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INTRODUCTION TO THE UNTT - '/ . /0.~

Prevlew of the . Unlv | 41 o _' A , SR

3 In thls unlt. you m study some of the major factors involved ln /our current
N energy ¢risis ' and/ som of the means avallable for. solvlng tﬂe stéadlly growlng
problems of shortages ﬁIpollut:lon, and Waste /You wlll ‘be confrdntlng B

- -complicated lssue., and thelr lnterrelatlonshlps, whlch make solutlons SRR
g extremely compll ated , . : e
In this ‘unit, you Wlll experlment wlth a computer slmulatlon called ENE'RGY
which wlll allow you to' try different measures to:solve the energy problems 4
in the U S. Us/ ng ENERGY you will be able to test ‘a variety of energy-use :
- patterns and pollution standards to see.their effects oh. pollution ‘levels and
energy supplles The slmulatlon will also show you the effects which . your

_ measures have jon the country 8 ecoxﬂmlc well-belng and the people's general
satlsfactlon. T _

When you have flnlshed this unlt, you should have a better understandlng of the
" nature. and causes of our current energy crisis and of the complex effects of
varlous measures for solvlng our energy problems ’

/ - f

‘ Background on Energy Use s
Human belngs began, early in- thelr career on ‘earth, to ‘put energy to work
" for them. Of course, at the very beglnnlng, food was a vital source of -
energy for human growth and actlvity, as were the llfe—sustalnlng sun and .
water But, probably the first consclous. use of energy was made when humans )
> diséovered and used flre-—to warm themselves, to cook food, to. run down herds .
of anlmals, and to melt metals to be fashloned into, tools and weapons
Much later came ‘the use of domestlcated anlmals to plow and to haul, and -
the 'use of running water and winds to drlve varlous klnds of prlmltlve
" machines, .
“In very recent t,lmes, the history of man's ingenious use of energy has
reached a plnnacle -of success and elaboratlon. o/ :

pollution control devices, machinery, electrlcal appllances, toys, sp

Energy Is used today to run furnaces, alr condltloners, cars, planei/ \
shlps, ‘and thousands of other thlngs In our dally lives. /
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How much use do you and your famlly presently make of energy: in your '
© dally llfe? For example—- : _ S N

‘-;1. How . many electrlclty—drlven entertalnment devlces do- you and "
your family own ? : - E

S ' Radios - TV's. _;_Phonographs “ ___Tape Recorders
: T'oys ] Others BESE : o {_)
2. How many communtcatlon and transportatlon devlces do you o
have? SR . » ,
Telephone Extensions . Cars- _  Motorbicycles R
. C w : » - . ' o ! .
: . Othen‘ ' i
, . e

3. How many modern convenlenCe-apphances does your famlly use -
in addition to the basic stove, refrlgerator, and hot water
heater?

W

__Freezer . .  _. Air Conditioner __Iron -, s

Vacuum Cleaner Hair Dryer “Portable Heater

Portable Fan. _Electric Razor - Sun Lamp
N . L f . “‘ X
' 9 ' ' - ' éfi ™
Electric Air . Heating Pad - - - ‘Electrlc Blanket . .
_ Freshener =~ = - )/ R :




¢ o
S _,__‘__Eleclrlc Garage Door Aumaﬁlc
e Exercleer Opener ‘ Dls washer

N Automatlc ’ Eleptrlc Can ';,,f_‘___ Gar ge

\ S Clothes Washer Open.er - Dispd

\ ___:ﬁoWer Lawn Automatlc Electric Slglllet

L - Mower - Clothes Dryer ’
Front Door Bell’
N \l\“ . v. .

__ Electilo_Comb

Electrlc Clack

Tok‘s ter

. "Electrlc
Curlers |

Power: Saw

i 1930's -

"Fig.* 2.

~

Energy driven convenlences in "the '1';)30's and the 1970'
During the:last few decadés, |
of electricity, oll, and gas pc
for: granted.

3

~ iv. 3
' goals of comfort

ered convenlences, énergy has been taken

As a result, we haVe all

developed *llfestyles whlch are supported b'y masslve energ'y consumptton.

whlch we have rapldly lncreased our use

To most Americans It has: ‘seemed cheap, abundant and -
lnexhaustlbly <dseful for achleving opr’ ever-expandlng personal and natlonal
_progress and enjoyment.
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Fig. 3. Cohsumptlon of US energy and populatlon growth, 1,850-1970.
Hasn't everyone' else on. earth developed this kind -of energ'y—based llfestyle?
The answer is '"No." In fact, while the U.S. has only 6% of the world's

. population, it currently y8es nearly 40% of the total energy produced in the
0 wor‘l‘gf}n,a per capita basis, each Amerlcan consumes 25 times as much

ene as a Chlnese ’

- Is there any prob}em with_that, outs lde of the fact that we may "be using’
_more ehergy than our per caplta share?- Up until the last few years, the,*
American answer seems to have been ""No, there is. no real problem. " As
late as 1966, many knoyledgeable people estlmated that our nation's total

energy resources could satisfy our energy requlrements to the end of 7thls :
century at moderate cost levels. :

Since about 1973, however, every Amérlcan has experienced SOme eﬁ‘ects of
energy shortages: '

-

° Average temperatures in oﬁices, schools, and publlc bulldings,
- as well as in private homes, have been reduced from 72° Ftoa _

