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FOREWORD
by ALTERNATIVE SOURCES OF ENERGY MAGAZINE

We present KILOWATT COUNTER to you as tool for making informed decisions regarding
our individual buying habits, energy consumption and conservation, and environmental
responsibility. Many of these decisions are very personal in nature. Others are far removed,
determined by somebody else, and often without our immediate knowledge or input. Even though
the decisions may be far removed, we are all called upon to review them or at least approve their
continued results. '

One simply can’t make these decisions regarding energy without basic, comprehendable, and
deliberate knowledge of the facts. KILOWATT COUNTER gives us the facts on energy end
. outlines the decisions that must be made. It clearly and succinctly introduces us to the world of

energy decision making. '

KILOWATT COUNTER defines exactly what energy is, how it is used, measured, conserved,
wasted, and revered by individuals and society. In addition, it honestly explains the potentials of
alternative sources of energy. In an easy to comptehend manner, KILOWATT COUNTER
presents the trends and realities of using nuclear versus organic, solar, wind and other
alternative energy resources.

KILOWATT COUNTER is a consciousness raising tool that should be read by everyone.
Hopefully, by reading KILOWATT COUNTER, you will be able to determine the future by
making informed decisions regarding energy, its uses, and abuses.

ALTBRNAT!V'F. SOURCES OF ENERGY is published each March, June, September, and Decem-
b'er by Altemative Sources of Energy, Inc., Route 2 Box 90A, Milaca, Minnesota 56353. Applica-
tion to mail at Second Class Rates is pending at Milaca, Minnesota.

Subscription rates effective as of January 1, 1976:

Four issues/$5.00; 'eight issues/$10.00
Qutisde the U.S.A.: Four jssues/$6.00
Airmail: Four issues/$12.00

Alternative Sources of Energy is a tax-exempt, non-profit organization.
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_Did you know that:
* The energy value of the food
crops we eat in the Unijted States is
about equal to the énergy we burn
in our tractors alone.

* Sixty percent of private auto-
mobile trips in urban areas are less
than 2% miles and carry only one
passenger,

* The glowing filament of an or-
dinary 100 watt bulb produces 19
times more heat than light.

* It takes eight times more ener-
gy to push a vehicle through the air
at 60 miles per hour than at 30
miles per hour.

QOurs is an age when energy has
suddenly become a precious com-
modity. International economics,
local building codes and individual
transportation decisions are all be-
ginning to take the cost of energy
into account. As we enter an en-
ergy conscious era we will be in-
creasingly bombarded with new

words and concepts. Efficiency
ratings will be listed on our air con-
ditioners, not just their gross pow-
er consumption. Net energy will
become an even more common termy
Energy accounting systems, based
on units of energy rather than un-
its of money, are already being de-
signed by several state governments
and private pesearchers.

Yet the average person remains
bewildered by the sudden tum of
events. We seern to be on the out-
side looking in. Some of us blame
the whole thing on inefficient gov-
ermment, or corporate shenanigans.
Others simply hide their heads in
the sand and hope the problems

Introduction

will go away. Even for those of us
who are honestly trying to under-
stand what is going on and what we
can do about it, it s2ems like such a
complicated topic.

For instance, there are so many
terms used when we discuss energy.
Physicists find it convenient to use
electron volts, ergs and joules. Bio-
logists and nutritionists think in
terms of calories. Engineers deal in
British Thermal Units and watt
hours. Since the atomic bomb ex-
plosion we often hear of energy
release being measured in tons of
TNT. How does an individual make
his or her way through this maze?

Even in those institutions which
are supposed to teach us about the
world around us, our schools and
universities, the problem exists,
The light energy in our classrooms
is measured in kilowatt-hours. The
heat energy in our school buildings
is measured in BTUs. The energy
that heats our bodies so we can
walk to school is measured in calo-
ries. How do we relate the one to
the other? How do we measure the
efficiency of various altematives?
How do we know when we are con-
serving energy and when we are
using even more?

One way for us to know more is
to have a haady tool which can give
us a basic grasp of energy definitions
and a preliminary knowledge of ener-
gy arithmetic. In this booklet there
are listings of energy useage of var-
ious appliances and of various sec-
tors in our society, conversion tables

to permit us to switch from one un-
it to another, and simple problems
that anyone can do. This is designed
as an introduction to the subject,
not as a definitive work. But you
will find that one doesn’t need a
Ph.D. in physics to understand the
world around us. The math is sim-
ple; nothing is more complicated
than addition, subtraction, multi-
plication and division.

Many of the decisions affecting
energy usage are individual ones.
Will we use more heat or put insul-
ation in the house? Will we buy raw
potatoes or pre-cooked french fries?
Will we drive to work or take the
train or bus? Many are social deci-
sions, but individuals can participate
in the decision-making process,

But no one can participate in our
coming national debate on en- B
ergy or even make individual deci-
sions, without basic information
about energy, its different forms of
measurement, and the average usage
in various activities. The Kilowatt
Counter can simplify energy arith-
metic while educating us to a new
awareness of our place in the nat-
ural world. Just as Calorie Counters
made their way into our grocery
stores, pockets, and-kitchens when
our waistlines expanded too much,
Kilowatt Counters and energy arith-
metic will become portable educa-
tional tools to trim the fat off from
our national energy diet.




CHAPTER ONE
What Is Energy?
Everyone has a fecling for what
energy is because the term is used
50 often, but reafly it’s not some-
thing you can put your finger on,
because it’s not a real thing. You
don’t measure energy itself, but
what hagﬁens when an energy
“change takes place. A change in en-
ergy gives physical results which we
can measure such as heat, light or
motion.

Forms of Energy

Energy takes many forms and
it’s the changing from one form to
_another that we are interested in. A
lump of coal, for example, has ener-

gy “stored” in it in the form of
cf)l,emical energy. If we burn the
‘piece of coal, the stored chemical
energy is released as thermal (heat)
energy. If the thermal energy of
the burning coal is used to heat wa-
ter and drive a steam turbine, it is
converted to mechanical energy. If
the steam turbine is used to turmn
an electrical generator, the mechan-
ical energy is converted to electri-
cal energy. '

Conservation of Enéfgy"

Although energy can be changed
from one form to another, the am-
ount of available energy cannot be
increased. If 100 units of mechani-
cal energy are used in tnrning the
steam turbine, the most we can ex-
pect from the electrical generator
would be 100 units of electrical en-
ergy. In fact we will find something
less than 100 units of energy com-

ing from the generator-perhaps 80
units, for example. The other 20
units of evergy were converted to
heat energy due to friction in the
moving mechanical parts of the tur-
bine and generators. In physics, this
is called the Law of Conservation

of Energy. In everyday language, it

means you don’t get something for
nothing,. It is called a “law™ because
no one has yet come across a case
where the conservation of energy
principle didn’t apply. It explains
why no one has succeeded in build-
ing a perpetual motion machine, al-
though some people still try.
Potential Energy

If you have a weight on the floor
and want to move it up to a table,
some energy will have to be expen-
ded. You could put a stick of dyna-
mite under it and blow it up onto
the table. You could pull it up with
a powerful electromagnet. Or you
could expend a little chemical (food)
energy yourself and lift it up.

Whete does this energy go to?
Well, it’s “in™ the object on the ta-

L 111

ble or more precisely, it’s “in” the

. and lift it up.”




situation of the object being on the
table rather than on the floor. You
have the potential of getting the
energy “back” by letting the weight
fall to the floor. This is what is
meant when we refer to Potential
Energy.

Energy Units

There are many different units
used in measuring energy. Some un-
its are associated with the different
forms of energy -- like British Ther-
mal Units {BTU’s) for heat or foot-
pounds (ft-1b) for mechanical ener-
gy. Some units are used in measut-
ing different ranges of energylike
electron-volts on the atomic scale
and kilowatt-hours on the industrial
scale to measure electrical energy.
‘There are also differences in units
because of the different systems of
measure - specifically the British
system and the metric systems of
measure.

Different units for different ener-
gv forms were defined at a time when
these different forms were being stu-
died separately, and one may often
be more convenient than another.
We should at least know how to
convert thosé units back and forth.

Ditterent unifs tor different
ranges also have the advantage of
great convenience. It would be sil-
Iy to measure the energy of a che-
mical reaction in kilowatt hours.
The number would be too tiny. It
would be just as silly to measure
the output of a giant powerplant
in electronvolts. The number would

be too targe. Certainly you could
do either of those things. But
would it help you, any more than
it would be useful to measure the
length of your block with 2 six
inch ruler, or the thickness of a
hair with a yardstick?

The third kind of difference,
the different measurements sys-
tems which different countries
use, is rapidly coming to an end.
The United States, England, and a

" few ather countries, use the Brit-

ish system, using inches, ounces,

* pounds, and Fahrenheit tempera-

ture. We all have éxperience in how
difficult these systems are to use.
There are 12 inches in a foot, three
feet in a yard. Does anyone know
how many yards there are in a
mile? The metric system is much
gimpler. Everything is based on
some power of ten. Thus one hun-
dred centimeters make a meter
{which is a little over a yard), 1,000
meters make a kilometer, and so
on . Conversions to metric units
are good to know not only because,
once mastered, they are easier to
wotk with, but because they will
be the standard measuring system
throughout the world in:a yery
few years. Some U.S. industries
are already being converted to met-
ric. -

In the following examples of
the physical meaning of energy
units, both British and metric units
will be explained. Conversions from
one energy unit to another will be
shown in Tabje 1. '

After we have explained the
units we’ll give you some sample
problems to help you understand
how these strange words and light
arithmetic can help you to know
how much energy you are using.

Heat Units

Thermal energy may be measured
in British Thermal Units (BTUs). A
BTU is the amount of energy need-
ed to raise the temperature of one
pound of water one degree Fahren-
heit. For example, a pound of coal
“contains” about 13,000 BTUs of
‘chemical energy. This means that
the coal has the potential of heating
13,000 pounds of water 1 F* ( or
'260 pounds of water 50F®), a change
of thermal energy.

The meétric heat unit is the
Calorie {cal. or ¢.). A calorie is the
amount of energy needed to raise
the temperature of one gram of wa-
ter one degree Centigrade. The cal-
orie is most commonly used as a
measure of food energy. Actually,
the unit usuatly used with food en-
ergy values is the kilocalorie (1000
calories or kcal.). The kilocalorie
is generally written as Calorie (with
a capital C) or Cal. If you convert
Fahrenheit to centigrade degrees
and pounds to grams, you would
find that 1 BTU = % Cal.

Kilowatt Countet
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Mechanical Units

Mechanical energy may be mea-
sured in foot-pounds (ft-lbs). A
foot-pound is the amount of energy
needed to lift a one pound object
one¢ foot off the earth.

The metric mechanichl unit is
called the joule (J) and is the ener-
gy needed to raise a one kilogram
object one meter off of the earth.
i you convert foot-pounds to
Joules, you will find that 1 ft-lb =
14]).

Another unit of mechanical en-
ergy is the horsepower-hour (hp-hr).
One horse-power-hour is the equiv-
alent of 33,000 ft-1bs of work per
minute (one horsepower) done for
onte hour.

