlly
could be produced through contvolled fuslon would be about 500,000 times the
energy of the world's lotal initial supply of fousil fucts, !

Controlled fuglon is lhe uncerlain certainty. It is certain that controlled
fusion will be available. It is uncertain just when it will he a reality.  The
consequences of frec energy in unlimiled quintities arce mind boggling!
However, (his is what ts implied by controlled fusion, It ks ¢lear why most
of the tndustrinl nations of the world have Lirge controlled fusion rescarch
projects under way.

EXERCISES

1. 'Examine the efficiencies In Pable 2 and make recommendations
aboul how and in whal form energy should be supplied to meel
the nceds of 2 home assuming that the pgoal Is lo conscerve cnergy.
State clearly any assumptions you mauke.

2. The following are estimales of household appliances and their
power consumplions:

Power Kw Hours
Rating Per Monlh

. 325 - 418

Air Conditioner 1

Eleciric Ruange 12 100
Refrigeralor . 0,205 98
Clothes Dryer 4.35 80
Window Fan . 200 58
Color TV . 315 a8

All the appliances except the last lwo could be powered by
natural gas if desired. Comment on the energy consumplion
patterns implied by the appliance ratings. What changes in
hablts or cnergy sources would you recommend?

3,  The table below shows the energy resources in Russia and in
lhe Uniled States. 12

Total Resources Russia United States
01l (billions of barrels) : 400 100
Gas (lrillions of cubic fect) 3,000 ' 1,000
Coal (billions of Lons) 4,000 1,500
Hydroelectric (billions of walts) 240 160
Uranium (tons) 1,000,000 660,000
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What are Lhe politieal and cconomie implications of the
informatlon in the Lable?

4. A scheme that has heen seriously proposed s Lo release
perhaps 10 billion kw hours of cnergy underground with
thermonuclear bombs. Assume that half this thermal energy
could be caplured and usecd Lo generule clectricity,  Comment
on the feasibility and, or, desireabilily of (his proposal from
any polnt of view you desire.

5 What would be the implications of large quantities of pollution
free electricity,  What changes do you feel would take place
{n our economy ?

. Suppose nalural gas furnaces were replaced in homes with
clecirle furnaces where Lhe clectricity 1s generited in a
natural gas fired plant. Has there been a gain or loss In
“efficiency ?

7. The direct costs of alr pollution to the consumer from all

' sources has been roughly estimated by the Public Health
Service ul aboul $60 per person per year.. Power production
from fossil fuels accounts for about onc~third of this.
Suppose masgsive exploitation of coal resources were to lake
place, What would happen to the costs of air pollution?
What If instead, the cconomy shifted to nuclear power?
What about other types of possible pollutlon?

8, Municipal solid waste has an energy conlent of about 5000
BTU per pound. Comment on the feasibility of this as a
gource of fuel to generate electricity, You may have to
look up other information and make assumptions.




PART IV, ENERGY FFLOW AND THE QUESTION OF TRANSPORTATION

ENERGY DISTRIBUTION

We are now ready to look In detail al energy consumpllon in the United
States, Specifically we are Interested in answers Lo the followlng questions:

a. How much of our energy comes from cach source?
h. How is thls e¢nergy consumed by the cconomy?

c. What is the overall efficiency of the main consumption
patterns ?

The busis fsr Lthe answers lo these questlons ls given in Table 4. The
numbers are percentages of gross consumption of energy in the United
States in 1970 which was 64,600 trilllon BTU's per year. This gross

consumption for our soclety s equivalent to:

a. 2.1 billion kw

h. 1.34 million barrels of oil per hour
c. 281,000 tons of coul per hour

d. 5,620 railroad cars of coal per hour

Lumped into a single figure, it is difficull to appreciate this quantity of
energy flow. Perhaps the most dramatic Ilmpression ‘is that of the consumption
of about 6,000 railroad cars of coal each hour to fuel our economy.

To read Table 4, begin in the upper left corner with sources. We note lhat
an inslgnificant amount (0.3%) of our energy came from nuclear sources.
The alarming statistics are in imports of 11.9% of our energy In the form
of petroleum and natural gas. Remember that these numbers are the 1970
rates, and are '"pre oil crisis.”" Certainly the imports are higher now!

