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. . : ‘ " INTRODUCTION

The age, of an abundant supply of inexpensive energy, for the United States is paét. All of us, as

..consumers, ngw find it necessary to make important decisions concerning the use of energy in all phases

e

-, of our life: at home, at work, and at play. Producing food takes 17 percent of the nation's total energy; of
.that, 75 percent is supplied by those vanishing fuels, 0il and natura| gas. To have sufficient energy from

fossil fuels to produce food now and jn the future, energy conservation must be practicedby all segments
of our society. In the operation of feeding the people of the United 3ta3es and the world, there is at present
no alternative to modern mechanized agricuiture with fossil fuel energy inputs. ’
- ! » i . ) . c\
Agricultural educators must, by virture of their job role, take the lead in helping their clientele face the
energy problem. Agriculturalists of today, begiping with the high school student, need to take a hard

look at energy and food production and what the agricultqral sector mustdo to curtail theirenergy usage.

Most teachers of vocational agriculture have in their school files bulletins, magazine articles, and other
technical publications concerning the nation’s energy situation. However, because of lack of time on the
part of the instructor, or for other reasons, this material often does not get progessed into an appropriate
lesson plan, but remains unused in the files. .

. ’ : . Purpoge of Notebook

The major purpose of this energy management notebook is to provide vocational agriculture teachers
detailed lesson plans suitable for classroom instruction. These lessons can be taught with a minimum

" preparation time. Facts about energy and the need to manage it wisely cannot be effectively taught as

L 3

facts per se. The facts need to be related to management decisions that must be made by the home
dweller, farmer/producer, and/or agri-business person. Within'this notebook, the teacher will find ten .
lesson plans on the major topic of energy managementiin agriculture; these plans present the information
using the problem solving approach. This approach to teaching provides a real situation to enable the
student to better understand how to conserve energy. It also provides some possible alternatives thatare -
feasible for the production and processing of agricultural products today. g
A . ~
’ An Appeal to the Teacher - ‘ v

S, i » i

As a teacher of vocational agriculture, you can, by uging,these lesson plans, take an active part in
helpiAg our country do something about the energy situation. You can show your students the value of
wise energy management and the importance of energy conservation. Now that energy supplies are
rapidly dwindling, it is essential that some behavioral changes occur.in our society. Citizens must adopt
an Energy Conservation Ethic. As a teacher, you have the opportunity to make cledr to your students, both
teenagers and adults, that such an’ethic is founded on a data-based realization that many of the raw

. materials on which current living standards rely will not be available ruch longer. You can help your

Ta
o
-

“+*students become acutely aware of the difference between essential needs and nonessential desires, and

of specific activities in energy'managementthat can be followedBythemselves and their families. You can
help them develop an Energy Conservation Ethic not unlike that of our.pufitan ancestors’ “work ethic.”
This Energy Conservation Ethic will help therft continually think in terms of wise and efficient uses of
resousces when developing, buying, or consuming those resources. : ’ : -

-

How to Use the Book

Handouts, overheads, application suggestions, and evaluation means are all providéd in each lesson
?n. The plans are wriften so that a teacher tan ‘effectively teach energy management principles and
techniques by simply following thé outline provided in the lesson plan. It'is our hope that the materials
provided will stimulate you, the teacher, to utilize the problem-solving approach in the classroont amd
provide students with the information they need to make decisions on.their energy usage.

‘ R . a -

BN ;

R ' o - — LE. Miller.
) , - : »,
, fa . j . b > .

. .

- -
~

-«
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.~ IV. The Situation

v l. Lesson Té’pic:

MIKE SHERTZER &

ll. Lesson Performance Objectives ) . E
At the end of this lessan,_the student will be able to:

1. Define the term enéfgy. , .

List the energy sourceg availg;e for agriculture today.

. List alternative energy resources for reducing the energy shortage. .

o o & 0D

ya

individual agricultural situations.

T

INl. Materials Needed N

Box of matches (100 count) S * : *
1 Pint of water in Pyrex glass , . ‘ _

1 Candle ’ A ‘ 2

1 Electric hotplate - ‘ '

,Sl,mflovf/er and soybean seeds 4

1 Empty,.dry gasoline can 4

AN OVERVIEW OF THE ENERGY SITUATION FOR OHIO AGRICULTURE .
. — by A o )

List the twa largest e'»nergy éonsumption sectors in Ohio and-in the United States.

Determine where energy waste is significant in Ohio and how it can:be_ reduced. ' -

Develop«written plan for meeting present and future energy needs of the students in their

K

We must realize that there is an energy crisis (or energy shortage, however )Zou wish to state it.) ¢

‘Agriculture is not immune to this energy crisis. Even though oil is presently avail

v .

able and gasoline

prices continually rise and fall, there continues to be a long-term (and often a short-term) energy °

problem. . _ : -

Due to the shortage at times of certain fuelsandioW market prices for farm prod‘ucts, all agriculture

must conserve energy. There is a need to reducethe amount of energy consu
production methods to save dollar costs and insure a supply of energy for the

med by farm
future. However,

these conservation efforts cannot reduce income or productivity if agriculture is to meet thg needs

of a growing population and to protect itself as an industry.

As agriculturalists, we need totake a closer look atthe présent energy situation.A
present energy shortage may result in improved energy conservation and the de

. % -
self-analysis of our
velopmentofnew - -

energy sources. Seven to eight caloriés of fossil fuel are needed to produce one calorie of food. A:

shortage of energy results in the shortage of food production. When reviewing the energy crisis, we

need to consider the effects of a shortage of energy sources.

» .
. ”

. : o .
V. "Introduction to Lesson : : . AN e

1. Tell the class that you want to boil a glass ofswater to make a cup of coffee

o

o

v

.

2. Takea wooden match, lightit, and place it under a glass of water till the flame barel,yt_ouc’hes the

A}
-

glas'E. Continue until the match barns o;? o, ; .

Observation and Question: "This. demonst Jation illustrates energy in the form.o't heat, onie match

. being equal to-one BTU. The water did not reach the boiling point before the match burned out. .

What gan we do to heat the water to the desired temperature?”

’ - . - - ]
‘ \, ‘ B Y . ) . B

- . - - . ' . . ' I : | 2
. (I T / i

a

~>




3 ; . ] \
v . BN ) . . R
- . N \o ‘ -
Possible Student Answers: . ) - ‘ ' _ 7 ,

.
L3 »

"1. Use more matches.

2. Use an alternative heat source such as a car)gle or an electric burner.

0

Question:_"Wh‘ich is the least expensive method of energy to use to accomplish this task?” .

Answer: "We need to work the example to find out.” (Write example on.chalkboard.) "We know
that a BTU is defined as the amount of heat required to raise the temperature of one pound of
water one degree Fahrenheit. If we boil one pound of water (16 ounces or two 8-ounce coffee
* cupfuls) from 62°F to 212°F, we have raised the temperature 150° (F) or, according to our
definition of a BTU, the equivalenfyof 150 BTU'’s. :
MATCHES: One match equals one BTU. .
One hundred matches equals 100 BTU’s (one box).

? One hundred fifty matches (1% boxes) are required to boil'the water. :
*At $0.89/box, the total cost for two cups of (coffee) water is $1.34. . - .
Thus it costs $0.67 ($1.34-=2) tb heat one cup of coffee water. : :
’ Not very efficient cost or time use. y
CANDLES: One candle equals 100 BTU’s (approximately, depending on size and t)}be). l .
il . ” .

1% candles equals 150 BTU's.. = , o
At $1.29 per candle, the total cost to heat two cups of water is $1.94' ($1.29x1%).
" % candle will be left over. : ' ' o

[

® The cost to heat one cup of (coffee) water is $0.97 ($1.94=+2). : R
Not very efficient cost or time use either. - e AR P
"HOT P\LATE: 500-watt hot plate (from Sears, Roebuck & Co.) costing $1 8.00. - , } / .
**Takes 12% minutes to heat one pound of water at 62°F to boiling. ; -
At 500 watts/hour, 12%% minutes of hot plate operation takes about 104 watts. I ' . _

500 watts/hour
60 minutes/hour_

.

X 12% minutes = 104.1 watts .

104 watts = 0.104 kilowatts (unit by which electricity is sold) .
« At $0.06/kwh, total electrical usage cost is $0.006. ' .
Depraciating the hot plate over three years equals $0.016/day o

$ 18.00 = $0.016
365 x 3 | :

Hot plate plus electrical usége equals $0.022 for tWo&cups of water.
Thus, one cup of (coffee) water'costs $0.011 ($0.022-2).
Very efficient cost andéjime_,'use. v S ‘ <

|

. ’ ~ ; ' ‘ )
Question: "Which of the three is the most efficieAt energy source for boiling the water?

.

l -

Answer: (Let :studen}s arrive at the answer) "Hot plate.”

‘Teacher follows stddent‘answer with the remark, “Let’s apply this idea to —‘?_s udent’s icku
truck.” : . PPl P P

Question: "If __student’s tank is nearly empty, what are the alternatives for refupling the truck?"”

Possible Student Ariswer: "Buy more gasoline.”

. . . .
*Any local prices for matches, candles, hot plate, and Kwh can be used. . ' 4'

& . . .
**TRe teacher can either time how long it takes the water to boil, or determine how many seconds it takes to raisef\the temperatureone
degree F. ; L
Example: . . ~ : : i
5 seconds to increase the temperature one degree F
In one minute, 12 degrees rise in temperature
, 150 deg:ees F - 12 minutes
12 degrees F ’
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_Question: "There is a gasoline shortage. What should he/she do?” o oo
.Possrb/e Student Answer “"Use gasohol.;’ <

Question: "Gasohol is 90% gasoline. Also itis too expensive, and there are not enough gasohol
statiops arcund to'obtain it very often. Could we possibly use other energy alternatives llke

- soybean or sunflower oul'?" X o y
‘ Y
Answer: Yes, but'these sources are not yet fully developed as alternate fuels. Much moré

- research needs to be done. ~ : .

t
. -

Question: "Note thatin all cases __s“’_de",‘_ts using up some type of energy. W{aatalternatuve can -
you suggest to keep energy use to a mlmmum'?"

Possible Student Answers: s
1. Drive less. 2. % truck. 3. Buy.a %\o;ted.

Question- “What impact can this situation have on you?”

° \

3

Possible Student Answer: “Possibly none of us will be able to buy gasoline or diesel fuel for our -
pickup trucks within 10 to 20 years, or befor¢ we reach 30 years of age.”

-

Presentation of Lesson : : . ! s L v—é.

1. "Since we have ‘been doing considerable talking about energy, and before we do any more,
perhaps we should make sure we.all understand the scientific definition of it.”

(Write the following on the chalkboard): . «
Energy = ability to do wo g ’

Unitofenergy = BTU (Br|t|sh Thermal Unit),the amount of heatrequired to raise the temperatu re of
.1 pound of water 1 degree F 2

(N

2. "Let’s look at what k|nd of energy shortage we really have. If we were to sitdown &:} an ‘energy ‘

meal,’ our plate would be divided as follows:"

(Distribute Figure 1, the handout or overhead entntled uUs. Energy Budget in the Append|x
Make the follgwing pomts to the students):

A. "What we really have is a liquid fuel energy shortage. !

“«

¢ The gross energy consumption by fuel in Ohio, the 5thlargestindustrial state, is asfollows:”
(Distribute Figure 2, Gross Energy Consumption by Fuel, 1980 as a handout or use overhead.)

o "Compare Ohio and the U.S.A. asto consumption of various fuels. Ohio'depends heavily on A
coal. Ninety-seven percent of the electricity in Ohiois produced from coal. The easternpartof * -
the U.S.A. uses oil and the southern part uses natural gas for producing electricsty

‘¢ Noteghat fossil fuel is the source of99 4% ofourenergy " (Write on the board thefollowmg):
céoal — 42.7% ' ' ‘
., oil— 31.6% .
gas — 25.1% : .
other — 0.6% (mostly nuclear and hydro—etectrlc)
B. "Let's Iook«at energy use irv Ohso agriculture.” (Write on board):

gasoline \19.0% ’ electric’ 7.8%

diesel - 15.6% fueloil . 0.4%

natural gas 498% ' | coal -~ 0.1% L . ‘ B

LP éas 7.3% ' (Source: Rask and Ott, Energy Use in Ohio Agriculture, OSU "o o

Dept. of Ag. Econ: & Rural Sociol.)
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C. Ask the question, "How long will fossil fuels last?”
v " - Providg students with the following figures on the board:

o

oil 7 40 to 70 years . - .
gas - over 70 years | ’ ’
‘Goal 250t0300years .- . .

'D. "Realizing we have a liquid fuel shortage, let's go back to _Siudents _pickup fruck. What can
he or she do or what can the U.S.A. do to solve the problem?” .
) : . . | \
'l Possible student answers: ‘ R W ' -

¥

1. Use alternative liquid fuels

2. Conserve what we have

e Use less , L
® Make substitutions . ‘ . o s S S

3. The Problem. The problem is presented by placing the following question on th_e;:'halkboérd:

” . "What production practicescan utilize that will save energy on the farm without giving up -
income or productivity?” . . o
. - : Possible student answers: ’ . o

1. Reduce tiHagé. N - -t _
2. Keep equipment in good rﬁaintenaﬁce. , ’
3. Use high-Jquality seed and livestock. ' : . ‘ } 5
4L Use alternative energ)./ sources (wind, sun, hand labor)_.
5. Replace equipment with better fuel economy equipment.
6. Recycle energy (e.é., use waste oil_ to heat shop). i )
7. Exercise yt}Jetter energy management. . |

A _ (Refer to Figure 3, handout or overriead entitled, 7987 £nergy Status Report of Ohio».) 1

Make the following-cdnclusion from the students’ answers: o
|t seems that most of the suggestions you made involve the last one, Exercise better enérgy '
management. This report of energy consumed in Ohio suggests thatoverhalf of itis wasted. In .
other words, Ohioans could enjoy the same standardgon halfthe energy fhey are presently. -

using.” - §- _ R

Review the report with students. Assign the worksheet entitled Energy Management'on the

. " Farm to take home overnight and complete. Go over the findings of the students on the
worksheets the next class day. Much discussion can be included here on energy alternatives.
How far and to what depth this discussion will be carried depends on the amount of time you

as the instructor want to spend. Before proceeding you may review the previous material - - '
either orally or with a quiz.. "~~~ - R S . K;z

. Question to be put on chalkboard (note that by US'i'hg the chalkboard we are saving energy = *

compared to using an overhead projector-or slide projector, or running a handout);

»_Student has completed a preliminary analysis of energy use on his/her farm and has everr
- _ listed some suggestions for alternative energy sources, How.can__student _ determinewhere
_ to reduce energy waste most effectively on his/her farm?”: o '

'.\)«- v - . . " ) R"
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Possible student answers: . : ‘ ¢
- ‘ /&ok at those areas that use the most energy. N

2. Check to see if motors and engmes are matched to the job«they are to do.

T

" 3. Consider the most expenswe energy users. e e

“'f:%h'? or the Umted States is to reduce energy usage, they must do an analysus S|m|lar to,
student’s "

(Now refer to Figure 4, the handout or overhead entitled, "Gross Energy Consumq\t\ion by
Sectar, 1980.) ,

.
Question: Which areas of energy consumptlon in Ohio and. the United States yse the most
energy?’ _ R

Have students: _ . ' - o

. .o

1. Compare the energy consumption of Ohio with that of the 'yvhole ’United States. F

~ 2. Note that the industrial. sector is the largest -energy consumer Transportatlon is the second
largest.