~cooler 689 F, to conservé oil, n#tural gas, and electricity._
x v ty e




.® Gaeollne prlces have doubled and llmlted supplles of o B
7" _gasoline have caused a t1 end tow'lrds more. fuel~' efflciont o
automoblles. e , oo
’ re Alrllne schedules,fwhlch were once lncreaslng n numbers. of
: \/ -, flights and cities served for’ greater customer convenlence,
/, .. ! are reduclng the number of ﬂlghts to conserve fuel ‘
A . . ‘M
° nghway speed limits have been reduced from 70 mlles per _
hour to 56 mlles per hour in an effort to reduce fuel Ty
consumption. '
- Even with the experlence of these shortages, our energy -consumption Is -
' lncrea.elng by several percent-each year .In Amquca At this rate, oyr -
coneumptlon of enery ln the U.S. wlll double by ‘the 1990's, i

'Many people- .are serlously asklng "Wlll there be al large enough energy
' supply to fill-our needs, and how much wlll it cost us_to. obtaln that energy?" -

5,

prosperity~~the mor: the better, " have felt the answe?T to. shortages and the
~ future neéds lIs to iicrease the pumber of refineries’ and energy plants.
" vAfter all,’” the ar "we certainly don't want to reduce our
standard of living o1 our rate-of wth. If we need ‘twice the energy to run

" our prosperous 1 , we'll have to produce twice the energy. "
’ 4 .

.
Lo

However the energy shortages, the fear of oil embargoes by foreign oil - ,
‘ producers, and dahgerous depletion of certain raw energy materials challenge 4 ‘
" the Yeasibility of siich a solutfon.’ And, our energy-driven standard of living
is already being threatened by the pollution and environmental degradation created
by our massive energy consumption 4nd waste.- In short, it i8 now clear to. "~ v
“everyone that we have a serious energy crisis ‘and environmental problem upon
us, The crisis can-be summarized; v :
, : ') , _
1. . The world is experiencing more and more- energy shortages
) due to increasing consumption, and in some cases the natural .
resoyrces themselves are being depleted at dangerous rates.

. /o
. \ v
2. Even when energy is avallable, 1ts cost has increased supstantiall/
- The price of energy has become a- burden to- indiv;dua}& -businessesi—
and countries. :

\v A
v

3. Consumption of energy is resultmg in serlous air, water, and land
' pollutlon. o - C l R

4 e - . |

-

4. The massive consumption of energy in the U.s. oi’cen appears to be - -
irresponsibly wasteful; Americans waste in a year as much energy |
as is consumed by the populations of many countries. \ '

Y . : . -
. . '

N . ’ . .
N . LS A v -
¥ . . - X v ]
’
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The growing ealization of the’ limlted nature of our present energy sourtes '
and of the emﬁ*rogr_n_en\tal problems caused by thelir use are causing us to
reconsider the wisdom of our cultural ""growth' premise. We are beginning -

‘to -see the great and unnecessary waste in our ways: of dolng thlngs, and to dee

. the necesslty of looking at ways to accomplish our dreams with less energy.

7 ; ,

- What areOurAlternatl\h\?\ - | 7 | o
Lo . . K ' ' . . : : ‘

-

Most_people today are aware that there are 80 many lnterrelated lssues
In the energy-and-pollution problems that solutions ‘will be far from easy".
. to' see or to lmplement The complexlty of the sltuatlon ¥} lllustrated ln -
« the cartoon on- page 8 in which some well-meanlng Martlans, hoplng ‘L
to, solve the problem in one- Earth clty,. ‘make matters a lot worse.

Whlle the final solution.to the energy—pollhtion crisis will be complex, there

.. .are- thmgs which can be done to move toward the redolutioh of the problems.
. ".’
€7

Accordmg to the UaS News and Worl(i Report, Inc., in 1973, our current g

‘massiyve consumptlon of energy was being used in the following proportions’, -
in our country. ' ¢

[« - .
A ’

. v . .
\_‘4 B

} : /o
- Industry /J- -/ Private

| Wl Homes
. ) o 329, . . 14% S
3 Other | -
. Buslnes%%s *
_. | 5%
Utilities = | Transportation .
. ! T « ,
. ‘ 249, '

259

~

O
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In spite of our national phxlosophy of ”the more the better, " there has recently
been less energy available zft reasonable cost than we need. Conservation of
what is available 1is necessary in all sectors of aur society. SOme effective
measures t,oward this goal 1nL1ude turmng down thermostats; drlvmg at t}le

B
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: many

:.‘f llmi using more public trdnsportation, and reducing the hours that
; ‘Hnd; lndustrlal plants operate. of courde, thebe measures will have serious

: Many pedy leadvocate stepping up. constructlon of nuclear power plants; but .
othgrglfear the effects of radioactive waste products from such plants.
"Others 2 focate stepping up our efforts to use our large coal suaply, but  *®

many of tRe prdblems associated with mining and burning voal still need

to be solved. Still other people would like to see greater effort expended - ; .

towards harnesslng solar, geothermal and other klnds of 'lblean" energy

e

J ' ' ' :
~ Pollution cOntrol devices .are energy-expenslve'on the whole. They oﬂ:en cause

engines, and industrial machinery and furnaces to use more fuel to accomplish ' _
their work. Some people have felt that poJlution standards should be relaxed so -
car engines, industrial operations, and. o forth will use less onergy. The price:'

~—to-be paid is, of codrse, an increase in pollutlon.--

B

A\growing number of experts are focusing on energy conserva ion through
reducipg our waste of energy.- It has been estimated that reducing just our

waste of .energy would allow us to cut our projected 1985 energy consumption °
by"30%, and to reduce our. consumption growth rate from 5% to 3%, without

" affecting our present standard of living." For example, lf the average car in the
U.S. weighed 1, 000 pounds less, we would save about two mil}ion gallons’ ‘of
gasoline every day in this country;. this gasoline savings is equivalent in energy _
content.to what the Alaskan pipeline dellvers. Another example-- it is estimated
that in our homes ancY buildings we waste about one quarter of the energy consumed
for heating and lighting due to inefficlent design, . insulation, and heating and -

" lighting systems. Recycling materials, especially metals, is another major way
of saving energy. It:takes about half as much energy to produce u&le aluminum
or steel from recycled metal as it takes to produce it from raw ores.