Of the total anut Df energy, 26,4% 1is used to generate electrlcity, and

Following the table down, we see that almost one fifth of our energy (18.3%)
is lost In electricity generation. The 8% of the total which survives in the

form of electricity is split In consumption between household and commercial
‘and Industrlal, - Note, however, that household and commercial accounts for
only 4.5% of the total. Thus, if all electricity were to be cut off to homes,

the savings In electricity would not be as much as might be popularly believed,




Domestle
Productlon

Encrgy
Source

Tmport

Genorite IZncd Use

Electricily

Grons
Consumption

Consumption

Nuclear
Hydropowar
Natural Gas
Patroleum
Coal

gl Healt
B8&~-0
R b B R

X

10,5

0,3
4,2 1,2
3.6 6.2
7.9 1.0
20,9 1

31. 4
13. 4
8. 8

100, 0% 26. 4% T4, 6%
a i
; Wiale End
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Table 4.

(Numbers are percentage of gross consumplion
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No clectrielty s shown belng consumed in (ransportation. Of course, there
are electrically powered Lransporlation systems, bul thelr consumplion of
energy I8 less than 0,1% of the gross consumplion.

We can easily compute the efficiency of the three calagories ot consumplion.
In each casc

Efficlency - —— Work ___ x 100

Wasle Encrgy

Using this relationship, the efficiencies are:

Calepor

Ilousehold and Commeraial 80
Transportation 25
Industrial 78

One thing is abundantly clear. If we want to save energy, one of the best
places to start is with transportation. Since the automobile accounts for
the majority of air pollution it is doubly Important to find more efficient
and less polluting forms of mass Lransportation.

The two numbers at the bottom of Table 4 are most revealing. Of all the
energy that goes Into our economy, 50.7% ls converted into useful work,

Thus, the overall éfflclency of our society as an energy converslon and
consumption mechanism Is about 50%. The other side of the proposition

is that 50% of the energy consumed will wind up as a heat load on the
e.vironment. Sooner or later, increasing energy consumption (even if new
sources of encrgy can be found) will lead to severe environmental problems
because of this overall conversion efficlency. There is precious little hope
that the overall efficlency of any industrial economy can bc raised slgnlfm-mtly
above the 50% levcl, :

TRANSPORTATION EFFICIENCIES

As we have scen, transportation actlvities are among the most wasteful of
energy. Consequently, we will look in detail at the process of energy
consumption by transportation. To measure the efficiency of transportation,
we must consider more than simply the enexgy input. The whole. purpose of
transportation (we shall assume) I8 to move people from: one point to another.
A car will consume roughly the same amount of energy whether there is a°
single occupant or two. However, from the point of view of passenger
efficiency a car carrying two passengers has twice the efficlency of a car
carrying only one, We shall deflne passeng + efficiency as f@llc:ws*

Number of Distance Traveled

Passenger Efficiency (PE) - Passengers In Miles
Gallons - of Fuel Bequlred

81
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Number of I’assenger
Transporlation Mode Passengers  lificienclies

Ocean Liner ' 1600 5
Automobile (urban use) 1 -7

U.S. Supersonic Jel \ 150 10

747 Jet 210 o

Tordd
Tt
=

Private Plane

[ ]
i po S
.

-
[
=
o

Motorcycle (5 Hp) 1
Commuter Train (2 level) : 1200 120
600 60

) ; 100 - 10

Highway Bus - 22 140
o 10 64

Table 5. Transportation Efficiencies.M

We will assume that all fuels have faughiy the same energy content per ;
gallon be it/die;sel fuel, jet fuel, or gasoline..

The largest component of trangportation is the automobile. If the average

mileage obtained ls 14 miles per gallon and the car carries 2 passengers,

the PE is '

PE = 2 passengers X 14 miles per gallon
= 928 passenger miles per gallon.

If 4 passengers are in the automobile, ‘the passenger efficiency jumps to 56.
These nuinbers convey no particular meaning excepl In a general sense. '

Table 5 gives passenger efficiencies for various transportation methods. The
range of efficlencies is from 5 to 140. We conclude that'a PE of 10 is

3z - ' o <
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"bad' while one of 140 is "good." Wherever possible we should avrango
transportatlon modes having cfficiencles of over 100. '

It is clear that maximum passenger loads arc necessary to achleve
maximum passeng&r" efflclency. A 747 jeb Lransport with 210 passengers -
has PE = 25, while If the load is only 50 passcngers the PE drops to 6.
The author has been on transcontinental ﬂlghlﬁsE in a 747 with only 26 olher
passengers. This ridiculous situations springs from complex roots, It

Is doubtful whether our economy can afford the quuzy of such wasteful
practices in the future.