-

. P -
e T -« . o
” .

Question: "Let's take transpormlon use for an example. We realize that transportatlon is a ma;or
energy user in Ohio and the U.S.A. We can therefore assume that reducing transportation on
_student’s _ farm will also reduce energy use. How gan__student _ reduce his/her transportation
energy usagé?”

-

) Possible student answers: | -

. " 1. Eliminate unnecessary trips. , . T

~ 2, Buy most items at one place. o '
3. Car o'r truch pool. '

L]
4. Keep cars, trucks well maintained.
1 ) ) = : s
‘Question: "Will one individual trying to save energy make any difference in overall reductlon of
energy use?, ls it worth the effort?”

‘

»

. Points to ponder:

"Many times we think of the energy shortage onlyin terms of short supplies of gasolirie a(\ '
heating oil. Butenergy shortages wull change our way oftife, ourstandard of living, and thlngs\we
now take for granted.” .

o

One or both ofthe following questlons may be proposed to the classto finish upthe unit. General
discussion can be held or the class may.be divided into assigned pro and ¢6n positions so thata
. ©  debate can be conducted. _Again, how far this is camed out depends on the time aIlowed

Q - ' Wr|te the followmg questlons on the board o

D Questloh' "The United States has 6% of the world population. But'consumes 1/3 of all the oul
" produced, Half of this oil is imported. As just one country on th|s earth do we have the rlght to USe
that much oil? Or are-we 'hoggish’ and wasteful?” -

. o ‘Question: " 'The projected need for energy in the year 1990 will be at the same level as 1980
- . Indystrial, commercial, residential, and utility useé will increase, but this can be offset by a
reduction in transportatlon usage Do you agree or d|sagree7" o




VII. Student Application . T r . ' &

. The following are some sugggstions wheére the class or the indiv}du_al students'can apply, in a
) practical way, what they have learned: . - . ' _ “

> 1. Theclasscan develop an energy savAin“g planfor the school farm. They can carry out theplanand _
" record the amount of energy saved using their plan over the previous year's energy use.. . R

2." Have each student keep an energy diary on his or her energy use. Then make a cut of 1/3 inthat . .
energy use and evaluate the results. For example, keep & 2-week diary on gasoline used in the
_student’s truck or car. Reduce the amount used by 1/3; then have the student drive 2 weeks e
on that ameynt of fuel and compare the difference with the previ us amount. R
< 3. Require each student in the class td have energy management as one of his or her home - .
improvement projects. The student can set goals to attain in the agreement, plan costs in the o
budget, and list everything done at home to reduce energy usage. These activities can be

checked during student visitations by the instructor so that parent cogperation and one—on-oné

instruction by the teacher will help each individual student to meet his or her goals.’ _ I

-5 . . ) . e - \ ’ |
4. Encourage energy savings to reduce costs when calculating budgets of praduction projects. List - e

in a diary or on the evaluation pagé of record books any energyfaving measures taken. S |

~ VIll. Evaluation L~ : ' o T N
The evaluatjon procedure can be any one or a combination of the following: '

BN

- 1

. Written objective exam ) . , ‘
’ ¢ 2. Written subjective posiﬁoﬁ paper on how energy usége can be r‘educed (personal, farm, or
general agriculture) . ' D, ' : ' :
3. Oral presentation with a speech, panel discussion, or deb'ate’ - :-,‘-Q" ni' i
;o 4. Student visitations to check home improveme'r;t projects dealing with energy mana‘gemént. The

. instructor can algo check practices used with p(oduction projects to reduce-energy usage.

.
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-~..% 7 . ENERGY MANAGEMENT ON THE FARM . S
: " - | ‘ ; ’ . N b . ' N ’
' ; '..7 - . L l. ] . .. ! i ‘ * N - \ \ v" NAME _ i -
e . 1. List the number of energy users on your farm. ¥
- ° s . -J"’\'/o) . ‘ e T . R .
!. . .a, electric motors o — /
" bl electric power tools .
s+ ¢ light bulbs ‘ X
L . d gasolifie engiries . JE o
9 " - e. diesgl engines e )
=7 "t graindryers o | ’
T . g. heating systems . ) —_ : | | o
. ’ : ’ o .
| L _
o "« 2. Asyou can see from the above survey, most of your energy comes from electricity or liquid fuels. List
“some alternative energy sources right on your farm that you could tap to do some of the same jobs
TR that you listed above. : . o
N B o Energy Source . Used for ~ Extra Equipment Needed
N . — -
: ‘ Example: * wind . pump water ' windmill .
. .
i ’ ‘ .
~ ;ail\ g ) o
. - ";‘.a“’ g;
.3_:"17 by I\
¢

3. You can see that some types-of energy sources do ceftain’jobs better tharl others. Should you
concentrate on one energy source ‘or use several to run your total farming operation? Explain your
answer. - R SRR o . R RN AR

- .

.0 . . . . . B
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e

4

R
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. List five (5) waik_si_y'oy could ‘redu_ée_ your. total,énergy use-on ybujr‘fa}rm' ;dday’.
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'QUIZ ON ENERGY MANAGEMENT

- | NAME

1. Energy is the ability to do : . — _ - ¢

2. BTU is a term used to measure the amount of — .. ‘required to do a job.

2

3. List three (3) advantages to the farmer of producing.energy from his/her crop residues.

.

L4
t

» : B
4. The type of energy the U.S. is short of is Y

$. Two ways to solve the energy shortage are: Do

6. TRUE OR FALSE (circle one): We have enough oil to last only 60 years. R #

o

7. TRUE OR FALSE {circle one): lft is the job of the government and scientists to solve our energy problem |
or us. .

=

REFERENCES CONSULTED ’

o

1981 Energy Status Report. Columbus, Ohio: Ohlo Department .of EnergY. 30 East Broad Street '
Columbus, Ohio 43215.

Rask, Norman. Energy Pohcy lllustrations. Columbus Ohlo Department of Agrlcultural Economlcs and '
Rural Sociology, Bulletin EES-558, The Oh|o State Unwersrty, March 1978. o

Rask, Norman, and Stephen L. Ott, Energy Use in Ohio Agnculture Columbus. Ohuol Department of _
Agricultural Economics and Rural Sociology, Bulletm EES-GOS The Ohio State Umversrty in’
cooperation with OAHDC April 1982.




|/4 IMPORTED
. 0oIL

174 GAS

-\ 1/4 DOMESTIC |
oL

I/5COAL

FIGURE 1.

US ENERGY BUDGET

(Source: Rask, Norman, Energy Pol/cy ll/uslralrons 1978)

5% OTHER| -

, , ‘

Cxianadey

o




oy o

PETROLEUM _ummeyan, .
31.6% EENDEY SN T S
- . -
14 B
‘ ' COAL L
' o 42.7% ' -
' ° © NATURAL GAS R
. X », 30.2%//\ .
. ) [ . . - al . »a
NATURAL GAS v , NUGLEAR AND HYDRO L e 8
.25.1% ' o 76% T T |
NUCLEAR AND HYDRO | e R
. 0.5% o | N A S T
- & N ° . | i : . » C . - “v- i
: Figure 2. Gross Energy Consumption by Fuel, 1980 R
. Source: Monthly Energy Rewew. April 1981, U.S. Departryent of Energy and Ohio Department of Energy o ., o
1 8 ¢ } ) ) ‘. . *l b or]
Q . _ : » o ) . : -
o |

ERIC

Aruitoxt provided by Eic:




Trahsponatl
. 769 47 oq

a

Ohio
Non-Ohio

Total

S e

B47.55

Natural Gas

 Industrial
111608

143.30
76496
908.26

XXX AR

TXAXRX XX XX XX
) ¢
- BV VVWVWY

RRAXX

pEF

om o

27117

g R A T

Petroleum

Ohi T 7086
Non-Ohio~.’ 106969
Total .~

1140.55

Ele,(:tncal
Generation’

AKX

. 4:91 \

Commercial |
Tanar |

Rirs

1184.03

.

£ © .o : . U
. . . - o

AW figures represent trillion Btu's

D | . -

Y¥Y )

Rag777

" Fesidential | end
60626 | .use

Conversm
775 79 J & Llne Loss

. }d‘ 9
2

Lo

. o
*

Figure 3. 1981 Energy Status Report for Ohio. -

‘Source: Ohio Department of Energy, 30 East Broad Street, Columbus, OH

+H
33




—

ﬁ( DT ‘ * i ! 2 [ ' ‘ ~
., oy . - C
“ L - OHIO o ‘ UNITED STATES & *
2, . O X : B o { : - : - o . LA
Q E | - INDUSTRIAL =~ N . | 1QTE A,
TRANSPORTATION { s09%. INDUSTRIAL
a2 4 TRANSPORTATION . 28.3%
_. 3 g 2, 4%
COMMERCIAL ~ 7 :
‘ 10.3%
L& N . .
‘ . A CO MERCIAL
' 5 % RESIDENTIAL : M11 % .
FOR GENERATION . S " FOR GENERATION? RES DENTIAL Lo
¥ - 20.7% B C - 20.6% , 5%, .
= N ¢ 4 to ) ’ . ~ : L
N “ . g N . - e "\ . 3 v» C e . . .
S Figure 4. Gross Energy Consumption by Sector, 1980 . M
"y Scﬁ:rce Monthly Energy Rewew April 1981, U S. Department of Energy and Ohio Departmam of. Eriargy -
. \° - X 20 . ( . .
. o 3" . .

'S -
- ]
. .
<
K
o N
° r
. -
s
Y .
® .
‘. A
~ Lo .
by )
é/"
-
-~
@
3 .




3. Make varjous energy management decisions based on cost-effectiveness determination.

.

e

. Les"son Performance Ob]et':tlves

2. Perform long- m‘ge pIanntng for hts/her needs by caIcuIattng cost—effectlveness of energy

won

-more self-sufficient in énergy resources. Many alterpative sources of energy-are available to the
_farmer for use in the production process. Not all are suitable in form or in cost. This lesson, - -

- thetapeifaprintcradleis used. The teacher should program the T159 calculator before class begins -
- and check out the results from prewous practice (sesSIons . o .

Ha student in the class or someone else in the commumty (whom the students know and reSpect) '

o -

Lesson Topic: FRAMEWORK FOR EVALUATING COSTS AND BENERITS.
OF ALTERNATIVE ENERGY SYSTEMS | :

by

<

~ JOHN MILLER

b
v

At thé"8nd of this.unit, the student will be’ able to:

1, Calculate, using the TI59 calculgtor or by written math the‘costs and benefits of various energy\_ .
sources ﬁfh as fuel oil, naturalgas hardwoods electricity, coal, Ilqwd propane, softwoods.anq’
a heat pu . .

resources. .
. ° .

-
-

' - v . . - !
Materials Needed - , B ' / o .

1. A well- Itghted classroom : e - L

- G’ ’
_Adeguate chalk board or flip chart space for |IIustrat|ng lesson polnts

At least one flat surface such as a table for use wnth the programmable calculator (TI59)

,

A Texas Instrument 59 (T159), pnogrammable catculator More ‘than one wouId be destrable in
order-to keep the Iesson flowmg smoothly Programs should already be in place when lesson is
begun - o . . .

1

5. Handout: Fuel Cost Comparison (a T|59 program, NRAES 5.46, courtesy of the North Regtonal
\Agrlcultural Extension Service)

6. Handout: Comparing Heating Fuel Costs (Extension Bulletin FS-12, courtesy of the North
Regional Agricultural Extenslon Service)

The Situation

One method a farmer can use to reduce the costs of production is to/fedtice the use of energy
required in the production of products. This saving of energy will alsd help our nation to become -

therefore, provides a framework for evaluating costs and benefits of alternat|Ve energy sourcesand
systems. ‘ ~ : : :

.

Introducing the Lesson

In preparing to teach thts\{esson it would be desirable for the teacher to put the programona - -
.magnetic card, ready for installation in case electricity to the programmed TI59 calculator is

accidently cut off. An adequate extension cord should be available in order that the calculator(s)
can be placed in the center of class activity. In this way, attention canbe directed to the screénorto- - -

The teacher should have students obtain prices for. the various fuels prior to the start of class. This- g
assrgnment may be gtven at previous class sessnons in order to burld interest in thls lesson.

plans to change or build new or remodel with the choice of fuel as one of the dGCISIOHS to be made,-v

4
o




N . . “ -

»  this situation should be used to give meaning to this lesson for the student. This lesson implies the
nsgd'for a decision on the part of a student regarding the type of fuel-he/she should use fora - -

-specific purpose. ) .
VI. The Problem Situation s . S R e

Problem Statement: "Our friend, _Studentor other citizen | is considering adifferent heating system for -
his/her _ homs, shop, barn, etc.  Ha/She would like to use the least expensive fuel possible that will -
still provide sufficient heat. What kind of fuel(s) might student _use to heat the selecte
area?" (Teacher places that question on the chalkboard under the,label Problem.) S

- Possible student responses to be listed on chalkboard:

e natural gas o - : -
® propane gas : : ' S
e fuel oil U . oLt = ' '

® wood ) > .. .
e electricity _ . o : o o ‘ T
e coal . ‘ ' ’ .
e heat pump -
# (other) - . _

Question: "Where do these fuels'come from? What is their basic source?” |-

Natural gas - mostly from Southern United States’ gas and oit wells i

Propane gas - a'by-product of the refining of oil

-Fuel oil - from crude oil pumped from Southern United States .

