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TROOUCTIOII TO THE UNITI'

this: unit* 'you ill 'study . some of the major factors involved iniour current
,energr_rirleis arid.,som Of the' means iavailable .fOr,solying.,the'steadily:growing
problems of shor ages, pollution, and Waste.: YOu will be confronting
complicated issue . and their interrelatiOnshipe,'.:which?Make..sOlut ions
extreinely complt ated.

In this unit, you Will experiment with a computer simulation ,called ENERGY
whiCh will allow you to try different measures to solve the energy problems
in the U.S. Usi ng ENERGY you will be able to test a variety of energy-use
patterns and pollution etandards to see their effects on pollution levels and
energy supplies The simulation will also show you the ,effects which your
measures htire on the country's, eco Lc well-being and the people's general
satisfaction.

4
When you have finished this unit, you should have a better .understanding of the
nature, and calises of our current energy-crisis and of the complex effects of
various measures for solving our energy problems..

, Background on Energy Use

Human beings began, early in their- career on earth, to put energy to work
:for them. Of course, at the very beginning,- food was a vital source of
energy for, human growth and activity, as were the life-sustaining sun and

°water. But, probably the first conscious use of energy was made when'humans
discovered and used fire--tp warm themselves, to cook food, to tun down herds
of animals, and to melt metals to be fashioned into, tools and weapons.

_Much later came the use of domesticated animals to plow and to haul, an
the use of running water and winds to drive various kinds of primitive
machines.,

In very recent times, the history of man's ingenious use of energy has
reached a pinnacle of success and elaboration.

Energy is used today to run furnaces, air conditioners, cars, planes
pollution control devices, machinery, electrical appliances, toys, sp
ships, and thousands of other things in our dally lives.

fix'.



Fig. 1. :Energy use past and 'present.

How much use do you and your family presently make of energrin your
daily life 7 For. example-- -v.

. How, many electricity-driven entertainment devices do you and
your family own?

Radios . TV's.

_Toys . Others

PhOnograplis Tape RecOrders
4

2. How many communication and tranSpOrtittion.devices do you '

have?

Telephone Extens ions Cars

Other

Motorbicycles

. How many modern convenience - appliances does your family use
in addition to the basic stove, refrigeratqr, and hot water

j,beater?

Freezer

Vacuum Cleaner

Portable Fan

Electric Air
Freshener

Air Conditioner

Hair Dryer

Electric Razor

Heating Pad

Iron

-Portable Heater

Sun Lamp,

'Electric Blanket



Eleetric Garage Door Au matte
Exerciser. Opener Dis washer

I,_

Automatic Electric Can Gar ge
Clothes Washi3r Opener. Dtap al

,. '
. ..

older Lawn Automatic Electr c Skillet
ower Clothes Dryer

Front Door Bell Electric 'Clock Po, er. aw

"Electric...Comb Toaster -Electric air.
Curlers

Back in 1930, the average family In the V.S. probably had regul use of
four or live energy-driven conveniences (car, phone, radio, cloth =,s washer,
and', perhaps one other. ) The average American , family: today .pr ly 'has"

cocat least 18-20 conveniences that use energy'to make life more fortable
and tasks easier.

1930's 1970$

F ig . # 2. Energy driven conveniences in the 030's and the 1970's.

During .the , last few decades, which we have rapidly increased, our use
of electricity, oil; and gas porwered, conveniences, energy hai3 been taken
for granted. To most Arnericans it has seemed cheap, abundant, and
inexhaus t Ibly Iseful for achieving op.r eve r -expand b* personal and national
goals of comfort; progress and enjoyment.. As a result, we-haie. all
developed 'lifestyles which are supported by,mass Eve energy consumption.
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Fig. 3. Consumption of U.S. energy and population growth, 1850-1970.

Hasn't everyone else on. earth developed this kind of energy-based lifestyle?
The 'answer is "No." In fact, while the U.S. has only 6% of the world's
populatio,, it currently crges nearly 40% of the total energy produced in the
world. otnoa per capita basis, each American consumes 25 times as much
gene A. as a Chinese.

Is there any problem with_ that, outside of the fact that We may'be using'
more energy Than our per capita 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 knowledgeable people estimated that our nation's total
energy resources could satisfy our energy requirements to the end of this
century at moderate cost levels.

Since about 1973, however, every American has experienced Some effects of
energy shortages:

Average temperatyres in offices, schools, and public buildings,
as well as in private homes, Wi.ve been reduced from 72° F to a
cooler 68° F, to conserve oil, natural gas, and electricity.