Note that the highest passenger cfficlency s for a highway bus. This suggests
a very effective and reasonably rapid "fix" for maas transportalion problems.
Get people out of cars and Into buses. A rapld transii system based on buses
certainly doesn't have the glamour of a computer operated, eclectrified system
(such as the Bay Area Rapid Transit system (BART).presently finishing
completion In the San Francisco area) but probably could be put into opcration
sooner and cheaper. The economlcs of rapid tranait is a cloudy issue al

the present time in all our cities. However, riging prices and increasing
scarclty of energy supplies requires a move towards buses and trains and
away from private automobiles.

We can extract additlonal information from Table 5. The fuel consumption
is determined by those entrles with dotted lines. Suppose a 747 jet flies
210 passengers coast to coast (3000 miles) with a passenger efflclency of

' . 25, Thus
PE = 95 = 210 x 3000
Gal Tuel
- Dr\

Gal Fuel = M = 25,200
25

A bus can transport 22 passengers 3000 miles with a passenger efficiency
of 140. The bus will therefore consume

22 x 3000 . 470 gallons.
140 ;

Ten buses could transport the same number of passengers as the 747 above.
However the.buses would consume 4700 gallons of fuel while the jet would consume
25,200! Of course, the jet completes the trip im about 6 hours while the
buses would requlre at least 75 hours. To cut the transit time by 1/12
requires 5 times as much fuel. ’ :
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Another characleristic which 1s tmportant Is the cariying capiacity of a4 mode
of transporlation. To Illustrate let us compare the carrylng capnelty of a
lane of trafflc and o rallroad track, For the lane of traffic, If we aggume
an average speed of 40 mph and 4 car lenglhy between-cars, ahout 2000 cars
- will pass a point in an hour, If each car carrles 1.5 pagsengers on the
average, the carrying capacity of cach lane of traffic Is anbout 3000 passengers
per hour. On the other hand, If we agsumo & commuter train can carry 1200
passengers, and we can safely run a traln every 5 minutes or 12 tralns per
hour, the carrying capacity of a rallroad track Is about 15,000 passengers
per hour. Thus, a rallroad track has about 5 times the carrylng capucity

of a lane of traffic under the assumptlons we have made,

The factors of passenger efficlency, tranportation time, and carrying capacily
all bear on the deslgn of a rapld transit system. Complex problems rarely
- have simple solutions and rapld translt s no exception, [t I8 reasonable (o
agsume that slgnlficant changes in patterns of mass transportation wlill require
at least a decade, and probably longer. Energy pressures wlll surely force
the move to more cfficicnt modes of transportalion.
EXERCISES
1. The program in Appendix A ls desligned Lo investigate the energy
flow described in Table 4. Recall that the flgures [n Table 4
express percentage of gross energy consumption in the Unlted
States In 1970 (64,5E15 BTU). In the program you will be
“asked to Input the overall effiélencles. Next, assume an annual
percentage decrease in wasie for each of the catagories. The
output is the increase In efficlency due to cutting out waste. Do
an open Investigation with this program (o see how much we
might be able to Increase our consumption of energy without
increasing lhe supply if reasonable savings can be achleved.
Make any assumptions you need. B :

2. The 1960 gross consumplion of encrgy in lhe U.S5. was 43.1E15 BTU,
The 1970 value was 64,6E15 BTU. '

a. What was the annual growth in percent?

b. What is the doubling time In years? (Hint: Use
Rule of Seventy-Two) '

c. If the trend continues unchahged, what will the
energy consumption be in 1980 and 19907

Ce 34




The Information below degeriben in delail the residential

. . D
consumption of encrgy, 1
Congumptlon CAnnual Rate
(Trillions of BTN _of Growth
1960 1968
Space Healing 4818 6675 1.1%
Water Heating 1159 1736 5.2
Cooking 506 637 1.7
Clothes Drylng 93 208 10. 6
Nefrigeration 169 602 B2
Alr Conditioning 134 427 15.6
Other B0O9 1241 5.5

4, Bascd on the data, where is there greatesi
opportunily for encrgy savings?

b, Compare the rate of growth of space heating
with the annual growth in gross cnergy con-
sumption in 2a. What information does Lhis
reveal? '

¢. Formulate a strategy to save energy in
residential use. Be sure lo state your
assumptions,

The Informalion below describes In detail the commercial
consumption of energy.”