Wood - local farm wood lots . . : N

Electricity - generated locally from coal, oil or uranium ' ) '

Coal - mines in ‘Eastern United States _ - - ‘

Heat pump - powered by electricity. (If students are unfamiliar with a heat pump, the teacher
may use handout #1, Comparing Heating Fuel Costs, NRAES Extension (Eulletin Fs-12) -

T

Question: "Can the student (or other citizén) obtain these fuels?”
Possible student answers: - . . R : - L

* Depends on locality - _
® .Some, but not all of them ' o
® Yes, wood if he/she owns woodlot

Question: "What heating equipment dees ___Student o\ have?” i ‘

-

Possible student answers: . _ ' ST .
® A coal furnace . - I , L
® "l don't know.I've neVer been to __student's npome " s

® It makes no difference what he/she has now if a new héatihg system is going to be ins-ta)led.
Question: "Do any'_of these fuels require any special skiﬁs in-their handling?" '
Possible student answers: - I N P

. Somedo;sdmedbn’t... S : o o

- .

e Some fuels are fed ‘automatically. The operator doesn't need any _'sl_(iil" oihek than setting iva‘ R

.- thermostat.

~

Teacher: "Let's make a list of any special skills needed in handling these fuels.”(On chalkboard:)

0o

. Natural gas —usually ahtomatic.'_-Ligbtihg pilot may be difficult for some people. Orice 'iﬂétallatioﬁ--
' o is operating correctly, ,Iittlefadjastment'»is necessary. - . .. - . :

oo
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: . ‘ ‘»Pro'panegas—- much like natural gas. Changing.or filling storage tanks must belearned..
Fuel 0il —  -usually automatlc Lighting pilot may be difficult for some people System must beg - -
~_\ - watched for developme\nt of dirty burners. * o . ? A
Wood — . fire box must be refllled regularly ‘and ashestemovedrM ustbe reg ulated wnth change
L |n outside weather Watch for. formation of creosbte and soot, -u~ o
‘ « Electricity — ually aut/matlc Cgange of heatbulbs needed per|od|cally Heatlng elements must _‘
~ be\kept free of dust and cobwebs . _ o
.' Coal — . much like wood. Longer lastlng f|re than wood Less danger of creosote a.n)d spot in

o pipes and chimney.
Heat pump — usually automatic. Must be kept very clean to be efficlent
Questlon/“[{\ these, fuels contain different amounts of heat'?" : , - '?
N [l

Possible student answers: ) , o . N Sl
. Probably A .“. 4 oy e A .~ ) ] e _ , _

. "o How do we compare electr|c|ty and wood?

»

e Let's burn some of them and see. . o o | e

' Teacher: "Let's take a look at th|s handout #2, Fuel Cost Comparlson specnflcally the paragraph
labelled, ‘Assumptions’.” - , : i

Question: "Will the information in this paragraph affect your choice of tuel?"
‘ Possible student answers: o
e Yes. Now we see some differences. : , . y
. e .No. It says something about BTU and efficiency, but | don't understand what that means. |
® Yes. | would pick the fuel with the highest efficiency.

Question: "Your answers indicate that we need to geta better understandlng of some new terms *
What is meant by the letters BTU?" .

.

(Again refer the students to handout #1, Cornparing Heating Fuel Costs, for the defini‘tion.) ‘ .

Question: "What is meant bythe term eff:c:ency?" (Refer the students again to handout - page 3,
Table 1.) ' , . A I

Teacher: "In orderthat we might have the information about the various fuels in a form that is easy
for us to see and evaluate, let’s put on the chalkboard the necessary information about the
- fuels we've studied.” (Teacher begins the development of a chart on the chalkboard similar to the -
chart on page 4. The amount of BTU's per unit of fuel, the efficiency of the fuel, can be .
obtained from Fuel Cost Comparison, handout #2 - page 1. The student’s will have obtained the cost
. per un|t of each fuel prior to the Iesson ) . v

B

N Questlon "Now we need to. compare the var|0us fuels as to cost per heat unit or BTU What would
o ~ bea qulck way to do the calculatlons?" . , L

POSSIbIG:SfUdGnt answers: ' S ' .

4 . ) .
e ‘Use 'a'acalculatOr.

‘ '+ e Useacomputer. ¢ . o o o T SRR

. Teacher: “Wedo have a calculator avallable that will help usdo the calculatlons veryqurckly Who
would hke to be the frrst one to operate lt'? OK, here s how it is’ ‘operated. " (Prror to. class the

o
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. f . o >~ : Lo - @ .
teacher wil) have performed the following operations: 1) turned the calculator on; 2) entered the
program, either from a magnetic card or by punching in #he 155 steps from handout #2 rfpage 2, ',
Fuel Cost Comparison, and 3) pressed R/S to enter the assumed stove:efficiencigi) ‘
The first-steps for th&studént are: L

©

1) "Press A on the calculator keyboard. - L
2) Enter the fuel cost in dollars per unit (ar in the case df.eleptricitx; cents "Opear‘KWH). T

35 Press the appropriate key listed to find cost per million BTU’s.-Remerhberto press "2nd” for B, C, '
.D, and E. S T - - - o

. ‘ : . A. - ' ‘. S . ) . ,A.’. L. L
(The teacher may alternate students while determining costs with the use of the TI59.) >.° Pl

B A The teécher;‘méva'sdlhéveféqmé students simitanedusiy doing paper calculations by using
T the following reasoning:- S T . : :
. . i - o . \ . B
Exdmple: Natural gas: 100 cubic feet gives 100,000 BTUsat75% efficiépcy.. This will provide 75,000
BTUs. - , et S WILEES _
It will take 1,000,000 divided by 75,000 equaljling 13.33 hundred cubic feet of gas to furnish the ond
million BTU's at 75% efficiency. Therefore; 13.33 times cost per hundred cubic feet ($0.42) equals.
. $5.60 worth of gas to furnish one million BTU's of heat. - o B : :

As students put fuel cost comparisons on the chalkboard, the teacher could:have other students e
compare costs among fuels with handout #1, Comparing Heating Fuel Costs. The teacher will
* need to explain to the students how the chart on page 1 is used. ’ : S

Make the point that fuel prices will change. In like manner, thén, the cost per million BTU’S,’will, -
change, too. S ' R

" Students now have a method of comparing fuel costs, using heat units -(BTUs), bost (perunitsold - |

gallons, pubic feet, etc.), and efficiency.(depending upon the heating device used toburn the fuel).

Vil. Solution to the Pro'b—lem . ‘ _ . ‘ : _
« The teacher ShOula plaqé on the chalkboard the solution of cohclUSioﬁ to.the stUde’nt‘s_ problem:
' At today's prices, __ student shoﬁld use M to heat his/her selécted"ai"ea." : |
. SAMPLE CHART OF VARIOUS FUEL COSTS AND BTU VALUES , _
. , ‘ o o IR - v Cost per
Fuel S o ¢ Unit : Efficiency . Costof Fusl Miltion BTU
;. Natural gas’ - - \100,00_0 BTU/100 cu. ft. 75% § 042 $ 4.00 -
~ Fueloil - 140000 BTU/gation - 75% ‘ 130* 1238
© " Madwoods 24000000 BTUcord - S0%° 10000 833
' Soft woods 15000000 BTU/GOrd  © 80% . 7000 T 033
| LP.gas ¢ 93000 BTU/Gallon 5% - 070t 1004
N Electricity o '3,,4"12 BTU/KWH ©100% - 004 Mz
| Coal . 42,500 BTU/pound g% %00 800
Heat pump . T f Lo © 004 21',10. T

*These costs reflect regulated fuel prices, Deregulatiohf may double or triple the costs over the expected life of the aiternate .

o . systems being compared. .- | A )
e T T L s




. " - , , .
‘Question: "Whgt else"f58d be considered?™ - 3 e e e
o Possible studeht res\pon@s‘:,, /,.w— o . » S L
~ ® Cost of installation < . ’ : V & , N : e 'I.’
& Availability of fuel . o ' : o -. LT o
. ) . ) . v . . » v . .o _ v‘/
L e Willkitdo the;ob’? L - 2 T T e e ]
For example, "Heat for baby pigs neéds to be- dlrected and constant In contrast a farm shop does .y
. > not have to be evenly or continuously heated.” | : y - - f » . o
Questlons "Could M use twoheat soutces, such as #wood s\ove for space heating and a R
radiant heater for a specific space — a space such as for baby pigs or a work area”" 2 S o .
«'Could __student  se heat wasted otherwise? Heat froma cooling compressort:ould be retalnedv T
_.,m a mllk or egg room. Could that bea consrderatlon’?" o v . _ o v
"Does the heat source _.S_‘“de—”‘ has chosen involve more work to operate than he/she sh0uld be . o : «
doing?"” - S :
- . (’l‘ . - .
- Answer: "Some heat sources need to be maintained penodlcally and fuel’ obtalned for them. - =
 Refueling, cleanlng or adjustlng may. be needed.” » _ . o g
» Questions: "Would a person hired by the owner asa substrtute worker durmg vacatlon be able to '
operate the heating devices?" =~ ' A , L v
"Would a new-system save money’?“ SR !
Answer: Use handout #1 - page 3, Table 1, to see how savnng energy~could poss|bly ° L B,
help pay for a dlfferent system . . o
Vill. Application S , T
"Now let’'s see how. well you can apply the principles you have learned so far to the followrng
~ situation: _\ .
SuppOse you re gomg to remodel your chlcken house to put hogs in |t . .
Question: What fuel(s) would you use? . ' \ ' R
Questlon Why would you use that fuel (those fuels)? (Three reasons, please). . '
Questlon What does thatfuel. (those fuels) cost per mitlion BTU s? (Please shoWall cal0ulat1?ns) ",
rv 1 A. v r .
- L) - ” » @ - N
“-\’-. PR "] "”: ﬁ ‘ v .




IX. Evaluation

‘QuIZz

NAME __ . .
Directions: If the statement is true, circle the letter "T." 'lf the statement is false, circle the letter “F." «  * .
~ T F 1. Wood is a less efficient fel because much of its heat s lost bysootand hot air going up
the chlmney N : ~ .

T F 2 Electricrty is more effICIGI'It because it can operate ina closed room with no loss up the
. chimney. . A

_ T F 3. Thereisthe same amount of heat (BTU s) in a gallon of fuel oil and a gallon of propane

_ra . gas ‘

’ a

- T . F 4.1t takes no Special ability to clean}he burner of an oil stove

T F 5. Fuel costs will always be the same/ so th|s companson of fuel cost wrll always remaln '
the same -

-

Directions: Fl" in the blank wuth the correct word or words to complete the statement

&

6. The fuel source located closest to my home is -

7. To truly compare fuel costs, one must compare the usable amountof heatmamllllon_._._._____ Yy 9B
at the cost of each fuel i in the quantity by which it is'sold, B . R ‘

Directions: Complete the following proble'm,,showing all of your calculations. R Y

-

- Using the “fuel cost comparlson " at $0.50 per 100 cu, ft for ;natural gas figure the followrng

8. the number ofBTUsperlOOcu 1t. 'v S

9. the percent efficiency of natural gas

. 10. the gost of one million BTU's of natural gas

‘ REFERENCES CONSULTED | - ‘

a . .

Parsons, R.A., Fuel Cost Companson Northeast Heglonal AgrrculturalEngineerlngServrce Cooperatlve s
. Extension Servrces of the Northeast Land: Grant Unlversitles and-the Unlted States Deoartment of L
Agrroulture, Bulletrn 5. 46 _ _ ) v T

Strpanuk D.M., Companng Heahng Fuel Costs. Northeast Regrohal Agrrcultural Engrneenng Servrce,
o Cooperatlve Extension Services of the Northeast Land ‘Grant Umversptles and the Umted States
: Department of Agrlculture, Bulletm FS-12 Flevlsed June 1981 .
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HANDOUT #1 - page 1

FS-12

The costs of various forms of energy are evaluated in

Q

E

different ways, making.comparisons difficult. The

following chart will enable you to compare the cost of

various heating fuels on the basis of their heating
equivalent as expressed in dollars per million British
thermal units! {$/MBtu), To use the chart, read across
the fuel price columns to ‘the Heating Equwalent'
column to determme the price per MBtu.

For example if a source of mixed hardwood is avallable
at $120/cord. the equivalent fuel cost is approximately
$10.00/MBtu. Fuel oil at $1.60/gallon has an equivalent

fuel cost of $17. 80/MBtu.

~If you are considering sthchmg fuels. Pemember the
cost of the heater.-A good quality wood stove and new
chimney costs a thousand dollars or more. Heat pumps -
cost several thousand dollars. It may require many
‘years of fuel savings to pay for a new installation. )
Insulation or improving the efficiency of the existing .
heating ‘system may be a bett’e_r l“nve'stment. :

.

'One Blu = The amounl ofenergy reqmred to raxse a pound of water B
1° Fnhrenhml :

v

Fuel Cost Comparison

Heating Equivalent Cos

t. Dollars per Million Btu's ($/MBtu)

no

Fuet 367 - 138,200 Btu/gallon.
LP Zas « 93,000 Htulgatlon.
Electriéitd ~ 3412 Btu/twh,
Mized i{ardwaadt « 24 MBtv/cord,
 Mized .Softwaadt L 15 MBtu/esrd,
Coal - 12,500 Btu/ib. - £0% E*'fwzmcg‘

Natuz'al Gas .~ Therm = zda,oaa Btu = apprax. 100 2u 5%,

55% *‘fwzenc.l.
85% Effictency, -
100% Effwzenay.
50% Efficiensy (Afvtight stove). a/Mz!tu » 3/cozv’ ¢ ‘z
a0% E’ffzﬁuncu.

l 1 ? Fe - 10 A ]lz y — 114 L "6 i N ' B ‘ - 1.8 'l . 2l0 1 ?2 'l I
. L} N - : _' 3 .
Fuel 011 0.90 1.00 1.10 1.20 1.30 1.40 1.50 ‘l:!:, 1.70° 1.80 1,90 2.00  -2.10 ©
_S/gallon :1' M 1 1 TR L .n L L 1 ! g
Natural Gas 0.40 . 0.50 . 0.60 ' .0.70° 0.80 - 0.90 1.00 t.10 -t 1,20
" $/therm 1 _ 1 ? 1 . 1 i S|
A ] . F
Coal 30 100 110 120 130 140 150 160 170 180 150 200 - o
§/ton 1t {4y 3 S ST ki L ' )
. - ' s iy
. LP Gas . . 0!60 0.70 0 80 0.90'- 1.00 1.0 1.20 '1.30 1.40
$/gallon o 3 i 1 L P i 1 :
v
- Mixed Hardwoods 80 90 100 ]TO‘ 130 140 150 160 -,170 180 190 200' A
$/cord S i 1 lj : - ) ]
‘Mixed Softwoods 50 60 0r 80 .*90 100 no, 120 130, 140 150°
$/cord L 1 1 : 1 L il 1 [ 1
. ) . . . ' . . -
Electricity - ) ' - . . . } . v
. $/kilowatt hours | = "93 ) ! I ‘.p‘ i -015 . 1 et b ‘q«7 1 ‘qs
‘..\ : o e H -
i : $
‘ LN ! . ' AL L ' ' ! " v v ! i b
o 6 .8 10 - 14 16 18 20 .22 2
. - Heating -zqufvaient Cost, umars per Million Btu's (S/MBtu) - o
. ASSMPTIONS R ' S . :

65% E“ficzanc,.;. S/MBLw = : W88 % 2/ Zhepm
3/M8h =115 x gaiion S '
"/MBt.x = 18,54 x §/gailon

8/MBtu =893 'x \J/th

S/MBtu = 3/cord ¥ 2,5

SMBEy = 3 tom 5 “5 e
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HANDOUT #1 - page 2
' Fuel Price Information

Most electricity or natural gas is sold on a block
pricing structure. A typical rate schedule might be, the
first 12 kwh of electricity costs $3. 00, the next 12-
300 kwh costs 6¢ per kwh, the next 300-1200 cost 4¢
per kwh. etc. To calculate heating costs, use the price
for the highest level of monthly consumption. For
example, you would use the 4¢ per kwh value if you
consumed hetween 300 and 1200 kwh per month in an
area with the price structure mentioned above.