Electrical Units

Electrical energy is measured in
watt-hours. A watt is the product
of the voltage (volts) times the am-
peres (amps) in an electrical circuit.
A volt is the measure of the “pres-
sure” in an electrical circuit. An
ampetre is the measure of the cur-
rent (flowing electrical charge) in a
circuit. A voltage of 1 volt and a
current of one amp applied to a cir-
cuit for one hour would use one
watt-hour of electrical energy. A
killowatt-hour (kw-h) is 1,000 watt-
hours. The kilowatt-hour is the un-
it most often used when measuring
¢lectrical consumption in homes
and factories. .

Power

It is often convenient to know
not only the amount of energy in-
volved in an energy change but also
the rate et which the change occurs.
The term used to indicate the rate
of energy change is called power.
All power units indicate energy per
unit time.

For example, it is incorrect to say
that 2 machine uses 200 watts of
energy per month; the watt isa
unit of power. We must know how
often the machine is nsed, as well
ag jits power consumption, in order
to know how many watt-hours of
energy are consumed. Similarly, a
person might have sufficient ener-
gy in calories to move 5000 pounds
of stones if there is no time limit.
But this person might not have
enough power to do this in one
hour.

So, the units of power that cor-
respond to the energy units that we
just reviewed are:

TABLE ]

- Power Unit

Energy Unit
BTU per hour (BTU/hr). ... . BTU
Cal. per second (Cal./sec.) .. Cal.

Foot-pound per second
C(ftdbfsec) ............0tb
Joule per second (Joule/sec) .Joule
Horsepower (hp) ....... .. hp-hr
Kilowatt (kw) ........... kwh
Converting Between Units

It is often necessary to convert
from one type of unit to another,or
just to know the relative size of a
unit. Table 1 is an energy conver-
sion chart showing how to convert
from one type of unit to another.
The chart also applies to power un-
its.

ENERGY UNIT CONVERSION CHART |

From To ' .

BTU CAL, FT-LB | JOULES | HP.HR | Kwh.
BTU . % 778 1,055 | .00030 00029
CAL 4 3,000 4,200 00156 0012
Ftlb 0013 00032 . 14 | 50x107 | 3.8x107
Joules .00095 00024 0.74 a7xio? | 2.8x107
Hp-hr 2,500 640 2,600,000 2,700,000 - 0.75
Kwh 3,400 860 | 2,700,000 | 3,600,000 1.3



i 3400 AND 4 !
KWH  BTU .BTU CAL
THEN j—
‘ |
KWH RO

Notice the following conversions
in Table 1, '
1kwh = 1.3 hp-hr
= 3400 BTU
= 860 Cal
= 2.7 x 108 ftdbs *
We can understand how these
conversions work a little better by
spreading them out. For example:

if  1kwh= 3400 BTU
and 1Cal=4BTU
then 1 kwh = 3400 BTUx!GgB% 860 Cal -
Similarly:
- if 1 kwh=1.3 hp-hr
and 1 HP = 33,000 ftIb/min

00 1kwh=13hp- x =3 ‘;ol?pf”b min %‘ﬁ'—- 2.7 x 100 fedbs

Notice that units in the denom-
inator (bottom of a fraction) can-
cel out units in the numerator (top
of a fraction), When dividing, first
biflyvert the fraction you are dividing

3.5
r+3

3,8
3ES

Laying out your problems in this

way not only helps make clear how
the conversions work, but also pro- g
vides an easy way of checking your

work and making sure you finish

with the correct units.

Kilowatt Counter 5

gy 'you éat 2, 500 Cal_worth:of
d. How mgny BTUs of eneIgy-

¢ amount of food energy over a
-hour period, "How many watts

.1 Ca1>= I 2watthrs 0:,
C ?Er = } 2 watts, E?ery houx e
W eat 2500 Cal x 1 day =
" 1 day 74 hrs :
we multiply 1.2 wattsx
: -1 Calfh

: -alfhr—-124 8 watts,
Now that you feel comfortable

*Don’t let this kind of number
scare you. Called “scientific nota-
tion,” it’s just a convenient way of
representing very large or very
small numbers without using z lot
of space. The number above and to
the nght of the 10 (called the *po-
wer” of 10, or the exponent) indi-
cates how many times to multiply
the first number (called the mantis-
sa) by 10. If the exponent is nega-
tive, it tells how many times to div-
ide by 10. Turn to page 32 for ex-
amples of how to work with these
numbers.



Problem: How many kwh do-
u use on a 10 minute trip 4cro
wit at an average speed of 20
h with a mileage of 11 mpg

D watt-his = .8 kwh. S¢fkwh x
kwh - _0f. If one light bulb i
t on for the entire year, 8 houis
ay@it will cost 365 x  40¢
4,60, P

SURVEYING YOUR HOME

Time out for a look at your own
home. Table 2 shows figures for av-
erage appliance consumption in the
United States. But averages are av-
erages. They vary with the individ-
ual and the region and the applia-
ncek, Anytime you can, try to get
information directly from your
own home about the amount of
energy you use. There are various
ways to do this,

Look at your monthly electric
bill. It will tell you how many kil-
owatt hours you used during the
last month. If you burn one 60
watt light bulb for one hour, as
you know from the previous exam-
rles, you have used 60 watt-hours.
f you burn 10 such bulbs you
have used 600 watt-hours or .6 kwh
of energy.

You can have an appliance which
has a very high wattage, like a mic-
rowave oven, but which works so
fast that it uses very little energy to
accomplish its job. Or you might
have the 60 watt light bulb, which
if left on many hours can begin to
1ift that electric bill. _

Go around the house to see where
most of the kilowatt hours you used
last month come from. How do you
figure it out? Find the wattage of
various appliances (it’s usually sta-
mped on the back or botiom of the
unit). If the wattage is not available,
find the amperage. If you multiply
the amperage by the voltage (which
on regular house current is 110,
but can be 220, for an electric wa-
ter heater or washing machine or
electric stove), you get the wattage.
So, for example, if it says on the
back of your radio that it uses ¥%
amp. we multiply 1 10x%@55 watts.

Do this for those appliances used
most during the day, like the refrig-
erator, electric clock, lights, or rad-
io and television. Multiply each wat-
tage by the number of hours the ap-
pliance is on, and add those figures
for the daily energy consumption.
Then multiply by 30 and compare
this monthly total with your elec-
tric bill. You will probably find
that all these appliances represent
only a small portion of your total
electricity use. Look at figures 1, 2,
and 3. Figure 1 shows the average
energy requirement of an all-electric
house and what percentage of that is
used for various functions. Figure

2 shows the percentages for an el-
ectric house which utilizes a heat
pumpt and figure 3 illustrates the
needs for a house with gas furnace,
hot water and dryer.

Let’s look at one of the major
energy users right now, using our
newfound skills in energy arithmet-
ic. Air conditioners give off cooling
air. This is measured in BTUs per
hour of cooling capacity. In order
to do this they use electricity, mea-
sured in kw. The energy efficiency
rating (EER)} of an air conditioner
can be measured by the following
formula:

PER= Energy out jn BTU

Energy in kw-hr
Air conditioners have EERs ranging
from about 4.7 to 12.2. The higher
the number, the more cooling you
are getting out per kwh of electrici-
ty you put in. The State of Massa-
chusetts now requires EER to be
listed on all air conditioners sold in
the state, and many other states are

. expected to Yollow suit.

conditioner -

U'of cooling
000 5.

1 two air conditioners, oné fa
at, 10,000 BTU and drawing

ioners cited in problem 2, what is
he difference in cost to run the
WO over a-year in Washington, D.C,,-
vhere the average room air condi-
ioner operates 800 hours per year? .
 Answer: Assuming the cost of - -
lectricity to be Sc per kwh, then
it conditioner A would use 800 x
.1 kw = 1680 kwh., Then 1680 kwh §
205 = $84,00. Air conditioner B §
ould use 800 x 0.88 kw = 704 kwh. =
en 704 kwh x .05 = $35.20.** 2

AR AR

Using the same two air condit-
niers again, and assuming that _
ich would last about 7 years (and
ouldn’t require major repairs),

hat would be the difference in
fetime costs between the two un-
s, if A costs $200 and B costs

ost per year (total
‘divided by 7) =

: Sé&vhﬂe B cost. $100 more to ' _
uy, it saves over $200 over its life-

e, due to lower operating costs. -
ow look at your own air condit- .~ -

ner and figure out its EER, and
g lifetime cost. -

**We might add that usually the
cheaper and lower efficiency air
conditioners are also those which
have no thermostat control. That
means that there is no way to cut
these off when the room reaches
the desired temperature, They run
continuously using much more en-

.. ergy than ones with a cut-off de-
vice, and also shortening the life
span of the machine itseif.



TABLE

ANNUAL ENERGY REQUIREMENTS OF
ELECTRIC HOUSEHOLD APPLIANCES

est. kwh . est. kwh
average consumed average consumed
wattage  annually wattage annually
Health & beauty food preservation
Germicidal lamp 20 149
Mair Dryer 381 14 ,':::i:: (1S cu ft) 341 1,195
Heat Lamp (infared) 280 13 (Frostless 15 cu 1) 440 1,761
Shaver L 18 ‘Refrigerator {12 cu ft) 241 728
Sun Lamp 279 16 Refrigerator {Frostless
Tooth brush 7 0.5 12 cu ft) 321 1.217
Vibrator 40 2 Refrigerator/Freezer
’ . {14 cu ft) 326 1,137
home entertainment {Frostless 14 cu ft) 615 1,820
Radio 71 86
Radio/Record player 109 109 laundry
Television ' Clothes Dryer 4,856 293
black & white tube type 1680 350 fron {hand) 1,008 144
solid state b6 120 Washing Machine
color - tube type 300 660 {automatic) 512 103
salid state 200 440 Washing Machine
: ' (non-automatic) 286 76
housewares Water Heater 2,475 4,219
Clock 2 17 {quick-recovery) 4,474 4,811
Floor Polisher 305 15
Sewing Machine 76 1 comfort conditioning
Vacuum Clsaner - 630 48 Air cleaner 50 216
] Air conditioner (room) 1,568 1,369
Food preparation Bed Covering 177 147
Blender ' E 336 16 Dehumidifier 257 377
Broiler 1,436 100 Fan (attic) 370 21
Carving Knife R 8 Fan {circutating) 88 43
Coffes Maker 804 106 Fan {rollaway) 171 138
Deep Fryer 1,448 83 Fan {window) 200 170
Dishwasher 1,201 363 Heater {portable} 1322 176
Egg Cooker 516 14 Heating Pad 13 10
Frying Pan 1,198 186 Humidifier 177 163
Hot plate 1,257 20
Mixer 127 13
Oven, microwave {only) 1,450 180
Range with oven . 12,200 1176
with seff-cleaning oven 12,200 1,206
Roaster 1,333 208
Sandwich Grill 1.161 33
Toaster _ 1,146 39
Trash Compactor 400 B0
Waffle Iron : 1.1186 22
Waste Disposar 445 30

Kilowatt Counter .
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ALL-ELECTRIC HOUSE -
TOTAL 370 MILLION BTU/YR,
(194,000 KWH ELECTRIL)

g HTING 2.5 |Fig.1 All Electric House Energy Requirements
IREFRIG. 2

Fig. 2 All Electric
House with Heat Pump
Energy Requirements

Fig. 3 House with Gas Furnace, Hot Water,
anl Dryer Energy Requirements

-ALL- ELECTRIC HOQUSE WITH HEAT

PUMP FORHEATING AND COOLINE
TOTAL~267 MILLION BTU/YR.{77, 500 XWH mc.m;l

"GAS FURNACE WATER HTR & DRYER
TOTAL~223 MILUION BTU/YRA

ELECTRICITY
(SEE BELOW)

~ ELECTRIC PART:
Q7MIL.BTU/YR.,
{28,100 KWH)



ENERGY CONVERSION:
ELECTRICAL TO RADIANT

and is found much like EER;

Efficiency = %n%%_omit x 100%

Note that in this case “‘energy out”
and “energy in” must be in the same
units.*

The next time you shop for an
appliance or a car, compare efficien-
¢y, or EER, and lifetime cost be-
fore you buy.

