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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

~>
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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.

.




Lt v - --’.' ! -
X ¥ : L R e o
o =) -
L3 . 7
T @ _ . : / .
-~..% 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.
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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 .

LN

—ic

7




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

RIC

Aruitoxt provided by Eic:

. COOPERATIVE EXTENSION

Northeast Hegmnat Agncultural Engmeermg SQrvice

lo, L. ‘,:'




8

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 ) ‘
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> 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)..
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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]

@
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' _' - 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.
_. 23. Design a heat reta|n|ng system for.a greenhouse uslng the portable solar heater. ,
| 24. Visit the OARDC greenhouse that'is sola‘r heated. Dlscuss the adv_antages,and dlsa'dVantages. '




Student Activities (continued)
25. . Visit dealer of solar drying equipment.

26. |dentify various ways to conserve energy by usmg solar power.
27. ldentify the advantages and dlsadvantages of solar energy in crop productIOn
-28. ldentify some of the places solar. energy may be used in crop productlon

29. Locate a farmer using solar energy in a livestock building. Questlons should be asked as to reasons
o/ for going to solar energy, costs, savings, etc.
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Can you afford solar? : I

Well, it depends. Don’'t pull out your hair at our. straddle—
the-fence attitude. But you should not make a snap degcision
on a solar investment of several thousand dollars. If may

take a few minutes to plod through this fact sheet but the

bankroll you save may be your own.

Here are some questlons you should answer before plung- '

ing into a solar committment:
@ How much will the solar system cost"
@ How much energy do | hope or expect to save?
@ How much solar energy can | collect?
@ How many days per year will | need solar energy?
@ Am | talking about passive or active solar systems?
@ How can | reduce total energy needs? Lo

- You will undoubtediy think of questions. Coming up
with the right questions is almos
the right answers. Often it is something you never thought
Gf that wreaks havoc with your plans. :

!

Now we will attempt to help you answer some of these
- questions. We will also raise other questions for you to ask
your solar suppller or contractor

Cost

The cost of a new Amerlcan made mid- slze car won't
vary much regardless of the manufacturer or dealer. But
soldr systems are different. You can spend less than $1,000
or more than -$5,000 for a solar system that will. provide

100,000 Btu on an average Ohio winter day. That's enough

to heat a small, well-insulated hquse

Solar system prlces are often compared on a dollars per
square foot of collector basis. Some simplg systems con-
sisting primarily of a low cost collector may-cost only $1
per square foot. Systems with heat storage/ fans or pumps
and controls will usually cost at least-$10 to $40. Some
have a total cost upwards of $100 per square foot. You
can't afford an expensive system if a cheaper one will do
the job.

“Note that system efficiencies mit be cgnsidered in com-

_paring systems._ Efficiency depends on the quality of the .
design. constryction and installation of the/solar system and

also how the solar heat is used. Although/you might expect
more- expernsive systems to have the highest efficiencies,
that is not always the case. A low cost solar grain dryer
may dperate at 50 to 75 percent efficien

able solar.

Adding a solar system to an existing ‘building is more
expensive than including it. in new ¢onstruction. A few ar-
chitects are designing solar homes thif cost abou,t the same
as canventional houses

as important as finding

but an expensive -
. industrial solar system with curved concentrating collectors
to produce steam may deliver only 25 ercent of the avail-

nds
6%

You'll need the same furnace with solar as wnthout it. A
week with no sunshine and temperatures near zero-means
your old heater wilt have to supply all the heat. It's true
that many solar-heated homes have smaller heaters. but
that's only because the-structures are better insulated and
sealed to reduce total heat needs.

Flrst things first .

With or without solar. reducing the total heat requarements
for a building is the first consideration. Insulation. storm
windows, caulk and weather stripping are essential for any
heated building before considering solar. These conservation.
measures slash fuel bills and can cut the size’ and cast of .
the conventional heating systemand solar system. {Several
Cooperative Extension Service fact sheets are avatlable with -
detailed mformatlon ) . P :

Installing a high effncxenoy heating system'is a good step..

Most old oil and gas furnaces waste 20 to 40 percent.of .~

the fuel consumed. Replacement with a new model may be .
economical. Q?

- An electrlc heat pump may be a good aIternatlve to electric
resistance heat. Ordinary electric heat is 100 percent effi- .
cient but heat pumps do even better. It's not magic. Heat
pumps use electrical energy to take. additional heat from .

outside air or ground water. Although heat pumps cost more . .

and require some maintenance, they can cut heating costs

because they operate more efficiently, giving you more heat, .. .

for each umt of fuel you buy.

The air-to-air heat pump will save about a third. compared
with electric resistance ‘heat in Ohio. The water-to-air heat .
pump (using ground, water at a constant 55 to 60 degrees .
pumped from a well) will save about two-thirds. if resistance
heat costs $600 per winter. an air-to-air heat pump shouid
warm your house for about $400 and a water type for about.
$200.

>

~ Saving fuel with solar -

How much fuei you can save wnth solar depends on how -
much you use or expect to use in a new bullding

Solar systems with heat 'storage can probably save 50" :
percent to 75 percent of fuel needs. but trying to ‘sQueeze
more from a solar system wnll not be economical in- Ohio.

Solar systems without storage can save energy only dur-
ing daylight hours, and most active soiar systems will collect
energy only when the sun shines bright enough to raise
collector temperatures’ to ‘at least 80° to 100°F. A dally
average of 3% hours of sunshine in winter means the savings -
cannot exceed about 15 percent if heat requarements -are
constant over 24 hours Systems that can use difuse. ° low»

'

Sotoerative Extension Sevze . -
The S State Jmversn
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Collector

L3

Ina commbh dorﬁestuc hot water system. the sun heats water

circulating in_the collector. The collector then delivers its heat to

. the storage fank. The hot water in the storage tank heats a second

Supply that in turn heats"the water to be used for washing and

' cooking. This double set of heating systems prevents anti-corrosive

additives and antifreeze solution in the solar collectors from con-
taminating the drink water. '

Hot water

L]

“

§

Pump’," ' /

Storage

' “old water
— supply
temperature.” solar energy (such as a solar preheater for

ventilation air) can save a little more. Later we'll help you
caiculate your fuel savings and system size.

‘How much solar?

How much collectable solar energy falls on your solar
system is determined by where the system is and the
direction if faces. Unfortunately for Ohioans, the best geo-
graphic site for a solar heating system is west of Columbus
about 1,500 miles: Colorado. Rocky Mountain winters are
cold so they need solar heat, and the sun shines about 70
percent of the possible time. Ohio winters are cold too, gy
the sun shines only about 40 percent of the daylight houfs
from November through March (Table 1). Only a few states
get less sunshine than Ohio. - :

We point out these facts not to discourage you from

considering solar but rather to efmphasize the care required
to make an economical solar purchase in Ohio.- Besides

having less solar available, energy costs (especially elec-

tricity) are often lower here than in many states.
Table 1
Average Percent Possible Sunshine

Auxiliary standard -
‘hot water heater

-

v

As shown in Table 1 there is little variation in annual
solar energy across Ohio. Those differences are insignificant
when analyzing the economics of a solar system. :

On an average winter day in Ohio, a solar system. op-
erating at 50 percent efficiency should collect about 400 to
450 Btu/#t.2. This assumes, the colledtor faces south at an
“ideal tilt angle of 40° to 60° above horizontal,

Turning thej collectors away from due south up to 30°
east or west is acceptable, reducing the solar energy only
about 10 percent. Collectors facing due west or east lose
40 percent. Collectors facing north coilect only moss. A tilt
angle of 20° reduces collectable solar about 20 percent. A
south-facing wall collector loses 25 percent, but this may
be the best choice because installation costs are often lower.