It is 1mportant,tq realize, however that none of these alternatives is simple

o implement and all have negative:as well as ‘positive consequences. For one -
thmg, many of the alternatives would require tremendous amounts of money and
might involve great inconveniences for people. Where, for example, would we,

. put‘the old heavy cars? Who would pay to convert the machinery in auto -

“manufacturing plants to manufacture lightér automobiles ?. -What would happen

. to peopl@ who could not afford to buy new lighter :¢ars, or who simply did’ not
want one ? . K . .

It is clear that solutions are needed. Our energy consumption is olltstripping.

our’ supply and depleting our natural sources, ‘environmental pollution tsa .
growing hazard and waste continues at unacceptably high rates. '

»
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- "Do .you think ‘you could figure out. how to ‘solve the. energy and’ pollutlon problems
better than the Martians in the cartoon on the precedlng page ? ' In this unit, you'll
T ;have the chance to try out. your ildeas on the :computer’ uslng the simulation/
.. game Dalled ENERGY. . The ENERGY progrdm Is discussed In the next two
- sectlons of this manual.- Eor more background lnformatlon on the energy

crisis, you may wpnt to- g:onsult some of the sources listed In the last sectlon '
- on, page 27.

7
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THE "ENERGY" SIMULATION

‘De scrlpt lon- the—Programqw——mv-—' - o

The EN%B,QY program beglns by printing out a short descrlptlon of the o
uslmulqﬂon and glving 1975 energy demand figures for the flve sectors of -
- soclety. which use our energy. It also lists the ten factors within these
- _sectors which most Influence energy use. Here Is an example of' this
. first ?rlntout from ENERGY.

§
g
4
g

¢ ,
ENERGY -

KAkl

14 .
USING THIS FNERGY SIMULATION, YOU CAN TRY-

TO SHLVE THE ENERGY PROBLEM BY CHAVGING THE RATE AT WHICH
BNERGY I$™JSED. YDUR GOAL IS TO KEEP. THE DEMAND FOR ENERGY
WITHIN rﬂEaAVAILABLF snPPLY. AT THE SAME TIME YOU SHOULD
TRY QD(A o

&> REDUGE TH L, uEL OF POLLUTION
> INCREASE THE VECONOMIC CONDITIAN OF THE NATION
iy R HE GEVERAL 'SATISFACTION OF THE PEOPLE

WY THE RATE AT WHICH ENERGY IS USED BY CHANGING
FACTG .xrw:dtw BIFFEREMT AREAS. EACH FACTOR AFFECTS THE
C TOTAL: Amqugg NF ENERGY USED. : .

/7-§{f i
START :OF YEAR - 1975
v s )

CURRENT ENERGY DEMAND: ' FACTORS IN AREAS
BTU TIMES 10 TO THE 15TH : ID# YOU CAN CHANGE
22 INDUSTRY 1~ PRODUCTION LEVEL
2 POLLUTINON STANDARDS
19 UTILITIES = . 3 PRODUCTINN LEVEL
: . 4 POLLUTION STANDARDS
18 TRANSPORTATINN POLLLUTION STANDARDS

5
6 MASS TRANSPORTATION
7 AUTOMOBILE EFFICIENCY.

9 - HMOMES . | 8 APPLIANCES
: - 9 . HEATING / LIGHTING
6 : BUSINESS AND SCHOOLS 10 . HEATING / LIGHTING

WANT RESULTS GHAPHED?NN




“Then the program lists or graphs (as the user prefers) 1975's. total
" energy supply and demand and glives ‘the related levels of pollution, -
" economic well-belrig, and general‘satlsfactlon  Here ls an example o
of the 1975 figures printed out.j by the program. . .

. ENERGY SUPPLY - 80 POLLUTION LEVEL
_ ; 19.79
ENERGY DEMAND - 74 ECONOMIC WELL-BEING
- o 15 '
SQRPLUS ENERGY - 6 - ~GENkR§§,SATISFACTION
. . . 26 v

From this polnt on, the user can introduce changes In the energy-use
pattern and can watch the effects- these changes have on energy condltlons,
year after year, Changes are made by the user's entering percentage
increases or decreases In the energy used in any or all of the ten’
energy-use factors listed at the beginning of the printout. Where the user
Introduces no change in'a factor, the pregram calculates an automatic change
for that year. As soon as changes are entered, the program calculates
the effects and lists or graphs the results. '
¥
Below is an example of changes Introduced for the year 1979 and their
results in one students' run. Notice that, when a graph is requested,
the program .prints out a cumulative graph showing energy supply and

demand levels from the starting year, 1975, to the present,
: s :

11




A}

- DO YOU WANT TO CHANCE ANY. FACTOHS’ ?2YES
fro MAKE A CHANOE, ENTER THE FACTOR 1D NUMBER, AHCQMMA
AYD THE PERCENT CHANGE. '
" FOR EXAMPLE,  T0 REDUCE THE USE OF APPLIAMCES IN THE HOME
BY 258 YOU ENTER . 8,-25

"WHE‘\J YOU ARE DOVE FNTERI'\YC CHA'\’CES) ENTER 0,0 ' . . ~
C21.-1 o - »
7?7256
- ?23,~-1

7456

75,8 - | - ~ -

76’8 . 4 ' e
| 2728 :
- 78,2
2952
210,52
20,0

WANT RESULTS GRAPHED?YES

" END OF YEAR - 1979

14

POLLUTION LEVEL
19. 78

135

“ ECONOMIC WELL-BEING
R 15.96

95 . _ |
C | GEVERAL SATISFACTION
D o . 22.54 |

O wn
O wn
w

s . o S = SUPPLY OF ENERGY
‘D = ENERGY DEMAND _
E = DEMAND EQUALS SUPPLY

55

1

1975 76 78 80 B2 B84 86 88 90




. 'After a year's results have been graphed Ql‘ listed the user has the optlon
'of seelng a llst of the current energy demands--In the- flv&sectors of soclety -