Your electric bill is not the only
energy bill you get each month.
There is also the gas and/or oil bill.
The gas bill will tell you how many
cubic feet of gas were used. A cub-
ic foot of natura! gas contains ab-
out 1,000 BTUs of energy. Multiply
this figure by the number of cubic
feet on the bill to estimate how
much energy you used for heating
your house, or in cooking or water
heating. In some areas, gas use is
listed in *“therms.” A therm is 100,
000 BTU.

* You might have noticed that
the efficiency of the air condition-
ers in the above examples - if you
convert kwh to BTU, or vice versa
- - - is over 100%. How can that be?
See the footnote on page 19 fora
brief discussion of heat pumps.

Look over your oil bill. Tt
will give gallons purchased. The en-
ergy content of a gallon of heating
oil is around 120,000 BTU, Multi-
ply the number of gallons by this
figure to estimate how much ener-
£y was used in heating the house,

Of course, it doesn’t make sense
to look at your energy bills with-
out doing something to conserve
energy in the future. We have listed
several energy conservation refer-
ences at the end of this booklet.
Here is something to consider: ac-

cording to recent studies, “if appro-

ximately half the money needed
for a proposed nuclear power plant
was spent giving insulation to the
homes it would serve, the ener%if
saved each year would exceed that

generated by the proposed plant,which

then would not have to be built.”
(CoEvolution Quarterly, Summer,
1975)

Let’s Jeave the house and ven-
ture out to the garage to find the
family car, How many miles per
gallon does your car get? You can
rely on government studies, or
manufacturers’ statistics, but as
with any such figures they are on-
ly general, averaging out millions
of cars or based on test runs. You
caniget a rough idea about the ef-
ficiency of your car by filling up
your gas tank to full. Record your
odometer reading and then.record
it again in a week, or whenever you
need gas. Fill up the tank to the
top once again. Divide the number
of gallons used by the number of
miles traveled. For example, say
you drive 100 miles and need 5 gal-
lons to refill your tank. This gives
you 20 miles per gallon. The miles
per gallon will vary depending on
whether you’re driving in the city
or on‘the open highway. Do the
computation a number of times and
take the average. Now get those
government or manufacturers’ fig-
ures and see how you compare. It
might be time for a tune-up,



THE AUTOMOBILE: A SYSTEM
OF ENERGY CONVERSIONS
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CHAPTER 2

SOCIETY AND ENERGY

Now that we’ve begun your sur-
vey of the private use of energy,
let’s pull back for a wider view of
the national picture, where millions
of people, and thousands of indus-
tries and government units are ma-
king similar decisions. Even though
we may not always.be able to have
direct influence over these decisions,
we can have indirect influence,
through our choice of ifestyles and
consumption of various goods.

In order to do that, we need to
know which sectors of our society
are energy intensive (are heavy us-

ers of energy), and what our relation-

ship to energy and its sources have
been. .

Some of the charts on the foll-
owing pages may seem {o be ajun-
gle of information. But take your
time, and see if you can find the
answers to these questions.
—re— . . —

Figure 4 shows the flow of ener-
gy in the United States. The left
side of the chart shows sources of
energy to the U.S, system. The right
side shows ultimate uses. The width
of each band is proportional to the
amount of energy used in that act-
ivity. What can you learn from the
chart? What fuel source is the great-
est contributor to our energy use?
What percentage of our oil was im-
ported in 1970? (Though it’s not
shown on this chart, find out how
much is imported today, and com-
pare the two figures.) What percent-
age of our energy is used to gener-
ate electricity? Which use of ener-
gy is least efficient (produces the
most waste and the least work)?
Which is most efficient?

Figure 5 displays society’s ener-
gy use in a different format. What
does it tell you? Which sector of
the economy uses the most energy?
Within each sector, which are the
Most energy intensive uses?

TABLE 3
EFFICIENCY OF MODES OF PASSENGER TRANSPORT

Transportation efficiency

Cruise Seat Occupancy _ [BTUs
Power Speed Capacity Assumed (Pass. mile per pass.
Made {H.F.} {mph) {no.) {%) pergal.}  mile)*
Rail
Fast train ** 2,400 100 360 65 133 280
Commuter traint 4,000 40 1,000 50 100 1.300
Cross-country
train 2,400 60 360 b5 80 1,600
10-car subway
traintt 4,000 30 1,000 BO 75 1,700
Road
Large bus 200 50 43 58 126 1.000
Automobils
{sedan) 50 67 4 25-50 16-32 8,100-
4,100
Bicycle 8-10 180
Walking 35 800
Air
747-jet 60,000 500 360 55 22 5,800
707-jet 28,000 500 136 62 21 6,200
§TO L* plane
{4-prop) 10,000 200 a9 65 18 7,200
SST {us) 240,000 1,500 250 60 13.7 8,500
Helicopter
{3 engine) 12.000 150 78 58 75 17,300

* Conversion obtained with 130,000 BTUs per gallon

** 3-car, self-propelied, bi-dirsctional double-deck, 67 tons per car

t 10-car train with 2 diese! locomotives, B850 tons gross weight

11 New N.Y. subway train at heavy, non-rush hour traffic

gnort-take-off-and-landing (see “Aircraft in the Balance,” Environment, December, 1971}
urce: Rice, R.A., ASME, 70 WA/ENER-8, November 1970, Table 12

Table 3 -

From System Energy as a Factor in Considering Future Trans-

portation, paper no. 70-WA/Ener-8, by Richard A. Rice, pre-
sented at the 1970 American Society of Mechanical Engineers
Winter Annual Meeting, Nov. 29-3, NY, NY. Used by permission.
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Figure 6 shows the change in
U.S. fuel consumption from 1850
up to the present. The use of which
energy source has been growing
most rapidly? Compare the use of
coal and oil in 1950 with the use of
the same two fuels in 1975. The
dotted line represents U.S. popula-
tion growth. What can you say ab-
out energy use and population?

Table 3 shows efficiencies of
different forms of transportation.
This gives us 2 way to compare the
energy efficiency of different forms
of transportation, with the efficien-
cy expressed as passenger-miles per
gallon, as BT per passenger-mile
(for passenger transport), and BTU
per ton-mile (for freight). From
the information in the table, which
is the most efficient form of trans-
portation? The least efficient? No-
tice that most of these forms are
not fully utilized. Automobiles, for
example, usually carry only one or
two people per trip. How would
their energy efficiency change if
they were more fully utilized? Com-
pare your answers with the car pool
problem in Chapter One.

Walking, is very energy efficient.
Bicycling uses less energy and can
carry a person both farther and fas-
ter than walking. Motorized trans-
port can carey us farther and faster
still, but at a higher energy cost. So
energy use is not the only factor;
but combined with a sense of what
we really need for a given trip, it
can help us to make the wisest
choice.
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TOTAL ENERGY BY SECTOR.

~ Fig. 5 Total Energy Use By Sector
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FOSSIL FUELS

Fossil fuel - that is coal, oil and
natural gas - are compressed or con-
centrated fossilized remains of
plants and animals. Fossil fuels are
a very concentrated form of energy,
because the processes of millions of
years and millions of tons of press-
ure have packaged a great amount
of energy in a small amount of
space. A gallon of gasoline, for ex-
ample, contains about 132,000
BTU, over one million BTU per cu-
bic foot. If we were to rely on the
sun directly for our energy, we
would need hundreds of square feet
of collectors to harvest a “gallon’s
worth” in an hour. Using the sun in-
directly, we could burn wood, but
wood contains only about 100,000
BTU per cubic foot. It is understan-
dable, then, why fossil fuels have
become such a popular and conven-
ient energy source, and why we
have built our way of life on these
concentrated forms of energy.

However, people are now recog-
nizing that, as useful as these fuels
are, their supply is limited. These
fuels are not renewable, meaning
that the fuel we take from the
ground in one year can only be re-
placed by nature after hundreds of
thousands of years have gone by.
Sunlight, on the other hand, is a
renewable resource; it is a dilute
form of energy, but comes to us
day after day. It can be used, but
it can’t be used up. _
The analogy which is often used is
income energy versus energy capital
You can draw more than your divi-
dends, that is, if you draw from
your fixed capital, you will, after
some amount of time, run out of
money.

Tust how limited our supplies-of
fossil fuels are is a matter of some
dispute. We hear people talk of re-
serves, proven reserves, undiscovered
reserves, likely future discoveries,
and so on. It is possible that more
fossil fuel reserves will be discovered
in the coming years, but though our
“capital” will then be large, it wilt
still be finite. To make this point
more cleat, let’s look at some pro-
jections of life expectancies of each
major fossil firel.

If we use the known reserves, as
of 1970, and assume that the world
will continue to use the same am-
ount of energy each year, then the
life expectancies for each fossil fuel
(found by dividing the total reserves*
by consumption per year) are:

Coal 2,300 years

Oil 31 years

Natural gas 38 years

This is a picture of a static world.
In fact, our consumption of energy,
and fossil fuels, is currently rising.
If we assume that consumption will
continue to increase as it has in the
past, then the life expectancy fig-
ures change:

Coal 111 years
Oil 20 years
Natural gas 22 years

This, of course, assumes that we
don’t discover new sources of fossil
fuels. It is surprising, though, how
little the life expectancy figures
change even if we assume tremen-
dous increases in known reserves.
If we project five times current
known reserves then the life expec-
tancies become:

Coal 150 years
Qil 50 years
Natural gas 49 years

If we assume that we will find
100 times the known reserves, the
figures look like this:

Coal 223 years
ot 123 vears
Natural gas 110 years

EXPONENTIAL GROWTH

The reason that the resource life
expectancies grow so little comp-
ared to the reserves is that the use
of these products is growing expon-
entially. Exponential growth is ke
compound interest at the bank, The
growth of use (or interest) is com-
puted for the previous consump-
tion (or deposit). It is then added
to the old consumption to give the
new consumption (or balance),
which is the basis for the next cal-
culation..

