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The citizens! workshops provide the opportunlty for ¢/
dlscus ion of a wide variety of issues relating to energy.and the
environment. They .are conducted by qualified energy specialists. In.

" the workshops ‘citizens are able to make judgments on the use of
energf{ resources, environmental effgcts, growth, and the quality of ¢
life using the energy-environment ssgulator (an analog computer
decision-making game). This handbook gives a brief discussion of
energy and environmental topics, a quiz to-test knowledge of
energy-environment issues, a glossary of important energy words, and
a llst of publications.. (BB) , ) .

[

f********** ******* ****************************************** \)

% Reprgductions supplled by EDRS are the best that can be made *
* from the original document. *
********{iz:&i}********************************************************

) : r

ER&C

wll Toxt Provided by ERIC




’

U'S DEPARTMENT OF HEALTH,

DUCED EXACTLY AS RECEIVED FROM

ngw : ) EDUCATION & WELFARE
Ize . O NATIONAL INSTITUTE OF
‘ ‘ S , EOUCATION
B
on Ene v .. THiS DOCOMENT HAS BEEN REPRO-
rgy ° .+ UHE PERSON OR DRGANIZATION ORIGIN-
-» v, ATINGIT POINTS OF VIEW OR OPINIONS
, ' nmen SYRTED DY NOT, NECESSARILY REPRE-
qn sSENTOFFICIAL NATIONAL INSTITUTE OF
' K EDUCATION POSITION OR POLICY
e k R x . . )
. -
N . .

ED159048

o Y
S o SAAYETmRMARMAA R R W - -

ST N W

bl S ST SN

W \ma

WA\

- . N\
S NSSSsShe

y; I—— o

Citizens’ Workshops: A program of, the
United States Department of Energy:

A

ERIC

Aruitoxt provided by Eic:



America’s prosperity and @ standard of living were
built upon readily available, inexpénsive, and seemingly
inexhaustible energy resources. Our industrial strength,
agricultural bounty, Tomfortable homes, fast and easy
trangportation of people and’ goods — all of these things
consume high leveldof energy, primarily from fossil fuels. -,

The American people face an energy challenge: We will

= need to change both our habits of energy use and our sources - -

‘of energy supply. - S :
The Citizens’ Workshops on Energy and the _
Environment is one of the ways that the U.S.
o Department of Energy (DOE)
is using to provide'
American citizens
. with the information
2 they need to make
wise choices. ’
Citizens’
. Workshops bring
i ' interested

~

knowledgeable

scientist moderatqr

c ’ -  face to face with

) ~ national energy an
" environmental'policy decisions. Using the

‘energy-environment sibpulator (an analog ‘computer
decisioh-making game), cit@s a(e able to make judgments
on+he use of endrgy resources, environmentideffects, growth,

“and the quality of life. As in the rea) world, energy resources
are exhaustible and new energy sources must be found to
replace them. Participants are enabled to gain a better
perspective on the energy challenge confronting us and the
need to plan for the future. .

-4 Citizens’ Workshops and other DOE information
aetivities make available to the public basic facts for making
decisions in the whole area of energy use and conservation.
Americans are beginning to accept that the country has an
energy problem, the question remains whether we're going .
to be serious about it, and wRy. ! )
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.-andthe Envirpnmeni
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‘We h\\ e a number ()f ways to meet our present And .
future energy requnementq but they pose fun(l.lmental
guestions about population growth, conservation of resources,
energy supply and demand, environmental consequences, and
new energy technology. - o g - s

] The Citizens’ Workshops sponsored by the U.S. |

Department of Energy are designed to acquaint the public

with the comple\iu,q of the energy-environment situation.. .

They gne tfm participants a chance to face, in a ‘umul‘(ted 7

situation, the same kinds of decisions encountered: by real- life

»e policy-makers, and to learn more about the comple‘c
r¢lationships #mong energy demands, energy supplies, and
environmental pollution. .~ -

This activity is made possible by the
Energy-Environment Simulator, a computer-like device that
imitates the real world. The qimulatm haq been likened to a -

't/me machine, on which time- qpeedq b)( at’ a rate of 100 yea’
a minute. The participants must make decisions by controllmg
" energy supplies and demands. The ObJECt of the gameisto
‘maintain a qupply of fossil fuels for as long as possible and to
keep the environment as clean as possible: .
\ In addition to the time clock, the simulator has four
functional areas: . a '

1. The Energy Supply allows one t dzaw froni coal
petroleum, gas, hydroelectric, nuclear apd geothermal
reserves. Aq time passes, indicatqr lights qhow the amount of
reserves remaining. . o N A »

2. The Energy Poo/s’ ‘¢ mical and electhcal show how ,
the Fesources are converted. En z‘gy from coal petz oleum and
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and néw technology can onlyk o into the electric pool. The
participants chose the distribution s, "

3. Energy Demands are divided_into four major.areas—
industriul, transportation, household/commercial,"and’
agricultural. En‘ergy demand grows in each area as htime
passes. The purtiél;pants can adjust demands up ‘(?1:,((~l(\)\vn"zmd
can control population growth and per capita energy growth.

4. The Environmental Impact of the decisions are in the
last section: air p()lluti(m:; thermal efTects, radioactive wasfes,:
ete. The per capita euergy consumptioh is also '
represented here. : L L 4 v

From remote panels, tez;mé of players control the
outcome. There are an unlimited number of dutcomes, with no
correct answers. No. two groups will ever reach the .
same results. . . : ' B ’

The Citizens’ Workshops also provide the opportunity
for discussion of a wide variety of isstré?i'elating to'energy
and the environment. They are conducted by qualified energy
specialfSts from across the country as a public edfnéa_tion
activityeot the U.S. Department of 'E"nergy. ,
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~andthe = ©
Envionment

Sy . - . .

. .Man has been using. en’ergy'sincéhe first appeared on
) “earth thousands of years ago. But only.in the past century has =«
man’s use of energy threatened to.overwhelm his environment.
Primitive man consumed energy, for the most part, K
the form of food“' Energy from the sun was converted by
r\photosyntheqm into the\pmnt life which he, or the animals he
/,/bunted ate. The earth’s popul‘\tlon was scanty and demands
.for epgrgy -were few. o l -
At some time in the dmtant, S SR "?
past, man discovered fire . i ' S
and learned to use it. But it
. wasn’t until man learned
. how to create fire, perhaps
L -whlle chipping flint tools "~
and weapons, that he began
_the journey out of the Stone Age.. _ .
W}ien man settled , _— i
‘down to cultivate the land, ‘he ' .
* trained animals to work for him,and for countless ' '
centuries animals supplied most of man’s energy. In somge
parts of the world, till do. Men also'turned to other
. men to meet growmg erfergy needs: The Egyptlans built ‘their -
pyramlds w1th slaves 4 method of harnessmg solar
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power (humans, like animals, m@"e
/ their energy indirectly from.the
sun through f'ood) that, other
' civiliZations, including our
' own, have relied upon.
)ut demands for
™ energy also tapped
man’s creativity. °
The wind was used to
" turn avindmills and push
sailing ships, and water
wheels beg‘ln a'technology

-that has led to the huge hydroelectric plants of today.