. Then, :changes can be entered for the next year and the

"YOU CAN CHANGE

PRODUCTION LEVEL _

no YOU, WANT A LIST OF. CURRENT ENERGY DEMANDS? 7Y
'CURRENT ENERGY DEMAND: B -
BTU TIMES 10 TO THE " 15TH o 1D,
v25 ‘INDUSTRY - e 1
N : . e
\ - . T U
22 UTILITIES . i 3
| . B} . \ ) 3 Z ,351_2 4
e TRAN SPORTATION. h 5 -
. 1 ;qk
. ‘ . ‘ 7
1  HOMES 8
6 . BUSINESS AND SCHOOLS 10

. . . '
,

-

FACTORS IN AREAS

POLLUTION S TANDARDS

PRODUCTION LEVEL
POLLUTION srANDAahs

POLLUTION STANDARDS
MASS TRAN SPORTATION
AUTOMOBILE EFFICIENCY

APPLIANCES
HEATING./ LIGHTING

HEATING / LI GHTING

cycle is repeated.

In the:midst of each ru"h the program will randomly introduce unexpected
"news flashes' announcing such events as the development or discovery of

" new.energy sources. For example--

("*"T‘————"""‘*~;__,—————"—__“";—————"’*——__—E_T;NFQ"e':

* % % % NEWS FLASH * * * %

‘SOLAR .COLLECTORS
HAS - BEEN SUCCESSFUL IN
INCREASIMG THE YEARLY ENERGY SUPPLY

BULLETIN--DEVELOPMENT OF CONCENTRATING

o

9 - %

The program will continue to accept .changes In factors and to pr'lknt out the

.results until the user wishes to stop. Hence, the user
changes over as many years as he or she wishes.

bl

can experlment with

ENERGY allows you to control many realistlc factors Involved In the ENERGY

situation; ~however, there are a number of factors relevant. to the real-life

energy problem which you cannot manipulate uslng ENERGY, such as energy

is based on a simplified model of the real-life situation.
use the program, you will need to know what the scope

Before goling on-to
and limits of the

model are, what assumptions it Is based on, and what the factors (variables)

you'll ‘be controlling actually mean. This information Is given in "The

ENERGY Model" section below.

1
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The ENE RGY Model

" As we have seen\}\\there are an almost unlimited nurriber of ls
" In the current energ-—and-pollutlon crisis.” In order to create a 'model'

“The Scopé an(d\lelts of the Model :

‘ L

- Involved -

of the sltuation whlc one can understand and interact with, the situation .

must be simplified. 5 For the purposes of this’ computer model, flve main

characteristics of th&, current energy sltuation were selected as t e central ')
elements In the’ slmulhtlon They are listed below _
1. Demadnd for'}ienergy is growlng exponentla.lly.' . | L
. \ L )

2, 'Ener\gj( supply depends, ln the main, on nonrenewable resources,
" . such, as\loll ratural gas and coal.

N

.3. Changes. In pattlarns of consumption can extend the 1ife of pres&\t
resources, andgtechnologlcal advances and new energy sources

may come to our ald.
A .
4. Changes in consé;mptlon patterns directly lnﬂuence our quallty
: of life. : .

'__5'; ‘ Po_llutl.onlevels ar effected by consumptlon ‘patterns and by. the

pollution standards whlch are enforced.

~ <

As a consequence, the ENERGY simulation is llmlted to modelllng only the
relationships between energy supply, consumption, pollution levels and

“quality of life, and to illustrating possible impacts of new energy sources.

What elements of the real energy crisis are outside the limits of this -
model? Many! TFor example, weather conditions, population growth rates
and political - lnterferences with energy supplies such as oil embargoes, ‘are
not taken lnto consideration by the program.- There are also limits in

the model itself and those are the specific, .1imited relationships ,
among elements which are used. The elements, or varlables, and thelr

relatlonship are described below. g

The VAﬂables

The lndependent ‘variables in the ENERGY simulation whlch the user can
Increase or decrease yearly (from 1 to 75%) are:

14
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. INDUSTRY - 1. PRODUGTION LEVEL o, T
o . The output of the natlon's manufacturlng'
. , “.- plants and. factorles ‘ coe

[

A

2. ; INDUSTRIAL POLLUT\ION' STANDARDS

- The pollution’ standards lndustrle must 7
meet _ : / " -
UTILITIES- 3. UTILITIES PRODUCTION LEVEL -

The  output of electrlclty from power
generatlng plants, :

. 4: UTILITIES POLLUTION STANDARDS , >
The pollution standards power generatlng '
plants must meet.

TRANSPORATATION 5. TRANSPORTATION POLLUTION STANDARDS /
| . - Thé pollution standards that automoblles _ :
\ - . _ must meet,
6. MASS TRANSPORTATION )
The availability and condition of mass "
transportation’ system, L. e., buses,
trains, etc.

7. "AUTOMOBILE EFFICIENCY |
Increased efficiency means you can transport,
‘the same non-vehicle weight using less fuel.

HOME - 8. APPLIANCES
o The use of appliances such as dlshwashers,
\{) : « , ajr conditioners, and dryers in the home, g
L ’ / . ’ ‘ . »‘ i . -
9. HOME HEATING AND LIGHTING: |
The amount of heat and light used in homes.’

BUSINESS 10. HI]ATING AND LIGHTING./
" AND SCHOOLS . The amount of heat and light used In schools
‘ ‘ and businesses. .