Solar 365 Days

About two-thirds of the solar energy available in Ohio
comes from May to September when we don't want to heat
our houses. Unfortunately, we have no economical way to
store solar energy for six months. - :

Although it may or may not be economical to heat a house
with solar energy, applications that take maximum advan-
tage of summer solar are better. For instance, the best use -
of solar energy for some people might be for heating water.
Why? Because you need hot water 365 days a year, and
you use about the same amount every day. o '

. Winter Y.
City Nov. Dec. Jan. Feb. Mar. Avg. Avg.
Cincinnati 44 38 41 45 51 . 44 ' 87
Cleveland . 31 26 82 37 44 34 52
Columbus 38 30 37 41 44 38 53

Passive and active solar
The fundamental solar information presented here appiear

Source: U.S. National Oceanic & Atmospheric Administration.

Compare to these approximate winter averages:

PROGNIX...cctreeenceeerernrunrrannnnereenentonns [N 8
" Denver
Wichita.............. .
.Concord, N.H..........
Portland; Ore. .......cveeeeereenenne teeersrcunvassanens e 30%

a
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to both passive and active systems. The basic difference
between the two is in how heat is moved from where it s
collected to where it's used.

In active systems a pump or fan ""actively’’ moves heated
liquid or air. A passive system relies on natural movement
or uses the solar where it's collected. Passive systems are
usually built-in as part of a new structure. Temperature .




control is not as-precise as in active systems. For instance, -

page 3
But wait. Suppose you pay someone $3,000 for the in-

“too hot" while a room on the north side is "“too cold."” AnYsave $1,000 per year. Now how much is the solar worth?

a south-facing living room in a passive solar house may be’{ulation and storm windows. That alone would probably

active system will generally keep the whole house as com-
fortable as a central heating system.

A south-facing win§ow is, a simple passive collector, but
it does not necessarily give a net energy gain. According
to a U.S. Dept. of Energy study, a window has to be triple-
pane glass or be insulated at night (insulating curtains or
shutters) to provide a significant heat gain.in Ohio. A double-
pane glass without night insulation will lose almost as much
energy as it collects.ﬁfnd a single-pane window is an energy
waster. . :

Buyer beware

The solar industry is relatively new. Many small busi-
nesses have been started and many large-established firms
have added solar systems to their product line. Many of
these people in the solar industry are competent and honest
but several are not. Check out the reputation of suppliers
and builders. Don't believe everything you read or hear.
Advertisements and product literature often mislead the
public by including half-truths and results from non-standard

“tests’’. Even articles and booklets from neutral sources
such as government ggencies .and universitites may not tell
you all you need to e’;&aw to make a sound decision.

Be alert to "package deals’’ that make a solar system
seem better than it reaily is. For exampie, let's assume you
have a large, drafty, frame house with a $1,500-a-year

heating bill. A contractor offers you a solar system guar-

anteed to save/80 percent of your heating cost for only
$12.000. As a special bonus he will biow four inches of
insulation into your walls. 12 inches in the attic, and install
storm windows and doors absolutely freel «<

“Well, now, that sounds pretty good,” you figure, “For
$12,000 I'il save $1,200 a year, a 10-year payback. And if
fuel prices double again, that solar system could pay off in
oniy five years.’

Collector

"

o

Here's another quick examp_le.

The ad says, “Buy a solar heater for your swimming
pool, and we'll give you an insulating pool blanket of clear
plastic.” Fact.is, if you buy the blanket you probably won't
need the solar system.

With any “'solar package' analyze the parts separately
SO you can give credit where credit is due.

Beware of salespersons claiming a solar system will in-
crease in value as it gets older. Parts wear out or break.
Ad¥gnces in technology -may make the system obsolete,
and potential buyers may be unwilling to pay more for a
house with an out-of-date system. To be safe, ngure no
more than a 20:year useful life for a solar installation, adding
at least 5 percent of your investment to each years ap-
erating and interest costs.

Solar air conditioning

Although solar energy can be used to cool air, most
systems.are too inefficient to be economical in Ohio. Solar
air conditioning has a low priority because we use much
more energy in space heating and water heating.

An active heating system may be a liquid subsystem that uses
water with, antifreeze and anti-corrosion additives as the way to
move heat'from roof-top cGlilectors into the storage or living area.
An air subsystem uses air rather than water as the heat transfer
medium.

Warm air into living space

Cool air return

“ Thermostat
. =

Storage

Auxiliary heating
syste\ar\"

-
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Solar Tax Credits

. Tax credits can significantly reduce the net cost of a
solar system. A homeowner can get back 40 percent of the
cost of the solar system (up to a maximum of $4,000) when
filing his federal income tax form. Businesses, including
farmers, get a. 15 percent credit for solar investments with
no maximum limit.

In addition, Ohio gives a 10 percent tax credit to busi-

nesses and property owners who instail solar systems or 10.

ground water heat pumps. Together the tax credits can cut
the cost of a solar system 50 percent for a home installation
and 25 percent for a farm or business.

Solar worksheet

Here's a worksheet that can help you compare solar
system cost to conventional fuel. Your answers will give , . i
you an idea of whether you can save money by installing 13. How many units of conventional fuel will that amount

1

a solar system this year. Questions-one through 9 compare
expected fuel savings to interest cost. - -

Questions 10 through 16 will 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 want to
estimate these factors, you might assume annual deprecia-
tion and maintenance 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 doubie or triple? Re-
calculate questions three and four with these higher prices
and compare to answer gight to see how this might affect

your decision.

\

Solar Worksheet

1.

\

Issued in furtherance of Cooperative Extension work'. Acts of May
George R. Gist. Acting Director of Cooperative Extension Servi

"All educational programs and activities conducted b
discriminatory basis without regard to race, color,

o &2 v N

What will the proposed solar system do? (Heat'house? {5

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

What is your present heating system? (gas, fuel pil, LP-1g,

gas, electric resistance, electric heat pump, other?)
How much does your conventional fuel cost per year?

— .
How much do you expect®o save with solar?

How much will the solar system cost? .

)

-

8 and June 30. 1914 in cooperation with the U.S, De
ce, The Ohio State University. *

y the Ohio Cooperative Extension Service are available to
national origin, sex, handicap or religious affiliation. 2

18

©

6. Considering tax credifs, 'whatv will be the’ net cost of
:I%p“solar system? $ ‘ B
7. Wh

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

8. Calculate your annual interest cost. (Multiply answer

No. 6 times answer No, 7. $__

9. 'Is answer No. 4 more than answer No. 8? (If "no."” the

solar system probably will not be ecanomical for you
at this time. If “'yes,” go on to the next question.)
Does the solar system include heat storage? (In.water,
rock, salt or other.) )

11. How much heat will the solar system collect on an

average winter day? Btu (Probably. be-
tween 400 and 500 Btu"Per square. foot of coliector"
surface.) : ) .

12. How much heat will 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.)

save per year? (Use the table below. For
example, if a solar water heater coilects 270,000 Btu/
sq. 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 kP-gas, i.e. 270.000 + 73.600.)

LS

Available Heat

- Selling Per Selling
Fuel , -~ Unit Unit (Btu)
Natural gas . 100 cubic feet 80.000 -
LP-Gas gaillon 73.600
No. 2 oail gallon 98.000
Electricity - KWHR 3.413
Coal ton 16.25 million .
cord . 17.9 million

Wood

¢« 14, How much money will that save per year?