The industriaf revolution brought machines for
convertmg energy from one form to another that irr evocably

“changed man’s life and his relationship to his environment.
. F»rr% came the steam engine, and then, within'a short time,
‘the internal-combustion engine—and both had relentless .

appetites for new fuels.' Coal for the steam engine replaced

wood as the primary source of energy in the industrizlized

"“accepted, the demand for oil grew. R

societiesy and as thi\mten nal-combustion engme was

The steam engine made energy pmtable on a l.uge <

scale for the first time: Factories no longer had to be near
'rwers, And locomotives and steamboats revolutionized

trans tatlon Elgctl icity brought new uses forsthe steam

engine: Less Lhan\kOO years ago, a coal-fired steam engn’k.» AR
-was joined to a generatorand the first central-power-

~ generating station turned on the lights in a single block of

‘ keroqene had replaced whale oil and candles and
.’begmn,mg. to be used for hgatmg.\Gdsolme, however, ha

engme had been u’ied mamly fon patent med1c1n

been a wasted by-product. Now, the millions of cars, trucks,
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and buses crowding our highways are all 1)6\\'&'0(1 by internal
combustion engines; so are the airplanes, ships,?md trains,
Afl of them depend on petroleum tor fuel. .

. Another form of energy is now playing a significant
role: the atom. Albert Einstein’s theorotical hasis for
nuclear fission, E me?, was forn :d in 1905. But it was .
not until 1942 that sLientists in ((‘hica;?o working, with Enrico”
Fer ml created the first self- -sustaining nuclear chain reaction.
Thig new form of energy was first used for weiapons—the
atomic bombs that brought Wm 1d War I1 to a devastating, but
conclusive endL\gi)llowmg the war, however peaceful .
apphcatnonq of nuclear energy were pur sued and 12 years later
. the}m st large-scale commercial nucleat~power plant began

' generating electricity in Shippingport, Pennsylvaniad.

k Today, we draw our energy from a variety -

" of. Sources, primarily from
running water, fossil fuels,
fmd nuclear ﬁss\ion. In
the past few years,

Yer, we hyve
<« been forced to o ‘(é
realize that fossil fuels- :
are finite and that we : )
~have beepn wasteful with resources . ' Y
thathad always seemed limitless. Now, we must use . )
these fuels more wisely and'develop.new sources of eneigy. —

HowSetious? = .

4 In the U. S., we use more than 30 times the energy we
used 100 years ago—-but the population has increased only -«
seven-fold. This means that each Amencan is using about
four times more energy than his great grandparents. Every.

)/p,erson in this country dses approximately400 million BTU’s
f enetgy each year: twice as much as z;.person ir_l G?eat
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Britain, thr tlmeq as much as the average Fn ench c1tlze§1,
and from 10 to 100 times the amount of someone ina
developmg coun&y We have only sn& percent of th@vorld’s
,populatlon yet we consume abotlt one third of the

world’s energy. 7 Tt 8

Energy congymptlon b‘y 1nd1v1dual Amel 1cans-——and by

.
+

' U.S. industry—keeps going up. Just compare modern
' suburban homes with vintage 1949 houses. Today s are
centrally heated and air conditioned, with labor-§3v1ng_,_
appliances ranging from dishwashers to electric toothbrushes.
In the garage, there are most likely two cars waiting.
’ Sinc the turn of the century, we have gome to rely
Vs more and more on oil and hatural gas. Today, these fuels
/supply more than 75 peréent of our needs w}vch is far __~
/beyond our domestic production. Each year we.impo ope
/ oil andmatural gas. In 1973, for
‘ example, we imported more than
35percent of our petroleum—an
' ~ amount equal to our total
- aconsumption,»in 1950. In
19'7f7, we impogted nearly
one-half.of our oil> We still have
large supplies of coal, but use it
for less than 18 percent of our
-energy.-Electric power from water . -
*is llmlted by ﬂxe lack of suitable sites;
" over four ercent of our energy is from hydropower,
a figuresthat is not éxpected to grow signifieantly. Within
10 years, nuclear power plants will be meeting uprto 10 percent -
. of the demand; and by the year 2000, energy from the atom
may supply between 15 and 20 percent of our energy. R .
It is still early to speculate abbut emerging energ& S Q
sources. Geothermal power provides a small part of our energyT\
and is expected to provide slightly more in the future.
The sun, wind, tides, fusion, magnetqhydrodynamics, oil

¢
L+ ‘

LT 4 ' - |




ﬂhalo ph()t()s'ynt’h(wns' ocgan gl‘.ldlcnm .m(l'(‘)thel,s, (ue bemg‘ \f/

ml(le.u po\\u Il()\\ we n.m.u!e these mqmuces ()vez thc ne\t '
few decades raises nmny eritical queqtlons e . » L,

How Muchiis. l.eﬂ .
Whereisit, T
Howist Used? .

s If*we had to le}eud solely on domestic resourcps, k‘Q
how long wqyld they lus} ? Estimates vary, but ’
we know roughly how much is left. . % .

~  Coal resources are estimated
at 3.2 trillion tons, but coal.,

resekves (thagds, coal which
- 1Y
© can be econdniigall 3 -

recovered by present -
methods) are o

. considered to be
only 390 billion
t();]\' This means, at the .
present rate of us(u:e and -
rowth, our coal | reservas
wouldast 500 to 600 years.

Naturalgas has becmpe popular becuu.s;e it is cheap

and clean. In 1970, known reserves were reported to.be 291
trillion cubic feet, with demand around 18 trillion cubic fee
-a year and increasing 1.1p1(lly Unfortunately, natural g'ls is
heing discovered at a slower rate than'it is being used U. S.
reserves could be exhausted before the end of the century.

Y Petroleum, the mainstay of U. S. energy, meets more ‘ :
.35 percent ofour energy needs. The Ub Whth hdS
. v< . . ) . -
- S
- 5 -
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Feserves of 3o-to-4 bllllon bar rel'-x useg more than 14
. mllhon bar rel'-x each day. Estimates of undmcovex ed,
economlcally recove,mble oil mn;,re from 60 bllhon to
400 bllhon barrels,
Seven percent Qf our petloleum 18 pelcent of our
natural gas and 65 perqent of the coal we use is burned to -
.,generate electrxcxty Other methods of gener: atmg electricity -
. ‘are hydropower, nuckéir ﬁqqfon reactor'-x and geothermal -
power.;Hydroelectric{ower furnishes about 11 percent of our
electricity, a proportion that will decline slowly to about 8
. percent by the end of the century, when"rﬁsst of the suntable
river sites will ‘have been dammed. -
_There are few geothermal sites in the.U S{moqt of them :;_”.';, ’
in the West, and only orie, has been developed. Butevén- when .
.all avallable sites are in use, geothermal powe1 w1l4 prov1de
j leqq th;n one per;:ent of our energy, S P
' Nudear energy now qupphes abouit one percent of :
our total energy demandq but is expected to prov1de far more ‘
. by the end of the century.” There is enough known uranlum 235 ]
in the U. S. t6 last about 40 year% at pr OJECted usage 1a’ce3, and o
;/ more ig expected to be found If the breeder 1eactor concep,t
{ were 'th be used, uranium 1eqenves mlght be dppremhbly JERN
o extended Breeder reactors are theoretlcally capablg of
‘producing more fnel than they consgme S T A
, - By the,year 2000 ,“e may:be u%lng about thlee tlmes )
more energy than we a n,ow Barnng unfoxeqeen technlcal
-admnceq this expansi mqt he met by the. five basic ©
sources——-coal oil, gras, nucleal power and hydroﬁpogver P
e HX)W are.wewqmg d,u this energy ? More than 40 percent +
keepq otir industries lunmng, 25 percent is used for | . o
tranqpol tation (OVEI half 6f this is used; to move people) ‘

!