Gasoline prices have doubled and limited supplies of
_gasoline have caused a trend towards more fuel-'elficiont
automobiles.

Airline schedules which were once Increasing in nUmbers
flights and cities served for greater customer convenience,
are reducing the number of flights to conserve' fuel.

Hy -

Highway...speed limits have been reduced from 70 miles per
hour to 55 miles per hour in an effort to reduce fuel
consumption.

Even with the experience of these shortages, our energy consumption Is
increasing by several percent each year .in Aingrica. At this rate, our.
consumption of energy in the U.S. will double by 'the 1990's,

Many people are seriously asking: "Will there be a large enough, energy
supply to fill-our needs, and how much 'will it cost us to iobtiln that energy
Those who have held o our 'national philosophy that "material growth Is
prosperitythe mar the _better; " have felt the answer to shortages and the
future needs is to crease the umber of refineries' and energy plants.
"After all," the ar ent haS "we certainly don't want to reduce our
standard of living o our rate. of wth. If we need twice the energy, to run
our prosperous 1 , we'll have to p =duce twice the energy."

/'

However, the energy shortages, the fear of oil embargoes by foreign oil
producers, and dahgerous depletion of certain raw energy materials challenge
the feasibility of such "a soluttbn. And, our energy-driven Standard of living
is already being threatened by the pollution and environmental degradation created
by our massive energy consumption And waste:. In short, it is now clear to
everyone that we have a serious energy crisis and environmental problem upon
us. The crisis can -be summarized:

1. The world is experiencing more and more energy shortages
due to increasing consumption, and in some cases the natural
resources themselves are being depleted at dangerous rates.

2. Even when energy is available, its cost has increased sOstantiall
The price of energy has become a burden to---individuals-,-busInesses;
and countries.

3. Consumption of energy is resulting in serious air, water, and land
pollution.

. The massive consumption of energy in the U.S. often appears to be
irresponsibly wasteful; Americans AVastEk in a year as much energy
as is consumed by the populations of many countries.

9



The growing ealization of the liMited nature of our present, energy sources
and of the env nm ntal problems caused by their 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 doing things,and to Elee
the necessity of lopking at ways to accomplish our dreams with less energy.

What are. Our Alternative

Most people today are aware that there are so many interrelated issues.
In the energy-and-pollution problems .that solutions 'will be' far from easy'.
ta see or to implement. The complexity of the situation is Illustrated in
the cartoon on page 8 in which some Well-meaning Martians, hoping
to solve the problem in one Earth city, make matters a lot worse.'
While the final solution to the energy-pollttidn crisis will be complex, there

. are-things which can. be done to move toward the rebolutioh of the problems.

According to the UL S. News and World Report, Inc. , in 1973, our current
massive consumption of energy was being used in the following proportionS'.
in our country.

1

Pr Nate-
Homes

14%

{13-.-S..- energy- eorrsurnpticm in. 1973.

In spite of our national philosophy of "the more the better," there has recently
been less energy available art reasonable cost than we need. 6onservation of
what is availableis necessary in all sectors of dur. society. Some effecTre
measures toward this goal include: turning'down thermostatsi driving artihe-

-
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iirni: using More puleic transportation; and reducing the hours that
14 ...industrial plants operate. Of courete; theme measures will have serious

feets--ibi example, increased inconvenience, decreased oonifort, and
J '

ed-preduetion and employment.

\------t-
.. Many p re advocate stepping up.construction of nuclear power plants; but
/.

:::: many it ,fear the effects of radioactive waste products from such plants.
Others ocate stepping up our efforts to use our large. coal supely, but ''
many of e prOlems associated with mining and burning coal still need
to be solved. Still other people would like to see greater effort expended
towards harnessing solar, geothermal, and other kinds of 'lean'-' energy.

Pollutioh control devices are energy-expensive'on the whole. They often cause
engines, and industrial machinery and furnaces to use more fuel to accolnplish
their work. Some people, have felt that poputidn standards should be relaxed so
car engines, industrial operations, and vilo forth will use less energy. The price.