Consumption Annual Rate
(Trillions of BTU) - of Growth
Space Heatlng 3111 4182 2, 8%
Water Healing h44 653 2.3
Cooking 98 139 4.5
Refrigeration 534 670 2.9
- Alr Conditioning 576 1113 8.6
Feed Stock 734 984 3.7
Other 145 1025 28.0

Compare the annual growth figures with the overall increase in

gross comsumption from 2a. What can you conclude? What do you

suppose "other'' means? Any suggestions for saving energy?

37
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The Information below desceribes consumplion of cnergy in
Lransporiation, 17

Consumpllon Annual Rale
(I'rillions of BTLI) of Growth
1960 1968
Fuel = - : 10573 15088 4,17
Raw Materials 111 S 146 0.1

Compave this data with all the information you have giained,  What
scems to be implied by the data?

The supersonic jet lransport (S%T) has an uncertain WQI‘!;:[ future,
The maln advantage is Mach 2.7 (2000 mph) travel. -

IS
"

n. Use Lhe information in Table 5 to compute the fuel
consumption in gallons per mile for a SST.

h. The airline distance from New York to London lg
3500 miles. A SST could easily be scheduled for
two round trips per day. What would the daily
fuel requirement be for a SST on such a ﬂli
gchedule? The yearly requirement ?

c. Comment on the feasibility and desireability of &
SST fleet (say 100 aircraft) both with regard te
cnergy demands and as a mode of transportalion,

One of the newest transportation systems in the U.S. is BART
(Bay Area Rapid Transit), This is a modern, electrified,
computer controlled system. The BART trains are 6 cars long,
each of which can carry 72 passengers. puring peak periods,
trains are scheduled cvery 90 seconds.

a. What is the carrying capacity of BART in passeng,ers
per hour?

b. Compare the carrymg ‘capacity of BART ta that of a
highway, to a railroad. . ,

c. Based on your answer to Part b, what do yon feel is the
best answer to rapid transit? Explain.
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The tranaportilion requirements of our cceonomy are varie:.
Typical trips might Include--trip to store: 5 blocks; Lrip
lo work: 5 milles; commule to work: 50 miles; occaslonii
long trip: 2000 miles. Using the Information In 'Table 5,
design the components of an overall transporlation dgystem
which would conserve the maximum amount of energy and
would fit n reasonably well with the habits and demands of
our soclety.

Lel us assume that 2 man can dellver 0.1 Ip for an hour,

and In this time could ride a bike 15 miles, Use the
informatlon in Table 2 to calculate the passenger cfficiency
for a bicycle, Compare fo the passenger efficiencies in

- Table 5. Be prepared for a shock,

e
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PALRT V. COMPUTER MODELS AND ENERGY

A NATIONAL ¥ ODEL

The computer provides a very powerful and Interesting way to look at
‘ener,y consumption. - We will construct a national power madel which
will - take two' fundamental factors Into account. Flrst, the average
yearly growth rate of the pruldl‘.an can be determined from data readii,
available. Algo important s the f;u:t that the average power consumpf:
per capita has been Increasing.

' If the census information of the United States is examined from 1790 to
1970 we find a mean annual growth of 2.2%. The maximum average
growth over any decade was 3.1%. The minimum average growth over
any decade was 0.7% which took place in 1930-1940. Granted these are
\'erlicle numbers, but they arc certainly in the range of remson, If we agsume
a 1790 national population of 4 million and a net ananual growth of 2.2%,
the population in 1970 would be 201 million. The cehsus value in 1970
was 203.8 million, Much of the detailed varlation in the net growth
caused by immigration, depression, war, etc., is concealed by the simple
comparison, However, we can be reasonably sure that when all factors
‘are averaged, the population is growing at 2.2% per year,
. While the population has been growing, the [:;n\ver consumption per capita
has also been increasing steadily. Averaged over the period 1850 ta 1970,
the dnnual [ncrease in per capita power consumption ls abaut 1. 2%.1 '

A fundamental law of modern countries seems to be 'the more power a
soclety consumes, the more I wants to consume!" :

With these facts in hand, we can proceed to a simple model which will
_enable us to project forward into the future. Let us define the following
factors:

N = U,8. population (millions) .