For linear growth, as for simple in-

terest, the increment is always cal-
culated from the first consumption
(balance), and so remains constant.
In exponential growth, the incre-
ment itself is growing. In other
words, if use in year one is 100 un-
its, and use is growing by 5% per
year, use for the second year would
be 105 units (100 + (.05x100) or
(1.05 x 100). For year three, the
use is a little over 110 units(1.05

+ (.05 x 105). For the first few
years, this change does not seem
important, but by the end of the
10th year, the demand will grow

to 163 units per year (vs 145 units
at linear growth and the yearly in-
crease in demand will rise to 8 rath-
er than § units) and for year 31, it
is 432 (vs 250} units per year. The
total units used in the 30 years of
our example is 7,076 units, or an
average of about 236 units per year,

You can figure out roughly how
long it takes the use to double with
this approximate formula:

Doubling time (years) =

70 years
% annual increase
Thus, in our example above, use
doubled after 70/5 = 14 years. If
the use of coal rises at 4% per year,
it will double in 70/4 = 17% years
This doubling is very potent, for as
time goes on, and consumption
grows, we are doubling a larger and
larger number. Doubling 1,000 to
2,000 produces a very different
change from doubling 10 to 20. Or
look at it another way: The next
time we double our energy consum-
ption, we will be using more energy
in that doubling period (10 to 20
years, depending on the rate) than
has been used in the whole of hu-
man history.

*These numbers change frequent-
ly, as reserve estimates are revised -
for instance, in June 1975 the U.S.
Geological Service reduced estimates
of U.S. oil and natural gas reserves
by 80% -- so they are not offered as
strictly accurate (as if reserve esti-
mates ever could be). So while these
numbets, from the “Limits to
Growth” study of 1968, are some-
what dated, the trend of resource
depletion, and the impact of exp-
onential growth, are with us all the
same; the numbers may shift slight-
ly (and the example will explain
why only slightly}, but what is cru-
cial is an understanding of the pat-
tern.



Part of this increase in energy
consumption, of course, has been
because of our steadily growing
pogulation. But, if you look back
at figure 6, you'll see that energy
use has been growing much more
quickly than population -- that is,
per capita energy use is growing
too. It is these combination of fac-
tors, rising population and growing
per capita consumption, that are
driving our energy needs steadily
upward, both in the U.S. and ar-
ound the world. From what you’ve
learned, do you think this trend
should continue? What strategies
could you propose for slowing it?

The numbers above are only
rough estimates, but they can give
you a good idea of what we face in
the future, not just with fossil fuels,
but with all our mineral resources.
{The numbers may shift up or down,
but the pattern is the same). We can
see that although we have huge re-
serves of coal, this does not guaran-
tee us-an infinite resource life expec-
tancy if world consumption contin-
ues to rise as it has in the past. Fur-
thermore, these figures do not take
into account the economics of min-
ing this coal. As more coal is mined
and it becomes deeper or more
spread out, the costs in obtaining it
£0 Up. So the estimates of economi-
cally recoverable coal vary wideiy
Qsee footnote, F16).

we can put together some of the
things we have learned and come to
further conclusions. Over 55% of
our petroleum now goes into trans-
portation. If, in 30 years, we have
very little oil available, we might
want to switch to electric vehicles,
with electricity generated from coal.
This would mean a huge increase in
our use of coal, and a faster deple-
tion of coal reserves. If cars and
trucks had been shifted to electrici-
ty in 1970, we would have needed
to almost have doubled our electric-
ity production in this country. What
effect would this have on the life
expectancy of coal reserves?

Running out of fuel does not
necessarily mean running dry. Clear-
ly, long before supplies of any re-
source are exhausted the price of
that resource will go way up. This
does not mean only that it will be
more expensive to run our cars. En-
ergy is an increasingly important

art of every commodity we buy,

rom radios to petato chips. A rise
in energy prices can very quickly
ripple through the rest of the econ-
omy, as we learned after the Arab
oil boycott of 1973.

Kilowatt Counter

The tables below present two
ways of looking at the “costs™ in
the production of many of our bas-
ic materials. Table 4 shows the am-
ount of fuel and electricity costs as
a percentage of the total costs for
various materials. Table 5 shows
the energy content in BTU per mil-
lion tons of various materials {“’en-
ergy content” meaning the amount
of energy needed to process and
manufacture the material).

We can see that some ways of
building might be more efficient, in
terms of energy, than others. Of
course, there are certain character-
istics of each material that makes it
peculiarly applicable to different
work. Steel has a great structural’
strength. Aluminum is lighters. Plas-
tic is not easily recyclable, and so
forth. But besides building, this
chart can help us see something
else. Qur soda and beer containers
are now increasingly a combination
of steel and aluminum, or alumin-
um alone, and use about four times
the energy that returnable glass bot-
tles do.

TABLE 4
Fuel and Electricity Purchases
As Percentage
of Total Materials Costs
Steel 8.5%
Petroleum refining 29
Cement & hydraulic industry 43.0
Plastic materials & synthetics 6.3

Building paper and

paperboard mills 16.2
Industrial chemicals 14.8
Glass 14.5
Structural clay products 21.2
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TABLE 5
BTU Content of Materials
Material Enetgy content
BTU x 106/t0n

Carbon Steel:

cold-rolled 52.7

wire 61.1

pipe 526

forged 76.0
Alloy Steel:

cold-rolled bb.3

wire 63.7

pipe 55.2

forged 78.6
Stainless Steel

Cold-rolled 78.8

wire 87.2

pipe 78.7

forged 102.1
Steel Casting 48,7
lron Casting 25.0
Aluminum

rolled, forged, cast 75.0
Copper:

rolled 128.0

wire 106.2

cast 124.5
Zing

Rolled 79.2

cast 87.7
Nickel 374.7
Tin 469.3
Lead 311
Hard and Soft Woods 3
Paperboard 364
Paper 40.6
Flat Glass 18.1
Crushed Stone B
Cement 124
Brick 6.9
Polystyrene 22.6 x 103



NET ENERGY

But energy doesn’t just cost us
money. It costs us energy as well.
The amount of energy resources we
really have is the amount stored in
the ground minus the amount of
energy it takes to bring energy to
its final use. Just as we could under-
stand the difference between ener-
gy capital and energy income through
the example of the bank, above, an
example from everyday experience
might make this concept of net
energy more clear:

Let’s say you have a job right
now which pays you $2.50 per hour,
and which is located in your neigh-
borhood, within walking distance.
You are offered another job which
pays $4.00 an hour, but which is
located 20 miles away. The total
amount of your paycheck (not
counting tax deductions, health in-
surance, etc.) is $100 a week for
the first job and $160 a week for
the second. What is the difference
in your net income? At first glance
you might say $60. But let’s see
why this isn’t correet.

If you drive the 40 miles round
trip each day, that’s 200 miles per
week. At 15 miles per gallon, about
average for a medium sized car,
you would use about 13 gallons per
week. If gasoline costs 60¢ a gallon
(in which case, you’re lucky), that
would be $7.80 a week. Now vou
must add to that the depreciation
(decline in value from wear, tear, -
and aging) on your car, the maint-
enance and insurance costs you
must pay, and so on. Recent figures

EACH STEP REPRESENTS A SiG-
NIFICANT ENERBY COST [reauno
s aucrain] AND EFFICIENCY

LOSS [uear wwsre eve.] WHICH MUST

8E SUBTRACTED FRO!M THE
POTENTIAL OF THE ORIGINAL
RESOURCE

ut this cost at about 12%¢ a mile
?or 4 medium sized car. That adds
$25 to your weekly operating costs.
Parking could add another $10 or
30 per week, but even without that
expense, we see that the $32.80 per
week expense of your car reduces
the $60 per week increase in your
net income to $27.20.

Just as there are hidden costs in
operating a car, there are hidden
costs in using energy. When we
switch on a light, we are signalling
the end of a long process which has
included mining coal, processing it,
transporting it to generating plants,
converting it to electricity, transm-
itting the electriz:ity a})o our homes,
and cleaning up (or absorbing) the
er'wironmenﬁgtalp impact of e;rg‘) of
these steps. Each of these steps
takes energy. If it takes us 50 BTUs
of input to get an additional 100
BTUs, of output, we have really
gained only 50 BTUs, not 100. If it
ever takes ug 100 BTUs of input to
get an additional 100 BTUs of out
put, we may as well give up, for we
have gained nothing,

This concept of net energy is cru-
cial to understanding our energy
future, because, as our energy sup-
plies decrease, it becomes increas-
ingly difficult to get them out of
the ground. We must drill deeper,
or drill in places which are incon-
venient, like offshore, or in the are-
tic. We must mine cogl deeper under

-the ground, or spend more energy

and money reclaiming surface land

after strip mining it. In other words,
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in the future, we will have to fgend
more and more energy to get the
same amount of energy back.

EFFICIENCY AND WASTE HEAT

We discussed efficiency eatlier
in this booklet, with the examples
about air conditioners, We explained
that the efficiency of an appliance,
too, or process was the amount of
useful energy we get ont compared
to the amount of energy we put in.
Think of this as if you were buying
a product. You want to know that
you are getting the best buy for
your dollar. How much convenience,
satisfaction, or joy are you getting
back for the dollar you spend? Are
you getting your money’s worth?
Well, the question is the same with
energy. Are we getting our “energy’s”
worth?

As a simple example of what we
mean by efficiency, let’s compare
what happens when we use a gas
versus an electric water heater. First
we trace the path of energy from
original source to useful work. Nat-
ural gas is discovered in and pumped
from the ground, and transported
by pipeline to our homes, where it
is used to heat water. Electricity is
not a fuel, but is produced in gener-
ating plants, usually by burning fos-
gil fuel (or by using falling water or
nuclear power). In this process, coal
is discovered, mined, processed,
transported, and converted to elec-
tricity, and the electricity transmit-
ted over wire to our homes. The
different levels of efficiency which
are involved in these two processes
are shown in Table 6.



Table 6 shows the estimated fuel
efficiencies for various-fuels. The
delivered efficiency takes into acc-
ount the average losses in the trans-
porting, mining, processing, etc. of
the fuel. The utilization efficiency
shows the efficiency when the fuel
is actually used for heat. The over-
all or ultimate - efficiency is the pro-
duct of the delivered times (x) the
utilization efficiency.

Notice that the efficiency of elec-
tricity in heating water is almost
100%, far greater than that of nat-
ural gas. In other words, once we
get electricity into our homes, it is
more efficient than gas. But we can
also see that we waste a lot of ener-
gy from the coal field to the water
heater. The overall efficiency (found
by treating the component efficien-
cies as decimals - 56% = 0.56, etc. -
and multiplying them all} of using
electricity for water heating is only
17%, while for natural gas it is 40%.

Heat pumps can have apparent ef-
ficiencies of over 100% because 1)
most of the work is done by “nat-
ural” energies that are not accoun-
ted for in the efficiency equation,
and 2) the efficiency of the delivered
electricity (about 17%) is usually
omitted as well (The effect of inclu-
sion of this second point is shown
in table 6. )_Also remember that
buiiding the system has energy costs
too, which must be considered when
assessing its overall energy efficien-
¢y. Thus, even though the heat pump
is very efficient at the home, the
heat pump using fossil-fuel generat-
od. electricity uses one-third more
primary energy than central oil heat.
Resistance electric heating, we can
see from Table 6, uges more than
twice as much primary energy as
the heat pump.

}¢/zal (138,000 BTU}gai)’ what

: .-oulsi cost to-- romde 160
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Just as it is inefficient to use elec-
tricity to produce heat, it is also in-
efficient to use gas to produce light.
There are four million gas lamps in
the United States, each using 20
times more energy than its electric
equivalent, the 25 watt bulb, The
national gas savings that could be
realized by replacing gas lamps with
electric bulbs would heat over 600,-
000 homes annually.