---to-ber paid is, of course, an increase in pollution.
, !

ksgrowing number of experts are focusing on energy conserve ion through
reducing our waste of energy.' It has been estimated that red cing just our
waste of energy would allow us tO cut our projected 1985 energy consumption
by 30%, and to reduce out consumption growth rate from 5% to 3%, without
affecting our present standard of living.' For example, if the average car in the
i.S. 'weighed 1,000 pounds less; we would save about two milyon gallons of
gasoline every day in this country; thiS gasoline savings is equivalent in energy
content to what the Alaskan pipeline delivers,. Another example-- it is -estimated
that in bur homee,andbuildinge we waste about one quarter of the energy consumed
for heating and lighting due to inefficient design, insulation, and heating and
lighting systems. Recycling materials, especially metals, iQ another major way ^

of saving energy. It takes about half as much energy to produce uttlible aluminum
or steel from recycled metal as it takes to produce it from raw ores.

It is important_to_realize, however, that none of these alternatives is simple
qo implement and all have negative, as well as positive consequences. For one
thing, many of the alternatives would require tremendous amounts of money and
might involve,great inconveniences for people. Where, for example, would we
pui.the old heavy cars ? Who would pay to convert the machinery in auto
manufacturing plants to manufacture lightbr automobiles? 'What would happen
to peoplee who could not afford'to buy new lighter care, or who simply did not
want one?

It is clear that ,solutionS are needed. Our energy consumption is ohtstripping
mir'supply and depleting our natural sources, environmental pollution is a
growing hazard, and waste continues at unacceptably high rates.
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5. Solving the energy problem isty't that' easy.
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Do. you think you could figure out. .how to solve the, energy -and' pollution problems
better than the Martians in the cartoon on the preceding page ? In this unit, you'll
have Met chance to try out your ideas on the (computer using the simulation/
game "called ENERGY: The ENERGY progrEtm is discussed In the next two
sections of this manual. For more background information on the energy
cried's, you may rtht to- 9onsult some of the sources listed in the last section
on page 27.
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THE "ENERGY" SIMULATION

De scriptIpt ion -of-- the -- Program

The ENyfY program begins by printing out a short description of the
simulteron and giving 1975 energy demand figures for the five sectors of
societfr which use our energy. It also lists the ten, factors within these
sectos which most Influence energy use. Here is an example of this
first' printout from ENERGY.

ENFErY

5

THISHIS ENERGy SIMULATION, YOU CAN TRY-
TO S6LVE THE ENERGY PROBLEM BY. CHAVGING THE RATE AT WHICH
ENtR0 WVSED. YOUR GOAL IS TO KEEP THE DEMAND FOR ENERGY
WITHIN IfiTJAVAILABLE:SUPPLY. AT, THE SAME TIME YOU SHOULD
TRY f7;

REDUCE VEL OF POLLUTION
> INCREA E'TI;JE ECONOMIC CONDITION OF THE NATION
INCRt 1:4* GENERAL -SATISFACTION OF THE PEOPLE

YOU JAttgiTTHE RATE AT WHICH ENERGY IS USED BY CHANGING
FACT DIFFERENT AREAS. EACH FACTOR AFFECTS THE
TOTAL . MO OF ENERGY USED.

ST/04OF YEAR -1975

CURRENT ENERGY DEMAND:
BTU TIMES 10 TO THE 15TH

22 INDUSTRY

19 UTILITIES

18 TRANSPORTATION

9

6

HOMES

BUSINESS AND SCHOOLS

WANT RESULTS HAPHEP?

FACTORS IN AREAS
I DO YOU CAN CHANGE

PRODUCTION LEVEL
POLLUTION STANDARDS

3 PRODUCTION LEVEL
4 POLLUTION STANDARDS

5 POLLUTION STANDARDS
6 MASS TRANSPORTATION
7 AUTOMOBILE EFFICIENCY

8 APPLIANCES
9 HEATING / LIGHTING

10 HEATING / LIGHTING



Then the program lists or graphs (as the user prefers) 1975's total
energy supplyand-demand and-gives the related levels- of pollution-,
economic well-being, and general satisfaction. Here is an example
of the 1975 figures printed out by the program.

ENERGY SUPPLY - 80

ENERGY DEMAND - 74

SQRPLUS ENERGY -

POLLUTION LEVEL
19. 79

ECONOMIC WELL-BEING
15

GENERAL. SATISFACTION
(--\ 26

From this -point on, the user can introduce changes in the energy-use
pattern and can watch the effects., these changes have on energy conditions,
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 tend
energy-use factors listed at the beginning of the printout. Where the user
Introduces no change in'a factor, the program 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.

11
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DO YOU WANT TO CHANGE ANY, FACTORS? ? YES

TO MAKE. A CHANGE, ENTER THE FACTOR I D NUMBER, A COMMA
AN1D THE PERCENT CHANGE.