S - e ) ~_ : . e E ‘ ; _‘,‘A'{f f‘ { o
. L S . . . . X4 S .
7 ’ . P : . L] . . S ) ‘ L

D

SRR 'J . . Q. . ‘ “" X ‘ E 'Z
;; . N -;—/ - B v .
- Changes which the user makes: ‘In the independent varlables wlll cause changes

In. the followlng dependent varlables.

i

e 3 : _,__ SETUR S [P

LN o o . 3
. . .
ot PP . - : ~ . . . N

. ENERGY DEMAND s ] S

A measure of the amount” of energ'y ~consumed ln &he ten
~ areas llsted above - = N :

o e ENERGY SUPPLY
o ‘A measure of how much energy is produced in:a- giveri year added
to the ptev’mus year's remains after demand has been ﬁlled :

!
R

A

N ® .. POLLUTION INDE‘X S Coge ,

A measure of .alr and water‘pol,lhtlon B

e ECONOMIC WELL-BEING *. = . . | ) \

\

| . A measure of the economlc’ health of the natlon o \
Y

i

A » GENERAMSATISFACTION

R : A measure of the psychologlcal well- belng of
. the citizens : .
. . 'Y o d - : ) 9
. Two fmal varlables have: been lncorporated into thls model to make it °
 approximate the real wdrld enexrgy sltuatlon more closely. First, a variety
‘of unexpected events provldlng new energy suppllies are included in the
prog"ram ‘'These events are: activated randomly by the program In~ the
process of lts runnlng S . L

Second there is an automatic change factor bullt in for the ten lndependent

variables. - Whenever the user does not specify an Intentlonal change for any

of these variables, the program will calculate an automatlc change for those
varlables

>

N . .- Relatlonshlips Between Varlables ' . (

The ENERGY model operates on the assumptlon of certaln direct relationships
holding’ between the Independent variables and the dependent variables. These
relatlonshlps ‘are summarized In the following table;

1




T T mmm;nnﬂmm l:.lbc RESULTINO EFFE(.TS ON DEl’LNI)hN’I‘ VARIABLES
o F %' ‘Energy Energy . Pollutipn Economlc Geheral )
A . | Demand. Reaources Level Well-Belng ~ Satisfaction
' | (ED) ‘(ES) (PL) » (EWB) '+ (GSL)
1. Industrial Productlon Level (IPL) o *1 Ingc. De‘c.. . Incy - Ino. - Inc. \\
" 2. .Industrial Pollutlon Standards (IPS) - . " Inc. " - Dec.  Dec. :
*3.- Ulllltles Productlon Level (UPL) Inc, .Dec. Inc. Inc,
4. Utllitles Pollutlan Standards (UPS) - - - Ine, Dec. =~ Dec,
5. Transportatlon Pollution Standards (TPS) Ino. Dec. ' - Dec: '
6. Mass Transportation {TMT) S i Dec. Dec.
7. Automoblle Efficlency (TE) ‘ | Dec. Dec. - ~ ;
8. Applldnces (A) R Inc, - Dec, - . - Inc. &
9. Home Heatlng' and- nghtlng (HH) - | Inc, - * Dec. ’ — Inc.
'10.\ Schools and ‘Buslness, Heating and + Inc, - Dec. v ) Inc,
L ighting (BSH) \ . : y
. : L f\\ . - . D
e Energy resources wlll constantly decrease unless all engr demand ceases, The only varlable
~ which can Increase the resources Is an 'unexpected event” which ls randomly Introduced by
the program Itself, . ' L .
When any independent variable is decreased the effeets on dependent . . ¢

variables wlll be. the opposlte of those shown above. For example, if
Industrial Production Level is decreased the energy demand, pollutlon
level, economic well-being and general satisfaction will all decrease. As
the footnote to the table- indicates, -however,, evey with decreases in energy
use, .energy resources will continue to decre e because any energy used at
all decreases_ the non=renewable suppty. " i ’

{

)(,The mathematics of tHL&se relatglenshlps are described below.

. E‘I{uations'for Energy Use Levels

A

,When the user enters a percentage change for a factor -
o v - (see the sample run), the new energy use level for the v )
factor \is calculated by the following equation:

New Value = Old Value.+ (Old Value)(% Change)

When the user does not . enter a change for a fact'or', the energy
use level for the factor changes automatlically by the
followlng percentages

17
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Do Nm\lagv '

‘-.‘I“actor ’ L \ Chat_mge

T . ) Ind\yétrlal Productlon Level (IPL) 6%
) Industrial Pollution Standdrds (IPS) 6%
o Utilities Production Level (UPL) 4% B
s v '~ Utllities Pollution -Standards (UPS) - 6% . - -7
: ' 3 Transportation Pollwtion @ = ST
Standards (TPS) , 6%
Mass Transportation’ (TMT) L 4%
- .Automobile Efficiency (AE) . 8%
.Appllances (A) 6% - 4
‘Home Heating and nghtlng (HH) 4%
School and- Bus,lness Heating _
and Lighting (BSH) . 2%

" .The equation for the new autom>atlcally éhanged values is: ,.

New Value = Old Value + dld Value (Percentage)

2. Equations for Current Energy Demands (CED)
. The energy use levels (in the equations shown in 1) are used to
. calculate current energy demands. There are five equations for
current energy demands, one for'each of the five categorles In
Wl ' ‘ which energy is used each of which has one or more energy use
L f, factors: - : : :

Industrial: Energy Demand (IED)

Utllities Energy Demand (UED)
Transportation Energy Demand (TED) :
Homes Energy Demand (HED)

BusIness and Schools Energy Demand (BSED)

. The slmpllfled equatlons are:

IED o* IPL + IPS
UED « UPL + UPS
TED « Vv** 4 TPS - TMT - AE

HED « A + HH ; , v
BSED « BSH '

Total current energy demand (CED) -is, of course the sum of
the energy demand in a.l.l flve categories, or

i)

C}\ED = IED + UED + TED + HED + BSED

A - .

e

A

* "o ig the symbol used to represent "Is proportional to." ‘- -, |

* V Is a,measqre ‘of automobile use. Its initial value can be changed
Q within the program. It is automatiéally lncreased 7% each year.