What happens to the energy that
doesn’t reach us as useful work?
Directly (like exhaust going up a
smokestack) or indirectly {like the
friction losses in an engine), it is
dissipated as heat, into the air, a
body of water, or the ground.

An important law of energy is
that energy cannot be created or
destroyed, but only changed in
form. If we release 100 BTUs of
energy from coal we end up with
100 BTUs of energy, but might
have 70 BTUs go off as waste heat
and only 30 consumed in useful
work, The less efficient our use of
energy is, the greater the amount
that goes off as waste heat.

For example, the waste heat
released over the Los Angeles basin
in 1970 amounted to about 5% of’
the total solar energy absorbed at
the ground. This level of heat re-
lease is already affecting the local
climate. Waste heat released over
the Boston-Washington metropolitan
corridor in the early 1970 was al-
50 in the neighborhood of 5% of
incoming solar energy. “For a limi-
ted area of highly concentrated
energy use like Manhattan Island,
waste heat already exceeds incom-
ing solar energy by a sizeable mar-
gin.” (from Inadverdent Climate
Modification, Massachusetts Insti-
tue of Technology, 1971)

" *A heat pump is a device that
uses electricity not as a primary
source of energy for heating {or
cooling}, but as a control mechan-

ism to effectively use energies in
the local environment, and to trans-
fer energy from one part of the en-
vironment to another.

Thus, somewhat simplified, a
heat pump responsible for heating a
home in the winter might circulate
a fluid through coils outside the
house -~ often, though not necessar-
ily, underground -- where the tiuia
would pick up heat (even if it’s cold
outside, the fluid can still pick up
heat, though at reduced efficiency, -
in effect making the outside envir-
onment a tiny bit colder); the fluid
then gives up that heat when circu-
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lated through the house itself. The
outside environment arallels the
hotter back of the refrigerator. The
dynamics of the cycle are the same,
though the “useful” point is diff-
erent. In each case, you have to
supply energy to drive the pump
{ard of course, to construct the
system), but not to produce the
heat as w:th direct resistance heat-
ing. )

An air conditioner is a common
type of “heat” pump, using the
same principle for cooling. A fluid
travelling through coils picks up
heat from the air that passes through
the machine into the room, turning
to a gas in the process. When com-
pressed, it returns to the liguid state,
giving up its heat to the outside en-
vironment, which in turn becomes
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a little bit warmer. (An interesting
project might be to calculate how
much a large number of air condi-
tioners in a city might heat the out-
side air, thus increasing people’s
needs for alr conditioners .) Air con-
ditioners are so effective at cooling
the incoming air that the air often
has to be partially reheated to a
comfortable level.



TABLE 6
ESTIMATED ULTIMATE FUEL EFFICIENCY:

(in percent)

Fuel and use Delivered x Utilization = Ultimate
efficiency efficiency efficiency
Coal (bituminous):
Central heating, hand fired. .. ......... 93.0 «x 45.0 = 418
Central heating, stoker fired, .. ........ 93.0 X 55.0 = 51.1
Water heating, potstove. . ............ 930 x 145 = 135
Oil:
Centratheating . ................... 81.0 X 63.0 = 51.0
Water heating, 100 gallons per day . . . . ,, 81.0 X 50.4 = 40.8
Natural gas:
Central heating ., .................. 930 x 750 = 697
Water heating, 100 gallons per day . . ... 93.0 X 63.7 = 59.2
Electricity:
Central heating, resistance . ... ......., 17.0 X 95.0 = 16.1
Central heating, heat pump. . _,........ 17.0 x 2260 = 38.4
Water heating, 100 gallons per day_ _ ., , . 17.0 b 92.2 = 15.6
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Waste heat can cause envionmen-
tal problems if it is concentrated in
one area, as for example, when the
effluent (heated cooling water) of
a powerplant raises the temperature
of a river, affecting fish life in the
river. Large cities put out so much
waste heat that they can change
weather patterns. Waste heat can
be reduced, through more efficient
technologies, so less is released in
the first place, and through total
utility systems, where the waste
heat is used, not surprisingly, for
heat. There are already cities in Eu-
rope that are heated by the waste
heat from their electrical generating
" plants, including Vasteras, Sweden

(population 120,000), parts of Paris,
and other French and German cities.
With tightening environmental regu-
lations and rising energy costs mak-
ing wasie too expensive, we can ex-
pect to see more of these kinds of
ideas implemented. But while waste
heat can be reduced, it cannot be
eliminated. And even if our waste
heat produced per BTU of energy
used shrinks, our total energy con-
sumption is rising so rapidly that
total waste heat will rise ds well. In
fact, according to Dr. William E.
Heronemus of the University of
Massachusetts, the amount of cool-
ing water needed by U.S. power-
plants “will exceed our total U.S,
ground water runoff in about 1995,
Then what?

NUCLEAR ENERGY

Nuclear energy is such a contre-
versy these days that we couldn’t
possibly be conclusive about it in
this limited space. But it may be help-
ful if we expslpain some of the quest-
ions that have been raised about
nuclear energy.

Uranium is subject to the same
patterns of depletion we discussed
above with fossil fuels. To meet this
problem, scientists have been trying
to develop the “breeder reactor,”
which is supposed to produce more
fuel than it consumes. Although it
has been given major priority as a
national energy strategy, the breed-
er is definitely controversial. It
actually takes a long period of
time before such a reactor would
produce more fuel than it consumes.
Also, the fuel produced is Plutoni-
um 239, which is extremely toxic

if released in even small amounts to
the environment. The Plutonjum
could also be used in making bombs.
Finally, the breeder reactor is more
likely to speed up its reaction

if the coolant, liquid sodium, is
lost than with a regular (water
cooled) reactor, In either case, the
resuft could be a “melt-down” of
the reactor core and rélease of rad-
ioactivity,

A major problemwith all nuclear rea-
ctors remains that of storing the
resulting radioactive waste. The
tanks at the sites where these wastes
are stored must be kept lezk free,
and must be cooled for hundreds of
years in the future. Any failure due
to mechanical means or direct sabo-
tage could be disastrous. There are
also problems of logistics and safety
in transporting thase radicactive
materials around the country (cur-
rent projections call for 1,000 nu-
clear plants in the US. by the year
2000).

Despite these problems, there is
a strong impetus at the national lev-
¢l to continue to develop nuclear
power, With fossil fuel prices rising,
there is great pressure to develop
any gource of energy which will
keep the sophisticated industrial
system we have going at the pace it
has for the last 30 years. Clearly,
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though, any solutions developed 1o
deal with the problems of nuclear
power will have their own energy
costs, which will have to be includ-
ed in the net energy accounting of
nuclear alternatives. Already there
are some people who suggest that
the net yield from nuclear energy
(including the decades of develop-
ment costs and the centuries or
more of waste storage) may be very
close to zero.

Fusion is another long range nu-
clear alternative, Unlike fission,
where a heavy element (like urani-
um) is split into two lighter ones,
fusion works by joining, or fusing,
two light elements into one:
for example, two atoms of hydro-
gen into one atom of helium. Both
processes can release enormous am-
ounts of energy; fusion is what po-
wers hydrogen bombs and the sun.
But scientists have not yet learned
to produce controlled fusion react-
ions, so no one can be sure when,
if ever, fusion will become a practi-
cal energy alternative, Also, while
the fusion process is, unlike fission,
basically non-polluting (though re-
cently some writers have questioned
that assumption), both it and fission
produce great amounts of waste
heat (see Efficiency and Waste Heat,
above). In fact, a fission based gen-
erating plant will put 2 60% greater
heat load on cooling waters than a
fossil plan of equivalent size,

[



CHAPTER THREE

ALTERNATIVE SOURCES OF
ENERGY

So far, we have been looking at
the fossil fuels for cur examples.
Fossil fuel reserves have been built
up over millions of years as plant
matter decays and is compressed.
Green plants use the sun’s light to
store energy by the process of pho-
tosynthesis. The sun is the source
of all our food energy. If we eat
animals, we are eating a creature
which had previously gotten its
energy from plants, or other anim-
als which get their energy from
plants.

If we burn our crops, like wood,
corn, or wheat, we will get energy
‘that can be used to generate electri-
¢city or run machines or heat our
homes. We can distill alcohol from
various prains and use this in our
automobile engines. But all this
takes a lot more work to produce
the same amount of energy as we
get from our fossil fuels, You can
easily understand why this is so by
realizing that the plants which form
the basis of our fossil fuels are com-
pressed together over millenia to
give us the concentrated forms of
energy we use today.

While our fossil fuel resources
are non-renewable, there are other
sources of energy which are ‘renew-
able’. That is, they are continuous,
and when we take a part of that en-
ergy and convert it into useful work
we do not reduce the amount that
is available the next day. We can
use the sun’'s light for heating our
homes, for instance, by capturing
the heat on our roefs and bringing
it into our houses. No matter how
much of the sun’s heat we use in
this manner, we are not going to

use up the sun.

Renewable forms of energy come
directly or indirectly from the sun.
We have already mentioned that
green plant energy, produced by
photosynthesis, needs the sun’s
rays for the chemical reaction to
oceur. The sun also evaporates wa-
ter from the earth and carries it in-
to the atmosphere where it forms
clouds and then rains down, falling
on mountains and hills to form riv-
ers which can be used to power
waterwheels or hydroelectric plants.
The sun heats up the atmosphere
itself to different degrees in differ-
ent places, causing winds to blow
throughout the world, and that wind
can be iised to blow sailboats or
turn windmills. Qur oceans them-
selves are possible producers of huge
amounts of energy. The top of the
ocean is subjected to the sun’s heat,
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but that same heat cannot penetrate
far beneath the surface, The differ-
ence in temperature between the
surface and the lower layers can

be used to produce useful energy.
Tides are produced by the gravita-
tional attraction of the moon, and
to a lesser degree, the sun, and can
also be used to generate power.

We will describe three forms of
gsolar energy in this chapter, and do
some energy arithmetic with each.
We are going to look at solar energy
for heating our homes and produc-
ing electricity; wind energy for
windmills; energy from solid wastes
and organic matter.

SOLAR ENERGY

A solar collector is typically a
sealed box with a bottom of black-
ened metal and a cover of glass, or
other transparent material, separa-
ted by an air space.

A solar collector mounted on
the roof of a building or elsewhere

can be used to capture some of the
sun’s energy by heating air or water
flowing through the collector unit.
The heated air or water is then sent
to a heat storage tank where the
heat can be evenly distributed to
the building, or stored for use at
times of little or no sunlight.