$_______ persquare foot. (Multiply.answer No. 13
by the present unit price of fuel.) ;

How many square feet of solar collector are needed to
save-desired amount?_. . __y___ square feet. (Divide
answet No. 4 by answer No. %4‘) . .

Is that size reasonable for your application? -

17. Are there better ways'to save energy instead of in-

vesting in solar? Consider insulation, lower thermostat
setting, reduced ventilation rates, caulking cracks to
"minimize infiltration, changding management routine, in-
stalling more efficient canventional system. (Even. with
solar you will want to adopt appropriate energy-saving
practices. E o :

-

’
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L LessonTople: ~ USING WOOD AS A RENEWABLE E#ER,GY_ SOURCE
BARBARA MALPIEDI . |
U, Lesson Oblectives o ST B

The student will be able to:

according to the land use diagram.

1. ldentify and. list major uses of land in the U S A. and state the percintage of Iand used byforests' o

2. List and/or recite redsons why wood isa reneWabIe energy sou ce based on the deflmtlon of
renewable energy sources. .

° 8. Using notes and reference materlals outlm at Ieast four (4) ways in wh|ch wood is uSed asan
energy source.: _ ,

Calculate the estimated timber volume of a wgodIg ‘,»given samp'le- plot data.

y

Define stahdard cord in terms of dimensi'ons and cubic foot volume.

Calculate the number of standard cordsv@a stack of wood given data d|menstons.

N e o »

As indicated on class handouts, I|st the qualltles and characterlstlcs of frrewood thatis suntable
for burning. . )

o

®

yne a management plan. for a woodlot that will be used as a source for firewood. " °

th envnronmental constderatlons in mind, recite and/or I|st possible solutions to given
problems as a result of Timber Harvest.

. . R v
€ . "
. /

1. Overhead projector/transparencies -

Iil. Materlals Néeded

2. Numerous handouts

3. Chainsaws, axes, wedges, safety equipment, fue‘l,_it'firewood project is included

4. Tree identification references o o S E R

5..Supplemental heating system references
' .
IV. The Situation .. ) ~ ' - IR

Vocational agrlculture students have identified wood as one ofthe renewable energy sources. The ”

+ following lesson will review with students the vafious uses of wood as a fuel source, the

management and wise use of home wood resources, the practicality of wood as a home heatmg.
source, and the utilizatiori of wood stoves and fireplaces. It should be impressed upon students that -

wood is only a renewable energy source as long as wood resources are wisely managed. Also the - '

success of wood as an energy source lies in the hands of researchers and wood technologistswho

will be responsible for finding the key to the efﬂcrent production and use of our wood resources.

V. Introduction (interest Approich)
GROUP DISCUSSION .
Lead quest/on ~ "How is land used in ‘the U.S. A Ve

Student responses. Farmmg cropland ' , , oL o
pasture orgrazing el T o

-

_,.




Residential - urban homes .

I'ndUstry and business -
Recreathn , | A
Some land isn't usable deserts (or lrmited surface use)

*In terms of mlllions of acres, try to guess how many acres in the U.S.A. are covered in some
form by forests."” _ . : :

s 3 : . . .

(Take several guesses) : T - g

"Here is the totaI picture of major land uses in the U.S. A " (Show Flgure lasa transparency )
"How many million acres’ are in some way forested’?“ ‘ v _ :

- 732 mrllion acres

"Imagnne how many trees that would be in 732 mlllnon acres! Imagme how much wood th|s ' o
could mean for potential energy supplres Is wood a renewable energy source'?" - o

— Yes.
HWhy?H .
— Wood is a renewable energy source because it can be managed so that thesupplyis
continuous. New trees can be gr.,own to replace those cut down to meete'nerg.y needs. . T

"Since we have identified wood as a renewable energy source, what questlons do you have about using wood as A
an energy source?” ] : 0

Possible questions/responses:

1. How is wood being used as'an energy source?

2. How do we best manage wood resources at home or on the farm so that wood is always
available for use? . \ . A

|
l
|
|
3. How practical is heating our homes with wood? - _ : " B o |
"During the lesson we’ll try to answer these questions as well as any others that come.‘up." '

Vi. Solutions to Questions

- Questlon 1: "How is wood being used as an energy source?” ( Write question oh chalkboard)
Possible student answers: | S o '
1. as firewood
2. as a source for methane gas production

¢ ' '
3. as waste wood for generation of electr|c|ty in forest. prod ucts mdustry and some munlclpal
power plants _ . - _ g
) -As Firewood i ‘

~ “Back in the 1800's ‘wood supplied 80-90% of the countrys energy needs. If we were to use the
same amount of firewoad as our ancestors did, our wood resources would be quickly depleted. :
‘However, we still can use wood for a portion of our Heating energy needs. Many of you students
have woodlots that, if managed correctly, could provide both timber and wood for heating :
purposes. Let's spend some time learning more about the use of wood as a renewable energy source,
especially for heatlng purposes At a later date, perhaps we will find time to study other uses of wood ‘
. as-an energy source.” v o ,
- &6

Q e
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‘Question 2: ( Wnte questron on chalkboard) I o

"How do we best manage wood resources at home or on the farm so that wood is always avallable
for use as an alternate energy source?” _ o S

D s

A. lntroduction. '

Total above-ground wood bark and foliage on U. S commercial land is equlvalent tosome 20t030
billion tons. The material is 80% wood, 12% bark and 8% foliage. Stump and roots add perhaps
another 4 to 6 billion tons, but add little potential for use. Annually timber removal amounts toabout
340 million tons of wood, bark, and foliage. Of thls, approximately 145 million tons remain in the
forest as unused logging residue. From your prewous reading, how does the Forest Servu:e plan to,
manage their forests? ) : S

1. Evaluate their total resources.
2. Find several uses for the product

3. Select trees or develop a tree removal plan that wrll also enhance the value and longevity of the
forest.

- 4. Replant fast groWing or high quality species of trees. A o L

5. Manage the forests so that\son and wildlife are not jeopardlzed

.

“You will wanttodosomeofthesamethlngsmyourhomewoodlotscrinotherwoodlotswhereyou Co

T are permltted to remove timber.”

# s,
R

B. Solution:

"In developing a management plan for our home wgodlot what would be some management
demsnons that we would probably need to make?"

Possible student answers;

1. Which trees shoyld we_ select for firewood that wo'uld make the best fire?

L=

2. Which trees shuld we leave in the woodlot?
3, N |

C. Quest/on "Is one tree better than arfother? (Show Tables 1 ‘and-2 as transparenCIes or give each
student a copy.)"Select good firewoo species from Tables 1 and 2 based on the grven wood
characterlstlcs and qualities.” . . v

. "Put checkmarks.on the two tables by ten (10) tree specnes that would be better than others for

flrewood "
Table 1. Charactertstlcs of woods for flreplace use
Specles * Ease of Coaling Sparks . . Fragrance - Healing Class
Starting Qisalities : (I best)
- Apple Poor Excellent Few - Excelfent IR
- Ash Fair _Good -’ Few "~ Slight 13
Beech . Poor Good .- Few: _ Slight }
Birch (White) Good Good oderate "Slight il
Cedar Excellent Poor = * Many - Good: 1]] 2
Cherry - Poor Excellent Few - . Excellent n.- w
Elm Fair Good ~ Very few " Fair il
Hemiock Good Low .. Many Good - NI
Hickory Fair’ Excellent - Moderate Slight =1
Locust (Black) Poor Excellent Very few . Slight i
Maple (Sugar) Poor Excellent Few Good - b
Oak i(Red) Poor Excelfent Few Fair - ' I
Pine (White) Excelient Poor Moderate Good L