S
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s ",_,The Intjal energy demand values, for the starting year 1975
o ..ln these £lchmegqnms_are- . ~ .

IED 22 BTU's x 1015*)

' UED =19. BTU's -x'1015ﬁ | .

TED =18 BTU's x 1015
"HED = 9 BTU's-x 1015

'BSED = 6 BTU's x 10!°

E

1975 CED = 74 BTU's x 101°

L 3. Equations for. Pollution Level (PL)',l' Economic »We}.l—Be-lng (EWB)
.o ‘ and General Satisfactlon Level (GSL) : :

Energy use levels from equations In 1 aquve!are also used In equations
b ~ that caldulate pollution level, economic|well-being, and general
o - satlsfaction, The equations for these dependent variables are: i
‘ S - R
PL (UPL + IPL) = (IPS + UPS + TPS)

» .

YRR

EWB - IPL UPL

{ L
\ 5 :';_;.5’ GSL. A + HH-.—F BSH + IPL

4. " Equatlons for Csleulatlng Yearly Ener ’rj'“‘Supply

The energy resources In thls slmulatlon are characte\rlzed' as
automatically decreaslng by 1% a year; that .is, total energy

ayallable each year will be 1% less tha1 the year before.
Each year's energy. supply is, ' of course. added to the surplus

energy from the year before to make the total energy supply

© *for the year The equatlon Is A e Lo

.\3_ ' v s ) P
v N New Supply Old Supply - Current Demand + (Old Supply)( 99) d

v

orh . . N

- New Supply = Surplus ! 99% of 01d Supply
I : . i

- . 0 Lot ‘

* BTU stands for Brltlsh 'I‘hermal Unlit which is th‘e amount of heat required -
.~ to ralse the temperature of one pound o\f wnter 10 Fahrenhelt: 19
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) i el . Unexpected news ﬂashes about new energy sources, randomly
” Introduced by the program, Incredse the energy avallable by . a
randomly selected amount from 2%-to 10%
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How to Answer 'Do You Want' Questlons :

e

INSTRUCTIONS FOR RUNNING \lENERGY" R

- / ’ s N ! .

Enter YES or NO

4

To-Enter‘ Changes in Energy Use Factors

To Specify Changes: When asked 'DO YOU WANT TO CHANGE
FACTORS, ' answer YES, and read the instructions that will be

. printed out - They will tell yo' erEnter changes by typing the
“factor ID number (1 to 10), & ¢omma, and the percent change;

for examplé; to reduce.thf appliance factor (ID number .8) by

25%, enter 8, ~25. Wail/ for the '?' to be printed, then carefully

- type in-each change. If you make a change that is more’ than 75%,
the program will automatically &alculate the change @t 75%. When

you are through entering changes, type 0,0, /-
. For example, i
1,7 el P
4,16. 0.7 .
5,-4 ' T
0,0

'. Au’té‘x&gtlc Lhanges‘ For each factor not dellberately changed ln
any on\z:anr, the program will calculate an aufomatlc change

-

- To. Eliminate Automatic Lhanges Type ID number. comma,,  Z8TO~-~

_ for ‘examgple, 8,0 will ellmlnn,te automatic changes In factor number 8.
.This means the energy ‘use for this factor wlll remaln the same ns
the .year before o

Alternate Kinds of Output:

‘ 'Tota}ffneiﬂ Supply and Demand--Graphed or Llsted At the end
of each: year, the totnl ~energy supply and demand can be output in
graph or list form. . In both cases, year-end- levels of pollution, °
'economlc_well belng. and general satisfactlon are printed at the rlght.

For a grnph. nnswer 'YES to ‘the question: WANT RESUL’I‘S GRAPH}ID?
(Whenever a graph ls prlnted out, it will show energy supply and

~demand totals for all years from the beglnnlng of the run up to and
.Including the, current one ) > : d

21
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N ,. . v. ' ‘.., ‘ N . vo",l' ‘;“ ..' e
_For a list, answer NO to the question: I BESULTS_GBA"BHEDLW__*.«»
’rhe list of total energy supply and dem r only the ourrent year A
will be printed out » ;‘ i . " - ‘

' - s List of Current Energy Demands in Five Areasd Aiter the graph or
», list of total energy supply and demand is: pri d out, you can obtain L

\ P a breakdown. of the currert energ’y demand in each of the five energy- - -

use. categories by. answering YES-to the question: DO YOU WANT A '

.