The amount of solar energy which

falls ont a specific surface is called
insolation. Table 7 gives the amount
of insolation falling on a square foot
of horizontal surface in different lo-
cations in the U.S,
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TABLE 7

Daily Average Solar Insolation (BTU/ft2/day)
Received on A Flat Surface for Various U.S. Cities

CITY Jan Feb Mar Aprili May June July Aug Sep Oct Nov Dec Annual
Santa Maria, Cal 1070 1380 1882 2251 2506 2399 2428 2369 1945 15694 1114 867 1817
Grand Lake, Colo. 790 1144 1624 2030 2177 2362 2236 1989 1720 1328 863 613 1373
Miamni, Fla. 1100 1284 1535 1756 1852 1771 1749 1716 1528 1351 1232 1085 1497
Griftin, Ga 1083 1107 1181 2103 2288 2273 2170 2066 1546 13658 1044 738 1578
Twin Falls, Idaho 613 827 1269 1706 2184 2303 2280 1986 1646 1266 738 450 1438
New Crleans, La. 756 915 1207 1487 1500 1697 1481 1438 1402 1268 952 804 1260
Caribou, Maine 531 745 1192 1697 1771 1983 2016 1680 1343 837 450 391 1227
Boston, Mass 454 745 1085 1328 1661 1823 1690 1582 1184 937 502 406 1110
E. Lansing, Mich. {low) 384 649 945 1284 1395 1638 1653 1432 1048 B18 380 343 a98
St. Cloud, Minn 627 878 1461 1734 2070 2066 2118 1667 1343 1048 646 561 13562
Glasgow, Mont 576 900 1146 1852 2362 2494 2435 2011 1395 800 642 450 1455
Lincoln, Neb. 686 030 1247 1576 1852 2052 2122 1775 1506 1114 77 613 1354
Las Vegas, Nev 963 1292 1956 2111 2382 2771 2539 2332 2044 1483 1166 845 1822
Seabrook, N.J. 686 908 1321 1668 1897 2007 1838 1771 1336 1062 7 536 1316
Albuquerque, N.M 1133 1354 1834 2236 2494 2749 2502 2299 2018 1712 1284 1085 1802
New York, N.Y. 450 705 056 1338 1572 1646 1620 1351 1166 897 546 395 1054
Hatteras, N.C, 941 1063 1550 2103 2228 2266 22290 2125 1587 1268 1015 756 1594
Cleveland, Ohio 373 676 1030 1550 2140 2214 2192 1934 17056 1041 487 408 1312
Stillwater, Okla 923 1004 1520 1801 1838 2196 1889 1937 1566 1255 800 775 1467
Taronto, Ont 351 605 1084 1317 1668 1926 1756 1827 1144 797 399 347 1078
Medford, Ore. 39 768 1232 M07 2700 2690 2804 2494 1663 1063 550 362 1876
State College, Pa 506 642 1015 1428 1572 1845 1888 1683 1321 915 605 424 1154
Newport, R.1. 583 845 1196 15635 1786 1963 1880 1683 1358 1092 668 524 1238
Charleston, 5.C. 923 ‘1232 1664 2059 2288 2166 1989 1045 1509 1203 1139 786 1675
Nashvitte, Tenn 6524 763 1080 1557 1838 1934 1867 1668 1439 1126 779 466 1253
El Paso, Tex. (high) 1328 1546 2125 2524 2716 2731 2531 2435 2403 1786 1428 1207 2037
Seattle, Wash 229 328 1033 1823 1867 2286 2170 1753 1238 627 325 229 1180
Washington, D.C. 568 738 1225 1513 1716 1867 1808 1631 1373 1035 745 539 1234
Madison, Wis. 539 797 1166 1498 1727 1904 1983 1609 13 959 557 443 118
LR -;l_ :‘;'.I;:.mj
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TABLE 8
Annual House Heat and Water Heat
Loads for a Well-Insulated House of 1500 ft2

.Annual ~ Annual
House Heat Water Heat

Locality Latitude (Therms) (Therms)
Albuquerque, N.M. 350  123880°  306.36
Atlanta, Ga. S 338 976.17° - 308.15
Blue Hill, Mass. 420 169391°  319.10
Central, Mass ! 425 = 168575°  320.17
Charleston, S.C. .. 328  690.55° - 302.28
Columbia, Mo. 389  1193.89° 31323
Columbus, Ohio 399 1403.76°  315.09
El Paso, Texas . 31.8 890.69 ° 300.51
Fresno, Calif. 366  1064.69°  309.22
Ft. Worth, Texas 32.8 688.82°  302.28
Grand Junction, Colo. 39.1 1267.89°  313.66
Ithaca, N.Y. 425 1512.47°  320.17
Lander, Wyo. 429  1746.74° 320.96
Los Angeles, Calif. - 340 922.35° 304.50
Madison, Wis. 43.1 1600.21° 321.32
Medford, Ore. 42.2 1591.45° 319.46
Nashville, Tenn. 36.1  976.17°  308.15
N.Y. City and Long Island 41.8 1342.03°  318.74
Phoenix, Ariz. 33.5 677.08°  303.43
Rapid City, S.D. 440  1544.71°  322.75

Rhode island 41.7 1621.60° 31838
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Table 8 shows the annual house
heat and water heat requiremeénts
for a well insulated house of 1,500

“square feet for various locations.
-How much energy did it take to
heat your house last winter, or to
theat an aversge house in your area?

. What percentage of that heat could

be supplied by a 40% efficient solar

system which would fit on your roof?

Sunlight can also be used to pro-
duce electricity directly. The instru-
ment which makes this possible is
called a photovoltaic cell, which
means a device which can use pho-

“tons, or light, to produce volts, or

- electrical pressure. The photovoltaic
cell is made out of a number of dif-
ferent types of materials, but the

. most common is the silicon cell,

and we will use the terms silicon’
solar cell and photovoltaic cell in-
terchangeably.

- . 'The solar cell works by using the
+ sun’s energy to push electrons out
of thei¢ bonds into a current which

can then be used like any electric
. current. The cells are small wafers,

" afew thousandths of an inch thick
and about three inches indiameter.
They are linked together to increase
the amount of electrical output av-
ailable,

It is important to note that the
cells cannot convert all the available

" . sunlight into electricity. Their eff-

- iciency is about 15% currently, al-
though there are new advances that
‘miht raige this to about 18 to 20%.
Their cost is about $17.00 per watt
of peak power*, which makes them
too expensive for genera] use at this
_ time. Their cost will come down
dramatically in the next decade.

! ' g solid state equipment, uses 200

- Problem: If you could convert = B
e energy considered in the second - %

iproblem above to electricity, at-tot- -

al system efficienty**, of 10%, how
any kwh of electricity would be ¢

. From the conversion table, we
now that T kwh = 3,400 BTU.

"o, 185,664 BTU
a2 USS BAL .
8073200 BTUjiown™ S48 kwh -

| per month per  ft by.8 ft panel.

Problem: How many square feetof |
Lar cells (asstming 10% total ef-
ficiency} will you need to run your
jcotor television (assuming adequate
cn-afe facilities, and using the 63
w/ft< average insolation figure?
Answer: By looking back to the. ..
pliance list in the first chapter ...~
find that a color television, us-

atts. Since 63 watts is falling per
ncy, solar cells would produce ~~
5.3 watts per square foot. Therefore - -
need about 31.75 £12 (200 { 6.3)

WIND ENERGY

" Another indirect form of solar
energy is wind. One of the best
ways to use wind productively is

‘to have it turn the blades of a wind-

mill. These blades then rotate 2
shaft which can turn a pump ora
generator which produces electric-
ity. Windmiils have been used for
centuries, primarily to drive pumps,
grain mills, or other méchanical de-
vices. Suddenly, with the current
energy crisis, wind is becoming a
topic for serious consideration as a
supplementary power soutce.

How much energy is there in
the wind? The available power in
kilowatts for different windspeeds
‘and size windmills is shown in Ta-
ble 9. The figures for the table are
based on the formula: .
P(power) = (2.5 x 10:6) AV3,
“A” stands for the area in square
feet swept by the windmill blades (A= r2)

and “V™ is the velocity of the wind
in miles per hour.
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Notice that the power increases
directly as the area of the wind mill
blades (and therefore as the square
of the diameter) and that it increas-
es as the cube of the wind velocity.
In other words, every time you dou-
ble the wind speed, the power avail-
able to the windmill increases by a
factor of 8. This explaing why wind
power as a source of energy is much
more attractive in the Plains States,
where average wind speeds are often
6 miles per hour or less.

* A peak power rating is the amount
of power that would be generated
in direct sunlight at noon of a .
bright day at 77° F. Average pow-
er, which takes into account clou-
dy and rainy days, as well as times
the sun is not shining, is about 1/5
peak power. Thus, a solar array
which generates 1 kilowatt of peak
power will provide continuous po-
wer of 200 watts , provided there

is adequate storage capacity.

**Eleetricity from solar cells is
direct current, and for many house-
hold appliances it must be conver-
ted to altermmating current. Since
neither the device which does this
{called an inverter), nor the storage
system (usually batteries) is 100%
efficient, the total system efficien-
cy is less than the efficiency of the
mdividual solar cells.
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SOLID WASTES AND ORGANIC
MATTER

There is another source of energy
which we usually overlook. This is
the area of wastes. What is a *“waste”
anyway? It is something which we
have already used once and don’t
want to use again. The tons of gar-
bage we throw away each day is
waste. So are the millions of pounds
of wrapping paper, bags, and so on
which we dispose of each year. So
is the human waste product, the
human manure which we flush to
sewage treatment plants. But by
another definition, waste is just ma-

terial we have not yet learned to use.

All these “wastes” can produce
energy. Each little bit can only ppo-
duce a small amount, but taken to-
gether they can produce significant
amounts of energy. Table 10 gives
the amount of available waste re-
sources in the U.S. Remember that
one barrel of oil contains about 6
X 106 BTUs.

The conclusions of this chart
should not be taken 1o mean that
all of these “wastes” can or should
be converted to electrical enesgy ot
heat. In many instances, it would
be better to compost the wastes
such as urban garbage for use as
fertilizer. Also, these figures reflect
the wastes resulting from the high
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TABLE9
Windpower in Kilowatts, for Various Wind Speeds
and Different Diameter Wind Blades

Wind

Speed Windmill Diameter (Feet)

(mph) 10 15 _20 25 50 100
5 0.0247 0.0556 0.0087 0.154 0.61 247

10 0.197 0455 0.790 1.23 4.94 19.8

15 0.666 1.50 2.67 4.16 16.8 66.6

20 168 3565 6.32 9.87 395 158.0
25 309 694 123 193 7841 308.5
30 533 120 21.3 33.3 1334 533.1

TABLE 10
Estimate of Available Organic Wastes

SOURCE Total organic Total organic
wastes generated solids
Manure Miflions tons/yr 200 26.0Q
Urban refuse " 129 7.0
Logging and wood
manufacture residues " 65 5.0

Manufacture - Agricuitural

crops and food wastes 390 226
Indu.strial wastes " 44 5.2
Municipal sewage solids 12 1.6
Misc. organic wastes " 50 5.0
TOTAL ¥ 880 1363

Net oil potential* million barrels '
1098 170

170 million barrels would provide half the residual fuel
oil currently obtained from domestic sources and would re-
duce imports of this fuel accordingly.”

from  "Energy Potential from Organic Wastes: A Review
of the Quantities and Sources,” by Larry L. Ander-
son, Bureau of Mines, U.5. Department of the Int-
erior.

*energy equivalent of these ‘wastes’ expressed as barrels of
oil {N6 x 106 gT1))
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energy technologies which are used
today. Thus it might be better not
to generate these wastes to begin
with. As the cost of energy goes up,
these “wastes™ will naturally be cut
down, e.g., as the cost of plastic

" goes up, so does the cost of food

A

packaged in plastic containers

The generation of methane gas
from farm animal manure has re-
ceived much interest. It is attractive
because the sludge left over after
the manure is “digested™ in a spe-
cial tank makes good fertilizer. Ag-
ain, however, the most economical
applications coincide where there
are large concentrations of animals.
These large concentrations, such as
in feediots and large dairy operat-
ions, while efficient as single units,
are basically high energy factories
made possible by the availability
of cheap energy for transportation
costs, fertilizer, manufacturing equip-
ment, etc.