R, = Net annual growth of population (%)
P = Per caplta power consumption (kw)
Eg = Net annual growth in P (%)
Pio = Total power consumption of economy (billions of kw)

The model is quite simple.
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Noow: = Ncld * 1oy ¥ Nowa -

Ry
Phow = Poa * 100 * Fop

P xN -
p = DEW. __DEW 7 | @)

Ttot T 1000

The thlrd equat[tm in ( ) contains a factor 1000 in the dezmmmator since we
must multiply by 1 million to L‘QI]VEI‘t the population entry, and divide by 1

1/1000. A BASIC program to describe the national power consumption model
is shown In Fig. 5. 'The program contalps its own imstructions and will .be
used ln the éxerv:lges at the end of this sectmn "

. billion to convert to billions of kw. Hence, 1 million divided by 1 billion - -

: 189 REM. A NAT "L P@Wft
11¢ PRINT "CURRENT PDP’ULATICJN N MIIL@NSH
' | 12¢ INPUT N v
. 13¢ PRINT "ANNUAL GROWTH OF PCJPUIATIDN (%)"*
148 INPUT R1
154 PRINT "PER C‘APITA POWER CGNSUM}TI@N (KW)'";
' 164 INPUT P
17§ PRINT "NET ANNUA,L GROWTH IN PER"
18¢ . PRINT "CAPITA POWER CONSUMPTION, (b)'";
194 INPUT R?
206 PRINT "HOW MANY YEABS N PBC)JECTICIN "
.21 INPUT L ;
22§ PRINT "PRESENT YEAE IS“; N
23¢ INPUT T '
24§ PRINT
L 25¢ PRINT "YE:AR" "POPULATION", "PER CAPITA", "’1DI“AL POWER" ’
‘ 26¢ PRINT " ",''(MILLIONS)","POWER","(BILLIONS OF"
' 27ﬁ PRINT " n TIRT H(I{W)H KW j
28¢ PRINT : .
| 294 TFOR I=l' TO L ,
s,| 368 LET Pl=P*N/1046¢
314 . PRINT T,N,P,P1
‘328 LET N=N+B1*N/108 o ;
338 LET P=P+R2'P/160
348 LET T=T+1
356 NEXT 1. '
364 END

;
/

. - s
4
p B . s
A :

Flg. 7. A satlggiil péwer model,




' AN_ECOLOGICAL MODEL AND PROGRAM

At the other end of the energy scale from the gross national energy
consumpt lon model s the model describing a small system of plants and

itg interaction with sunhght, nutrients, and water to produce biomass.
Nevertheless, slnce our very existance is predicated on the well-being of

" ‘such small. blological systems, it might be ‘'well In closing to look carefully |
at such systenms, .

~ "One of the simplest approaches to a biological system we might consider. ls
" as follows. Let I be the Input of energy into the system each day
from the sun. N, will be the amount of biomass present, and N, -the quantity:
... of miferals and COp avallable-to form-biomass. - Wp-will-assume- that the
blomass Is formed at a rate jointly proportional to the amount of minerals -
and CO4 present (Ny), the amount of sunlight per day (0, and the amaunt
of blomass (Nl) ' The proportionality constant is }cg

: ~ 'The blcrmass undergoes respiration which 15153533 minerals and C"Qg at a
: rate proportional to the amount of biomass present (Ny). The constant of
proportionalily is k. Ther‘efare,. the model deserlblng I;hls closed system

is as fc)llm.vs-

. ~. .
(Nz) new ('N;E)c:lcl + k1 (Nl)ﬂld - kQI(Nl)Gid(HB)Gld

N ew = Mord * K2l o1g Modgpa = K1 o1 @
We note that some blomass (N;) must be preéent. :fm‘ new materlal to be
grown, Also, I is zero during hours of, darl{ness since photosynthesis

occurs oply during daylight hours, The prﬂgrsm in Fig. 8 describes the
model. '

]




- »;mﬁ REM AN ECO MODEL

‘ ' 11 PRINT "ENERGY INPUT FRC)M SUN (KCAL/DAY)";
126 INPUT I

13¢ - PRINT "INITIAL BIOMASS KG)"; .
. 14§ INPUT N1

;o 16¢ PRINT "GROWTH CDNSTANT"

‘ 160 INPUT K2

17¢ PRINT "MINERALS & co2 (KG)"
18¢ INPUT N2

199 PRINT "RESPIRATION CONSTANT';
20 INPUT K1 ' '

21¢ PRINT "HOW MANY DAYS';

220 INPUT L~

e,

230 PRINT _

240 PRINT -
250, PRINT "DAY", "HOUR'", "'BIOMASS", "NUTRIENTS"

255 PRINT " '," "," (KG)" v
. 26¢ PRINT :

270 FOR D=1 TO L
284 FOR H=1 TO 24 ‘ ; .
29¢ LET I 1= |
3¢¢ PRINT D,H,N1,N2

316 IF INT(H/12+.5) <> 1 THEN 33¢
.320 LETI1=1L

330 LET M2= N2+ K1 *N1-K2*[1*N2
340 LET Mil= N1+E§2*I1*N’2s}§1*ﬂl
350 LET N2=M2

360 LET N1=M1

370 NEXT H

380 NEXT D

39¢ END

Fig. 8. An ecological eﬁergy_m@dél. “;\ :