(Source: Supplémental Heat, OSU Cooperative Extension Service Bulletin 'Fs-zt)'
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Table 2. Energy equivalents of a cord of differént kinds of wood

W s ' omi"
. i \ Lt
. . Therms - "
¥ Gallons of Kilowatt | Assumptions —
ACordof - Tons of of Natural Hours. of | Wood: 1 cord = 128 cubic feet wood and air or 80 i
Alr-Dry Wood oquﬂl Coal * ‘Fuel O Gas Electricity Leet ‘of sol:d wood at 20% moisture content':J Net o‘:’ulgxs
s eating value of one pound of dry wood is 7.950 Bt
|Hickory, Hop Hprnbeam Efficiency of the burning unit is 50‘2 . l:
{ironwood), Black Locust, a ' ' » Coal: Heating vatue | 125008t . Em fi
- s u per poun @ \:
White Oak, Apple _0.9 146 174 3800 . the burning unit is 60%. , per p cl ncv of ’
Beech, Sugar Maple, Red Oak, ' ’ Fue! Oll; Heating value is 138,000 B
. t | .
Yellow Birch, White Ash = 08 133 160 3500 | an efficency of 65%. U per gallon burned at | .
Gray and Paper Birch, Black Natural gas: One therm = 100,000 Btu = 100 cu. f Etticiency | *
Walnut, Biack Cherry, Redp . of burning is 75%.
laple, Tamarack (Larch) itch - Electriél
: ' - 07 114 136 3000 ectric Ity: One K\rVH 3412 Btu. Efﬂctenchs 100%
. Exlmplo c :
AmeXjcan EIm, B'ac"l and Green . Acord ofAmencanelmisequalto1osgallonsofotl if oil
Gum, Silver and i is B0¢ agallon, you can pay uptoabout $82 foracord, Ifthe:
Red Cedar » wood costs more, then oit is the best buy. The elm is also
Red Pine , = 06 103~ 123 2700: equal to 12,300 cu. ft. of natural gas. if gas is $3.a thousand
. cu. ff,, you can pay up to about $37 for acord. ltisalsoqual "
Poplar, Cottonwood, Black , to 2,700 Kwh of electricity. if your electric heat costs 4¢ per
Willow, Aspen, Butternut, Kwh, then you can pay up to $108 for a cotd ofAmerican
Hemlock, Spruce = 05 ‘86 - 102 200 eim.
. ) ' Remember — The volume of one standard cord ot woad
Basswood; White Pine, Balsam . is 128 cu. ft. You must use this measurement to makeatair
Fir, White Cedar = 04 73 . 87 1900 cost comparison to your present fuel.

-6

(Souroe' Wood-burning Stoves, OSU Cooperative Extension éulletin L~309)

2. “Circle the names of the checkmarked treées that you have in yourown woodlot "(Some students
. may not know what trees are available in their woodlots or in timber avalilable for cuttlng

A good learning activity may include going to a woodlot and practicing tree identification.
Golden Guide, Trees of North America, and USDA Forest Servnce, Important Trees of Eastern
Forests,are excellent reference gmdes ) ~

D.'Questlon "What would be the consequences if you cut only high quality, mature trees from your
woodiot?” S N )

1. A lot of smaller quality trees would remain. o
2. Numbers of dead or dlsease-damaged trees would’ |ncrease
Now students will probably ask the questlon ”Whlch trees should we cut""

Answer: "Quality firewood can be obtained from even the most poorly formed or worst-looklng
trees in the woodlot. Picture some forest industry operations that remove quality logs from the

forest and leave all the forest residue lying on the ground. Now we see a need for management plans
to use all forms of wood for energy. You can improve the value of your woodlot whilegathering fire-
wood if you apply a few Timber Stand lmprovement techniques.” Before startlng on the speclflc
techniques, ask:

E. Question:"How much wood is in a cord?” Answer by sharlng Figure 2 with the students.

Tlmber Stand Improvement Technlques

1. "Atypical woodlot has a sustaining yneldi of about ' cord per acre per year. To obtain the most
vélue, cut those trees that will give more room for the growth of the best trees in the woodlot.

2.. Remove crooked, forked, dead, top-spreading and crowded trees to decrease tree competltlon 4
and increase stand quallty (see Figure 3). (Many of these trees will be good firewood specﬂes)

3. Use as much of the tree as possible for flrewood and even firewood kmdhng o

" 4, Setup an acre or plot rotation so that each year you improve the quality of another part of the

woodlot by cuttmg from only those plots \%j .

R i




Total Volume = 128 cu. ft. CROOKED SPREADING TOP
FORKED

_ DEAD 3’ CROWDED

¢ v

A pick-up truck with a bed 4 feet wide, 8 feet long and 19 i ‘ .
inches deep will hold about a 16-inch face cord. Thatis 1/3of a i :
standard cord. A dump truck may hold up to 4 standard cords. .
After you stack the wbod, you can measure it for the purpose of \
making the fuel cost comparison. :

To calculate the number of cords in a stack of wood, ’ ‘ ‘ ‘ ‘
\

muiiinly the pile’s height by its length and then by stick ‘
length {all in feet), then divide by 128. . -

. Figure 3. Improve the value of your wbodlot while

For example: gathering firewood.

’

(Source: Ohio Forestry Service) . .
e 8x16x4 . 3 standard Cords ‘ ° :
A 128 T
«\
< _

Figure 2. Measurement units of a cord of wood.
(Source: Wood-burning Stoves, OSU Cooperative Extension . . .
Service Bulletin L-309) . . .

5. Establish a reforestation program for your wbodlot; replant any cleared areas with seedlings.
(Contact your service forester or county extension agent for assistance.) .

6. Woodlot or forestry operations can have some devastating impacts on the environment. Some
of these are listed in Table 3. Try to suggest ways in which these problems can be minimized so-
that we don’t upset the ecological system of the forest.” (Table 3 could be put on a
transparency.) . )

Table 3. Timber harvest-caused problems and solmlons.

Problems as a Result of Timber Harvest Possible Solutions (students generate answers)

Den trees, animal homes, and habitat destroyed Leave a few den trees.
. : ; Construct artificial nesting boxées; build
brush pites. . )
X Cut in sections and allow understory

regrowth. )
Erosion due to barren soil and tree removal Develop access roads for travel.

Leave some harvesting residue.
Replant trees. ’
Falling trees damaging standing trees resulting " Direct the fali of the trees into more open space.

+ in disease and insect infestation .. Remove severely damaged trees.
. Prune, if possible. .

ERIC

AFTER FIRENOOD CUTTING S
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F. Suggested Teacher Activity

i

' . Select an area of the school land lab or have the service forester set up a timber stand improvement ©
project for the class in the community with an area tree farmer. Demonstrate chainsaw use and
safety; help students develop-skills in timber removal. Often an arrangement can be made so that
class members are “paid” for their work or can take a percentage of the firewood cut for their own
club or FFA sales . .

Question 3. "How practical is heating our homes with wood?" (Write question on chalkboard)

Lecture/Discussion:

. "We have already studied the amount of energy in BTU's that can be derlved from wood of
dlfferent species of trees. How does this compare to other heat sQurces?” _ “

(Again show 'I‘lable 2 as a transparency or use it as a handout. Help students make conclusions
from this table.)