Why haven’t we seen much use
of solar, wind, and other renewable
energy sources until now? Basically,
this is because fossil fuels have been
so inexpensive - the fuel itself was
cheap and the user did not have to
pay for environmental costs. Furth-
ermore, the government has subsid-
ized the energy industries through
many tax breaks for the coal and
oil interests, as well as heavy develop-
ment subsidies for nuclear power.
For example, in 1975, the Federal
Government spent $1.5 billion on
nuclear research, as compared to $38
million on sofar research, In 1976,
the figures are $1.7 billion on nu-
clear and $85 million on solar re-
search. It’s an improvement over
1973 (when $481 million was spent
on nuclear research and only $4
million on solar) - better, but still a
very major gap.

Furthermore, we have long been
geared to a fast growth, high-energy-
use economy. The altemative energy
sources of solar and wind power do
not lend themselves as easily to this
economy. This is because the equip-
ment for utilizing alternative energy
sources generally has a higher “first
cost” than fossil fuel equipment and,
in a fast growth economy, low injt-
ial cost is needed to create a mass
market. A-gas or oil furnace can be

built for a few hundred dollars where-

as an equivalent solar heating sys-
tern may cost a few thousand doli-
ars. Of course the fossil fuel furnace
will cost a few hundred dollars to
operate every year and the solar sy-
stem will cost very little to operate.
To make the alternative energy sour-
ces more *‘competitive” in our econ-

-~

A
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h

omy where consumption gives a plus
in the Gross National Product but
energy savings are ignored, some
people are exploring various means
to equalize the situation. For exam-
ple: removing the depletion allow-
ance tax breaks for fossil fuels; tax
deductions or low interest loans for
solar and low energy use housing;
increased insulation requirements
for FHA housing; etc. Undoubtedly,
the renewable energy source indus-
tties will become more competitive
intime, as fossil fuel costs go up

and mass production of basic solar
panels lower the costs of such de-
vices. However, the renewable en-
ergy sources will probably never
allow us to use energy as has been
done in the last thirty years. They
have their built-in feed-back which
tells us much sooner than that of
fossil fuels that we are using energy
too quickly. This is because the re-
newable sources represent what

* energy is available right now from

the sun or wind, whereas fossil fuels
represent energy which has been
stored for millions of years, This
does not mean that we will have to
chuck all of our technological cap-
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ability and retum to the stone age.
What it certainly does mean is that
the level of consumption of goods
and resources, particularly that of
more non-essential consumer goods,
will be declining from the all-time
%eask which has been reached in the
From now until the end of the

century we will probably see z gra-
dual-but definite-trend from a pet-
roleumn-based society to a society
with increased reliance on the more
abundant coal resources, particular-
ly for industrial applications. Ener-

" gy conservation measures in our
public policy decisions and in our
personal lives will become increas-
ingly important. The renewable
energy sources will become more
widely accepted, particularly for
the heating and cooling of buildings.
The biggest “if”* in the future is
how nuclear energy will develop,
with all its technological and cost
problems. You can help determine
this future of ours by your choices
and actions, and by becoming more
aware of energy and what it is and
what it means to our lives. We hope
that this pamphlet will help you in
that direction.




CHAPTER FOUR
TBSTING YOUR ENERGY AWARENESS

If you have been doing the problems in this baoklet, and spinning off problems of your own, by now you prob-
gbly have a good idea of what a kilowatt is, what our totsl energy consumption pattemns are, snd how to figure out
the energy consumption of various activities.

Below we present 36 multiple choice questions concerning energy and society. The answers to some of the quest-
ions may surprise you. We hope that at least they will get you thinking about this new, and permanent, area of
America’s attention. After you've tested yourself, turn to the back of the booklet where the snsvmrs are given,
with explanations where they are needed.,

1. What percentage of the total gas used in cooking is used by the pilot hsht?
2 5%
b 30%
¢. 60%

2. How long would a 100 watt bulb burn on the energy needed to manufacture one aluminum soft-drink can? ,'

2. under 10 minutes
b. 5 hours
¢. aver 20 hours

3. How much energy stored in crude petroleum is lost in the series of processes between the cﬂ well and a moving
car?

2. 20%
b 60%
c. 90% ' o
4. How much of the energy stored in coal which is bumed in a power plant can be delmered to the customer's
home as electricity? .
a. 1/3
b.2/3
c. all of it :
5. The total amount of electricity used by all small appliances, including radios, toasters, clocks, shs\'ers, and 80
forth, is what percentage of the total amount of electricity used in cur homes?
a. 10%
b.30%
c. 75% .
6. The amount of energy used in the manufacturing, distribution, and operation of automobiles in this country
makes up what percentage of total energy uss? .
a. 16%
b. 30%
. 2% ' ' oo
_ 7. The United States, with 6% of the world’s population, consumes what percentage of the world’s svailable
energy each year?
a. 10%
b. 20%
c. 30% | .
8, Mrsge North American family uses how many times more energy than the average South Amencsn
y
a. 5 times more
b. about the same
¢. 100 times more

9. What percentage of commuters use a private automobile for transportation to and from work? | _
a. 25% o
b. 50% . »
c. 95% : .
10. How much energy does it take to supply processed vegetables rather than natural vegetables?

a. same amount

b. twice as much

c. three times a3 much :
11. What percentage of our petroleum is used for making synthetic fabrics, plastics, snd medicines"

a. 50%

b. 10%

c. 1%
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12. Which is a more energy efficient mode of transportation: walking or riding a bicycle?

13. True of false: The energy consumed in all sectors of the economy to put a glass of milk on the kitchen table
is equivalent to that contained in a half a glass of diesel fuel. -

14. How many years did it take nature to make a pound of coal?

a. 100 years
b. 1,000 years
¢. 1,000,000 years

15. Over the lifetime of a refrigerator, what percentage of its total costs, including those of buying it, maintain-
ing it, and operating it are due to energy costs?

a. 10%
b. 25%
c. 60%

16. Of the solar energy coming to the earth, on the average, what percentage is used by plants to produce food
energy for animals?

a.- 50%
b. 20%
c. 1%

17. A returnable bottle is reused how many times?

a. two times
b. six times
¢. fifteen times

18. If the underdeveloped parts of the world were to consume as much energy per person as North Americans
do today, the worldwide level of energy consumption would be roughly how many times its present figure?
a. five times
b. ten times
¢. fifteen times.
19. While beverage consumption rose 1.6 times between 1958 and 1970, beverage container consumption rose
how many times during the same period?
a. the same
b. twice as much
c.almost three times as much :
20. In the United States, what percentage of our energy comes from non-renewal fossil fuel reserves?
a. 50%
b. 75%
c.98% .
21. What percentage of energy do we get as visible light from an ordinary 100 Watt incandescent light buib?
a. 90%
b. 35%
c. 5%
22. What percentage of energy do we get as visible light from 2 typical fluorescent lamp?
a. 90%
b. 40%
c. 20%
23. What percentage of total U.S. energy consumption is used in food processing?
2. 1%
b. 4%
c. 15%
24. What percentage of total U.S. energy consumption is used in all food related activities?

8, 2%
b. 10%
¢c. 16%
25. One ton of average municipal solid waste contains the energy content of:
a. 1/3 ton of coal
b. 1/2 ton of coal
¢. one ton of coal
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26. True or false: The yields per acre of farms using heavy machinery are higher than those using labor-intensive
farming, }
27. What percentage of the energy it takes to manufacture an aluminum can does it take to recycle it?
a. 3% : :
b. 15%
c. 50%

28. To grow, process, and deliver food to the consumer takes how much energy compared to the food energy
we get from eating the food?

a. the same amount
b. one-half the amount
¢. ten times the amount

29. In Yapan, a rice farm takes about 90 horsepower hours per acre for cultivation and harvesting. In a compar-
able United States rice farm, how many horsepower hours are used?
2. 45 '
b. 200
c. 1,500
30. Between 1946 and 1968, the population of the United States grew by about 40%. In that same period, how
much did electric power consumption increase?
a. samne as population growth
b. twice as much as population growth
¢. over five times as much as population growth
31.1f in 1980 one-half of the cars on American roads were to have an average fuel economy of 22 miles per
gallon (compared to today’s average of 14 miles per gallon), the annual fuel savings would be which figure,
assuming the same number of cars for both years?
a. 17 thousand gallons
b. 17 million gatlons
¢. 17 billion gallons
32. If the average home used electric space heating, what percentage will that be of its total electric bill?
a. 10%
b. 25%
c. 40% . o
33. If we use energy equivalents of Calories expended and BTUs in a gallon of gasoline, how many miles does
a bicyclist get per gallon?
a. 15 mpg
b. 400 mpg
¢. 1,100 mpg _ )
34. True or false: The beverage industry used enough energy in the manufacturing of throw-away containers
in 1970 to have supplied the total 1970 electrical needs for Washington, D.C., Pittsburg, San Francisco, and
Boston for about five months. o
35. Optimum insulation of your house can save what percentage of your heating bills?
a.5%
b. 20%
c. 40%

36. A three<degree reduction in your temperature setting for your home heating furnace saves how much fuel?

2. 3%
b. 10%
¢. 50%

Answers begin on page 33.
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SCIENTIFIC NOT ATION

 If 3 number is written as 2 x 103, then the 2 is called the mantissa and the 3 is called the exponent As we
learned in Chapter One, (see footnote page 4), the exponent indicates how many times to multiply (or divide,
- if it is negative) by 10.

2X103=2X10X10X 10 three times
=2 X 1000 * three zeroes
= 2000

6.8 x104=68x10x10x 10x 10 four times
- =68x10,000 fourzeroes
~ =68,000

3x102= 3 divided by 10x 10  two times

: -'3;:@ two Zeroes

| One advantage of scientific notation is that it makes multiplying and di'viding large and small numbers very
. easy. The simple rule is: First, multiply (or divide) the mantissa®, as usual. Then, to multiply, add the exponents.

So,
102 x 106 = 102+ 6) = 108
103 x 104 = 1003 -9 = 161
 (2x10)x(8x109)=(2x8)x (10>x105) = 16 x 1003+ 6) = 16 x 10(3+6) = 16 x 10°
To divide, subtract the exponent of the number you are dividing by from the exponent of the other.

Lg =1005-2) = 103  (100,000/100 = 1,000)

%{% x—05=2x!0(2 6)=2x104 (2/10,000)

If the exponent of the aumber you are dividing by is negative, change its sign and ADD it to the exponent of
the top number.

9x10
==x+3=3x 102+ 3 =3x105 (300,000
R H i RGP C LY
Multiplying by 10 moves the decimal point to the right, the same number of spaces as the power of 10. Dividing
(or multiplying by a number with a negative exponent) moves the decimal point to the left.

2.6 x 103 = 2600 3.1x 102 = 031

*if none is shown, the mantissa equals 1;e.g., 10% = I x 10°.
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ANSWERS TQ THE ENERGY AWARENESS QUIZ

1. 50%. The pilot light is always on even though you use the stove only a few times a day. There are, on the
market, inexpensive devices which light the stove burners by making a spark, thus eliminating the need for a pilot
light going all the time.