Y

Gerta[n asaumptmns hava been mada in the model. First, we are concerned
with a square meter system containing 50 kilograms of blomass and 500
kilograms of nuirients. (A kilogram s equal to 2.2 pounds)., The solar
input into the square meter is 50 Kecal per day. Tor these assumptions a
reasonable value for the growth constant ls 4E-7, with a corresponding -
value. for the resp;rat;,\n constant of 6E-5,

g o . 43
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EXERCISES

1. Suppose our national population keeps growing at a nel rate
of 2.29% per year, and the demand for power per capita
keeps growing at an annual rate of 1.2%. Using the program
in Fig. 7, determine what the power consumplion of our
economy will be In 1980, 1990 and 20007 ’

a. Recall that in 1970 our population was 204
million, and the per capita power consumption
was 10 kw. Express the results for the year
2000 in terms of the 1970 power consumption,
and discuss the influence of the figures for the
year 2000. :

5. Perhaps we could manage a'steady decrease In the new growth
in population of 0,1% each year with the demand for power
“increasing as in 1 above. Modify the program in Fig. ‘7 to
. take thls Into account by adding this line:
342 LET R1=R1-0.1

N The’n compute the predictions called for in Exercise 1.

3. Repeat Exercise 2 E‘Cccpt additionally cut down the *r'lte of
" increase in powel consumption by 0. 06% each year by inserting
the line: -

344 LET R2=R2-0, 06

Optlonal for Programmers

4. Use the program in Fig. 7 modified as necessary to
7 investigate power consumption under any set of assumptions
{ ~ you desiré. Look ahead for the next 4 or 5 decades, and
try to find o scheme which will save power and wh[oh has
" gome chance of belng lrnplemented ‘

5. Run the program in Fig. 8 with the&parmetet values suggested
in the last paragraph of the text. What is the net production of
blomass per square meter per day?

i
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6. What happens lo the production of biomass if we move ‘the system
to a more northeriy latitude which cuts down the amount of energy
available from the sun by, say, 25" Keal/day ?

7. Rerunning the program in Fig. 8, see if you can adjust the
.respiration factor to form a balanced system. A balanced system
is one with the same amount of biomass at the end of each day. .
1f the amount of biomass is changed from the balanced value, does
the system move away from or back toward the balanced values?.

P . 8. Look up typical values of food production per acre andeﬂmpare to
predictions in Exercise 5. Remember that the model predicts
total biomass production, and the food yield is only a-small part -

of this. Assume a growing season of 4 months. One acre equals

4047 square meters.
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390
400
a0

"a20
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A0
A50
460
a70

APPENDIX A

lEﬂ PROGRAM Tﬂ EHAH!HE OVERALL

REM EFFICIENCIES OF ECONOMY :

PRINT "INPUT PRESENT EFFICIENCIES [Z)"
PRINT."  HOUSEHOLD & CDHHERCIAL"

INPUT EI

LET E1=E1/100
PRINT " TRANSPDRTATIDN"

CINPUT E2
LET E2=E2/100

PRINT * INDUETRIAL“
INPUT E3
LET ESSEEI!EE

‘PRINT

PRINT “INFUT ANNUAL DECREASE iN HASTECZ)“
PRINT ° HOUSEHGLB ] GDMHERE[AL“E

INPUT ¥

LET X=X/100

PRINY ™ TRANSPORTATION"3
INPUT Y

LET Y=Y/100

PRINT INDUSTRIAL"3
INPUT Z

LET Z=Z/100

" PRINT “HOW MANY YEARS"S

INPUT N

PRINT

PRINT
PRINT “YEAR",* ","EFFICIENCY"

"PRINT ** *,"HOUSEHOLD &"» “TRANSFDRTA-“'"INDUSTRIAL“

PRINT " * “GQHHEHGIAL“ +*TION"

" PRINT

FOR I=i T0 N

PRINT 1,E1%100,E2#100» ES*!EE
LET Ei1=E1+X*(1=E1)

LET E2=E2+Y*(1~E2)

LET E3=E3+Z*(1-EJ)

. NEXT I

END
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