P

Thirty-three percent of our energy is u%e(_l)n commercml and( o ‘ .‘
residential bulldmg% prlmarllv for heatmg bimg‘, . .
alr condltlomng S P Lo
by If we were able to extract all the energy that is A
o Y e .
<2 ~ , AE . . i
& y i i ’K .v 1 { . “ "
j T .« - -




actu.xlky u)nt.uned in fos‘ul fuelq we (‘ould draqtlcally cut the

.rate we use them. As it now qt(fnudq, howeVer we-can

only use half of their energy content
- Let’s follow a ton S
of coal (2000 pounds) from

“the mine,to the electric plant

~to the nmes and offices .

* whenf it iseventually . .

cons umed as electrluty

First of all, 42 percent "

. of the. toal never leaveq the
_deep m1ne itis elthex lo'it in
the mining proce%‘z or’ it i is too /
difficult and costly to get.out of .
the g’roun('i;"By‘COmparlso only
20 per cent of the C()dl_l‘i loqt mg, rib—'rnining -

- ‘which.i is. one reason ‘itl 1bpmg hag,| ) ' :

~T5\1s; means that frofy aton of coalghat is dcttrally in the : L.
ground only 1140~poundq is removed‘ rom a deep mme and '

’ 4] Opounds from a strip mings - . '—'/ 7; T
. X -Another elght percent is lost in proceqqlng the coal and _
- itional. one percent in'transporting it fram mine to v .
< “power plant, By the time it réathes the plant, therefgfg, only . . .
: 1040 poundq of coal from the deep.mine a/vé‘about 1450 pounds - 4
A om the- qtnp mine remain from the original ten.” -4 - -,
T When the coal is; burned some 62 percent ot‘fhe energy e
m the\odl tha.t actuaﬂy reached the plant is lost. In other 4
words, th&\ower plant.can make good use of only 38 percent of

the energyyin the coal. Of the ton, we qtarted with, therefore T
; we have been able to e‘ctract the energy equwalent of only 400 ' '
to 550 poundq of coal And it has not yet arrlved at it
" destination as. electpcnty As it travefs through transmrssxon
lines, another 10 percent or more of potential enexgy is lost. ~ » [
. To make things worse, addltlona energy is lest once B
._the*Jg\lectrlcxty is put to work. In hghtmg‘ for e‘cample less

L -
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_of pollitants into.the

Jindirectly to other forms

th‘m 10 percent-of the energy is o.tll/wl The result | ix th.lt
the t’([lll\.llt nt of only-30 pounds of coal energy is .utu.lll\
converted to useful work from the or iginal 2000 puun(l\ in the
ground—Iless than three perc ('nt -

“Thé it on is not much bcttcl with othm tucl\
Whether we use oil, natural gas, or nuclear fuel to generate
clvctl ity there are ineflici iencies all along the line. If we

can figure out ways to increase- th/d‘(lh( tencey of our existing
energy systems, we could save a substantial amount \

of dur resourdces, - .

the Environment

Fhere is no such thing as an environmentally neutral

-

3

energy system. Whenever we tlip alight on or start a car, N

we affect the environment in some way disruption of the

kand, ereation of solid waste, air or water pollution, or a
combination. Even a windmill diverts land tu)m other uses. »
Most energy: is produced by burniny fssil fuels, .md

w henever combustion takes place, pnllutﬁuts are released into

the .1tmn\phm ¢: carbon monoxide, sulfur dioxide, oxides of
nitrogen, unburned hydrocarbons, and ash. Millions of tons.
of these pollutants are (11\;,:()1 ;:e(f mt() the .m eaq h{yc.u as

aresult of using energy. - - o

The ‘m}nomohxle is the,

pour en(nmnu\f .mmullfs

dir, but they contribute ¥,

of pollution: Water pollution.
from ojl spills and refinery _
discharge, and land (“.\‘l‘lll[)ti()n from o

pipelines and oil wellS are part of the automobile system.

+ o
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-» Even a hydroelectric plant, the ('It%itnestl\;}\ge-sc-ztlc
producer of energy we have, causes environmental damage by
tlooding thousands of acres of land when water bigks up from
the dam. Electric power seems clean ;u}(l‘non-polluting at the

“ point of use, but the system that produces electricity

creates pollution at various stages, regardless of t'}%‘fuel
used to generateit. ’

Look at a 1,000-megawatt (o.ll fired electric power ,
plant, for eximple. Part of the environmental price we pay
for such a plant depends on whether the coal it burns is tdl\en'
from a deep mine or a strip n}me A deep mine requires some *
9,000 acres to produce enough coal to keep the plant

oper.mnp;, a surface mine requlres 14,000 acres. Additional {!1

land is displaced for the plant that pl()(e\scs the coal, for the
highway or raflroad that transports it to the power pldnt, and

for the electrical generating plant itself. On an average, 17,000
‘more acres are nee(led for right-of-way’for the transmission

lines. (This isthe same for all types of power pl‘mt\ )
Altogether, a coal-fired plant uses up some 30,000 acres,
or about 50 square miles.

Some water pollution also occurs as a result of

':px oducing electricity from coal, both from the mining pr ocess,

and, in the form of thermal pollutlon from the conversion
process. Air pollution, however, is the most serious

_ environmental consequence of a coal-fired plant. WV 1£hout
emission controls, a 1,000-megawatt plant produces more than

350,000 tons of pollutants each year; two-thirds is fly-ash,
but more than 100,000 toms are toxic sulfur dioxide, carbon
monoxide and nitrogen oxides. Using present emission control
devices, these polI(ztunt's can be reduced toless than 50,000
tons unnuully’. But, more than 900,000 tons of solid wastes
are created as a result of these controls, requiring 15 acres

a year to dispose of it.

An oil-fired electric power pldnt of the same size is not
as harmful to the envn‘onment as’one thit burns coal. Even
though it takes a thousand on-shore oil wells, for example,

o«
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\_ much less land is needed to produce fuel’ plant, Overzﬂl
- an oil-ﬁr'e_d system requires two-thirds of nd area of a
coal-fired system, and most of that is for trahsmission
lines. Air pollution is also considerably less - & R .

in an oil-fired power plant. Without
any controls, this amounts to
about 150,000 tonisa year,.
mostly sulfur dioxide,
nitrogen’oxides,and - ¥
carbon nbnoxide. With
emission controls, this can
be cut to under 40,000 tons,
a little less than a coal plant.
Natural gas-fired power L ’ LA

‘rplants cause.less environmental , ‘

disruption than any other fossil-fuel . . T
" . plant. Emission of pollutants into the air ' o

from a gas-fired plant, without emission controls,
is only a fraction of that from coal or 01l fired plants.
with emission controlq

' - Some by produc‘t‘; ‘of combustion are potentlally
dangerouq Thgy create smog, dar ken the skies, and are
generally unheadthy High atmospheric concentratlons of
mtrogen ondes and Sulfur dioxide have been linked to

._respiratory iltness and hlgher deathrates.