. LIST OF CURI(ENT ENERGY DEMANDS? ,\
Ta o4 'To Correct Changes You've Typed in Inoorrectly Co L S \
P : “' 7‘ - ..,f':vii ‘ »»1 :
L . To Correct Incorrectly Entered [D Number (e. g \ 8 2 s)lould have SR
. been 9,2), first return factor 8's value to the correct w one' by -,
s 'typing 8, and the correct new value (or if you ’do not have a new S
value, type 8,0to return 1t to itg old: value), Then type. 9,2. T
e To Correct'Incorrectly Entered Percentage (e g 6,-5, should have g
T been 6, ~15), simply retype the entry cerrectly on the next line.
* Ca Note If incorrect entries are discovened aftér you hawe typed 0 0,
B there is no way to correct them. A new run must be made - -
5 To Stop the Program ., o =\ ’ . i . ’
. Type STOP in answer to any question. I ' ’
N ! . ' —
¥ [ v
oy
- AN .
R4 v + \

< . o . ' T,
) s ’ v C LR L
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~ Sample Run e . e

™NERGY . N
4 4 . ] . e
(8IMG THIS EMERGY SIMULATION, YIU CAN TRY |
. T0 SOLVE THE ENTRGY PROBLEM fY CHANCIVG THE RATE AT WHICH
INERQY 1S USED. YOUR GNAL IS TO KEEP THE DEMAND MR EVERCY
WITHIN THE AVAILABLE SUPPLY. AT THE SAME TIME YOU SHOULD
]
i THY & .o
. © . » REDUCE THE LEVEL OF POLLUTION - 5
> INCAEASE THE ECONMMIC CONDITION NF THE NMATION S
, > INCREASE THE GEINERAL SATISFACTINN NF THME PEIPLE
YOU CAN CONTROL THE RATE AT WHICH ENERGY IS USED BY CHANGING
FACTORS IN-TEN DIFFERENT AREAS. EACH FACTOR AFFECTS THE
s x TTAL AMOUNT OF ENERGY !SED. ’
s " START OF YEAR - 197% '
M '. ek . . .
CURRENT ENERGY DEMANDt * FACTORS .IN AREAS
BT TIMES 10 T0 THE ISTH IDs  YOU CAN CHANCE
22 .~ INDUSTRY 1 PRODUCTIIN LEVEL
. 2 POLLUTINN STANDARDS
19 UTILITIES k! PRODUCTION LEVEL S
z 4 POLLUTIAN STANDARDS '
18, TRANSPORTATION - s POLLUTION STANDARDS
6 MASS TRANSPORTATION
7 AUTOMOBILE EFFICIENCY
9 © . HOMES . 3 APPLLIANCES
9 HEATING / LIGHTING
‘ 5" . BUSINESS AVD SCHINLS 1o HEATING / LIGHTING
WANT RESULTS GRAPHED?YES A
135 1 - . POLLUTION LEVEL:
- 1 o o 19. 79
1 . “ .
t o .
1 ECONAMIC WELL-BEING >
t 18
" o
95 1 : Wi .
1 . GENERAL sansn\cnon -
) 1 : - 26 .
s ‘
1o 7 . 4 o
. 1 S = SUPPLY T¥ENERGY
t . D = .EYERGY DEVAMD
55 t , S . E = D¥MAND EQIIALS SUPPLY
, R I R P D A A :
. 1975 714 713 80 52 34 '8A RR 90. oy
. 4OU HANT TO cm}wr :wv FACTORS? ?YES
T O MAKE A CHANGE, EVTER THE rncmn 1D MIMBRR, A COMMA
. . AND THE PERCENT CHANGE. , )
) " FOR EXAMPLE, T0 REDUCE THE USE NF APPL IANCES IN THE WIME ‘. .
e By 25% YOU ENTER, B,-25
~ \4
WHEN YO!! ARE- DONE STNTERING CHAVGES, EVTER 0,0 ’
?71,-2 : :
?3s=4 . . - .
- 75,3 :
TR, =2 .
77+% - a
v BT P :
B ) v 79, -2 ' ' . . -
210,-1 Lo . )
@PO:O . . o : 4
;9 y LRI

- ¥
T -

Aruitoxt provided by Eic:
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Aruitoxt provided by Eic:

“ANT RESILTS . ARAPYED? YF S . o

™D IF YEAR - 1975

o POLLUTION LEVEL, - .
4 ‘ ) 19.78 .

135

ECONOMTC WELL-BEING

14,82 .

95 . - : : :

. - GEVERAL SATISFACTINN
2%5.63 . .

- . .5 = SUPPLY OF ENERGY
: ‘ D « ENERAY DEWAND
ss . 1 . . o E « DEMAND EQUALS SUPPLY

o = & = o = = = a0 ¢ o = = « = o = =

. eme e Bt e a4 B e e 4 e B
g uw =
o v

1975 76 78 B0 32 8da A6 1383 90 ’ .

13

D) YOU WANT A LIST IF CURRENT EVERGY DEMANDS? ?YES

3

CURRARENT ENERGY DEMAND: . FACTIRS IN AREAS

BTYU TIMES 10 -T). THE 1STH ) tDe YU CAV CHANGE
22 INDUSTRY ! PRODUCTIOV: LEVEL

2 PILLUTINON STANDARDS

PRODUCTIONV LEVEL

~ 18 . UTILITIES . 3
. .4 POLLUTION STANDARDS
18 TRANSPORTATION ) 5 - POLLUTION.STAVDARDS
. . . S P MASS TRANSPORTATION
‘ . 7.  AUTOMNBILE EFFICIENCY
2 " HOMES ' . 3 APPLIANCES
9 YFATING 7 LIGHTING
B -
6 'BUSINESS AND SCHIOLS 10 MEATING 7 LIGHTING

D3 M1y WANT TO CHAVRE AVY FACTORS? ?YES .

‘IST. THE SAMTE FOR4AT AS SEFIRE FOR FMTERING CHAVGES
16,10 -

20,0 o . -

“ANT HESULTS GRAPHED?YES

N

=D F YEAR = 1976 - f v . .
B :

135 - ) L L T PALLUTIONY LEYFL

, : .l © 19.76
. o ECONDMIC VELL<BEING
. . 1%.22

98’ .
GENERAL SATISFACTINN
: 26483

9

ow
Ju
(=]

£

- S = 'SUPPLY NOF EVMERCGY
i ’ D. = ENERGY DEvAMD
E = DEMAND EQUALS SUPPLY

- - e - - .

s3

-
’

[= = = == o 2o

-
1973 76 .78 30 82 34

.