FOR EXAMPLE, To REDUCE THE USE OF APPL I ANCES IN THE HOME
BY 251 YOU ENT/ER 80 -25

WHEN YOU ARE DOME ENTERING CHANGES, ENTER 0, 0
? 1, -.1
?2i'6
?3, -1
74,6
?5, 8
?6,8
77,8
?8,
?9,2
? 10, 2
? 0, 0

WANT RESULTS GRAPHED? YES

END OF YEAR - 1979

135
I

I

I
I
I
I

95
I

S E E D

I D D. S

I S
I

55
I
1975 76 78 80 82 84 86 88 90

POLLUTION LEVEL
19. 78

ECONOMIC WELL-BEING
15.96

GENERAL SATISFACTION'
22. 54

S SUPPLY 0 F ENERGY
= _ENERGY DEMAND

E = DEMAND EQUALS SUPPLY

4

12



After a year's results have been graphed qr listed, the user has the optlon
of seeing a list of the current energy demands In the- five-sectors of society.

DO YOU, WANT A LIST OF. CURRENT ENERGY DEMANDS? ?Y
,

CURRENT ENERGY DCM AND s
BTU TIMES 10 TO THE'15TH

25 INDUSTRY

\22
22

11

6.

UTILITIES 9.

TRAM SPO RT AT ION

HOMES

BUSINESS AND SCHOOLS

FACTORS IN AREAS.
poi YOU CAN -CHAOGE.

1 PRODUCTION LEVEL,
2 POLLUTION STANDARDS

3 PRODUCTION LEVEL
4 POLLUTION STANDArtkS

5

757,-

POLLUTION STANDARDS
MASS TRANSPORTATION

7 AUTOMOBILE EFFICIENCY

8 APPLIANCES
9 HEATING / LIGHTING

10 HEATING / LIGHTING

Then, changes can be entered for the next year and the cycle is repeated.

In the midst of each ruin, the program will randthnly introduce unexpected
"news flashes" announcing such events as the development or disco-very of
new :energy sources. For examPle--

* * * NEWS FLASH * * * *

BULLETINDEVELOPMENT OF CONCENTRATING
SOLAR .COLLECTORS
HAS-BEEN SUCCESSFUL IN
INCREASING. THE YEARLY ENERGY SUPPLY 9

The program will continue to accept changes in factors and to print thethe
results until the user wishes to stop. Hence, the user can experiment with
changes over as many years as he or she wishes.

ENERGY allows you to control many realistic factors involved in the ENERGY
situation;,however, there are a number of factors relevant to the real.L.life
energy problem which you cannot manipulate using ENERGY, such as energy
is based on a simplified model of the real-life situation. Before going onto
use the program, you will need to know what the scope 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.

13



The ENERGY Model

The Scope aniLiralts of the Model

As we have seen,Othere are an almost unlimited number of [sues involved
in the current enera-and-pollution crisis. In order to create a 'model'
of the situation whi4 one can understand and interact with, the situation
must be simplified.'?,, For the purposes of this- computer model, five main
characteristice of th#4 current energy sttu'ation were selected as the central
elements in the simulition. They are listed below.

1. Demand for;lenergy is growing exponentially.-

2. Ener supply depends, in the main, on nonrenewable resources,
such as'N, oil, c.atural gas and coal.

3. Changes in pattrns of consumption can extend the life 'of presAt
resources, and [technological advances and new energy sources
may come to ow aid.

4. Changes in consumption patterns directly influence our quality
of life.

. Pollution levels a4 effected by consumption patterns and by, the
pollution standards which are enforced.

As a consequence, the ENERGY simulation is limited to modelling 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! For example, weather conditions, population growth rates.
and political interferences with energy supplies such as oil. embargoes, are
not taken into consideration by the program.- There are also limits in
the Model' itself and. those are the specific, limited relationships
among elements which are used. The elements, or variables, and their
relationship are described below.

,

The Variables

The independent variables in the ENERGY simulation which the user can
increase or decrease yearly (from 1 to 75%) are:



I

INDUSTRY 1. PRODUCTION LEVEL
The output of the nation's rhanufapturing'
plants and factories.

UTILITIES

2. INDUSTRIAL POLLUTION STANDARDS
The pollution standards industriegimust
meet.

3. UTILITIES PRODUCTION LEVEL.
The output of electricity froin power,
generating plants.

4. UTILITIES POLLUTION STANDARDS
The pollution' standards paWer generating
plants must meet.

TRANSPORATATION 5. TRANSPORTATION POLLUTION STANDARDS
The pollution standards that automobiles
must meet. .