2. c. Over 20 hours, It takes 2.25 KWH to manufacture an aluminum can, so the exact answer is 22.5 hol;rs.

3. Over ninety per cent of the energy in the gas line from crude petroleum is lost in making your car move. The
efficiencies of the most important steps where energy is lost are:
producing the crude oil -- 96%
refining -- 87%
gasoline transportation -- 97%
engine efficiency -- 29%
rolling efficiency - 30%
To get the total efficiency of the system, we multiply the six factors together, and get 7%.

4. Similar to the problem above, there are losses when the coal is burned in the power plant to produce electri-
city; there are losses in transmitting the electricity to your home, and there are losses in getting the coal from the
ground to the power plant. The answer to this question is (a) 1/3.

3. a. 10%. The biggest users in our homes are air conditionérs, electric water heaters, and electric space heating.
Refrigerators and freezers are fairly large users also. The many gadgets that we have are not such big vsers, but
they fake energy to make them.

6. a. 16%. Automobiles not only burn a large portion of the petroleum we use in this country, but they also
use significant portions of our steel, rubber, and aluminum.

7. ¢. 30%. If there were a village of 100 people, and only 6 of them were using resources which could be used
for thirty, how long do you think that situation would be permitted to exist?

8. ¢. 100 times more.
8. c. 95%, and this is still increasing.
10. c. three times as much.
11. c. 1%. Almost all of our petroleum is burned in powerplants and in our cars, trucks, and busses.

12. Riding a bicycle. The reason is that the gears and pedals give you much more “pull” for the amount of
energy you are expending.

13. True. This includes the petroleum that was used in the tractor which plowed the field to grow the food for
the cows. It includes the pesticides which are petroleum based. It includes the fertilizer needed to raise the food.
It includes the milking machines, the trucks which transport the milk, the pasteurization and homogenization
machines, the refrigeration facilities needed both in transportation and in your local store.

14. c. 1,000,000 years

15. ¢. 60%. Increasingly, people will become interested in knowing what the total cost of an appliance is, not
just the buying price of it. The energy prices are increasing and many of our common appliances will cost far: -
more to operate than to buy.

16. c. 1%. Most solar energy doesn’t even get through the atmosphere. It is reflected. The little which does come
through can be used to produce food energy in plants only in certain wave lengths.

17. c. about 15 times
18. ¢. fifteen times
19. ¢. almost three times as much.

20. c. 98%.

21. ¢. 5%. The rest of the energy comes out as heat. That is why an incandescent bulb is so hot to touch. It is a
very inefficient way to get light.
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22. ¢. 20%. A flucrescent lamp is four times more efficient than an incandescent bulb,
23.b.4%

24.c. 16%

25.%. 1/2 ton of coal.

26. False. Labor intensive farming produces just as much per acre as machine intensive farming. OQur acre yield
increases have come about mostly as a resutt of hybrid crops and increased fertitization.

- 27.2.3%

28. ¢. ten times the amount. See the answer to number 13.

29.¢. 1,500.

30. ¢. over five times as much as population growth. Each person, therefore, was using more electricity.

31, ¢. 17 billion gallons.

32, c. 40%.

33. c1,100mpg. A non-athletic person of about 150 Ibs. can manage to leisurely maintain a speed of 11 mph on
a 30 pound 10-speed for an extended period of time. This person will need to add about 1500 Calories to his diet
for each five hours he cycles, or about 300 Calories per hour. One gallon of gasoline equals about 30,000 Calories.
Therefore, a bicyclist can travel 100 hours (30,000/300) on one “gallon™, 100 hrsfgal x 11 mithr = 1,100 miles per
gallon.

34. True. Producing 60 million throwaway containers a year uses the energy equivalent of 2 billion gallons of
gasoline, enough to heat 2.5 million homes per year.

35. ¢. 40%. This includes 6 inches of insutation in the roof, three inches in the walls, storm windows, and window
and door weatherstripping.

36.b. 10%.
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FOR FURTHER READING

A few books you might find useful for further reading include:

Save Energy: Save Money, by Eugene and Sandra Eccli, 1974. Free, from the National Center for Community
Action, Network Services: Energy, 1711 Connecticut Avenue NW, Washington, DC 20009, Simple, thorough,
extremely practical handbook on energy conservation in the home.

Energy Primer, ed. by Richard Merrill et al. Portola Institute, 1974. $4.50 from your local bookstore, or Whole
EErtE fi‘ruEIE Store, 558 Santa Cruz Ave, Menlo Park, CA. Subtitle “Solar, Water, Wind, and Biofuels”, this book
presents comprehensive discussion of these renewable energy resources, including design factors, data tables, lots
of illustrations, access information, and outstanding bibliographies. Good treatment, also, of the energetics, the
ecology of agriculture, and integrated systems.

Energy, by Bruce Chalmers, Acedemic Press, NY, 1964. A textbook approach to the physics of energy.

Energy for Survival, by Wilson Clark, Anchor, NY, 1975, $4.95. “Encyclopedic” is how this book is always de-
scribed, and it is. The authorative treatment of our energy situation, with major attention to renewable energy
Tesources. : :

Environment, Power, and Society, by Howard T. Odum, Wiley, NY, 1971. Heavier reading than the above, this
1s nonetheless an important book. A study of how systems - natural, mechanical, social - are organized by the
energy flows concept and energetics as an analytical tool. Odum is largely respbnsible for the development

of the “net energy” concept. '

Tips for Energy Savers, Free from the Federal Energy Administration in Washington, D.C.

The Consumers ~ A Citizens Guide to Resources Conservation, by Albert J. Fritsch, Praeger Publishers, NY, $3.50.
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Figure 1 - From various sources {see esp. Patterns of Enexgv Consumplion in the US, Office of Science and Technology,
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Jan. 1972)
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Figure 4 - From The Flow of Energy in an Industrial Society, by Earl Cook,a 1971, Scientific American, Inc. All
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Figure 6 - From Flow of Energy in an Industrisl Society, by Earl Cook, and Energy and Power, by Chauncey Starr.
1971 by Bcientific American, Inc., All rights reserved. -

Table 2-  Electric Energy Association, 90 Park Avenue, New York, N.Y. 10016

Table 8- From System Energy as a Factor in Comideﬁng Future Transportation, paper no, 70-WA/Ener-8, by Rich-

ard A. Rice, presented at the 1970 American Society of Mechanical Engineers Winter Annual Meeting, Nov.
29-3, NY, NY. Used by Permission.

Table 4 - Transition, Office of Energy Research and Planning, Office of the Governor, Oregon, 1974
Table 5 -  Transition, Office of Energy Research and Planning, Office of the Governor, Oregon, 1974

Table 6 - From The Council on Environmental Quality, Executive Office Building, Washington, D.C. 20506

Table 7 -  Speyer, E. 1959 Optimum Storage of Heat with a Solar House. In: Solar Energy Journal: 3-4
Table 8 -  Heating and Ventilating Reference Data, April 1954 (ABHRAE) |

Table 10- From Energy Potential from Organic Wastes;
Bureau of Mines, 11.8. Dept. of i
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INSTITUTE FOR LOCAL SELF-RELIANCE

THE INSTITUTE FOR LOCAL SELF-RELIANCE is a non-profit, tax exempt research and educational organization
based in Washington, DC. It explores the possibilities of urban communities becoming productive, increasingly self-
reliant systems-raising their own food, generating their own enesgy, utilizing their “wastes”, controlling their economies,
and directing their own affairs. The Institute investigates the technological, economic, and legal tools needed to make
those possibilities real. '

Institute for Local Self-Reliance Publications List

Proposal for a Neighborhood Food/Waste/Energy System, 11 pp _ _ _ 75
Proposal for a feasibility study of decentralized urban food systems, with specific emphasis on urban aqua-

culture, intensive gardening methods, rooftop hydroponic gardening, and the economic and legal status of
new coencepts in city food production. :

Hydroponics: Introductory Brochure & Reading List, 3 PP 25
A practical explanation of soil-less gardening; includes a basic bibliography. '
Supplementary Material, 9 pp S0
Discussion of plant nutrient needs and the diseases resulting from deficiencies. :
Report on First Year’s Project, 1 p 25
Report on the 1973 project at Self-Reliance; details the method used and yields gained,
Composting in the City, 12 pp 75

A discussion of how to compost in urban areas, on the neighborhood and municipal, as well as household

scale. Includes sketches of actual composting arrangements in process at Self-Reliance, o
Necessary Land for Various Diets and Production Schemes, 3 pp ' 25

Detailed analysis of the Tand area required to provide the food stuffs for three different diets: the current

average American diet, a strict vegetarian diet, and a diet with a srnall proportion of meat, '
Decentralized Food Production Research (reprint), 1 p 25

Article from Elements which briefly describes a dozen food production-centers in the United States and the
kinds of research going on at each.

Waste Treatment in D.C.: The Flush Toilet (reprint), 1 p 25
Washington Star News article by Dr. Neil Seldman which discusses alternatives to the flush toilet, with spe-
cific reference to the economics of decentralized, in-house sewage treatment versus metropolitan systems.

The Dawning of Solar Cells, 38 pp 2.00
Documents the maturity of solar cell technology - obtaining electricity directly from sunlight. Only fack of

a temporary artificial market prevents solar cells from having a major impact on the nation’s electrical supply
within ten years. Proposes a city or consortium of cities finance such a market; the subsidy would be rapid

within the decade.

Large Scale Sprouting: A Cottage Industry: 16 pp 75

Description of seed and bean sprouts and sprout ing. Discusses nutrition, economics and sprouting methods .
Describes alfalfa sprout production as a case study for an urban cottage industry. '

Urban Gardening Chart
A comprehensive, two color wall chart presenting information on when and how to plant 50 major vegetables. 2.00

Provides nutritional content, infosmation on companion planting and pictures of important insects, both harm-
ful and beneficial. (Please include an additional 25¢ for mailing tube when ordering chart.) :

Neighborhood Power: The New Localism, 180 pp :
ows how a potentially selfsufficient community moves from the initial stages of community awareness
and organization, to the creation of service networks, to the development of neighborhood sustaining funds,
which serve as seed money for other community enterprises, and finally, to the developmient of neighbor-

hood government. It is both a theoretical and practical book: a working tool for bringing economic and
political power down to a workable human scale.

3.4%

Redlining: Mortgage Disinvestment Within the District of Columbia, 30 PP _ 1.50
Done with DC PIRG, this publication presents the first coherent look at housing investment in Washington,
D.C. Investment patterns of local savings and loan associations over the past three years are described and
analyzed. Specific community actions for reinvestment are recommended. '

Garbage in America: Approaches to Recycling, 35 pp S
Explores the political economy of municipal solid waste in the U.S. Introduces the principal issues in the
current struggle between corporate advocates of capital intensive high technology resource recovery plants
and advocates of decentralized, community based collection/recycling systems.

Perspectives on Urban Agriculture, (reprint) 2 pp a
Overview discussion of some clrrent issues facing the growth of urban food production efforts: potential
impact, short and long term security questions, air pollution contamination of cfops, and others.

2.00

25

Flease include 25¢ with each order for postage and handling,

Order these publications from: Institute for Local Self-Reliance
1717 18th Street NW
Washington, DC 20009
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