Some electric utility companies have a seasonal rate,
S0 energy costs more at one time of the year than
- another. Areas with a high air conditioning load may
have higher summer rates, while areas with a large
electrical heating demand may have higher winter
rates. Also several electric utilities offer lower off-
peak rates at night be€ause this is a low electrical
_demand period. Some electric heaters are now avail-
able to take advantage of these low rates by storing

electrical energy at night by heating a ceramic

material to a very high temperature. Then during the
day the electrical heaters are switched off and the
stored energy is used for heating.

Typical prices for electricity range from 4¢ to 12¢ per
kwh. Natural gas prices range from 40¢ to 70c¢ per
therm. Contact your local utility to obtain the most
current rates for the heating season. Prices for LP gas
and fuel oil are available from local dealers. However,
LP and fuel oil prices are somewhat ‘seasonal; try to
obtain prices during the heating season.

Heat Pumps*

A heat pump is similar to a central air-conditioning
unit. It either extracts heat from outside air for winter
space heating, or removes heat from the air in the
house for space cooling in the summer. A heat pump s
mast cost effective when both winter heatmg and
.summer cooling is needed.

Because the heat pump extracts heat from outside air
it provides more heat per kilowatt hour than an
electrical resistance heater. However, heat pumps
work’less efficiently as outside temperatures drop.
Some heat pumps turn on supplemental resistance
heaters to supply the heat required when the heat
pump efficiency drops. Other heat pumps rely on a
backup furnace fired by gas or oil to provide space
heating when the outside air temperatures drop
below about 20°F.

In most of the Northeast, heat pumps operate with an

efficiency or Seasonal Performance Factor {SPF)of 1.8
to 2. The Seasonal Performance Factor is the total

amount of heat energy delivery by the heat pump

significantly higher. In addition, improvements can be

divided by the annual electrlcal energy used by the -
heat pump. In cold areas the SPF will be lower: in ‘ :
warm areas it will be higher. Heat pump dealers

generally have detailed information regarding the SPF :
expected for heat pUmps in various parts of the -
country.

“Youcan use the fuel chart to determine the costof heat

supplied by a heat pump. First divide the price of
electricity by 1.8 or 2 (or by the SPF of your heat pump
in your area) and then use this effective price of
electricity in the chart. Remember, this is the fuel cost’
only. A complete analysis should include the ad-
ditional initial cast (if any) of the heat pump over that
of the alternative heating system. e

Wood or Coal as Fuels

The wood and coal heating values on the fuel cost

- chart are for good airtight’ stoves or furnaces—the

only devices which eff1c1ently deliver the heat from
wood and coal.

If you have a non-airtight stove and want to calculate
the cost of wood or coal as a heating fuel, multiply the
fuel cost in $/MBtu for wood ar coal shown on the fuel
chart by 2. Example: Mixed hardwood at $100/full -
cord has a fuel cost equivalent of $8.33/MBtu in an
airtight stove. In a non- airtight stove its heatmg
equivalent would be $16.66/MBtu.

'Which Fuel?

For much of the Northe%he price of natural gas, coal

and wood are close ehough that there is little significant -
difference in their Heating Equivalent Cost. Fuel oil may

be slightly less expensive than LP gas in some areas and

more expensive in others. Electricity may be relatively
inexpensive compared to fuel oil in areas offering off-

peak rates. In areas around New York City and other

“locations where oil is used as a fuel for electricity

production the price of electr1c1ty is substantially higher
than other fuels

Heat pump systems may have lower fuel cost than many
alternatives. However, heat pumps may have substan-
tially higher capital costs than heating systems using
other fuels. In areas that use air conditioning, heat
pumps have additional advantages since they can both
heat and cool.

- g

ngh Efflmency Heaters

The fuel cost comparisbn table uses efficiencies typical .
of furnaces and boilers found in most older homes. ‘
Many new furnaces and boilers have efficiency values -

: S ToARNE o




HANDOUT #1 - page 3

made in. existing heating systems to improve their

efficiencies. Among these improvements are flue

- dampers. -electrical ignitions, outside combustion air

‘and the installation of new burners.

Use Table 1 to help evaluate the value of replacing an

v The followmg steps may be used to calculate the value

existing furnace or boiler with a more efficient one. For -

example, calculate the fuel savings achieved by
replacing an old oil furnace with an assumed 65%
efficiency with one that has a seasonal heating
efficiency of 80%. The example home annually uses
1000 gallons of oil that costs $1.60 per gallon for an
annual cost of $1.60 x 1000 = $1600. Table 1 shows that
an éfficiency improvement to 80% will lower the annual
heating bill by 19%. The annual fuel savings is then0.19
x 1600 = .$304.

Table 1. Percent Reduction in Fuel Ust for Improved
Heating System Efficiency.

Percent Reduction in Annual
Heating Fuel Usage?

New Heating System Seasonal
Heating Efficiency!

70% 7
75% 13
80% 19
85% % _
90% , 28
95% . 32

! Enerqy delivered to dwelling: Energy Input to Heating
System.
2 Current sys¥em assumed to be 65% Efficient.

:Ad.ded Insulatien

An alternative way to lower heating costs is to add
insulation: The fuel savings from additional insulation
depend on the: : -

® amount of existing insulation

'9' amount of insulation to be added

® current cost of heating fulel.

~Step 3. Find the new total R value by adding the R

VSlep 4 Calculate the newly insulated cellmg heat . .

of fuel saved by increasing insulation. As an example of
this calculation look at a single story, 1500 square foot
home in Hanover, NH. It has ‘6 inches of fiberglass
insulation in the attic- with an equivalent R value, or
resistance to-heat loss, of about 19. The house uses oil
for heating at a cost of $1.60 per gallon. Calculate how
much can be saved by adding 6" of msulation (R 19} as
follows:

Step 1. Find the heating degree days for the areg from
s the heating degree day map. Hanover, NH
has 7500 heating degree days.

Step 2. Calculate the heat'loss through the exlstmg
insulation by the following equation:

Rate of Heat L_oss =Q-= ix A-x'HDD x 24

R ‘=.R value of insulation
A = area of insulated surface
HDD = heating degree days-

where

e |
The heat loss for the existing ceiling (R-19) is

about:
]

Q= 1% x 1500 x 7500 x 24

='14.2 million Btu’s.

value of the new insulation ta the existing
insulation R value.

New R=19+19=38 ~

loss.

Q= 55 x 1500 x 7500 x 24

=74 million.Btil's , -

.«

Step 5. Find the fuel heatmg equlvalent from the fuel
cost comparison chart.

. Fuel oil costing $1.60 per gallon is eqmyalent
to 817 80 per million BTu 8. ,

. Step 6. Calculate the annual savings. Sitbtract the .

new heat loss from the old heat loss and
multiply by the fuel heating’ eqmvalent.

" Fuel cost savmgs = (14 2- 7 1) x $‘I7 80 = 3126

- So, an addmonal 8" of msulahon will lower annual fuel

~ cost by $126 in this example. Asfuel costs mcrease. the e

P

G

savings will mcrease each year
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2. F1nd cz:t per MBtu for a spec1f1c fue]

-

'HANDouT_#z-page_»1 D A A "

Fuel Cost Comparison . - _
RAl%mmgrl v o NRAES54§-”

‘ Thxs program first caIcu1ates the “cost per million Btu (MBtu) for a

given fuel and then ccmpares that cost to severa] other fuels.

' 1. Enter program

a. Turn on calculator and enter program card S1de 1!
" b. Press R/S to enter assumed stove eff1c1enc1es

o

a. Pre '
b. Enter fue] cost iR $ per unit sold (¢/Kwh for electr1c1ty)
c. Press the appropridte fuel key listed below to. f1nd cost/MBtu,

— — . — iy
: Fuel -  Sales unit Press Example Fue1 cost $/MBtu

Fuel oil - gallon - - B L | |

Natural gas =~ therm ¢ e

Mixed hardwoods cord D $100 . .8.33

Electricity  Kwh E S

Coal , ton B

Liq. propane  gal c

Mixed softwoods cord = - D!

‘Heat. pump . - Kwh o E'

>

3. Find equivalent cost per sales unit of other fuels

a. Press the appropr1ate fuel key or keys Tisted above
- ., Example. Press B and 0.87 is d1sp1ayed Thus fuel o0il
costing $0.87 per gallon-is equal in heat1ng value to wood -
cost1ng $100 per cord that is burned in an efficient wood stove.
-If E is pressed, 2.84 is displayed; or $100 hardwood is equal to-
electrical heat that costs 2.84¢ per k1lowatt hour (kwh) PR

JTo. qhange the programmed heat1ng eff1c1enc1es enter your assumed h;. '

-eff1c1ency as a decimal. Then

Press To_change -

STO 02 " fuel 0il heating eff1c1ency

.STO 03 natural gas & LPG - s
STO 04 ° hard or soft wood eff1c1enqy ,"

~STO 05 = . coal- : ’
- ST 06 heat pump seasonal performance coeff1c1ent
Natural Gas - Therm = 100,000 Btu ;_» . LP Gas - 93,000 Btu/gallon
o : - 100 cu ft- R 75% Eff1c1ency
75% Eff1c1ency :';v.' L :
' Fue1 0i1 - 140000 Btu/galIon e “.Electr1c1ty - 3412 Btu/kwh ey
i 15% Efficiency . - - 100% Eff1c1ency -
M1xed Hardwoods -24 MBtu/cord o "”Coal - 12,500 Btu/1b -
L - 50% Eff1c1encyf o N 60% Eff1c1ency , }
,'VMixed Softwoods - 15 MBtu/cord . _'Heat pump seasonal performancey o
’ : 50% Eff1¢1ency. R coeff1c1ent - 1 o

‘(’} T ) ‘
t3£a. SRRSO S




. o | -
ANDOUT #2-page2 . . o j{i.'Af."f' P
HANROUT #2- pag o . ./ " NRAES 5.46° - @
 Fuel.Cost Comparison S W

R

P
gt

0 e Q0 0

ol

ol oL i o v fu (%] o Do 0 N )
ry)
—
{ma |

43 RCL
pood 04

E’ 5 -.:"°

LEL
=111 0 I
IFF..
1

SRR N TR 1
. oot

ERE S & T

. a4
S s 5 ]

—
L.
.a-

o

= ndz ,
=TO D3 nz 2

O e Wt R X}

300 y;.:l'

os

RN A 3
X et !:'.'i-'-.l:‘

O e a3 T

| 'l:t Do X N CSRN |

(0l

N - 8 - o
B S N P ¥ ] 044 O i 0g 04 4 B
0% 42 5TO - Q45 51 51 0 083 Q4 B
OiE 03 .03 a4 &5 w® s GTO o e
0 "

a7 9 . D47 43 RLCL

Caos 08

=T
LEL
E .
=70
01

o8 T Fod [l Tl ol [ P o3 o

8 ot 30 0030 Lo 1000 003 el K 0o B

CooendE 00 00
goe o 42 5 043 9% =
*oo0i0 04 : as0

ol 2 sl

N Y Bl

»,
P
D R s n S S TN (R e

D C0ED O
S0 D 03~

by
o~
+ O

o

()]

Do

D

(o]

-

(o]

(oY

b T

o 0 0 [ 0 0T

D 3w
o

@
R
"— .

iz 08 & a5E Vé ‘
213 42 570 153 0 0 4. 04
ao 03 Qag 0

g
1%
016
D A
oiz
ol
20
D21

nzz

054
055
056 42
057 00 o0
053 22 INY,
059 .26 STF 029
- D& ‘
051

e

(e o ]

o n T e L G
L AL R XX oo
L2
e

(A )

¢ 0 T s s O e T e 3 00 O [l 0 0 =1 3
'-.
1)

2]
w3
—
c

=

DO W A R XY DR o
O
[y

X R S S N s YWY v ]

(e B B

[y )
fa)

£
£
0y
=
(1)
o0 QO =58 o O fe Lol [ =
—
on
-~ L1l

0

. T . " .'.. .

i
[o—

XN F¥ sl

m
—
Jo g
Lot ™}
-
e )
-
m
r
£

2 42 5TO0

(I O Y o e ]
- -
. .‘-.":.. "

IR T R SV G
BNy}
o D =L
. 3 (o | -
[y
[}
I
e 0 OO0 e 0O e e
ST Tl 00 0 0ol o == o 4 U_'-
S
~
(3=
£
£
n
)

= y o1 142
i LEL 063 C 103 Co 1432 .01 01
024 H D54 : 144 ;o
025 STF ges 01 0d 105 s S1450 93 .
ek 1 oEs S ( 105 ¥ ‘148 03 2
027 RS WET 42 RCL 107 2 147 04 4
aze LEL ass . S 142 01 1

o
(]

t 4

—

o
3]

| R
)

a3
030
IS
oz

1 B

E JES a2 2
ST CQOFD
D S o |
i . a7z
RCL 0QrY3
oz Q74
® avys LBL.
o OFe D
. OFF . 42 8TO0
P ¢ Fat = R I S S T} |
DT S

2 3
n
ps
—
L}
h
- f
-
=
o
Lo}

GTOD - 1s0 5% =
44 SUM 151 43 RCL
152 06 06 -
154 &1 GTO
01 155 44 sUM
3¢ T RN

D3 03 press 1 2nd Write
65 X . Insert mag card,

LV
)
»
—
[y
L}
[» 13

Dl W 0 N O w W M e ¥ R X W I e | ] S
D RS
— ta T
—

LA Pl o D =
th o

EWY

i
Y]
s N
Lo O l: .#'..
Fu = )
P faal for B

|
st
et |
= L0
=00

L
O

. w0 00 -
n
5y

ot}
L
XX
Do}
VI O
'._,.r_‘_.‘ —
F b b bt b ok ke s

B el el ol et 3
BT R RN R LR S O LY
L
o
Lo
—

n
By
>

ot

(Permission grarited to use TI-59 p;ogr,am) T

O (R T e S R
CERICT o S o
PAraitex: providea by enic [N . R . - N :
o teo ’ e ’ ’ P - . : : .