"~ With hydroelectrlc andnuclear power plantq such
€missions are not present Nuclear plants do emit small.
quantities of low-level radiation into the atmosphere, but
their most sjgnificant environmental problems are-radioactive
solid wastes and the discharge of heated water into rivers and ~
lakes, which raises the temperature of the water, which, in
turn, affects the fish and plant life. A 1,000-megawatt huclear
power plant produces approximately 100 cubic feet
of radioactive wastes each year, which must be careful]y
stored for thoulands of years. By the year 2000, it is

. £y ¥ -
"
;
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G
estimated that radioactive wastes from nuclear power plants
in this country may amount to 500,000 cubic feet or enough to
cover a city block to'a (lepth of about 10 feet. :

) Our envxmnment Is being adversely affedted by energy -
production and use. As our population grows and our energy
demands go up, the situation will get worse. Remedies are
costly : Pollution control devices on automobiles, for example,
increased the cost of automobilesand reduced the efficiency .
of their engines. So, a measure.to protect the environment

-not only made cars mm'e expensive, it increased energy
c{ons‘umption. Emission confrol devices for electric power

" . plants have, in turn, increased.the cost of electricity.

' How, then, are we going to adcomplish

these two important pbjectives:

First, to provide energy.

for economic growth

and, second, to preserve
the environment for

- ourselves and

for Zuture

gen Lations? o

How are we going to. Qi

maintain a balance
between our need for ; :

' (;n/ELg—)rhnd our desire for a@- : -

environment ? Measures can be faken to help achieve

‘these goals. They tnvolve conscious decisions concerning

‘population growth, conservation of resources, and
devel'opmen_t of new energy systerﬁs.

Population

Each day, the average American uges the enerp;y from
13 6 poundq of coal, 3.3 gallons of oil, 297 cubic feet ‘of
Jmtuml gas, 3 7 kilowatt hours of hyd,roelectrlc powel and

[
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2 kilowétthours of nuclear power. A baby.horn today will

use up-during'his lifetime, 175 tons of cpal, 2000 barrels

+  ofoiland 7.5 million ‘ .

- cubic feet of natural '
- gas. And that’s:based on

_today’s rate of

. consumption-—a rate
that is gr6w1ng ’
steadily.

‘ Simple arlthmetlc
tells-us that if the-

. *population continues to
grow, we will be using .
considerably more energy.
The U. S. birth rate has leveled
off ; but even so, he population l R /
continues to grow. At the present rate, ’

- the population will not stabilize until it , \’R
' reaches 275 to 300 million,

" - In other parts of the world, partlcularly in the
developing areas, populations are growmg rapidly and each
new baby further strains already madequate energy resourtes.
Thus, if developing areas are to grow economlcally, it seems
clear that they must first deal with the population problem.
But the rich nations, too, must control populatlon growth.

’fnot there simply will not be enough energy to go around
unless per capita energy corsumption is held. steady or
reduced—and that seems unlikely.

| Conservahon /- o
."Energy in the U. S. has been cheap and the result has
been waste. How many times have we walked out of a lighted

room without bothering to turn.out tetights? Or driven a
‘couplé of miles to pick up an unimportant item? These_days”@f o

o ) - 4
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waste seem to be over now, as shortages and higher prices
teach us a¥iard and important lesson: We;must léarn to
conserve energy and use it mote wnsely or weP re gomg to be in
serious trouble. Fortunately, proper conservatlon measures
can help extend our'energy Supplies far intothe future
‘ We must lgarn, for examgle, how to make oureelectric
system more efﬁcnent from start to, ﬁnlsh We are recqvering
less than 80 percent of the coal and 40 percent of the
petroleum from our mines and wells. We must ecover more. .
Once the fuels reach the power plant, less than 40 percent o
of their potential energy is converted to electr1c1ty We must_ -
'.ao bétter. Almost 10 percent of the energy is lost. over the
transmlssmn lines, but methods, though \6stly, are available *
-for reducing this almost to zero. More efficient p'lants would.
also significantly reduce pollutlon ST :
Many industries could use energy better By changmg
. ‘the way utilities charge for electricity, to encourage k D ,
.'conservatlon by industry rather than : '
,high usage, would make saving,
energy profitable. It is estimated,
for example, t at seven percent
of our total energy is used by the .
f alumlnum industry. It takes ‘much
less energy to recycle alummum .
than it does to produce alummum
from ore. Thus, higher enérgy
costs would not only reduce® .,
industrial consumption, l@t it
might also'have the happy result -
of getting drink cans off our roadsides.
Substantial energy could be saved in
vtransportatlon Automobiles, trucks and other forms of
'transporta“fion could be made to use fuel more efﬁcxently—the
average American car gets 12 miles a gallon. By building .
smaller and better cars, this coulq be doubled.~ . ot
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. 4 T < . > 4. How much;heating oil
- o _— How much of the | 'would‘be‘sa'ved n a typical

energy used in gas oY _winter day if thd attics of‘single
stoves supplfes the |- }-family homes th:

c pilot lights ? insulation were properly -
' -a.10% | +| insulated? . ’

b2ss | | - % @ 2w

e 50% | 1 . (b) 8%

(c) 50%

3
€

-, 5. How much of
the energy stored in critddet

' 2. An incandescent _ ' | péfroléﬁr/n i8lost between tke
) | lamp and a ﬁ'uoi'escen't lamp " | oil vbvel'l and a moving car ?
‘have the same light output: . a. 20% :
Which uses energy more’ : b. 60% -
efficiently ? ' c. 90%

- a.ﬂuorescen;

) b. incandescent S

- | c. both about the same efficiency '
S -

— 3. How,many soft

drink cans can be
manufactured from

. recycled aluminum with - o : ___ 6.
| A - _the energy needed to .- \Theheat energy of a
' ‘make a single can from . gallon of gasolirie
aluminumore? | . , is equivalent to

. a. three v , -a. b m,}n-days of labor,

. b. five ' b. 15 man-days of labor

o | * Energy Quotient. . c.twenty w25 nian-days of labor

N e

. e e
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T'ake this quiz to check your knowledgé;j?nd un(f‘é'i'standing;
oo of energy-envgrenmeng issues. When you have marked
your answer, turn to page 24 to see how well you have done..

.
’ .o

¥

-
s

9. Which of the
following fuel
resources is in
greatest danger

7.
"How much

faster than .
. their rate of

production of; exhaustion?
arewe . a. coal
‘consuming” b. petroleum
our fossil _c. natural gas
fuels? » =2 - .

a.10 times . - § -

b. 1,000 times ' ;

c. 1,000,000 times \

- o —r— 10. In the year 2000,
R A ‘Ametrican total energy
8. What fraction |- |- demandwill be:

of the world’s | | a. the same as today
. energy consumption |- { b..twice as much
occursin the U. 8.7 | as today .