. ® Electric heater is 100% efficient;* however, it does not have the avallable heat per million
BTU'’s that wood has Also it is more than three times as expenslve e

- e Qiland coal heaters are less efficient than this partlculartype of wood stove (a|r-t|ght)

S Both are more expensive than wood. o .
e Gas is more efficient than wood, but is more expensuve (Thrs expense probably w:ll
continue to increase.)
. "Some of you have electrically heated | homes. Let's evaluate one home owner’s heating costs
with and without a wood stove as supplemental heat." (Show transparency of Table 4!) _
- *The actual generation of efectricity — the conversion of fuel to electrical energy —_ |§ less than 50 percent effrcient Ineventhe -
most modern plants. — x . s -
' Table 4. Comparlson of heating costs wlth and wlthout a wood stove as supplemental heat for athree month period,
. 1976 and 1977*" .
1976 (Without Stove) . : 1977 (With Stove)
Kilowatt - Cost per . Total Kilowatt Cost per Total
Month - - Hours Used KWH Cost | Hours Used KWH Cost
October 14 to 4492 - 0.0247  $111.06 1668 0043 $ 72.51 °
November 11 T .
a November11to | = ee87 ~  0.0250 $167.18 3139 0.040 $12635
* December 13 , ] 4 -
December 13 to 9899 0.0258 $241.06 4196 0.031 ‘ $132.99
January 13 o )
ADDITIONAL KILOWATTS REQUIRED \S\IHEN STOVE NOT IN USE
Date ' ~ Time Perlod '~ Temperature - -KWH Used ‘Kilowatts Used |§er Hour
January 21to 53 hours High 16° 198 . 8.73 KW per hour (stove on)
January 23 Coe :
January 23 to 19 hours High 30° 24 12.68 KW per hour (stove not in use)
. January 24 : : ) , 4
| January 24to 24 hours  High 36° 114 © 475KWperhour (stoveon) -,

. January 25
. *““Lowell E. Hedges residence, 3960 LaRue-Prospect Road S., Prospect Ohlo 43342
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"How much -money is savedn one season or threé-month period?” ’ T . . '

111.06 16718 24108
- 7251 -12635  -13299 ©

3855 + 4083 + 10807 =$187.45 ; ' ,

"We are making the foliowing assumptions (based on information from American Forest
Magazine, "Wood Heat: Participating Energy,” October, 1978): ™

e You have access to your own wood.

e ;You and another person cut it because you can use itin your home and because'y0u enjoy

‘being outdoors getting the exercise.
e You use 4% cords per séason. !
e The wood is a supplemental heat source for your electric home. . ‘

e The sa\)ings in electrical heat costs are projected over two years since you supplied two
a years' worth of wood heat source in one season’s cutting budget.

e You can assigh a monetary value to the wood cut as income for your labor.”

3'. -,.Let’s.compare costs‘*a"ngi savings.” (Write the information from Table 5 on the board.)

m:é 5. Comparison of firewood costs and electrical heat savings.

Firewood Costs . , | . Electrical Heat Savings

Chainsaw (initial investment) $ 350.00 2 seasons: $187.45 x 2 = $ 374.90
Bar and chain oil, gas and mix 125.00 9 cords/$50/cord/2 seasons_v 450.00 _‘
Axe 18.00 ' “ g
. ‘ Splitting maul (self-made) 0 o ' ‘ o
. Two wedges : ' 12.00 | | ‘
Own time 60-70 hours = - ' 0. T o . . A
" $ 505.00 : s82400 -
|

‘4. Conclusion to Problem: Savings over two years = $319.90. Next two yearswill continue to show
- savings by eliminating investment costs, o . '

"We did.not consider the: cost of the wood stove or its installation, nor did we make a charge
($5.00/hour average) for our labor used in cutting the wood. Figuring those costsin,itwould be
a few years before dctual savings wasrealized. Butyou see, just the savings in electrical heating

~ costs alone will allow the system to pay for itself soon.” . - . - . ; . o




Vii. Application: Student Activities Related to Energy Managomont

WOOoD -

. Have a representative from a wood stove company make a presentation..

. Survey residents in the area that burn wood and ask what they estimate they are saving by

burning wood.

. Have students make charts showing the heat vaIue of wood compared to fuel oil, LP gas, and

" natural gas.

. Cut a certain volume of green wood and weigh and measure it. Leave in shop or building for 8- 12

weeks; then weigh and measure it again.

. Arrange trip to local businesses to find out the types of stoves that are available in the area.

Compare prices.

. Burn different types of wood fuels to study their characteristics and'heat output . » -

. Do survey of all students.in, classes or grades in h|gh school Find out. number with air-tight,

Franklin-type stoves and those with fireplaces.

. Find out and prepare chart on prices being paid for wood in the area.

. Have each student take measurements of his or her own home. Suggestappropnate size wood

10.
11.
12,
13.
14,
15.

16.
17.
18.
19.

timber removal techniques.

burner for each home.
Keep a daily record of energy (natural gas, LP gas, oil, electric) used compared to wood used.
Identify some of the safety practices to foIIowi when using a wood stove. ‘ '
Compute BTU ratings of various types of wood. .

View a model wood burner to identify parts, discuss draft controls, etc. .
Have resource person give chainsaw safety talk and demonstrate operation.
Supervised study |

a. Each student develops a list of safety rules when using a wood stove or fireplace“.
b. Each student develops a list of directions for a stove’s operation and maintenance.

Calculate the amount of money you could save by cutting your own firewood. .
Construct a solar dryer for seasoning green wood. .
Visit a woodlot and have students identify trees.

Contract a Timber Stand improvement project mth the Service Foresteras a source of firewood
for FFA sales and as an opportunity to have students practice safe chainsaw operations and

’
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VIl Student Evaluation o - _ °

S ~ HEATING WITH WOOD QUIZ - ', :
Date ; e NAME l ’ .
Score | |

7
v

Compiletion: Fill in the blanks to complete the statemerits or caleulate the answers ta given probtems. (100 .pdints)

1. Forests accountforabout____ 9% of all the major uses of land in the U.S.A.

2. Wood is considered a renewable energy resource because:

3. List three (3) examples of how waod is being used as a renewable energy resource other than asa

source for home heating.
a.
b.

C.

4. Given the following data, estimate the number of trees that would be good ‘firewood sources:

Plot 1: 1000 sq. ft., 18 trees - Woodlot size: 2 acres
- Plot 2: 1000 sq”ft., 14 trees ’ 43,560 sq. ft. = 1 acre
Plot 3: 1000 sq. ft, 12 trees I S— trees in woodlot

5. Calculate the number of standard cords of firewood cut. F|rewood stack is 21 feet Iong 8feet hlgh "

and 4 feet deep.

= rd
128 cu. ft. = 1 standard co | cerds

° 6. List the charactenshcs or quality of wood that makes certaln specnes of wood better than others to
" use as fuel for heating.

a.
b.

o

7. Briefly outline a management plan for removmg firewood from your woodlot. Start with assessing

your resdurces and end with consrderatlon of the environment. (Use a separate sheet of paper.) -

8. List three (3) ways to minimize the enwronmental Jmpact upon the woodlot ecosystem from whlch ‘

'you are remowng f|rewood

. ©a h 4
b S
Tnchor Nou to Problem 4: . ' S Teacher ,Note"te Problirﬁ' 5 o R S
“«  Result: Average 44+-3 = 14trees/tOUOs ft. N pocane ot w8 x4 SR
: N 9 - q Besult_. a‘l x8 x4 . _ 672 = 525 cords -
43,560-1000 = 43.56 - | | 1w ds
14 X 4356 = 60984x2acres" 121968trees e od1%Bed e es -

»

. . ‘ . o A 7‘“.
a Lo ' : : : ok
v . . ‘ :
«
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L Lesson Topic: - ENERGY MANAGEMENT WITH MAINTENANCE
AND OPERATION OF TRACTOKS

‘by .
-RAY CLEVENGER

' Part 1: Reducing Energy Cost on the Farm by Proper Tractor Operation
Part 2: 'Reduc‘ing Energy Cost on the Farm Throug_h Proper Tradtor Maintenance

)

. Losson Performance Objectives ,
At the end of this lesson the student will be able to:
Part 1 A .
1. Identify and list 5 operational procedurc_as which, if used, will reduce fuel consu.m'ption.