. o R E . .
. R . . : . Co L]

> I LessonTople: - ELECTRICAL ENERGY MANAGEMENT FOR - -

Y A THE HOME AND BUSINESS
B : o Ty TN
’ ~ DON OVERMYER RIS

Il. Lesson Objectives S —

At the' concluslon of tms lesson the student wilk be able to:
ldentrfy practlces Wthh wull result in using less electrical energy. _
2. ldentrfy practices which can be ellmrnated resultrng |n the use of less electrlcal energy

3. Develop a priority list of electrical loads in the home or busrness| the use. of whrch will IOWerthe o
monthly demand load: v . R

ll. The Situation . o .

The supply of certain fossil fuels, such as oil, is rapidly decreasing. The demand for electrical
energy is increasing. Most of our electricity is produced by burning fossil fyels. The cost of these -
fuels is increasing, putting a strain on many family budgets. Families and igdividuals aYte seeking
ways to reduce the use of eIectrtctty, thereby conserving fossil fuel and at the sgmejlme reducrng
the amount of money pa|d out in electric bills. o

-
1

IV. Introduction to Lesson

‘

‘ To emphasize the need for energy conservatron ask the students how much energy is used now as"
' compared to ten years ago. List the answers on.the board. After dISCUSSIng why the amounts are
different, use the film strip/cassette’entitled, “Doubling Time.” (The setis avallable for loan from the '
Cooperative Extension Service. Check with your- county agent) S

Emphasize to the students that we do have limited supplles of fossil fuel. Eventually. some other

energy source must be developed to replace fossil fuel. In order to “buy time” to develop alternate

fuels, we must conserve what fuels are now available. In the produotlon of electricity, the. utillty

companies throughout the Unlted States use the following energy mix: hydro, 40%; coal, 17%, nuclear,
. * 8%; and oll, 35%. .

Since this lesson deals wrth electrrcal energy, try to lrmrt the discusslon to electnclty Uslng the
chalkboard to record student answers, ask the folIowmg .

Question: "Why must we conserve energy"" The information grven may be helpfulas a contrlbutlon
to the dlscusslon ' ' . .

v Poss:ble Student Answers
1. There is a shortage of orl
- 2, Producrng electrlcal -energy ls costly

3. Electrrc compames brllmg methods make it ,Zlorthwhrle for the consumer

. To bring the lesson’ discussion "closer to homé,” state that ___Jil . (a student) and her "
.. - family of four have decided to figure cut how to reduce electric costs and still get economtical use

. . from the electrical energy needed tomaintain a comfortable household living standard. Place on
the chalkboard the followmg : _ , _ .

‘ : LW, 'Pro'blem Statement‘ "What 'car't _’_.i"i’__. and her famlly do to reduce electrrcal usage and c:OSts "
- and still mamtam a comfortable lrvmg standard? Is it possrble?"
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Vi. Solution to Problem; Presenmlon of Lesson

51

this decnslon?"

Ask the question, "What are some thlngs__J"”_and herfamily will need to know in ordertomake *

Poss:ble Student Questlons in ReSponse,

1. In-what ways can Jill___ and her family reduce ele tr|caI usage in the home '
busmess? , '

; eIectrrcrty?

3. Does their electric company charge differe

4. Is there some electronic device that#;and herfamrly could use keep them fr0m using

S0 much electricity?

These ”posslble student questions” _.__J”’_ erI need to know carybe anSWered with the :

teaching of 1) how electric companies calculate the electric bill; 2) why it is expensive for boththe

consumer and the company to have production capacity avallabl to produce all the electrical
. energy people want whenever they want it; 3) how families can save money by scheduling L
~appliance use over a 24-hour period; and 4) how electri¢ devigés are available to help control or
“schedule major elgctrical appliances. The following dralogu ay be conducted with the students

as a means of teaching the lesson content , _
Qu’éstlon "How do"electrlc compames calculate electrlc bllls?" BEE o

Answer: Electric’ companles charge customers for the number of "kilowatt hours” used One ’

kilowatt-Hiour is a measurement of electrical power at the rate of 1000 watts per hour, Forexample, :
an appllance such as an iron is rated at so many watts, say 1000 watts. If that iron is used for one.

© hour, it "used” 1000"watts or one kilowatt-hour of electricity. Finding the number of kilowatts used
by an appliance can be done in one ofthe following ways: 1) Each appliance has a watt listing, This
figure is the total watts which the appliance will use in one hour's time. 2) On motors, the name plate

may not list watts, but may list horsepower. To convert. horsepower to watts, multlply the rated’
horsepower by 1000 watts. The answer wrll equal the total watts used by the motor in ort‘e hour of
operation. e N _

__dills house has a meter located near the pIace where the electrlc wires enterthe house. This -

meter has either four or five dials. (At this point, the teacher could take the class to the school S

electric meter to show them what a meter looks like and how it is read. Space will not permijt the' -

teaching of that skill in this lesson plan.) The teacher will need to explain.that-a meter (mbst

companies use a load meter) measures two things: the number of kilowatt-hours used during the '

month, and the "load” or greatest number of ktlowatts in use for a half-hour perlod during the
month., ,

Time' should now be taken to explain to the class the method of calculating the monthly b||| and the.

role tHe highest half-hour demand plays in the final cost of the electric bill. The follow:ng
examples assume, an average of 1,000 kilowatt-hours usage per month

] . o ' .
Methods of billing: ' ' L

3

e Straight rate, based on kilowatt-hours used S N

~® Demand meter, based partlally on period of hrghest use &“"

" Let's look at a numper of examples, each one based on —_Jills " average use of 1,000 kilowatt-

hours per month.

P 4

Example 1: In this example, we use no demand meter and do not take mto account ‘the periods of | v
highest demand for electnclty The electnc company uses a rate schedule srmllar to theone whrch f»

follows

<.

rates for different amdunts f electricity used? .

.‘




- can be realized by balancing the load demand, . =~ .

s Y

n . . .. ". -"‘ .‘. ” - o ~ .

Rate Schedule - Lo ' _piil Calculation
 First 50 kilowati-hours cdst 9.60¢/kw-hr.  *" " 4800 -
Next 80 kilowatt-hours éos_t‘?.33¢/kw-hr; Lo T - 5864 .
Next 320 kilowatt-hours cost 3_.79¢/k‘w-hr.‘ " , . 12128

Next 350 kilowatt-hours cost &.12¢/kw-hr.  * =~~~ . 10920 -
 Next 200 kilowatt-hours cost 2.92¢/kw-hr. © ¢ 5840

1000 kilowatt-hours used ~~ TotalCost: - § 39552

(Fuel cost is 1.0556¢ per kilowatt-hour regardless of load meter or hd,lda‘d' meter.) -

4
PO

Example 2. In'this example we use a demand meter which registers tﬁ_e largest flow-of electricity
occurring during any one-half-hour time period within the billing period. In this-example,; we will -

use a demand peak (block base) of 25 kilowatt-hours. We multiply 25 kilowatt-hours by 125 (a

~constant figure) which equals 3,125 kilowatt-hours and is greater than"1000 kilowatt-hours. In this- .
- case, no money would be saved. One must use more than 3,125 kilowatt-hours to save money. o

Example 3: In this example, using a demand meter and a peak demand of 7 kilowatt-ho*:rs. we
discover the following rate schedule. (Note the change found in the rate schedule. 7 mul¥

rate for the remaining 125 kilowatt-hours. . . '

_ Bill Calculation

. Rate Schedule K B ,

50 kilowatt-hours at 9.60¢/kw-hr. $4800

80 Kilowatt-hours at 7.33¢/kw-hr. o | 5864
- 320 kilowatt-hours at 3.79¢/kw-hr. 12428

(800 kilowatt-hour block basis) o N o
350 kilowatt-hours at 3.12¢/kw-hr. . | 10920
™ 75 Kilowatt-hours at 2.926/kw-hr. L ;'2-:1'96

____ (875 kilowatt-hour block basis) o - N _
Balance of 125 kilowatt—ﬁburs at 0.62_¢/kw-hr." , , ';0.175” | “
o o B Totaf Cost: . - '$ 36,677

This situation (Example 3) results in a savings-of $2.88..

fQuestiQn: "What doas'.th'i's tell"‘yc;:u about demand‘ billing?"

B Answer: Tﬁfs shows that as the peak demand lowers, thé'tojtél electric bill will be lower when using

. pliedby
125 equals 875, which is less than 1000. Difference is 125 kilowatt hours). This indicates a possible .
_financial savings. The rate will remain the same for the first 875 kilowatt-hours used, with a special

the same quantity of electricity. If we lower our peak demand during any one half-hourblock of time, - - _'

~ we can also lower O{Suiu,- while using the same or slightly more kilowatt-hours. In-other _
should "balance” their electrical use during the day and the month. Savings

words, consumers

lower level?" -

- "Question: "Inwhatwayscan__J" __ and herfamily keep the peak demand for electric powerata

v

%
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Poss:ble student answers. ’ ~

. l R Make sure that several Iarge apphances are not in operat|on at the same time.

2. Discornitinue the use of some appllances motors, etc

ot 3. Develop a priority list of electric appliances that need to be on at specrflc t|mes, such as g!ectnc
" ' stove, hot water heater, water pump, mllklng machine, motors that operate Iwestock feedmg
mechamsms, etc. .

At this point, the teacher can assist the students in developmg a concept of load management by
scheduling appliance use. A procedure for devéloping a priority schedule is as follows:

. Inventory the major appllances motors, heaters, etc., that are used on a frequent baSIs and
those that are used on a seasonal basns

e Develop a priority list as if the p0wer available were I|m|tecl and you had to pick and choose
‘from these items. At the same time indicate the most- common hours of hughest use. The
priority list could look- Irke the followmg _ _

e

Requifed Load . _ - S Manageable ~_L'o£d' : ,(‘ |

milker vacuum pump MOSTNEEDED | silo unloader \ o _ : |

niilk cooler - o © gutter cleaner ' .

doors - _ S V’fee"ders: ) L » " »‘ L
~ exhaust fans ' .‘ - | ograindryer o R ’

hot water ’ S B household t'te'ms‘v.

y LEASTNEEDED §

Students may want to make a priority Iust of only household |tems Examme the prlorlty hst whrle
conslderlng the followmg questions: o .

1. Can the normal persods of use for these appI|ances etc be altered?
' 2 What changes in normal Ilfestyle might result for the famrly" o
3. Can some items be ellmlnated or reduced? )

At this time ask for some answers to these questions from. the students To help the students WIth A
their answers, dlsplay a transparency of Table 1 (or g|ve |nformat|on as a handout)
After allowing students to dlsCUss a vagiety of posslble |deas have each student develop a posslble :
priority list for his or her home, using tfe data from the above-mentioned transparency-or handout.
. Jil__should be developmg her I|st along with the rest of the class Allowabout 10 mmutes for
this actnvrty A

‘After the students complete their prnority hsts, have them thmk abOut the questlon, "What canbe
done to assure that no high energy user is gperating while another high energy user is inoperation?”
At this time, the teacher could teach aboUt devices that turn ltems on»and off, elther by manual ..
control or automatic control. -~ . S e . X
Ask the students to name famrhar devices which control the operatlon of app[uances, motors. fans, U
_etc. Devices mentioned may be switches; fuses, circuit breakers, photo-electric cells, clocktimers, -~ . . m)
etc.The diagrams in the Appendix (Figures 1 -7) may be useful in explaimng the various methods C SAraaS
-that can be used to control electrical loads. - o R Co

I.OAD CONTROL AND MANAGEMENT

The basic idea of Ioad management is to keep the peak demand for electnc power ata Iower level




¢ . ‘
"/ Table 1. Elsctric Energy Consumption of Applianges - )
o R | T — .. Estimated KWH -
Appllance o ) ' T : -~ Average Consumed -
: : . S . Wattago . Amnually
0ven, microwave (only) : - S 1450, ,_.1'90‘"“'
Range (regular oven) o - B , | 122(3(1 ‘»,1,1‘?‘5 g

‘.Range (self-olean'rng oven) ' o = ' \ ° . - ﬁ12 200 S '1'12(_)5" :

" Toaster . D L 11 146 o 39 -
Freezer (15 cu, ft) o M 1185
Refrigerator (frostless, 12 cu. ft.) - _' A 821, 1,217
Clothes dryer o | I o 4856 . 993
Iron(hand) . 1008 - 144 -

_‘Washing machine (automatic) . o o 512 108 -
Water heater (standard) o . 2415 _~ 4;210 R .
Air conditioner (room). ST  1ses 1389 ..

 Hair dryer - o - . o 381 / 14

" Heat Iamp~('infrared)' : ' 7 - 250 - 18
Radio | . m o se
Radio/record player , . 108 100
Tele.vision (oolor; solid state) - o . ' | 200 - ‘. 400

 Clock ” - | * o2 T
Vactuum cleaner “ 830 o "” | 46'

o

(Source: Hansen, Energy Conservation: Wise Use of Appliances, WRAES 62 For additional information conceming
electrical energy consumption of appliances and the approximate cost of operation, seé handout #1 in the'Appeéndix. )

4

Ruring the evening hours there is an mcreased demand for electric power due to cookmg washlng, :
or drying clothes, extra hot water needed for washing or showers, heating or cooling, etc. This -

increased demand causes_the power companies to incrgase power generatlon The power

companies must have the'fdcilities for meeting these dek and periods. The mcreasecl power :

generation facilities. result in a higher net electnc bill.