. a. over 10% i c. three times as

) b. over 20% - much as today / m

s c.over30%
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:';/ - -"“\ In, th&effmt to save, gdsolme, the mdlvndu‘d motbrist
‘can tdke some slgmhcaq’ steps:
. v { —Use pulalic transportation ' ') - &
"~ —Form car pools : e - .
.y —Drive at reaqonable speeds, no frst stopq and starts;
. . do not race the ehglne .
A ¥ -.do not leaye the engine
] \ ldlmg for long periods.

—Keep tripsto a :
_minimum; consolidate”

" ) qhoppmg trips
. L oM, and other erraiids.
- PR ' —Keep the car
\ : . - engme‘well tuned.
In'ou\l homeq and commercial buildings oLl

‘ there are ways to make important qavmgﬁ (‘omtructlon
standards need to be changed for example proper mqulatlon %
. could save up to 50 percent in home heating costs and air
copditioning. Most commercial buildings have been
over-heated, over-cooled, and over-lighted. Better archltectural
design could reduce con{merua eating and lighting *~
demands by usmgfleqs glass, be‘i‘er insulation, and appropnate
heating and hghtmg systems. y
Slgmﬁcant amounts of energy can-be saved in houses
and apartments, too; . .
—Install weather stripping on doors and windows. .
—Install storm doors and windows. )
—Have the f rnace checked and cleaned regularly.
—Close the ﬁ;eplace damper when not in use.
It has'been est\mated that turning all thermostats
down two.degrees in the winter and raising them two degrees
,in the summer could save more than half a milJion barrels of
oil a day by 1980. The winter 0f,1976-77 showed us that we )
did not have to keep our horj)es nearly as warm as in the

- Y /
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i envn'onment as well as for the need

- -

" ‘past, and that by wearing a sweater 1nd00rs we -
could still be comfortable.:* L.
X H‘ousehold appliances also use a’lof of energy, sgme of '’
lf{l ecessarify. Ig fact- as much as 10 percent gf the gas
sed in this country i is bu'rhed by pllot lights. Much of this
could be savéd by replacmg ‘pilot lrgfhts with ignition devices.
There are other ways of_conservmg energy ol home
'Appllanceq and lighting: | . '
—Usd cold wdter in the washmg machine.
—Do'not wash dlshes under hot running water.

:—Repalr leaky faucets - P
‘ —Forego the luxury of- frost free refrlgerators and
freezers. BN e » s

—Install ﬂuorescent lamps mstead of standard llght
"_’ ' . bulbs. :
" --Turn off lights when not in use.

Other Sources of Energy -

One thing is quite clear: Unless we develop alternative
_energy.sources, we will exhaust our fessil fuels $ooner rather
than later To make things worse, even if abundant fossil
fuels were available, it is doubtful that the environment could
@‘;orb the ever- 1ncreasmg amounts of pollution their burnlng .
would create. In some of our major cities we can hardly : .
breathe the air now. For the sake of the '

of a'véliable energy supply, .
we must find other sources.
Orfe of the key criteria
.-'fo'r'new energy sources is that
‘they not pollute tHe environment,
unnecessarily. A number of
alternative energy sources a1 e presently being developed that
may, perhaps, supply‘ the energy of the future
¥
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For the foreseeable future, our energy will come from
present sources—coal oil, gas, nuclear fission; and hydro-
_power, although the portion provided by each willchange.

Besides new technologies, there are better ways to use
existing energy sources. Here are sqme of the possibilities
for the future. -

Dlrect COnverSIon X

Direct convérsion otfers a number of posslbllltles for
transforrmng o,n type of energy to andther. The direct e
X \ gonversion device we Rgow best is the ,
{; - battery, such as the one in our automobile .
i or flashlight, which converts chemical
- ‘énergy directly to electrical
. energy, with no moving parts
. - Batteries do not creaté. energy,
t however they only store it and furnlsh it vyhen
needed. As we all know, they must be recharged. -

The solar cell is another methed of direct conversion.,
Solar cells are used extenslvely in the space program but high -
costs have’ prevented their commercial use. In time, their
cost mdly be cheap ehough that the roof of every home will
" be 1mplanted with solar cells."Sunshireggould be absorbed by *
thése cells.and converted into electricity, which would be fed
mto a bank of storage batteries, which could supply a ome’s
electrlc needs Similar systems on-a much larger scale
could posslbly be, used to power office buildings

and, perhaps, factories. :
. - The fuél cell is a close relative pf the battery t, too,
converts chemical energy directly to electrical energy ; but,
unlike the battery, it has a continuous fuel supply, such as

N

Lt f‘)g
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. hydrogen and zen. Unfortunately, fuel cells are too B )
e*cpe'ﬂ%xve forfgeneral use. But jf manufacturmg cgsts can be
reduced they might become 1mpertant Wthh wou]d bea .
happy turn of edents, since the fuels they use are p]entlful

“ Stora&e batteries may become useful adjuncts to new
energy systems. For example, a solar power system-in a ."

‘hgme would require efﬁcnent batteries to store énergy from e

X sunshine for use durmg the night or on cloudy days. Also,

. new types of long-life battenes may eventually power
automobiles, A . "
Of the direct conversion‘methods wé f{now the one _
that shows some promise for farge-sca\e energy pr oductlon is

. magnetohydrodynamlcs (IVTHD) MHD is a method for

generating electricity by passing hot combuqtlon gases from - 4\
fossil fuels through a magnetic field at hlgh speed. The - <
.~ extremely hlgh temperatures needed to'convert the fge] to -,

. plasma, howevel ‘have created Engmeermg problems and h
delayed, development of MHD demonstratlon p]ants A major. -
advantage of MHD plants is that they®ould probab]y be 70
operated at 50 to 60 percent efficiency—significantly hlgher
than conventional plants. The MHD process would also
sxgmﬁcant]y reduce emissions: from coa] and oil.

EnergyfromWaste |

. . There have beeh several proposals over t rs f ’
s generatmg energy from waste, which wou‘ld help solve e
problems : what to do with the o
Yvaste and how to gen‘erate more
wer. One poqsnblhty, which -,
- is%eing Gsed already in some
@ Ac1t1es is to burn waste in
power plants; shredded ga\rbage
can be mixed with coal to

fuel ‘specially desngnﬁd plants, % )
2 I . _ .

»
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" orconv elrted coal- ﬁled plants. In the long run, such pldnts :
; mhy be more useful’for waste dlsposal than for generating -
’ electgjcity. But right now, there is. Just not enough suitable”
-\ wa to make much of a dent in the energy shortage. The
-~ same, holds trug for methods of producing methane, the
prlmar‘y ingt ‘edjent of natural gas, from agncultuml wastesor o
se\ftage T},iese mposalmuenotlﬁgt econorpnﬁT\k}la re-scale N
plant‘z, dlthough they may be useful in mdlvndual sntuut&onq <

_OilshaleandCoal

There are vast depuosits,of oil shale and ggal in the -
U. 8., and pilot projects sre. under way- for the extraction of
J oil- from shale and in coal g(mhcatlon and hquefactlon Gas
from ¢odl can substituté for hature gas. In fact, gasdrom
coal was at 6ne time \Vl?]ely used in the U. S.,
~ although the processes useq to 4
gasify the coal were crude - '
and mefﬁuent It can be
tr ansported through existing’
. pipelines (although not for
| &Y eat distances), and one major .
advantage is that the sulfur
and many other pollutants in coal
are removed in the g(mﬁcatlon process.