.

. Identify and list causes of increased wheel slippage. . .

.

2
3. Calculate percent tire slip. .

4. Calculate tire slippage and adjust tractor welg,hting,as‘ needed.
5. Calculate the horsepower needed in a tractor.

6. Calculate ‘and match machine size to tractor horsepo;/ver.
7.ldentify and list factors affecting horsepower requirements of the tractor.

Part 2

8. Identify and list the common maintenance items causing reduced fuel efficiency.
9. Determine typica'l fuel savings which result from proper maintenance.” i

10. Perform (optional) the required mainfenance for a gasoline engine to increaseits fuel efficiency:
ignition timing, point care, spark plug cleaning, replacement and adjustment, service of air -
cleaners, carburetor adjustments, valve tappett adjustment, and cooling system maintenance.

11. Service a diesel fuel system, properly bleed the line, service the air cleaner, and maintain cooling
system. : : e

12. Evaluate the performance of available power units on the basis ‘of fuel.efficiency.

" 13. Evaluate the result of overfueling a diesel.

Hi. Materials Needed

1. Transportation for field trips to farms, implement dealers, and student h_ome‘s
2. Sample weights for tractors or access to weights - * - S ' ' :
3.: Handouts referred to in the lesson ' ' ’ 7

4. Basic tractor maintenance tools and equipment

IV. The Situation

Witﬁ the liquid fuel supply attimes becoming more restricted and the cost per unit increasing, it is
becoming increasingly important for farmers to take steps to get the mostwork possible from each

S & Fad
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unit of fuel. Studies have revealed that proper engine maintenance can reduce fuel use on the .
average by 15% and proper tractor operational procedures could reduce this amount by at least _
another 20%. This is an extremely significant energy savings and one that cannolonger beignored. . J

N °

V. Introduction to Lesson

’

As an interest approach to this lesson, introduce the-following type of situation. A similar situation ‘
can be drawn from your own students’ agricultural experience programs,

Jim__and __J%___ poth have a soybean project for which they fall plowed a -
field. They equally divided the field in which very little difference exists in'soil type.’
Because they were to pay Dad for the fuel used, they carefully recorded thi amounts
used for each job. They were amazed at the results; ____Jim s fuel usage for the
same job was nearly 20% less than ___Jo¢ ___'s_The only variable was the operator.
Also, in comparing fuel consumption with tractor test data (Nebraska_tractor tests)
they found they were consuming over 20% more of what they should be to get the job : :
done. (Any terminology new to the students should be explained at this point.) - ' :{\

Question: What causes d ifferenc?s in fuel consumption and lower-than-expected fuel eff%ncy? '

Possible Student Answers:

® Difference in the way each drives (operational\procedure)'

® Improper matching of power and equipment . | L o A
® Wheel slippage S ? ) .
® Poor engine maintenance ‘ . ’ o ‘ S .

* Improper equipment adjustment or maintenance - B

No one wants ‘higher-than-necessary fuel cost, Therefore, "How can operational proceduresbe =~ * - -
changed to reduce fuel usage?” and "How can original fuel efficiency be regained?” :

PART I. REDUCING ENERGY COST ON THE FARM

BY PROPER TRACTOR OPERATION - . .

[N

V1. Problem Statements (Place on chalkboard) o : e
A. How can S‘“d_e'"opamfa his/her tractor differently to save fuel?

(Present transparency and/or distribuie handout #1, found in the Appendix. Handout #2,
Bulletin L-306, may also be distributed at this time. Conclusions should be reached
from the data presented.) | , -

. Student _ should operate his/her tractor near rated load. Engines operate most efficiently at
near (80%) rated load.* (The instructor may wish to have the students write on page 24 their -
conclusions reached from the graphs presented in handout #2.)

) / . .
B. What procedures should _Student follow In matching power and equipment?

Using handout #3 entitled Matching Horsepower Needs - Tractor Size and Machine Size, evaluate
the student’s situation in terms of matching tractor and equipment. A field trip to a student's . = -
home to measure field equipment size, etc’, may be of value and add practical experience to . o
solution of the problem. Reference to Nebraska tractor data in handout #3 would help determine R
actual drawbar power of the tractor. (Remember that the tests are conducted on concrete.) Also, .
-these data show that the maximum HP/hr./gal. was achieved at near rated load on drawbar '
performance. . " . o

*'Be sure to define rated /oad and any other new terms as you move through the lesson. .,
. .- B . . . . ’ Loy B2 ’
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Refer to the following procedures when using handout #3. S

’ ‘ Suggested Procedure for Using Handout #3,, AM 17-72 worksheot:

' Explain the worksheet, relating its use to evaluation of whether the tractor is being loaded to an
efficient level (approx. 80%). Also note that draft per foot of implement is for average conditions. e
More exact draft measurements can be made by use of special hitches. (Refer to specific equipment e
draft or FMO Machine Management, 1975, Deere and Company, page 46.) However, because of - R
varying field conditions, the use of averages-in most cases will be quite adequate.

oS

Complete the problems in handout #3 (right column). -
Answers are: ' '

A (2) Horsepower

B (3) Reserve horsepower
C (4) Speed, MPH

D {1) Implefnent width

E (5) Total draft

52.3 HP )
85 dbHP : ’ . _ o

46.7 dbHP (250 pounds/foot was used for draft. Once the total draft of 3500 pounds'is
determined, refer to formula in problem no. 2 to determine dbHP.) '
5.64 feet (67.76 inches)

4 (4.2) 16-inch bottoms

5(4.8) 14-inch bottoms

> owps

After working and explaining the above problems, solve the following student problém or asimilar

one for a specific student's situation. .
. Student's Sltuation and Problom- —_ #1 < - - v ‘ N
| | n_StudentA_anq _Student 8 pave a 100 dbHP tractor. How much plow width should they be using if
_plowing is done at 5 mph?” : o .
’ . -7 , N 2N
Implement width (feet) = 375 x dbHP =_375x100 . 37500 . 706 feet

MPH x draft per footx 1.25 5x850x1.25 53125 S
Question: "How many 16-inch bottoms should they be pulling for good fuel efficiency?”

~16inches . 13feet 706 -~ 5.4 bottoms (or a 6-16” bottom plow)
12 inches - 131t . , Coe _

Question: "What are some plowihg factors that would increase blowing draft and ré‘d& fuel
efficiency?” S :
e improper plow adjustment '

e depth of plowing too great. .

o boorﬁcé?ndi.tion of plow parts (points, shears, etc.) - , S
".e improper use of draft control and/or hitching arrangement * E | '
- (Theteacher may wish to refer back to these points later to i ntroduce a uniton plows and plbwing'.)

N

Student’s Sliustion and Problo‘m:—- #2

| ' X _3‘_1“.19_'"__ has been using an 1 8-foot disc at about 5 MPH. Is the 100 dbHP tractor being used at - | '
e near rated load? How near?” - ' N | R | ) ;




- I

" Compute the draft for the 18-foct disc.

18-foot width x 280 pounds per foot = total draft o'f. 5040 po‘un’ds o

Formula: dep = MPH x total pounds of _draftx 1.95 L .
_ T35 | - =
5x 5040 x 1.25 _ 31500 584 dbHP |
| 355 315 T @ |
Answer: “No, the tractor is not being loaded heavily enough for best fuel efficiency.” L

a -

‘Conclusion to problem (of inadequate loading): v
1. Use a combiration of machines to load the tractor to its rated capacity.