HOME

BUSINESS
AND SCHOOLS

6. MASS TRANSPORTATION
The availability and condition of mass
transportation system, i.e., buses,
trains, etc.

7. -AUTOMOBILE EFFICIENCY
Increased efficiency means you can transpon,
the same non-vehicle weight using less fuel.

8. APPLIANCES
The use of appliances such as dishwashers,
air conditioners, and dryers in the home.

9. HOME HEATING AN_D LIGHTING'
The amount of heat and light used in homes.

10. HEATING AND LIGHTING_/
The amount of heat and light used in schools
and businesses.

15
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Changes which the user makes in the independent variables will cause changes
in .the following dependent variables:

ENER GY DEMAND

A measure of the amount` of energy -consumed in ithe ,ten
areas listed above

ENERGY SUPPLY

A measure of how much energy is produced ina given year added
to the previous year's remains after demand has been filled 4. r

POLLUTION INDEX

A measure of ,air and water pollution

ECONOMIC WELL-BEING t',.

A measure of the economic health co( the nation

GENERAI4 SATISFACTION

A measure of the psychological well-being of
the citizens

Two final variables have been incorporated into this model' to make it
approximate the real wcirld energy situation more closely. First, a variety
of unexpected events providing new energy supplies are included in the
program. These events are activated randomly by the program in' the
process of its running. i.

Second, there is an automatic change factor built in for the ten independent
variables. Whenever the user does not specify an intentional change for any
of these variables, the program will calculate an automatic change for those
variables.

. Relationships Between Variables

The ENERGY model operates on the assumption of certain direct relationships
holding between the independent variables and the dependent variables. These
relationships are summarized in the following tablet

16
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VC REASES IN INDEPENDENT-YARWILES RESULTING EFFECTS ON DEPENDENT VARIABLES

' Energy Energy Pollution Economic Geheral
Demand Resouices Level Well-Being Satisfaction
(ED) (ES) (PL) ,0 (E W13) ' (GSLI

1. Industrial Production Level (IPL) Ino. Dec. Inc. Inc. Inc.
2. Indtistrial Pollution Standards,, (IPS) , Inc. - Dec. Dec.
3. Utilities Production Level (UPL) Inc. Dec. Inc. Inc.
4. U tilities Pollution Standards (UPS) Ino. Dec. Dec.
5. Transportation Pollution Standards (TPS) Ino. Dec. Dec:
6. Mass Transportation (TAIT) Dec. Dec.
7. Automobile Efficiency (TE) Dec. Dec.
8. Appliances (A) Inc. Dec. Inc. lk.
9. liome Venting and, Lighting (1111) Inc: Dec. -- Inc.

10. Schools and Business, Renting and Inc.. Dec. Inc.\ Lighting (B511)
I -\`

Enero resources will constantly decrease unless all enerin demand ceases. The only variable
which can Increase the resources Is an .'"unexpected event" which is randomly Introduced by
the program itself.

When any independent variable is decreased the effects on dependent
variables will be the opposite of those shown above. For example, if
Industrial Production Level is decreased, the energy demand, pollution
level, economic well-be'ing and general satisfaction will all decrease. As
the footnote to the table indicates, however, eveu with dedreases in energy
use, ,,energy resources will continue to decre e because any energy used at
all decreaseS the non-renewable supply.-

)The mathematics of thgese relationships are described below.

1. equations for Energy Use Levels

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

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

When. the user does not enter a change for a factor, the energy
use level for the factor changes automatically by the
following percentages:

21
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Factor
re ill

Change

Ind trial Production Level (WO 6%
Industrial PollUtion Standirds. ,(IPS) 6,%
Utilities Production Level (UPL) 4%
Utilities. Pollution Standards (UPS) 6%
Transportation Pollut ion

Standards (TPS) 6%
Mass Transportation' (TMT) 4%
,Automobile Efficiency (AE) 8%

. Appliances (A) 6%
Home Heating and Lighting (IIH) 4%
SChool and Buioiness Heating

and Lighting (BSH) 2%

The equation for the new automatically Changed values is:

New Value = Old Value + Old Value (Percentage)

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 fore each of the five categories in
which energy is used, each of which has one or more energy use
factors:

Industrial Energy Demand (IED)
Utilities Energy Demand (UED)
Transportation Energy Demand (TED)
Homes Energy Demand (HED)
Business and Schools Energy Demand (BSED)

The s impl [fled equations are:

IED a* IPL } IPS
UED a UPL UPS
TED a V** f TPS - TMT - AE
HED a A + 'HH
BSED a BSH

Total current energy demand (CEDis, of course, the sum of
the energy demand in all five categories, or

CED = IED + UED + TED + HED + BSED

18
* " a " is the symbol used to represent "Is proportional to. " -
" V is a measure of automobile use. Its -initial value can be changed

Within "the program. It is automatically increased 7% each year.
22
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The inTtl energy demand values, for
in- .-these -five_Oategorle.aarel_.