: Conv ertmg coal to hqu;d is more Lomphcated and, - .
expensive, but it has been,proven technolomcally The hquld
hydrocarbons from coal ¢an be- transported thlough S
existing oil. plpehneq and refined, like petroleum, '

" into a variety of products. .

. Theré are about 2 trillion'barr elq of oil locked in'the
oil shale in the We%t encugh for yearq to come. Until recent]y,

. vhowever extractlon of oil from shale has been too expensive; -
but now, . with hlgher prlceq oil from shale appears ’

, more practlcal ) . )

. . .
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=~ . Mlmng oil shale w 1ll cause e\telm\ e phy s1c.1l (l.lm.lge
fo tha land. It takes 1.5 tons of shale- to,pm(luce one barral of
oil, which means thous‘m(lwot dues 01 our seenic western
land must be mned. Sh.llos pmce«.smg' also. releases Luge s
"quandities of nexiots hydmgen sulfide and other pollutants,
and mlllmm of g dlons of water are needed to prt)ce\\\the _
enor mous qu.mtqtley of l()Lk. { .tt(‘rus searce inwhule dreas -
.md,\\ ater pollutmn a8 reditof shﬂlcgmnmg L()lll(l
becgme <euous . FUN
’ - In view of their serious ennronmenlal effects, new

Qcoal tqc nology and 01l.shale peqm & are ob\ rously not v

T" panaceas. Until ways .d‘e\fmm(l to pr otect the envuonment
1 hlle)nlning and puieismg these fuels, they (.annot be 3

fully e\plolted C. > R .
_ S ‘*’t I '
Geothermal R
e Th,exe is only one‘wm'meuml geuthelmd,l plant ;n th—e

s %houg geot}lel mal eneugy furnishes a m¢1101' pdxt of =’
A e
« lceland&denergy, dn(l‘xs used in Italy, New Ae 1l¢m(l Japan, .
Mexico, .md the Soviet Umon The.pr mclple is.simple: Harnesy
the: enelgy from the interior of the earth, aither as st,eum or.
superhwted water (as in a geyser), 01- fxom ] '
+" heated rocks in the earth’s crust.” -
) " There are 2 number s e L,
’ (.)f'p()t:ential geothe_rmzﬂ e ‘
sites in.the U. S., most
of them in the West. y L
If all were exploited,
accorq,mg to some
estimates,, geot hermal
ptants might supply S
an important share of
our eneryy 'b)&h&/\v
_,end of the century.
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These oqtlmat,( 8 appo;u over ly optimistic to some
‘crities, who believe the environmental effects of geother nml
_cn('l gyv-have also l)( en neglected: A ](ugc geothermal plant, |t
is trueg could release more sulfur emissions,into the air than
acoal- lne(l plant of umummble size. Water' from geothermal .
Sites also contains hmmlnl salts and other chiemicals and
thereis, in addition, fhip pntentml for land subsidence aused
. by thc extraction of large quantities of water. o

v

‘Solar .. | R

/ e Soliy: ener ;:v‘fs amoényr the nmst pr ommm;: sourees of
’ energy, for {hc futul e. Scientists hav ¢ offered a var wtv of
proposals for har ne.s.\mg this limitless and v n'tuully
non-polluting energy source. '1‘110'%01';1;:0 rooms ()( the
Smlthwm.m Instltutmn in Washington, D. {&._are filled with
intriguing, long-for ;:ntten inventions usm;: the sun’s Heat for
energy.) These suggestions range from giant (lcxelt solar
farms to huge satellifes or bxtm;\r the earth, beaming the sun’s
energy back to receiving \tutmns .
Most of these largre-seale ]’)H)_]O('t\ are f.u m the futln e,
but more modest applications of solar enet sy a\e been used
~for years. There is-plenty of room foy expandm;: these
systems, with cohs‘idemblf' energy savings: Selar energy for
waler -heatlng and space heating, for e\ample is widely used
in Japan, lsrael and Australia. In this

~used earlier in California and
Florida have been displaced by the
introduction of (hedp alternatives, such
as eleetrieity and gas. Only a few '
"houses in the U. S. now use solar
., — enetyry for appreciable amounts of
T thclr energy, requirements. It is now bec()mm;:
e(()n()ml(dl to install solar eqmpmcnt m 1esldences

r;=t . .

.o
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.~ apartments, office and commercial buildings for heating, air
- conditioning and hot water. These systems/ generally consist
of a large surfuace, or collector for absorbing the sun’s heat .
and transferring it by fluid in pipes to zfstorage area. From
the storage area the system provides space heat, hot wate.r,
or (with a heit pump) air conditioning. .

Scientists generally agree that '

“ golar energy will be important
in the long run: '

It sounds quixotic
to quggeqt that we return ta
windmills for energy. But
“this age-old means of
harnewmg wind is again
\?h being taken seriously.

< Only certain sites are B ' .
- suitable: The Great Plaing and the coasts, for emmple
have.stronger, steadier winds. But even if all sites were put to
v use, wind could not produce significant energy, and huge

steel towers, with 50-to-100 foot blades, would clutter the
_ldndqc‘lpe Windmills would, however, be a non-pollutmg
v, way to generate electrncxty / -
. 'The oceans are.another potential source. Tidal power,
" for example, can be put to use where the difference between .
high and low tide is substantial. There is only one commercial ' -
tidal-electric plant in/operation in the world, on the coast of
France. In the U. S. a few sites are feasible for such projects,
-a}nong them the Bay of Fundy, where a tidal plant has been
-on the drawing boards for 50 years. Unfortunately, the . '
.~ proposed plant has never been proven practical. In time,
perhaps, a few such plants will be in operatlon generatmg a
fractlon of our’energy needs

-

50
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‘ Several other possibilities offer hope.for tapping
the energy potential of the oceans. One is to take advantage
of the temperature differences betweeh' thesurface of the
ocean and the deeper waters, using heat engines designed to

» ()per.lte across these thermal gradients. Though not yet 7/
- . commercially practical, this type of energy could, in tlme. ~
provide a hu‘ge share of our requirements. '

Nuolear Power .-

_Inthe U. S., we have been using electricity tmm
nucle.u‘ plants since 195 hey are now supplying .1bout
four pércent of our en‘el‘z;t;md over seven percent of our
electricity. Between now and the year 2000, nuclear power
is'expected to take up much of the slack cr eated by shor t.lgeq
in other power sources .