If a means of controllmg peak demand in the home were ingtituted, the power genelyation'facilities-'

could be smaller and the net result could be a lower electnc bill

‘Some companies have 4 method of momtormg individual home peak poWer consumptlon If the :

”demand limit" is exceeded during the month, a higher rate is paid during that month. - f o

Listed in this paper are varlous methods for controllmg the peak demand (See Flgures 17 in the

Appendrx‘) R R _ . 5 !
vn, Appucanon P

Now that students have an idea of various electromc contrOI devrces, have them refer back to therr :

C priority list. Have them determine if electronic control devices can be used to solve some of the
_sohedulmg probtems whnch they encountered in therr home s:tuatmn : L .

. ‘a

Cote .




Vill. Evaluation

ounz ELECTRICAL ENERGY MANAGEMENT 3 ';' e
: '» , NAME

" Directions: Give short answers for the followrng Use complete sentences where appropriate

1. List four sources of energy used to generate electrlcity
2. Give: two main reasons for conservnng our use of electrlcrty

3. What is the major reason most households and businesses are us|ng more electrlcrty nowthan 20
years ago? . . N .. E

Give the advantages of the "demand” meter over the straight" meter S

List two ways that a family can reduce its "peak demand" for electrlcal power

List three ways that one can reduce the amount of electncnty used in heatmg home or busmess

Explam the term “EER" (Energy Efﬂcrent Ratio).. .

Llst three ways to reduce the amount of electricrty used to heat water ’

SDPNZP’S":'%

lee an example of how to reduce the use of electrlclty when cooklng a meal
10. List two adjustments in your lightrng system whichwill reduce the amount of electrlcrty used
11. Using the given list of electrlcal appliances, prlorltlze lt startlng w:th "the one most needed

“

'REFERENCES CONS,ULTED S

Cooling Homes. Columbus Oth Cooperatlve Extens on S rvrce Bulletln FS-B The Oth State o

University

Hansen Ralph Energy Conservatlon Wise Use of Appllances Corvallis, Oregon. Western Hegional
' Agricultural Engineering Service Bulletin WRAES 62, August 1977 , , :

Heating Systems Columbus. Ohio: Cooperative Extension Servrce Bulletln FS—17 The OhIO State '

Universlty

}

Hunt, Fern. Iﬁealtlme Sawngs Columbus, Ohlo Cooperative Extensuon Servrce Bulletin FS-5 The Oth
State UnTterslty _

P

’.'( L R

Hunt, Fern. Small Applrances Columbus Ohio. C’ooperatwe Extension Servrce B‘blletin FS-27 The Oth

State University

,“. Y

Sciarini; M.J. Load Control and Management Woosterg Oh|o Department of Agrrcultural Englneerlng,

The Ohio Agrlcultural Research and Development Center (Mimeographed)

Wessel, Judlth nght/ng Columbus Oth Cooperatlve Extenslon Servrce Bulletln FS-9 The OhioState_'

* University

‘Wessel, Judith,and Roger Miller Energy-saving Tips. Columbus Ohio Cooperative Extensron Service

Bulletln FS-4, The Ohio State Unlversity / S

. Wessel, Judith,and Roger Miller WaterHeatmg Columbus,Ohlo COOperatwe ExtensionServrce Bulletm 3

S-7 The. Oth State Umvers:ty
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' ._-_f_%'._;wltchﬂorﬁally'blond'; ' ) “ N - o

— ll l r—— Heater or Resistive Load L T

[ : ‘ . ¢

X Bus Bar Uscd to Connoct

v —Oj\f-O-—Relaycoll L E‘ o—6- 3 6 eM-anim,

—O'i l-O——Rolay Contact Normally Open o —0 © 2 éc;lr;ult Bnai(or; Oporalod b =

' —_—%Fo——ﬂelay Contact Normally Closed — 0_0 O -the Same Mcchanlcal L.vfr B

«

} . o . FIGURE 1 Devlces for controlllng peak demands. .

o ' - -7 220FROM - o ]
e | | . METER T
T ' | "H N H - He HOTWIRE R
) N NEUTRAL

Range «—o0 o—¢ | ‘O——+' Range '
" Hot Water Heater «——0" O—% | _ #0  O—e Hot Waler Heater |
S "Heater #1 @——0" j S ¢ H o——u. Heater #1

- HCI'IOQ' #2 g_—._o _

"o H;.H“,t:"‘#z :
,‘,-_,cm‘m Drycr ‘__o ) H SN § & O c'd"l” Dryer

mntrd Alr 4——-—0 o—‘ - $=0 O————=s Contral Alr

nghu {o———o o--b Lo o~ Refrigerator .

.. - ST FIGURE 2. One type of home distribution paml wﬂh loads shown

(Nate: All loads with the exception of lights and refrogerator are shown wored for 220—vo|t operation
-Lights and refrigerator are wired for 110-vait operation.).

El{llC' (Source of Figures 1-7: M.J. Sciarin, Department of Agncultural.Engmeenng, OAHDC Wooster, Ohic)..

du

LY




[

)

|
%

C:'.

Basic curcmt usmg circuit breakerto turn off
load.

N
N
o
<
o
-
-

i
/’

1 B
] 4
220 VOLT 1 Y |Basic CII"CUIt using aswutch to turn off loaq |
—o0 i | O— I |
. ~ , { N : . Basnc circuit usmg a relay wuth a remote R
20VOLT. o = | , switch to turn off load. = - __ S
. ¥ o . Relay power .
° . y . . . . ‘ ! -
f o——%———rm_r——" Basic circuit using a ca_{_'n type switch
' f ¥ o ' to control the loads. The switch is
20vVoLur L - load 1 | adjusted so that both loads will notbe
' | O 10— on at.the same tlme :
i T
! o
i ¥ ! -
- |
o— 4o UL
Sy A
110vou:@ G - G_
o Clook™M~" " am1 cam2 -
motor

FIGUHE 3. Baslc clrcum and swltchu uud

! . . .. ‘4-4. ) . . .




220VOLT ,_.\ y

TIMER WITH - ‘ﬁ

 SWITCH.

,. V ‘
i
-——Ol(‘r /

(o}

~ A. Basic circuit for controlling loads at different
' locations. Timers are set so that both loads wnll -

not be on the same tume

, !
220 VOLT

L
’
i e : .
- &

o
— 2|0 %

TIMER WITH % '

SWITCH
- , | ; 0
(]
20VOLT l‘l‘ r ~ load 1
. - B Basic circuit that usesa relay, actlvated
: by load 2 to control load 1. ,
T Load 2 has ﬂ‘\e-hvlghest pnonty.'
i .‘ . /N -
—0 © -
. A 0

FIGURE 4, More basic circuits for controlling loads
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| Hndlo .tr;mml'ttlng tower

|
,n , r
‘ o / ~" - e ||.. Radio : ‘
, e - " receiver _ |
' Distribution - / B |
~ panel .+ . . Hotwater: o -
' o hum» TP P SN
| FIGURE 5. y S
Baslc clrcult using radio slgnal Slgnal is transmitted by the power company to turn off hot waterduring '
“peak load perlod . e
PO
 Ppulse signal " \ o
. wiring o l
AR § 1
Sub-station ~
‘ A ' Electronic
¥ .1 conditioning < .
‘ equipment o .
Demand type 2 |
electric meter %
Distribution " Hot'water ° .
panel . heater - _ .
| - FIGURE6. .~ | e T
Basic circuit using a domand-typ. electric meter. This meter mdicates and controls electrical power |
usage. As the power usage increases, a pulse signal output’ increases and therefore is used to control |
electncal Ioads via electronic conditroning equrpment d R
\‘1 . ' . r

.;/,//'




O Power usage meter o

. | controi¥t . | LJL S
" Electronic Monitored power . _ . L o o
& Dist. box signal | lewd AINTT SR
' —"]" control#2 1
" load -
control#3 | - u : Q » I
P . U
— control #4 | L
] el
- — control #5 . ﬂ@ .

Electronic Logic Circuits

Electrical power fo controlied loads.

FIGURE7. I T

Block dlagram of one type of elocironlc load control and inanagemcni system. The power consumed is
- monitored contmuously and analyzed by the glectronic: lOQlc circuits. The electronic logic clrcults then
- determine which Ioad is to be turned-off,” “and whlch load is to be "tumed on.” L R,

Theqnet result IS,tO keep the power consumption below_the demand limit. o o _ K
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HANDOUT #1 - page 1

Many of the energy use decisions you make do not
involve a great deal of energy—such as warming a
single roll in the oven or tossing one pair of jeans in
the washer—but these acts count up as money
spent. Every time you decide to “buy” some energy,
it costs you.

In this fact sheet we're talking about spending
energy on small appliances. Most cost less than a
nickel or so for each hour of use. But in a family
where many members are often deciding to buy
energy for appliances for everything from drying
their hair to brushing their teeth, those decisions

may be costing more than you think. Remember, the .

physical size of the appliance does not give anyidea
of how much energy it consumes. A large clock has a
wattage rating of two, a small hair dryer, 1,000.

Operation

If notoperated carefully, small appliances can waste
energy and money. Here are some tips for prudent
use:

e Afaulty appliance will not work efficiently and can
waste energy. Repair or replace it promptly.

e |tems like electric radios are low wattage
appliances, and their use doesn't contribute very
much to your electric bill. Similarly, appliances that
are used for brief periods, like electric mixers,
carving knives, tooth brushes and small tools, have
little effect on your bill.

e Using smallkitchen appliances can save energyin
preparing meals. Toasters, waffle irons, electric
grills and skillets, egg cookers, bean pots, fondue
cookers, popcorn poppers, electric coffee pots and

bottle warmers usually require less energy than the
range when used correctly. As with the range, it is
important to turn them off immediately after use.
¢ During operation, keep portable cooking
appliances out of drafts that reduce their
efficiencies. : '

¢ Use your portable appliances that tan double as
serving dishes to cut down on dishes to be washed.
e Cook several foods at one time in your electric
skillet to reduce cooking load and number of dishes.

¢ Many blower-type hair dryers require as much
power as an electric toaster and for longer periods.
Consider toweling and avoid overdrying.

¢ Be sure the TV, radio and stereo are off when nao
one is watching or listening. Color sets (solid state)
consume 300 percent more energy then black and
white sets. Instant-on TV sets use electricity 24
hours a day keeping components heated and ready
for operation. Unplug these when they will not be
used fgr a long time. .

e Solid-state television sets, radios and stereos
require less energy than conventional sets.

¢ Electric blankets allow furnace thermostats to be
set lower at nightthan usual but should be turned off
when not in use, or the gains will be quickly offset.
¢ Oil household cleaning devices as recommended
in the use and care manual to maintain maximum
efficiency. These manuals may 4lso give additiona!
tips on conserving energy while using the device

¢ When vacuuming, empty or replace the dust bag

frequently. A full bag reduces the suction and

increases vacuuming time.
4y

Cocparative Extension Service
The Ohio State University




- HANDOUT #1 -page2 e :
. C_ost of Operation

This tableis based on average wattages of appliances and an average kllowatt hour cost To understand the ‘hourly cost” column.

s

Temember .045 is 4.5 cents and .0045 is less than 1 cent. .
This cost of operation table is based on one hour's usage. To determine the cost. simply mumplythe hourly cost by the number of
hours on, or tha fractxon of hours on. . . i R
Typlcal Hourly . . kwWh Hourly Cost
Appliance . Wattage “*on" time “ - Used based on s 045
AirCleaner ...............ccovvvinnn. e §0 1 hr : .05 . .0023
*Blanket ...l b 175 Y2 hr .09 .0041
Biender...................oiialL. R U 300 1 hr 30 . .0135
Can Opener..... N 100 1 hr 10 © 0045
CarvingKnite ............... e %0 1 hr 09 W 0041
[0 [ T 2 . 1 hr -.002 .0001
*Cotfee Maker . ) : :
Brew CyCle® ..ot 890 Ya hr 22 .0099
HoldCyCle . ......ccoiiiiiii ittt 50 1 hr .05 .0023
Dehumidifier ............ccoiiiiiiiiiiii.. . 260 1 hr .26 0117 .
Disposer.........coiiiii e 445 1 hr 45 .0203
EggCooker............ooiiiiiiiiiiiiiiiiiin.. 520 1h .52 .0234
Fan o ®, ’

AC .. e 370 1 hr 37 .0167

Circwtating ..« .......ooiiii .90 1 hr .09 .0041

Furnace (ahorsepower) ...................... 300 . 1 hr . .30 .0135

L Rollaway ........................ e e 170 1 br a7 0077 .

Window ... e 200 1 hr 2 - .0090

FloorPolisher. .........ccooiiiiiiiiin .. 300 1 hr .30 . 0135
FryPan ................... e 1200 oo 60 : 0270
Hair Dryer.Blower .....................c.coiua.., 1000 1 hr 1.00 .0450
HeatLamp................ e e 250 fhr 25 0113
. HUMIIIOr .. ..o 175 1 hr 18 .0081
b -1 AP . 1100 Y2 hr 55 " .0248
Mixer . . )
Hand ... .0 e 125 1 hr 13 .0059
Stand ...l 150 1 br A5 -.0068
Radio ............... e, e 70 1 hr 07 . 0032
Radio/Record Player ......................couut. 110 1 hr .1 N .0050
Septic Tank Aerator ......................cooenee 300 1 hr 30 0135
. (V3 horse power) ’
SewingMachine ......................cciienn... 75 1 hr 08 ..0036
Shaver ................ e e P 15 1 hr .02 .0009
Slow Cooker : ‘;
Hisetting ..., 150 1 hr- 15 - .0068
Losetting .&.........ciiiiiiiinieiins e 75 1hbr - .08 - 0036
Sunlamp.......... e et 280 1 hr .28 o .0126
Television :

Black/White ' !
SolidState.............. P 45 1 hr © .05 .0023
Tube .................... A 100 ’ 1 hr . 10 0045 -

Color , .
SolidState.........ooovnvnennennnnns e 145 1hr A [ .0068
Tube ......... L3 A 240 1 hr 24 * . .0108

TOAStOr .......vvieiiiieiens N g 1150 1 hr 1.15 ~ 0518
*Toasteroven ..............ciiiiiiriiiienrnnnnns 1500 Va hr . 38 - 0171

Trash Compactor ..............c....... e 400 1 hr 40 . .0180 -
VacuumCleaner .......................eeiinn... 630 1 hr .63 ~ .0284
‘Waffle Baker ..........cooivvviiiiiiiiiainnn.. T 1200 % hr .60 .0270

*Designates thermostaticaily controlled appnancas.