Question: (Example) "Could ________ pull an 18-foot spike-tooth harrow behind the disc at the
same rate of speed?” -

180# draft of harrow + 280# draft for dirsc'=’.460 Ib./foot: 6f Width (draft) S

I

460# per foot x 18 ft. width = 8280# total draft

dbHP required =

5 MPH x 8280# draft x 1.25 reserve power =138 dbHP -
- 375 ‘ ‘
.y N
Answer: "No, nat at that speed.” .

Question: "What effect would slowing to 3% MPH have on dbHP required?”

. 375 . 375

Point to be Made: Speed as well as implement draft directly affe‘ctAdeP requirements. Remember:
Speed_should be determined by equipment. Most machines have a recommended speed for best
performance. ' .

2. Trade for a disc of the proper size.

Question: (Example) "What size disc should __student  pave for his/her 100 dbHP tracto_r'}"

" Implement width (ft) = 375 x dbHP L

MPH x draft per ft. x 1.25

875x100 . 37500 . 594 feet
5 x280 % 1.25 17500

It should be pointed out that not all discs have the same draft characteristics because of design,

-angles of set, shape, and blade condition.

) o . o -
Summary of Approved Practices Resulting Irom Class Activities ' - -

1. v_Stden! _ should use a combination of machines to load the tractor to its rated capacity when
possible.” o . - : _

<

Performing a job that is not needed to improve crop yield is a major energy waste. For instance, if _ N
adding a drag behind the disc is not needed td"Brepare the seed bed-properly, the solutionto . - ..
reduced fuel cost is to eliminate use of the drag. Consideration for savings would be given.to e ‘
operating at a higher gear and reducing throttle if not opeaating. at near rated load. '

2 Student

should shift up and throttle back on light loads.”




(This applies moreto largertractors under lightloads.) When perfofmigg jobs réqui ing less than -

full power output (50%), reducing engine speed will improve fuel efficiency, ding one does - '

not lug the engine, transmission efficiency is improved by shifting up to'a higher gear.

" Refer to handout #5, Table A, entitled "600 hrs/yéar_Fuel Use and Cost.” Point out to the students
that the difference betweenTests C and D was thatin Test D the tractor was operated in‘a higher .
gear atareduced throttle setting. This resulted in a fuel use reduction of 778 gallons of diesel or
732 gallons of gasoline. Thus, large tractors pulling light loads cdn save 22.4 to 28.3% in fuel
consumption by changingto a gear or two higher and then throttling back the engine to maintain
the same ground speed. Also significant is the cost comparison and the 569 gallons of liquid -
fuel saved by diesel vs. gasoline. Use of a diesel engine as shown in TestC, working at50% load,
would reduce fuel consumption by 16%. - T . :

3. »__Student shoyld shut the engine off under no-load situations.”

Don't let the engine idle for long periods of time. lllinois studies showed tractors idling for more |
than 12% of the hours of operation were using more than % gallon of fuel per hour.

C. What procedures should Mfollow In adding welght to the tractor to lhcrease nfeiy and reduce
slippage? o ’ ‘ -

The following infdrfhation may be used to reach a conclusion on this qﬁestion.
Question #1:"Where doés the f‘é;:\tbr fuel go?" "(Write the following on the chalkboard.) .v
Of each 100 gallons of fuel put in the tractor; ™ - -~ 7 -
e 20-25 géll.ons are lost through the radiator |
® 25-35 gallons are lost through the exhaust
e 10-15 gallons are lost a's‘ miscellaneous heat; so only — | .
* 10-35 gallons are used to ﬁ'r_od'uce eBgine output, but of this amount another: ."
— 2-6 gallons are lost in power transmission '
— 5216 gallons are lost.in wﬁeel slippa\lge and roﬂihg- resist.ance.
{Source: Samne‘l G. Huber, Agricultural Engineefing Department. osv)y ) - *

Therefore, only 5-20 gallons of each 100 gallons put in thextank produce drawbar"horé'epo’wer
' (dbHP). (It should be noted that the difference in fuel losses is the result of procedures and engine

maintenance, the latter point covered in more detail later in this lesson.)

The greatest loss of engine power occurs at the traction wheels. In typical field use, 20% to more-
than-60% .of the engine power is lost at the wheels. This loss is within the control of the tractor
operator. ' ' o S -

Question. #2: "What percent slip is_-_ﬂ”‘_’ﬂ‘__ g'etting in the field,?"' '

Procedure for determining percent slippage: , ' ' . o,

. Using _Student’s tractor and tillage equipment, determirie present slipinthefield. (Useachalk mark -

on the-tire to help in.counting wheel revolutions.) With the tractor and equipment operating in the

field at normal operational speed, mark the distance travelled under load in 10 wheel revolutions.
Then have the tractor with no load travel the same distance; carefully count the -number of

revolutions. The percent slip can then-be determined as follows:’
% slip = 10 x (10 minus ;évolutions with no load) ©

Example: ' . o )

=10x15 . =15%

R .

= 10 x (10 - 8.5 revolutions with no load)




e
: e

After running the check and calculating the % slip, the follOwing shouid be related to the students. ‘ ‘

The amount of horsepower loss (15% in above calculatlons) due to wheel sltppage and rollmg
resistance js determined primarily by the kind of soil surface, tire pressure, tire size, wetght onthe -
tire, and drawbar draft. (See handout #4.) As the amount of weight on traction wheel is increased,
wheel slip decreases and rolling resistance increases (See handout #2, Figure 1). Thus there is.an
optimum weight at which the sum of the slip and resistance is minimal. Wheel slip is the best -
indicator of wheel HP loss. There is an optimum amount of slip for each kmd of tractlon surface.

Question #3: "What percent slip is optimum for __student _on
'Refer to handout #2, Figure 2 for these conclusions: 4
firm soil conditions | - 8-11% - o - ‘i
 gilled soil conditions 11-14%" & \} |
- soft soil conditions 14-17% UL
Question #4: "How can M"_Obtain optirhumislip?" .
By matohing the load to aproperly v*‘\'/;eighted ‘tractor. _ .,
Question #5 "How much ballast {weight) should _s‘““_"‘ add‘?"’

Handout #2 can supply the correctinformation. The followmg sample problems may serve asa gutde A
in solving the above questton _ _ :

__Student 5100 PTOHP tractor pulling a disc on tilled-soil at 5 MPH would requtre 120 pounds per -
PTOHP or 12,000 pounds on the rear wheels. . S

b

__Student ‘s ynbdllasted rear whee! weight of the 100 PTOHP tractor js 8,450 pounds. Therefore,
12,000 pounds of needed weight minus 8,450 equals 3,550, pounds addtttonal weight needed. The .
tractor weight may be obtained by welghmg the tractor, checking in the operator s manual, or using |
tractor test data (Nebraska usually prints total“welghts only). '
Questron #6: "How much of this weight could be added by Irqund ballast?" °
Referto handout#z Tables 14nd 2. Eachone of __Student s 1g 4. 3gftires would\hold 1,113 pOunds :
of liquid weight, or 2,226 pounds total. When discing, etc.,__student _ ysually usesduals, which will
add 1,324 additional pounds, even though they are not fluid filled. Using single tires (8 ply),
__student _ would be at maximum safe tire weights at 20 psi of air in the trres By using duals he
would have a margin of safety. _ i ) - _
o . L

-Question #7: ""How much front end Welght should __stdent  agge” (for safety and balance)

e Thumb Rule:
* Towed implement -front weight should be about 33% of rear weight. " - S \

o Semi-rhounted- implemént - front weight should be about 40% of the rear weight.
¢ Mounted implement - front weight should be about 50% of the rear weight.