86" 33 90"

D 01y wANT A LIST 7F CURRENT EVERGY DEMAMDS? 7ST)P
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»° " EXERCISES USING "EVNEI-!GY"\ o

4 \
1. .Make one trial run of ENERGY for a. 10-year perlod and analyze the
" effecta of your energy measures ‘to determline- which appeared most .
'effectlve In solvlng the energy problems and which the least effectlve
a, On the baals of the analysls of your flrst run, declde on the
most effectlve strategy for a 10-year period and make a new
run uslng this strategy : ‘

A

_ b. -Analyze the results of your- seoond_. run, and declde on a iore
. I effectlve strategy yet, then try It out in a third '10-year* run,

2. What were the llmlts and scope of ‘the ENERGY ihodel as you experlenced

" them In your runs of the program? v _ LRy

a. How many factors could you change ln your efforts to solve
the energy problem? : :

b. Which changes dld you make, if any, that resulted n an
lncrease In, total energy supply? '

" ¢. DId you flnd It easy to keep tke énergy demand within the .
avallable energy supply over a 10-year perlod? '

= .d, ‘.What effects did the unexpected "news ﬂash" events have on
- the overall energy sltuatlon? , : )
e. Was the ‘nation's economlc well- belng affected by changes in
~ appllances, home heating and lighting, or schools' and :
. buslnesses' heatlng and llghtlng?
~ f. What changes had the clearest effects on the generaL satlsfactlon
' ‘of the populace? :

£. When pollutlon level went up, dld the general satlsfactlon of
people conslstently go up or down? Or was there no apparent
relatlionshlp between the two? What- (if any) relationship .
should exist between the two ?-




3

) ,.between 1975 and 1980,

Assume you are a polltlclan who wishes to see the pollutlon ‘level ‘g0
down by 10% and the general satlsfactlon of the public go up by 50%.

_v
L .

B Study the lnformatlon gl‘l;en on pages 14- 20 about the ENERGY model

and- deslgn a strategy to accomplish this goal. Then try out your
strategy by maklng one run of the ENERGY prog'ram '

d. Ana.lyze your results to determlne how well your - atrategy
' worked and what Its atrong and weak polnts were.

b. Optional: Write a "Report to the People, " explalnlng the
outcome of your measures and proposing a new and more

effective strategy which ; you would lmplement If you: are
re-elected. '

Assume you .are ah ecologist whose maln Interest Is In reduclné the

pollution level by 20% and not increasing energy demand over 10%

between 1975 and 1980. Study the Information on pages 14-20 aboui
the ENERGY model. Then design your strategy to accompllsh your
goal and try your strategy out ualng ENERGY

‘a. Analyze the Tesults of your 1975-80 atrategy and develop an
even more effective strategy to present In a '"Report to the
People." In your Report, defend your 1975-80 strategy .

and try to persuade the people that your new strategy lIs even -

better.

2 W



SOURCES OF INFORMATION ON THE ENERGY CRISIS '
.‘ R ‘
‘ Books -

) Engmnd Power, W. H. Freeman, San Francisco. Scientiﬁc American
: Books, 1971 (Eleven easy-—to—read articles about energy today )

'Eggrgg Demand-Vs. Supply. Diana L. Reische, Ed. New York. 'I‘he H. w.
~Wilson Company, 1975.

| 'EnergL The Continuing Crisis. Norman Metzger. New York: Thomas ‘Y.
-Crowell Co., 1976. I . o _ :

_ Energy for Survival. Wilson Clark Garden Clty, New York Anchor Books, '
' 1974, (An analysis of alternate energy sources whose development might,
provlde a partial solution to our energy problems )

nEnergy'Crlsls—-Volume 1, -1969-73.  Lester A Sobel, Ed. Hew York:
Facts on File, Inc.; 1974.. (This book traces the development and events

-of the energy crisis through a serles of news artlcles wrltten as weekly
coverage of news events) :

A Tlme to Choose——Amerlca's Energy Future. Final Report of the Energy -
Pollcy Project of the Ford Foundation. Cambridge, Massachusetts: Ballinger
_ Publlshlng, 1974. . (An éxamination of the future shape of the energy shortage,

this report Is very well documented with up to date data ) :

New ers i
- - . . _

Everyday newspapers carry new storles about the energy crlsls, lncludlng

local and national problems and pla.ns

Perlodlcals and Reference Works-—Subject Headlngs

A .wealth of information on the energy crisis Is .contalned in periodicals and
'standard reference works like encyclopedias. Subject headings which you

can use to locate information through card catalogs, Encyclopedla Yearbook
Indexes, and other standard Indexes are:

Atomlc energy

~ Atomic power ‘ :
Atomlic research ‘ : \ -
Automobiles . = = - -

- 27
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i ‘ "~ Caal ‘mines and mlnlng

L ‘Coal research o
'Conservation of energy -
Conservation of natural resources

’ l_)le,sel englnea

Economlics

Electric power

Electric utflities

Electricity

Energy crisis -

_Energy crlsls--U S. Foreign Pollcy
Energ crlsls--sources

' Fuel- :
~ Fuel research
~.Fuel - supply

Gas, natural-
.. Gdas, lndustry
- Gas manufacture . and works
Gasollne
Geothermal energy

Hydroélec’:tflc plants
AHydrogen, liquid

Industry and state

Industry and the envlronmental movement
Insulation o o
International Atomic Energy Agendy

‘Nuclear fuels
Nuclear fusion
‘Nuclear reactors

' Petroleum .

- Petroleum Industry
Petroleum reflneries
Petroleum supply
Power resources

: Solar energy :
- Solar furnaces (heatlng)
Strip mining

" United States Energy Agency ' .
.Unlted States Federal Power Comm[gg[on

- Wind power
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