Some appliances such as a clock, fan orwnshing mlchine use electricity the entire time theyare tumed on.Other appliances such
asan oven, iron or frypan cycle on and off, Estimates of “or’* time are based on the time tha heatelementis *on'" and will be fess
than the actual time the appliancc switch is on.

. From publications of the Arizona Public Service Co., Columbus and Southem Ohio Electric Compnny andthe University of Rhodq
Island, prepnrod by Fern Hunt, professor, home mnnagcment and housing, The Ohio State University. T
‘ o AN .




_IV. The Situation : B |

o
a

I. Lesson Topic: ’ . - o : "_
o ~ USING SOLAR ENERGY AS A RENEWABLE ENERGY
- RESOURCE AT HOME OR ON THE FARM L
'BARBARA MALPIEDI and BOB BENDER

II. Lesson Objectives . | R | / '

The student will be able to: o , o

1. List at least tr‘}r,ee advéntage _and' thre‘eAdisadvanitages of using sovlar'ene'rg.y. o
2. Outline how a’basicw solar ene gy héa_ting ‘.sys‘tiem ope}ates (as ',gi,ven i{n ﬂ;_'e ho't,e.s).‘_
3. Name several factors which affect the ecb_ﬁomics of a solar energy system. o
4

. Given data and a blank grapH, chart the typical' daily solar radiation'for ail months of the yea'r,v' A
- applicable to Wooster, Ohio (OARDC) or Columbus, Cleveland, or other specified locations.

5. List media for heat transfer and materidls fof'\@stbrage that may be used with solarenergy
systems. : ' L e - _

6. Differentiate between passive and active solar energy systems by listing major characteristics o

of each. o o v
7. Contribute to a class brainstorming session, citing several uses for soiar energy sy'stemé.'; :
1. Materials Needed a | , o
1. Three boxes 1’ square with g]ass*pane cover: one is unpainted, one-is bain-ted black inside,
and one is painted black and insulated . ' ’ : DL

. Three thermometers

2

. o |
3. Overhead projector and"transparencies
4. Handouts
5

. Graph paper . - L
o B

Vqcational agricultural students studying renewable energy resources have identified solar energy
as one of these sources. Most of the students will probably use solar energy ot their farms or in their
homgs. The lesson introduces them to sorhe of the principles and practical uses of solar energy.

‘

V. intréduction to the Lesson _(Interest Approach)

"Wehave identified solar energy asa renewable energy sotirce that may be used in'your homes or on
your farms. In order to demonstrate some of the gerieral energy requirements and the.nature of solar

energy, three different boxes or ‘solar collectors’ have been placed outside.” (It should be a sunny, - | !
cool day.) "The thermometer located inside each box gives Us a temperature reading of the amount - R
of heat in that box. This gives us an idea of how much solar energy was absorbed into thatbox.As.

you observe thev_boxes, answer the following- questions: )

1. Which box has the highest interior temperature?
~ — the black box with insulationy .




© VL

2. What is, dtfferent about thls box that may be comnbuting to the htgher temperature?
—itis pamted black
— itis msulated

3. What advantages are there in producnng ‘heat with solar energy over producmg heat from . ‘
burmng wood or using gas, oil, or electricity?

— energy is free
— solar energy is non-polluting .

Léet's return to the classroom and expand upon some of these ideas."

Problem Statementslouestlons to be Answered

' "The three boxes are primitive means of capturing solar energy What questions do you have about
solar heatlng and solar energy?" ;

Draw poss:ble responses , .

1. What other advantages and dlsadvantages are there in uslng solar energy? .
2. How do solar energy systems work? - _
3. What is. required so that solar energy systems can be used at home or on the farm?
4. What are the different types of solar systems used for heating?

5. What are the practical‘apolications for solar energy systems? |

Deal with one question at a n}r'yé
A. “What other advantages and dludvantages are there In using solar encrgy?" '
Lecture/Discussion: i ‘ ‘ ' '
1. What advantages did we observe from the demonstratlon boxes outstde? Solar energy is:
® free energy (jat is, the energy itself, not the system) i
. nonfpollutlng
Other‘ad‘vantages are that it is: g
| ~ @ non- pohtlcal (whereas oil and gas imports are 'political’)
¢ non- destructlve

e non-exhaustive (relatively"speaking} v |

fixed cost system R L,

2. What dlsadvantages are there?

- Lead question: "|s the sun radlat|0n always the same?" (S how tra nsparency or make reference o

to Figure 1, "Hourly clear day radlatlon ")
— No, radlatlon levels differ night and day as well as on- cloudy days- and seasonally

Question 2 "Do we receive. all the sun s radiation that is ongmally dlsplaced into the
atmosphere?" (Refer to Flgure 1 agam ) — No.. .

5

»




Solar energy on o sun-following sucfece, Stu/hrefr2
- - » »
8 & 8 3 B

g

. . . 2 j
M Solar Time - ™ o .
Figure 1. Hourly clear day radiation. L S
. (Source: MWPS-22, Low Temperature & Solar Gram Drylng Handbook)

Quest:on 3: "The energy itself is free, however, what costs w1|| be mvolved?" _
. equipment costs . ' : S . R Y
-® panels A . - |
® pumps, etc.

e heat transfer and storage media.

® depending on the system a high initial mVestment (partly due to lack of mass productton)
o mamtenance _ - }

Have students list in their notes all advantages and disadvantages‘discuss'ed."

At this stage of the lesson, or- perhaps even earller the teacher shoutd show slides, plctures o

diagrams of several solar systems such as solar water, glass windows in a house, grain dryi

livestock buildings, and maybe photovoltaic. For each system mention type of collector, storagé (If

any), transfer medium, and controls. This activity will give students a feeI for the matenal before

they are exposed to a large number of detanls . . .
. ~N

. “How do solar'energy systems work?" . )

Lecture /Diacuqslont

1. ‘Lead question: “What was used in the experiment outside to capture the sun’s radiation?” -
. 1€ to captul A

©

— a black box . ‘
“So we have a collector absorbmg radtatlon " ' o v o -

‘ Question 2: “What do you thmk was one reason for covenng and insulating the box'?" B
— to keep the warm air insnde

Questmn 3: "When the: sun goes down the mteruoif alrtemperature of the boxdrops Whatcoutd
we put in the box to hold the heat”" . .

[
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OWater (efficient storage 624 Btu/ft“F) - o . “;;ﬂ R N . :
e rock (20-25 Btu/ft3°F) o . S . . . .

" o phase change materials (pcm) several salt hydrates Wlll store 5 000 to 1 0 000 Btu/ft3 atthelr- ’
melting point. Most expenswe. a . . _ . )

. v ; "So we also have 4 atorago place for the solar heat "o

s

Question 4. "Suppose we wanted to use that solar energy to heat an adjacent bulldlng How
could we transfer the heat inside the box?"
. — Connect the building and collector with an insulated pipe allowrng the heat to flow from -
.collector to buildlng This usually requiresa fan. _

"Sonow we are using air in the connection pipeasa lunstermedlum to dlstrlbute the heat to* the
- point of use. Water and other liquids may also be uséd as transfer media. (Passive systems
usually do not require a transfer medium. However, if the medlum is needed the system is called

Passlve Hybrid Design) g : : L

.

‘ ‘Note: In most actlve solar systems the storage is sepa rated from the collector For example the
collector may be onthe roof and the storage willbein: an lnsulated contamerlnslde the bulldlng

Question 5:” What else should the system include so that we can malntaln the temperature )
desired?” . , , o

— controls (dlfferentlal thermostat to turn fan or pump.on and. off)
“Now we also have manual or automatlc controls to monitor and regulate our system

Question 6:”For those days when there are low amounts of solar radiation, what else should the R
system include?”. N _ T ) R
— an auxiliary heater ’ ' ' e . ‘

"We also have a dependable heat source for times when no soar energy is available.” o

: - Summary of How Solar Energy Systems Work - . . -
- Fladlatlon is absorbed by collector, converting it to. heat o ’\;\ T ,
2. Solar heat is. transferred by air or liquid to storage-or end use. ' | '

3. Operatlon is monitored or controlled.
4. Auxiliary heater is available as a back-up. B ' A L,—;\ “ o '_ “a
C. ’ "What Is roqul;ed so that solar cncrgy systems cm be used at homo or on lho flrm?" o
Lecture/DlscusLlon | , S ,,./' , S
Lead question: ”What were the characterlstlcs outside of the solar collector box that had the s ‘
highest interior temperature'?" - o B / . W :
e painted black -~ g B AT . ;ju

%ﬁ__glasecover. o S o f o R .

N well insulated S » - o
| "These would be-a few requrrements " | - | '({ e - N
“Let's makeallst of requurements that mclude those three "°(You mayn ed to expand the S ‘
students list) S . T e . f _ L. -
R 1. Need good absorbers - dark surfaces are best. R




2. Energy must be absorbed to be converted to heat.

3. Other than absorptlon, solar energy must be transmltted th rough or reflected from surfaces
“to lncrease energy collection. ) ,

4. Bulldlng must be well lnsulated to reduce total heat needs

éﬁ

House or bulldlng heating: load must be computed S0: that amount of energy requ|red lS
known. Consider fuel bills (for existing house). ‘ . _ _

A back-up hea,t source. (Solar system should account for 25-75% )
Heat transportatlon medlum water ‘air, other’ non-freezrng llqulds

Heat storage - water, rock; phase change materials (pcm)

©’® N o

. Collectars must be’ posntloned so that system is most efflclent K

L locatlon, no shade from 9 a.m. to 3 p. m.

o orientation, optimum due south (devrate 30°' east or west of due south and obtaln 90%
of avallable solar energy)

¢ tilt, maximum absorption perpendrcular to sun’s rays (trlt angle usually 30° - 60° above
- -7 horlzontal) . .

10. The region- climate, degree days. solar rad|at|on — must be evaluated to determlne lf system
would be suitable. _ ‘

D. "What are the different types of solar systems used Ior haallng?” o S S

"'There are two hasic types Passrve and Act|Ve "

- (Show transparency of Table1, or refer to reference, "CdnSIderlng Solar Heat " EFS-106 pagesz
’ 'and 3) . -

Table' 1. Typical Characterlstlcsﬁof'Sol‘ar Systems :

_ " PASSIVE - , . - ACTIVE . S
1. No moving parts. A passive system relieson 1. Has mechanlcal parts. May include pumps L
natural movement or else uses the solar S or fans to actively move heated liquid or air -~ -
where it is collected ‘ _ _ ~ from collectors to storage and from storage o

‘_, N tousearea.. - . - )
2. Massive materials for heén storage . 2. More conventional cons’truction |
3. Collector and storage are. part of the o 3. Collector and storage may be added to an _’ ,
structure Co o existing structure. )
4, Wlndows concentrated on south srde of 4. Collector on south srde of bu:ldlng or house
bunldmg or house or apart from house ' .
5. Generally less expensive rﬂ ’ 2 5. Generally more expensive - _ _
6. Generally less temperature control o 6_. Generally better temperature control '

£

" (Note: With the many available types and desrgnsof solar systems for homeand. farm use, there are many exceptlons to .
the above characterrstlcs The teacher should not get too concerned wnth labelmg a system actlve or passive, )

et

.. "What are the pracllcnl appllcallom lor :olar anargy syslams?” -
P

.» R Bralnalormlng _ _ R : o , .
, o “Think of all the places where we use tradltlonal energy sources fdr heat. We are goingto
o . bramstorm and tryto come up with aIl possrble waySWe canuse sol renergy Here are the ruleS' )




" 1. Only ope pexson speaks at a time.. - G e
2. There will be |

discussion or debate on items given.
‘3. Every idea is to be written down. i ‘

After the brainstorming, we will evaluate the list to'dételﬁrhihe which »ideas mlght work the best for - ) " °

-

our situations considering the infarmation we've studied. .

How can we use solar energy?”

'3

(A possible list; you may*need to write a few items first to get the group started.)
. e dehydrate fruits and vegetables =~ ¢ heatsoil R,

R o distill seawater to obtain fresh water ~ ® heat home€ ..,
for greenhouses. : S Ca '
_ T S e dry grain :
e heat pools for culturing fish - . ' R
, poo - g - & heat livestock buildings
‘e process cheese - - P
, * e heat water in a milking parlor
" cure tobacco e
_ ‘ v e heat chick brooder
" e pasteurize fruit juices o L
- ‘ o -e extract honey from combs.
e heat turkey houses L o :
. . o y C ¢ heat broiler houses
s . ® heat greenhouses R
o ¢ heat farrowing houses
(Source: Energy Research for the Farm, USDA) - ete: .
With additional reference materials, students may wish to select one or more of the suggested
uses for solar energy and design a plan to implement the system in their own homes or on their
farn{lsé. One possibility may be home heating. T ' S

. VIl Applying'the Lesson to the Home 6_|"Farm ’

In most communities served by yocational agriculture departments, there will be a family of a .

student (in high school or young and/or adult farmer class) who is seriously considering the use of
solar energy. The family could be considering this for several reasons, the primary one being thatof
saving money. A second reason, would be conserving fossif fuels. ° o ST

The teacher of vocational agriculture will find that a lesson on the use of sol'afenerginill be"moi;e S

~ meaningful-to all the students if the vo-ag class can assist that member’s family in making the

" " necessaty correct decisions regarding the proposed use of solar energy. If a class members. .-
situation cannot be used, perhaps within the school community you can find another person whose
situation can be used as a class problem. ‘ L B . S

The lesson cotjld therefore Iog‘ically révolve around that member's problem ordet:i’sioné to be R
made. For example, assume that the family has decided on the possibility of using.solar heat for

their home. This lessan is based on that decision.

Foflowing a brief explanation of the member’s situation for which salarenergy is being corisidered, -

_ tife teacher should-place on the chalkboard the following question as the problem statement.

uestion: "What procedures should 3191t foliow in determining whether or notasolarheating
system will save the family heating expense?” N i ,‘ R

Permit the students to offer various ideas as to procedures to follow. Some possible suggestions
al’e: . - - . . B L v - o o . 1 . .

| 1. Hire an‘architect

~——
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s»sn.#‘.wrv"

'Talk to people who have solar heatlng systems

Visit a busnness that sells solar heating systems
“Use research data from colleges or research centers

Use a réliable method to caIculate whether or not solar heatlng is economlcal for them.;

kRead all the |nformat|on easily avaifable on solar heatlng

(Note A famlly should use several of the.above in reachlng a decrsnon) S R

This portlon of the lesson is developed around SUggestlon #6: Use a reliable method to calculate'
whether or not solar energy is feasible for a specific situation - in this case, heating a house: The
system referred to is a Solar Worksheet (Table 2) developed by Randall Reeder, Extension ,
Agricultural Engineer, the Ohio Cooperative Extension Service. He explains this worksheet in the
Cooperative Extension Bulletin EFS-108, Considering Solar Heat. (This bulletin is included in the - _
Appendix.) In order for the Solar Worksheet to be used; certain mathematical calculations mustbe -
made coricérning thé yearly cost of the consumer's fuel for heating, annual interest costs for. maoney
© borrowed to purchase a solar unit, and others. Also, .certain questions must be answered by the
. consumer and certain dec|5|ons ‘must be made. These questlons/demslons mclude the followmg

N

-

Tablaé. SQlar Worksheet : L : ot

iy .