IED = 22 BTU's .x 1015*

UED =19- BTU's x 1015

TED = 18 BTU's x 1015,

FWD = 9 BTU's, -'x 1015.

BSED = 6 BTU's x 1015

1975 CED = 74 BTU's

starting year 1975,

3.. E q uat ions for Poflution Level PL Ec i nomic We 1-Be in EWB
and General Satisfaction Level (GSL)

Energy use levels from equations in 1 ab veare also used in equations
that caleulate pollution level, economic well-being, and general
satisfaction., The equations for these dependent variables are:.

PL (UPL + IPL) --, (IPS + UPS + TS)

EWB ',,UPL

GSL A + BSH + IPL

. k uatIons for Calculatin Yearl Ener

The energy resources' in this simulatt6
automatically decreasing by 1% a year;
ayallable each year will be 1% less tba
Each year's energy. supply is, 'of conia.
energy from the year before to make t

'for the year. The equation is

are ,characterized as
that is, total energy

the year before.
, added to 'the surplus
e total energy supply'

New Supply Old Supply Current De

or'

New Supply Surplus f 99% of Old Supply
.1

Supply)(. 99)

* BTU Stands for British Thermal Unit which is the amount of heat required
19

to raise the temperature of one pound Qf water 1° Fahrenheit:.



5. Unexpected- Events

-.7.1Z11

Unexpected news flashes alzut new :energy Sources, randomly
Introduced by the program, increase the energy available by II
randomly selected amount. from a-to 10%.

/

J

)4-

to,
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INSTRUCTIONS FOR RUNNING \IENERGY"

pow to An Sliver. 'Do You Want' Questions

Enter YES or NO

. 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 enter changes by typing the
factor ID 1:4unriber (1 to 10), c'Ornma, and the-percent change;
for example;. reduce .t appliance factor (ID number.8) by
25%, enter 8, -25. Wai for the "?' to be printed, .then carefully
type in-each change. If you make a change that is tore than 75%,
the program will automatically6al.culate the change at 75%. When
ydu are through entering changes, ,type 0,0.

. FOr example,
c.

1,7
4,16..
5,-4
0,0

,Attie atic Chan es; For each factor not deliberately changed in
any on year, the program will calculate an automatic change.

To Eliminate Automatic Changes: Type ID number,, comma, zero--
will

ns the energy use for this factor will remain the sanie as '.

for 8,0 wi eliminate automatic ehantgein.faCtor number 8.
This me
the .year before .

. ,

3. Alternate Kinds of Output

TotalXnergy Supply and DemandGraphed or Listed: At the end
of each year, the total energy 'supply demand can be output in
graph or list form.' In both cases, year-end levels of polbition,
economic 'well-being, and general satisfaction are printed at the right.

For a graph, answer YES to, the question: WANT RESULTS G'RAPHJID?
(Whenever a graph is printed out, it will show energy supply and
demand totals for all years from the beginning-of. the run up to and
.including the, current onel).

21



For a list",, answer NO tb the question: IIESULTS,GRali-
thethe : list of total energy supply; and 'dem and r only the current _yeitr
will be printed:out.

"List- of Current Energy. Demands in Five Areas: After the graph or
list of total energy supply and demand isPiirlf?Al out, you can obtain
a breakddtvii of the current enei*Y.demand in each of the five energy-
qse categories byanswering YES.to the question: DO YOU WANT .'A
LIST OF culiANT ENERGY DEMANDS?

4. To Correct3Changes You've Typed hi Incorrectly
-

. .,To Correct Incorrectly Entered ID Number (e. g. 8,,a-s,hould have
been 9,2), first return factbr 8's value to the correct-4toney
typing 8, and the" correct new value (or if you'dO not have .a new
value, type 8, 0 to return it to it', oldvalue)i Then type 9

To Cor'rectincoiliectly Entered Percentage (b. g. , 6,-5, shoUld hate
been 6,-15), simply retype the entry correctly on the next line.