Today’s ne.lctm‘.s use ur;mium-235 for fuel, but .
natural uranium is Iéss than one percent U-235. The bulk of
it is uranium-238 which is not fissionablé. It is possible to
cbnvert non-fissionable uranium- 238 ; rium (element
number 90) into fissionable fuel. m a nuclear Neactor. Thm
process of conversion is called “blee(lmg"
The breeder concept offers .

the theoretical ) : .
possibility. T LR //\:' .
MA AN WO P
2 , )

X!} : : : e . .
’()_f further . 0 _“ > o

extending nuclear fuel

supplies. o L
Safety is a major consideration

in nuclear power. There is no chance of a

nuclear power plant exploding like a bomb, but the leakage of

low-level ru(liouctivit'_v”is a hazard. Nuclear pm\/'er pl;mt{.&_}eu‘e

wt
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“
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- - N . H ,.JU

22 -

-
7/

ERIC

Aruitoxt provided by Eic:



L r v

demgned with safety teatures to keep thls leakage Well
within safe limits. . :

“The transportation, storage, and disposal oQ
radioactive materials is one of the gravest social
responsibilities mankind has ever assumed. We have accepted

. the responsibility for protecting ourselves and generations
>~ to come from the effects of radiation. No member of the public
has been injured by radiation from a'nuclear power reactor. .
The chances that a nuclear reactor could-have a serious v ’
. accident in 'any. given year are extremely slight, but additional
safety meaqures are being developed to reduce these odds_ ’
still further ;

Nuclear fusxon power comes from the same process by
which energy 1s generated in the sun. If it could be controlled,
fusion would supply us witha safe cheap, virtually
mexhaustlble source of energy. But even the more optimistic
scientists believe it will be 25 years, at least, before fusmn

/ power will be available. :

)
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" Score 1 for each correct answer.
. 3 0—5 Poor, 6—7 Fair, 8—10 Good.
ANSWERS:
1. (c) Approximately half of the gas used in a gas stove is used to fuel
, the pilot lights because pilot lights burn eontinuously.
AR 2. (a) F‘luoreqeent lights give off three to four times as much light per
: watt of electricity used as incandescent lamps do. One 40- watt
fluorescent light gives more llght than three 60-watt ineandescent

W

. bulbs (and the annual savings niay be as much as $10).
3. (c) Aluminum is a very energy intensive material with the largest -+ /
. -~ share of the energy going to process the ore. Recycling is a
A great energy saver. The nation’s total throwaway containers

equivalent energy waste s equul to the output of 10 large
nuclear power plunt,s :
4. (b) If attic insulation were added to the 15 million smg‘le family
. homes thdt need it, it would save about 8 percent of the heating
oil preylously used on a winter day.
5. (¢) Ninety-four percgnt of the energy in the gusolme from crude
petroleum is lost in making your car move. The efficiencies of
* the mo#t important steps where energy is lost are:

v . producing the crude oxl - 9647
’ E refining - 87 "
gasoline transport - 9T% )
7 .engine thermal efficicncy 2954 :
engine mechanical efficiency % . :*
rolling efficienicy : . 307% ‘ ‘

The totnl eﬂicnency of the system is found by multlplymg‘ the
six factors together: 69+ . \
. £. (b) 15 man-days of labor. Smd in another way, one barrel of oil
- " contains heat energy equivalent to the energy of a man at hard
‘ labor“for 2 years. ) - ,
7. (¢) Inless than 500 years man will have consumed essentially all of
’ the coal, oil, and gas that nature started forming 500,000,000
years ago. By comparison, that same fraction of a culendnr year
is upproxnmately 30 seconds.
8. (c)J More: than a third of the world’s energy is cgnsymed by the 6%
of the world’s popu!atxon residing in the United States.
9. (¢) Natural £as reserves in the U. S. are expected to be exhnusted in
about 40 years. Petroleum should last for a century Conl 500 _
‘years or so. - gt

s

10. (b) For more than a century, American demand for. energy has
doubled, on the average, every 20-25 yenré ' .

?ﬂ
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Recent publlcatlons on energy and the env1r0nment
which you might find of interest:

J. Nf Hollander and M. K. Simmons (eds ) Amwal

’Revzew of Energy, Vol. 1 (Palo Alto, Callfornia Annual

Reviews, Inc. 1976).
Allen Hammond William Metz and Thomas Maugh .

" Energy and the Future-(Washington: American Assocnatlon

for the Advancement of Science, 1973).

U.'S. Council on Environmental Quallty,E'nerg_/ and
the E‘nvnonment (Washmgton U.S. Governmeﬂt Prmtmg
Office, 1973).

" Congressional Quarteﬁy, Energy Crists in Amerzca
(Washmgton Congressiona¥Quarterly Service, 1973).

W. Wilsbn and R. Jones, Energy, Ecology, and tvhe

E'nvuonment (New York: Academlc Press, 1974)

Lxploring Energy Chozces A Pr eliminary Report

‘ (Washmg¢on Ford Foundatlon Enezgy Pollcy Proj ect,

1974).

“The Energy Crisis: Reallty or Myth ” Annals of the
American Academy of Pdlztzcal and Soczal Sczence (Vol 410)

' November 1973. . p

E'?Le7gJFactBooIc—1976 (Arlmgton Vlrgmla T'etra
Tech, Inc 1976). <

U.S. Department of the Interlor, United State E‘nergy

. Through the Year 2000 (Washington: U. S. Government

Prmtmg Office, 1972).

" P. H. Abelson ed) ENERGY: Use Con,servatwn
and Supply, (Washm oh: American Assoclatlon for the
Advancement of Scienc€, 1974).

- Seience (Vol 184) Aprll 19,1974 (Spec1al issue o‘n
energy) - :
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These or gammtlpns can tm nish mfm mation about
energy. Most pr oVide books and other materials, films, and

speakers on request. 2 \
Amerjcan GGas Association 'fEnergy‘Information Center
1515 Wilson Boulevard 505 King Avenue.  »
Arlington, Virginia 22209 Columbus, Ohio 43201
Ameri¢in Petroleum Institute  National Audubon Soclety
1801 K Street, N.WV, 1130 Fifth Avenue
Washingtpn, D.C 20”006 ~ New York, New York 10028
Amerlcan Public I’o\ver Sierra Club

Assoclatn n 7 .- 1051 Mills Tower
2600 Virginia Avenue, N.W. San Francisco, California 94104
Washjhgton, .D. C. 20037 '

tlice of Public Affairs

AtomicIndustri ,
Washington, D. C. 20585

7101 Wisconsin Avenue
Washington, D. C, 20014 .
U. S. Department of Intéerior

\QEcology Forum _ - 18th and C Street, N.W.
 \124 East 39th Street i Washington, D: C. 20240
New Yérk, New York 10016 ~
: : ' U.S. Environmental Protectlon
Edison Electric Institute 7 Agency
90 Park Avenue . ‘ 401 M Street, S.W.

’New York, New: York 10016 " Waghington, D. C. 20460
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Atom=—The basic building block of all matter, an atom is the
smallest particle of a chémical element (k;uch as iron,

" hydrogen, gold, or uramum) that still has’tfe propertles !
of that element. B \

Barrel-—Although seldom put in actual “barrelq ” crude onl
is$ measured in a unit called the barrel, equal to42 U. S.
gallons. One barrel of crude oil has the qame energy as
350 pounds of coal. o L T

" Breeder Reactor—A nuclear reactor that ;nakes more nuclear
fuél than it uses, by changing certain a‘tomq that w1ll not gplit * -

into atoms that will split. .

Bfitish, Thermal Unit (BTU)—The amount of heat recessary
‘to raise the temperature of one pound of water 1° F. '

Coal—A solid fuel, moktly carbon, formed from the fossils of

" plants living hundreds 6f mxlhonq of yearq ago.