, Heres a worksheet that can help you compare solaro11,’ Hovy much heat wull the solar system collect on -an
| system- cost to conventional fuel: Your answers will give

you an idea of whether you can save money by installing
a solar system this year. Questions one through 9 compare
expected fuel savings to interest cost. .
Questions 10 through 16 wiil help you determine how big
the solar system must be. Note that this worksheet does
not consider depreciation and maintenance costs. It does:
not account for rising fuel prices either. If you wént to
estimate these factors. you might assume annual deprecia-
tion and mainténance .costs at 5 percent to 10 percent of -

| the first cost of the system-and add that to your answer

of question eight. What if fuel prices double or triple? Re-
calculate questions three and four. with these higher prices

12.

13.

and compare to answer eigh® to see how this might affect -

your decision. , N

1. What will the proposed solar system do’7 {Heat house”

. heat domestic hot water?, heat livestock .building? dry.
grain? other?)

2. What is your present heatrng system? (gas, fuel oil. LP-
gas, electric resistance, electric heat pump. other?) - _

3. How much does your conventional fuel cost per year?

4. How much do you expect to save with solar?

5. How much will the solar system cost”

s______ .

6. Considering tax creaits. what will be the net cost of
the solar system?. S__

7. What interest rate would you have to pay to borrow
the money? percent.

8. Caiculate your annual interest cost. lMuItlply answer
No. 6 times answer No. 7.-S :

9. Is answer No. 4 more than answer No. 8’7 {if 'no,” the.
solar. system probably will not -be egonomical for you
at this time. If 'yes.” go on to the next guestion.)

10

. Does the solar system lnclude heat storage” {in water
rock, salt or other.} . . )

14,
15,
16.

17.

i practlces

' save per:year?

.How much ‘money will that save per year" i
S persquare foot. (Multiply answer NG. 18

average winter day? ... Btu (Probably be-
tween 400 and 500 Btu per square foot of collector}
surface.} . j
How much heat. wnll the solar system collect throughout
the heating season? Btu sq."ft. per sea-
son. (May average as high as 750 Btu per day sq. ft.
if 'used all year such as for domestic water heating.)
How many -units of conventronal fuel will that amount
{Use the table below. For.
example. if a solar water heater collects 270.000 Btu;
sqg. ft. per Season: that is equivalent to about 80 kilowatt|
hours of electricity, i.e. 270,000 + 3.413: or about 3.7
gallons of LR-gas. i.e. 270.000 + 73 600) : '

" Available Heat B
Per Selling

. .Selling

Fuel , Unit - Unit (Btu)
Natural gas 100 cubic feet 80.000
LP-Gas . gallon 73.600
No. 2 ol gallon . - 98,000
Electricity KWHR +3.413
Coal =« ton 16.25 million
‘Wood cord 17.9 miilion

»

by the present-unit price of fuel.) _
How many square feet of solar.collector are n eded to
save desired amount? - square fee (Dlvrde )
answer No. 4 by answer No. 14.) <

is that size reasonable for your appllcatlon’?

Are there befter ways to save energy instead of in-
vesting in soldr? Consider insulation, lower thermostat.
setting, reduced ventilation rates. caulking cracks to
. minimize infiltratior..- changing management routine, in-
stalling more- efficient conventional system. (Even with |
-solar you will want to ao‘opt approprlate energy-saving

[

e

‘g,t,t

L/




1. How" much heat wﬂl'the solar system collect On an average. wmter day" S R '

-2, How much heat will the solar System collect through0ut the heatmg seaSOn‘?

- 3 How many untts of conventlonal fuel wnll that amount save per year"

oo

4. How much money will that save per year" L e -
5. How many square feet of solar collector are needed to save that deSIred amount" o
6. Is that size reasonable for your application? -

Much valuable student learning can take place as thls lesSon is taught ‘since the lesson revolves

around the Solar Worksheet and the worksheet requires the consumer/student to possess or locate

certain basic information about solar energy As the teaching of-the use of the worksheet moves -
-along; the content' of the lesson is taught via the questlons to be answered and the dectStons tobe
made. - . . .

9

e

Procedure for Using the Solar Workshcot' ' ‘ ' E S o I

1. The worksheet could be presented as the "bést” snmple procedure for;ML. to u5e in
' determ|n|ng the feasibility of solar heat for the house. . :

2. The worksheet could be handed out to each student and time taken to get’ acqualnted with |t.
- Study of it will indicate the need for information about the problem situation (by selected .

students) not readily available. Note that questions 1 through-8-dompare expected fuel savingsto

interest cost. Questlons 10 through 16 will help: determlne how big the solar energy system must

be. , -

With the help of the class, identify those questions that requlrew'_tofask hls/her parents

for the needed information. Thesé questions are 3, 4, and 5, if the family has already done some
price checking, and perhaps 7. The other questions in the worksheet can be ansWered by the
class if you, the teacher are adequately prepared for the lesson. 5

Quest:ons 4-and 5apply where a salesperson is selling a specnflc solar system and is prowdmg
accurate performance data. But normally yeu must use some information from questions 1" to
15 to arr|ve at a total system cost or verlfy the claimed performance -

As an opening class exercise the teacher may want to assume an answer for questlon 4 (say
$400), then skip to questions 11 to 15 to size the system. Next, the teacher could contact a local’
solar salesperson or contractor to answer questlon 5, then proceed through questlon g

3. The class can proceed to answer any worksheet questlons they can while waiting for_i!l"i”_'._;"

to bring information from home. Questions 11,12, and 18 can be taught not only.in connection”

- -

with the worksheet calculations, but as basic |nformat|on concerning solar energy that can be ’

-used in making other decisions by the students and their famtlles [

4. To answer the workshéet questions not. dependent on lnformatlon from the student proceed
with question 5. It may be practical to obtain prices from a local dealer. Orone could record the
actual cost of a system- already mstalled ina home in the. commumty .

Quest:on 6: lnfdrmatlon on tax credits is found in the reference bullatin page 4, first colt1mn
-Federal tax credits permit homeowners a 40% credit (maximum claim of $4 000). Ohioc gives an -
~added 10 percent tax credit to busmesses and property owners who mstall solar systems

. Questlon 7: Local interest rates sh0uld be used for money borrowed to purchase solar heatlng
systems . L .

Questfan 11: lnformatlon concermng the amount of heat the solar system will collect’on an*
average winter day is found in the same bulletin, page 2, second column. Mofe speclflc :
information concerning aVerage total dally radtatron measured in BTU/day-ft 2is found in

Tablea

K]

@




| | Y
' _' - Table 3 Average Total Dally Radlatlon, BTU/day-ft’
. S v (Collector Tilt Angle 55°) - ,
.K‘- . *Month C_:olumbus Cleveland Lincoln, NE Dodge City, Ksb
“Jan 800 . 750 T 1512 . 1910
 Feb 1000 -~ 900 1585
© Mar 1300 1200 1657
¢ Apr 1400 1400 1530
May, 1400 1500 - ° 1499
June 1600 1600 1500
, July - 1500 .1500 1501 N
Aug 1500 1600 jeoa .
‘Sept 1500 1500 - 1618
' Oct 1400 1300 . 1688
' Nov 950 850 - 1354 o
. o Dec 800 700 1300 - 1815.
‘ (Source: MWPS-22, Low Temperature and Solar Grain Drying, and Randall
_ Reeder, OSU.) - ) : .
a ‘ | The 400 to 500 BTU/ft2 can be calculated as follows for Columbus:
: November . 950 .
December 800 o
January 800
February 1,000
‘March. - 1,300
- 4,850

4,850 divided by 5=970 BTU/ft2. Thisi isthe average da|ly amount of solar energy falllng onasolar
system near Columbus Ohio. .

If the system generates at 50% efﬂcnency then the collectlon by the system would be 970 X 70 X 50%,
or 485 BTU/ft2 per day.

4’.”

' If April's collection is added to the other flgures, the average would be about 520 BTU/ft‘* per day
during the heating season.

Now back to the Solar Worksheet questlons

e - Question 12: "Haow much heat will the solar system collect throughout the heatlng season?” (In
: BTUs per square foot per season _ ) .

Total the number of days mthe months of November, December January, February, and March .'
151

' ' ' Multiply 151 days times the aVerage number of BTU's collected per square foot per day dunng' ,
S E the heating season: -

L ' 1;51 x485 73 00 BTUs/sq ft/season o o S

o

Qo . R ey

12
4

en
7
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‘Question 13 "How many units of conventlonal fuel will that- amount save per year?"
Assume that the family presently has electric heat 73,000 divided by 3, 413 -21.4 kilowatt hours_’

of electricity. After question 13 is answered, use that information to determine the answersto -

questions 14, 15, and 16. (21 4 x 5¢/kwh = $1 .07, or 375 ft.2 to save $400/year).

If you, as the teacher, wish to spend additional class time concermng energysaving methods in the
home, question 17*provides a gu:de as to methods to study.

To glve students a better "feel” for solar economics, asstgn research of a number of dtfferent
situations such as solar water heater (12 months), comparing Ohio to Kansas, companng fuels
using current costs, etc. '

Students should qutckly understand that there is no single answer on solar systems Many vanables
affect the economics of solar energy. ..

At some ttme during this lesson point out that the Solar Worksheet is a quick and easy way of
estimating solar economics. Various other factors such as life of the system, maintenance, ‘
anticipatedafuel inflat'rpn, and tax considerations are also important in the final decision.

Viil. Appllcatlon

After the élass completes its initial use of the Solar Worksheet in asststma student or family with the
decision-making process, the other students could use the worksheetto compare solar system cost

.to conventional fuel for their homes. (Other student activities are Ii-stect‘in the Appendix.)

¢ &
4




iX. studcr;t Evaluation A S . SN e
SOLAR ENERGY QUIZ

+«  Date . © NAME.
St_iore |

Part I. TRUE OR FALSE: Read the statement carefully. If lt is completely true, write TRUE in the blank
preceding the questlon If any part of the statement is false write: FALSE in the blank and comct the
statement (50 pornts— 10 each)

1. Solar energy systems make use of all the radiation emltted by the sun _
2. Solar energy isa non-pollutlng, non-polltlcal free, renewable energy source

S ) Maxlmum radiation absorptlon is attarned when the solar panels or collectors are o
' perpendicular to the sun’s. rays. : o o

* 4. Solar energy may be stored m‘water,‘ air, or oil. .

, —.___ 5, Apassive solar heating system’s stfucture, collector and storage are all one unit.

N
.

. " Part li. COMPLETION: List the approprlate responses or complete the followrng diagrams and graphs '
(50 pornts)

3

1. List 3 advantages and 3 disadvantages of u’sﬁg solar power;

Advantages

a. - - .
b. _ S SRR

c.
Disadvantages
a. )
b.

c' . . i .’ | «

2. Outline the five steps in the operation of a basic solar energy system.

®a _ - 1 o . ,v
b.

o
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3. Usinggraph papersupplled byyourinstructor drawagraph pIottlng soIar radiatlon foraIImonths » . _
of the year from the Wooster, Ohio, data given: ‘ ‘
. : Mnn Solar Radiation - BTU per sq. ﬂ ’ o ERTN
_Momhs of the Year - ‘ per DA - hundreds ' '
January S o 600 '
February - " 875
March - -'_'-';1_,075_ ' (
April . y | 1378 0 SN .
May R o 1,700 )
June o 1,950
ay 1000
August i , 1,700
September . 1,300 . }
October o 1,000
November 550
 December . . f : ;440'
4, Describe the probaole‘ importance of solar energy to the homeowner ten years from now. . :

5. Draw a simple diagram showing how a basic active solar energy heating system works.

1
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APPENDIX .

STUDENT ACTIVITIES RELATED TO ENERGY MANAGEMENT )

SOLAR : ) ‘ S T
1. Make a solar still. '

2. Construct 3 boxes 1’ square with glass pane cover. Leave one pIa|n pa|nt one blackinside, paintthe
third one btack and |nsuIate it. Set the boxes outside ona cold sunny day and record the temperatu re
in each box. .

Take a field trip to a solar-assisted house.
Form a debate team (pro and con) on solar energy.
Make a solar collector with copper tubi g and window glass. A

DeVeIop a list of jobs at home which coyld be done with solar energy

N oo o &

Have the student calculate the roof space of the sauthern exposure (or western exposure) onhis/her -
family’s house where itis undivided by gables, etc. This is done to caIcuIate how Iarge and how heavy': :
a solar collector would or could be |nstaIIed . v _ o

8. Have the students call various solar energy dealers to get price estnmates for soIar |nsta!|at|on fori‘ '
different house sizes, . . : ‘

9. Take a field trip to a solar collector site in use.

- 10. Prepare a scrap book of solar energy ideas being used by farmers who have received coverage in
' farm magazines or newspapers. v

11. Attend Farm Science Review and make sure class attention is given to solar pond.

12. Have students bring in solar powered model engine (available at solar energy dealers).

13. Have students study and report on solar energy-using livestock conflnement bulldlngs. graln drylng
systems, etc., currentIy in use and available.

-14. -Have students contact area weather stations to determine amount of soIar energy available for
collection da|Iy over a year’s time.

15. Identify various ways to conserve energy by using solar power.

16. Ident|fy the advantages and d|sadvantages of solar energy.

17. Identlfy some of the pIaces solar energy may be used.

18. Have student collect data on days—tlme of sunlight in a certain month.
- 19. Have student caIcuIate the siie of pond needed at given efficiency to obtain number of Btu’s. -

20. Make a bulletin board or school trophy case dlsplay depicting solarenergy asa usefuI and creatlve -
alternate energy source. S o

_21. Setup a mock solar pond modeI complete with brine solution .
22. Caiculate the amount of solar pond surface for the house floor surface.
_.