Note: If incorrect entries are discovered after you have typed 0,0,'
there is no wady to correct them. .A new run must be rade.

To Stop, the Program

Type STOP in answer to any question.

26
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Bumble Run

t

ENERGY.

ustva THIS emrnaT SIMULATION. YOU CAN TRY
TO SOLVE THE ENERGY PROBLEM BY CHANGING THE RATE AT WHICH
ENERGY IS USED. YOUR'10AL IS TO KEEP THE DEMAND P)R ENERGY,
WITHIN THE AVAILABLE SUPPLY. AT THE SAME TIME YOU SHOULD
THY TO -4

.-REDUCE THE LEVEL OF pmLuTio4
!. INCREASE THE ECONOMIC CONDITION OF THE NATION

INCREASE THE GENERAL SATISFACTION OF THE PEOPLE
fr

YOU CAN CONTROL THE RATE AT WHICH ENERGY IS USED BY CHANGING
FACTORS IN TEN DIFFERENT AREAS. EACH FACTOR AFFECTS THE
TOTAL AMOUNT OF ENERGY USED.

START OF YEAR - 1975

CURRENT ENERGY DEMAND1 FACTORS,I4 AREAS
BTU TIMES 10 TO THE t5TH II71. YOU CAN CHANCE

22 INDUSTRY 1 PRODUCTION LEVEL
2' POLLUTION STANDARDS

19 UTILITIES PRODUCTION LEVEL"
4 POLLUTION STANDARDS

18. TRANSPORTATION 5 POLLUTION STANDARDS
6 MASS TRANSPORTATION
7 AUTOMOBILE. EFFICIENCY

9 HOMES. A APPLIANCES
9 HEATING / LIGHTING

6 BUSINESS AND SCHOOLS to HEATING / LIGHTING

WANT RESULTS GRAPHED7YES

135 POLLUTION LEVEL
19.79

ECONOMIC ELL-BEING
I IS

95
GENERAL SATISFACTION

IS
ID

S SIIPPLYVOENERSY
1'

D * ROY D*MAND
55 I 4 E DICNAND EQUALS SUPPLY

1975 7.S 71 10 .32 44 RA 11 90;

DO YOU TO CHINGE ANY FACTORS? 7YES

TO MAKT A .CHANOE,''EVTER Tor FACTOR TO NUMBER. A COMMA
AND THE PERCENT CHANDE.,,

FOR EXAMPLE. TO DEDUCE THE. USE OE APPLIANCES IV THE NOME
BY 252 YOU SVTER, 1.-25

WHEN Y011 ARE DINE NTERING CHANGES. EATER 0.0
7I, -2

75.3
76.2
77,5
717.-1
79.-2
710,-I

0;10.0
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ANT RESIILT5 GRAp4ED? yES

r) OF YEAR 197S

135 I POLLUTIIN LEVEL
19.78

ECONOMIC
14.52

95 I
I GENERAL SATISFACTION
I 25.63
IS S
tD D

I
. S SUPPLY OF ENERGY

I D ENERGY DEMAND)
55 I . E i DEMAND EQUALS SUPPLY

1975 76 78 80 32 3A 96 31 90

yOu tiANT A LIST IF CURRENT ENERGY DEMANDS? ?YES

CURBENT ENERGY DEMAND)
LITU TIMES 10 TO THE 15TH

22 INDUSTRY

18

9

FACTORS IV AREAS
IDA YOU CAN CHANGE

PRO DUCT I7k1 LEVEL
POLLUTION STANDARDS

UTILITIES 3. PRODUCTION LEVEL
4 POLLUTION STANDARDS

TRANSPORTATION

HOMES

5 POLLUTION.STAVDARDS
6 MASS TRANSMATATIGN
7. AUTOMOBILE EFFICIENCY

APPLIANCES
4FA TIN V

6 31ISINESs AND SCHOOLS 10 ?MATING / L I nfITtN G

DD YOU IJAVT TO CRANJAE Avy FACTORS? ?TES
'157 TI-IF SA*AF. Mir.. AT AS BEFORE FOR FkrTERINIG dpAIGES
76,10
?0.0

%; RES(JL Ts GAt ApN1ED? YES

'ND :IF YEAR - 1976

135

95

/ ,S
IS S
ID n D

POLLUTION L.E'/F.L
19. 76

ECONOMIC YELL- BEI NI S
15.22

GENERAL SATISFACTION
26.83

S .SUPPLY IF ENERGY
I D.. ENERGY DEMAND

55 I F DEMAND E0uALS SUPPLY

1975 76 78 dO 82 14 86 33 90

IX) You ''ANT A LIST 1F CUM-1E9T ENERGY DEMANDS? STOP

191N
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EXERCISES USING "ENERGY"

r
1. Make one trial run of ENERGY for a. 10-year period and analyze the

effecti of your energy measures to determine- which appeared- most
effective In solving the energy problems and which the least effective.

a. On the basis of the analysts of your first run, decide on the
most effective strategy for a 10 -year, period and make a new
run using this strategy.

b. Analyze the results of your second run; and decide on a ;nore
effective strategy yet, then try it out in a third 10-year run.