: Cog('Gasifcallon-—-A cheml(_al proeesq to change coal: 1nt0 a

-« fuelisimilar to natural gas the bxfgest advantage is that
oa

sulfur and other pollutants ifi coal can be removed before
it is burned ) . ¢

".Coal Liguefaction (Coal Hydrogenahon)—A chemnqal process
- to change coal into liquid fuels similar to gasoline and )

keroq‘ene compare with coal gas:flcatlon

L s

4

27-.

4



O

ERIC

Aruitoxt provided by Eic:

13

kS

..

Y

¢ .

Coolq(m—Anythinp,r pumped through a ngiclear reactor-to cool
it or absorb the heat it produces. Common coolants are
" -water, air, heliu'm, and liquid sodium metal.
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CrlhcalMass——*The smallest amount of nucledr fuel, like
~uranium, that will sustain a nucledr chain reaction of,
sphttmg atoms. . N
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Crude Oil—Liquid fuel formed from the fossils of animals

and planth at-the bottom of ancient seas; petroleum as it

comes from “t® ground. . .

' _'Deép Mining—Miningr tha}f\ must be performed by digging * "
underground shafts and tunnels.. ..

L ' b A

- Direct Engrgy Conversion—T he process of changing any

- other form of energy ‘into electricity witho_u\t machinery

" that has moving parts. For example, a battery changes
chemlcal energy mto electr 1uty by dlrect energy conversion.

‘o

Eﬂlmency, Thermal-—A measurement of how ethcnently any

dev1xtla changés heat into another energy form, Fdl example,

a mo¥lern coal-bur ning electric plant has ab0ut 38 percent
therm‘ll efficiency because just under 4/10 of the heat from

burning the coal ig actually‘(.hdnged.mtoelectrlcxty. .t

: Energy—"l‘he ability to do werk or to maﬁe thi’ngs' move. . -
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= FlSSlah—The sphttmg of the nucleus (or centel) of one atom

A

, “into twé or more smaller atoms; ﬁssnon often-releases large
quantities of energy.. . .

FISSIOI‘I Products——The smpller atoms f01 med when atoms
fission or spht : : ‘ -

. _ Fly Ash—Tiny particles of solid ash ;n the @moke when fuels

. such as coa!l are burned.
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Fossil Fuels—Coal, petloleum, and natural gas; this term
applies to any fuelg formed flom the fossxlb of. plantb and
animals that lwed eons ago. . *

F“el—AHYthmg that ean be burned or fissioned to
pl‘Oduce heat enezgy

' oxygen to produc electhicity and very lltt heat the -
-principal by-prod Zets fthe process are o
carbon dioxide. ,

Fusion—The process of combining tlle nuclgi or centers

* of two light atoms to form a heavier atom; l}lbion can
release great quantitizs of energy The sun pl oduceq its
energy by fu%lon : v v
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Gas Cooled;Reactor—-—A nuclear reactor that is cooled by a
gas"like.air,or helium, rather than by v'vater1or other liquid.

Gaseous Dlﬁusmn—A p1 ocess by which natural uramum is
enrlched and becomes a better nuclear fuel.

~Geothermal Energy—Heat energy produced deep withilll\t}le__. ,l :
earth largely by radioactive materials that occur - “o
- there naturally . - N

Geothermal Steam——Steam formed by underground water
qeepmg through hot rocks Heep beneath the earth’s surface.
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Horsepower—A umt that,measure the rate at whxch energy
is produced or used. A man doing heavy manual labor 5
produces energy at a rate of about .08 horgepower. .© - " "
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. ",,/rate of one l(llOWdtt (equdl,@ 1000 w‘lttq) A rate of one
o kilowatt manntamed for one hotir produces or usés one
kilowatt-hour of energy (equal to 1000 watt-hours).

Magnetohydrodynamlcs (MHD)—Process that uses a magnetlc
ce electricity directly from the hot smoke and -
gases we get fyonf burning fudls like coal and oil.

Megawatt—¥nit to measure the rate at which ener gy is
_ produced or used; it is equal to 1000 kilowatts (qee kilowatt).

’ T~P‘Moderator--Materral such as water and graphllle used in a-
nuclear reactor to slow, the speed of neutrons produced
b when atomq split. . ~ ./

' Natural Gasf—Gaseous' fuel formed from the fossils of ancient »

plants and animals; often found with crude oil.

) S | . - - ) ‘
Natural Uranium—Uranium as it is found in the ground; a
mixture of two typeb of uranium atoms. Less thanone . ., -
percent of the atoms in natural uramum are the kmd that

wnll produce energy in a nuclear reactor. -

Neutron——A tmy partlcle extremely heavy for its size, often
found in the nucleus of an atom. Neutrons have no electrical
charge and a're released when atoms split (fission).

-
Nuclear Power—The energy produced by sphttmg atoms
(quch as uramum) ina nuclear reactor -

Lo Oil Shale—-—Rock formed by sxlt and mud qettlmg to the: bottom ‘ "‘,- ;
wo of'a'nc1ent seas that'contains.a substance qlmllar tocrude oik " -
\So-called shalg oil can be removed from the rock by heating "
“and then used make gasoline, kerosene, etc.

Pelrochemlcals—-Chemlcal% removed from crude oil atthe - .
reﬂnery and used to make a wide rdnge of products such as
plastics, synthetid ﬁb detergentsvnd d%g\‘

- Petroleum—Sée crude oil.
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Photosynthesw—The process by anch green plants convert

I ]
sun%hme into chemlcals

PIutomum—A heavy, man- made, radloactlve metal that can
be used for fuel in a nuclear reactor. 78

Radioactivilyt—A spontaneous change in 'the nucleusyor center
of an atom, accompanied by the release.of energy called

- nuclear radiation.

Solar Energy—The energy received from. the sun. Nuclear and -

) geothermal energy arethe only preqﬁrgly available energy

forms not derlved from the sun.

Solar Power—Electricity, heat, or other useful energy
produced from sunshine. ‘

.Steam Electric Plant—An electric power plant (either: nuclear

‘ power plants into nearby lakeq;'rivers, or oceans:’

-. or one that burns coal or other fuel) in which heat boils water

into stéam, the steam is used to turn a turbine, and the

_turbine turns a generator to, produce electrlcnty

Strip Mining—Mining for ‘coal or useful ores by remov1ng the

* soil and rock found above them, rather than by {

tunnellng underground.

Surface Mlnlng—A sfnonym for strip mlnlng

Thermadl PoIIutlon—Harmful effects to the env1r0nment that
majy be produced by the warm ‘water released by electric

' Wastes, Radmachve——A by-product of pr uculg power by

‘splitting atoms in a nuclear power, plant; some of these

.materials are highly radloactlve and stay radioactive for.

long periods of time.

| \Wati—See kilowatt. L
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*Thermonuclear Fusion_See fusion. . . , \'/:—'7/, '
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- To Arrange for a. Cltlzens Workshop

Presentatlon, contact. o .

Northwest College and Umversnty * e
- ‘Amclatldnﬂfor Science .

L ’ L 100 Sprout Road .

Rlchland Washington 99352 R
| (509) 946-3588 . .

7 er : ,
* Offie ef'sPuijlic Atiirs .

' ‘(Commumcations Services) . B |

" U.S. Department of Energy
Washu}éton, D.C. 20585

(301) 353.4357 - ) oo

' DOE/OPA-0023 (3-78) ~ [ O T SR S