2. What were the limits and scope of -the ENERGY ?model as you experienced
them in your runs of the program?

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

Which changes did you make, if any, that resulted in an
increase in total energy supply?

c. Did you find It easy to keep this' energy demand within the
available energy -supply over ,a 10-year period?

d. What effects did the unexpected '!news ,flash" events have`on
the overall energy situation?

e. Was the nation's economic well-being affected. by _changes in
appliances, home heating and lighting, or schools& and.
businesses' heating and lighting?'

f What changes had the clearest effects on the genera, satisfaction
of the populace?

When pollution level went up, did the general satisfaction of
people* consistently go up or down? Or Was there no apparent
relationship between the two? What (if any) relationship
should exist between the two?

29
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3. Assume you are a politician who wisheS to see the pollatiOn leyel go
'down by 10% and the general satisfaction of the public go up by 50%.
between 1975 and 1980.

Study :the information gi;n on pages .14 -20 about the .ENERGY model
and .design a strategy to accomplish this goal. Then try out your
strategy by making one run of the ENERGY program.

a. , Analyze your results to determine how well your strategy
worked and what its strong and weak points were..

b. Optional: Write a "Report, to the People," explaining the
outcome of your measures and proposing a new and more
effective strategy which you would implement if you are
re-elected.

4. Assume you ,are an ecologist inihose main interest is in reducing the
pollution level by 20% and not increasing energy demand over 10%
between 1975 and 1980. Study the information on pages 14-20 about
the ENERGY model. Then design your strategy to accomplish your
goal and try your, strategy out using ENERGY.

a Analyze the results of your 1975-80 strategy 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 is even
better.
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SOURCES OF INFORMATION ON THE ENERGY CRISIS

Books

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

Energy: Demand Vs. Supply.
Wilson Company, 1975.

Diana L. Reische, Ed. New York: The H.

Energy: The Continuing Crisis. Norman Metzger. New York: Thomas T.
Crowell Co., 1976.

Energy for Survival. Wilson Clark. Garden City, New York: Anchor Books,
1974, (An analysis of alternate energy sources Whose development might,
provide a partial solution to our energy problems.)

Energy Crisis -- Volume -1, 1969-73. Lester A. Sobel, Ed. New York:
Pacts on File, Inc., 1974. (This book traces the development and events
of the energy crisis through a series of news articles written as weekly
coverage of news events.)

A Time to Choose -- America's Energy Future. Final Report of the Energy
Policy Project of the Ford Foundation. Cambridge, Massachusetts: Ballinger
Publishing, 1974. (An examination of the future shape of the energy shortage,
this report is very well documented with up to date data.)

Newspapers

Everyday newspapers carry new stories about the energy crisis, Includbig
local and national problems and plans.

Periodicals and Reference Works-- Subject Headings

A wealth of information on the energy crisis is contatned in periodicals and
standard reference works like encyclopedias. Subject headings which you
can use to locate information through card catalogs, Encyclopedia Yearbook
Indexes, and other standard indexes are:

Atomic energy
Atomic power
Atomic research
Automobiles
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Cctal mines and mining
coal research
Conservation of energy
Conservation of natural resources

Diesel engines

Economics
Electric power
Electric utilities
Electricity
Energy crisis
Energy crisisU.S. Foreign Policy
Energy crisis -- sources

Fuel
Fuel research
Fuel supply

Gas, natural
Gas,, industry
Gas manufacture and works
Gasoline
Geothermal energy

Hydroelectric plants
Hydrogen, liquid

Industry and state
Industry and the environmental movement
Insulation
International Atomic Energy Agency

Nuclear fuels
Nuclear fusion
Nuclear reactors

Petroleum
Petroleum Industry
Petroleum refineries
Petroleum supply,
Power resources

Solar. energy
Solar furnaces (heating)
Strip mining

United States Energy Agency N,,1 -

United States Federal Power Commission

Wind power
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