Solution: & ' B -

1. _Student s tractor rear weight was 12,000 pounds. 12,000 pdunds x 0.3 for towed implement .

" equals 3, 600 pounds. The tractor’s unballasted front end is 3,870 pounds, which is adequate.
However, if using mounted equipment, calculate 12,000 x 5 = 6,000 pourids. 6,000 - 3,870 =2,130
pounds of additional weight needed. This figure emphasizes safety and weight transfer even
though fully mounted equrpment would not ltkely be t&sed on tllled soils. - o _

2, _Student g front tires are 11 00 16 (6 ply). With 28 psi, what carrying capacity do they have?
(Refer to hmdout #2, Table 2. 2 x 2, 520 pounds for each tire = 5,040 pounds total. Thls would be -




less than the desired 6, 000 pOUnds needed .for mounted equipment In using semi- mounted
equipment, the lollowlng would be true: 12,000-pound tractor's rear weight x 0.40= 4,800 pounds
recommended on the front. 4,800 minus 3,780 pounds (weight of tractor front) equals 1,020
pounds added weight needed. Note: Semi-mounted gnd fully-mounted implements require less
added weight to th# rear wheels because of weight transfer (see handout #2, Flgure 5) thus
reducing front erghting figures in the above problem .

© Question: "What procedure should __Student _ yse 1o determlne the proper werghtmg of a four-
- wheel-drive tractor? Why are the procedures dlfferent than for.a two-wheel-drive tractor?” -

" A guide to the weighting of 4-wheel-drive tractors'is glven in Table 1. About 60% of the tractor’s -
weight should be on the front wheels and 40% on the rear. :

‘ /o
Table 1. Optlmum Total Weight for 4-wheel-drive Tractors
SPEEDMPH  TOTAL WEIGHT IN POUNDS/PTOHP !
4 | - 140 _
¥ - o
7 80 \ .

Exampla- Versatile 835 in accordance wnth Nebraska test data has a maxnmum PTOHP of 198

- At 5 MPH total weight should be 115 x 198 22,770 pounds Because this unit weighed 24 280
pounds without ballast, no additional weight is needed at this speed. It should be noted that at a
slower speed of 4 MPH an addition of 3,440 pounds is needed (2,064 pounds on the frontand 1,376
pounds on the rear).

N

R L L L L R R R P Ry T R R R R TR T S N PR T Y
N

*

The following information is for teacher reference and may be used as needed (Source: Fundamentals of
Machine Operation, Tillage, Deere & Company) -0 ‘

For a qutck measurement of wheel-sllppage inthefield, markaspotonthe groundanda chalk markon
the rear tractor tire. Then drive the tractor under load with the implement in its normal operating mode.
Count 10 complete rotations of the reartire and place another mark on the ground. Repeat the trip without
the implement and again count the wheel rotatlon between the two marks. Estimate the fraction of the Iast
“rotatlon as nearly as possible. . : L

-

Check the number of rotations counted on the second trlp Usmg Table 2, determme the percentage of
wheel sllppage .

‘ [ o -

Table 2. Rear-wheel Slippage Chart

Rotations Rear-wheel Slippage Percent * . What to.Do
10 e 0 . "~ Remove ballast ’
o | 5 ) _ .
9 ., - 10 '_PrOper ballast -
8% 15 A ' o
8 20 . \ Add ballast
% : 28 . . , : .
7 30 o

- " c ) ) r

If fess than 8% rotations are counted add welght If more than 9 rotatlons are q0unted remove Welght from

the rear wheels. S
o




S If measuring tire-sli'bpage by counting wheel rdtatibné is not possible, one can get an :approximate °
. indication by examining the tire-tread pattern produced when pulling under load.(see Figure 1).

2. B %\//
: |
<« TOOQ MUCH ' _ ‘
“WEIGHT A i
v |
” &
’ TOO LITTLE 3 B
WEIGHT - St 2
i . o PROPER WEIGHT e
Figure 1. The tire "tootprint” Is a rough guide to wheel slip. o - ' o o '
' s -0 w2 . » »

IS

When too much welght is used, the tire track will be sharp and distinct. This does not allow 19r engine
flexibility. Thus power needed to move is increased and dbHP is reduced. - '

When tires have too little weight, they lose traction. Tread marks are Wiped outand forward progtess slows.

" 7 Whentires have properwelght, a small amount of §lippage occurs. The soil between the cleats is shifted jout
the pattern is visible. 15% slip is barely visible. If slip can be seen, slippage probably exceeds 15%:; correct
immediately. ' B ; . o , »

Adding weight: Adding weight of 100 pounds to the rear tires increases db pull according to the surface

B conditions as follows: concrete; 66 Ib.; dry clay,,55 Ib.; sandy loam; 50 Ib.; dry sand, 36 Ib.; and green

alfalfa, 36 Ib. Keep in mind that draft is usually much less ih sand than clay, but that any extra weight N
greatly increases rolling resistance in loose soils. Régardless of weightadded, db pull could be zero under vl
adverse surface conditions. ‘ Toe

/»" )

[l
.

.. Cast-Iron vs. quuld Ballast

‘ Cast Iron: Easy {o install and remove, no special equipment or Servimire is damaged or
- serviced, higher initial cost, may not be enough weight, and ntay increase tractor width.

Liquid: Readily avallable, lower initial cost, excellent weight distribution, no change in tractor width, 30%
heavier than water and will not freeze, is 10st with tire or valve gamage, ngt easy to remove and re-install, : -
. requires special handling and instalfation equipment, and slightly reduces bruise resistance of the tire (at =~ - e

75% recommended.fill). . L . T , R

Flotation: In oft, loose soil, increasing wheel diameter.and width is more effective irf increasing db pull -
than adding/weight, partly becadse of reduced rdlling .resistance and better flotation. Adding duals
doubles the-contact area between tires and soil, but does not increase traction. Equally weighted single.. © -
- and ‘dual.wheels of the same size will pull almost the same load in good soil conditions, Duals increase . .
flotation and with added weight improve traction.in adverse conditions. Duals‘increase stability, improve R
perfbrmance, in land,prepgration, are cost efféctive, and permit work under a wider range of conditions. - .

They have the disadvantages of possibly overfeading axles, bearihgs, and g&aem; making tractor handling
more difficult; and being d fﬁcu!t to install and remove, These disadvanta®®s also ¢reate safety hazards.
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VI. Problem Statement: “How can SN improve the tuel efficiency of his/her tractor engine?”

Tym

- such as the following completed by agricultural engineers from Kansas State. A brief summary of -
. ¢t: Ignition timing was off on 52% of the tractors tested. By cofre'cting this the HP increased 5.3% and

.2.' Spark plugs were replaced with new plugs on 90% of the tractors. HP ihcreased 5.6% and fuel

11.1% with.a reduction in fuel consumption of 14.4%. . ; s

[

- ~ PART I. REDUGING ENERGY COST ON THE FARM
© THROUGH PROPER TRACTOR MAINTENANGE

. o . - .
Answer: Proper maintenance and engine tune-up b
Q

It is estirhated that U.S.-farmers use aboyt 4 blllion gallons of gasoline each year. Studies have
shown that this fuel consumption could be reduced by nearly 15% if the tracfor engine is properly
maintained or tuned up. In addition to this fuel savings, there would be an 11 %increasein available
horsepower. This savings in fuel for the entire nation could amountto 600,000 gallons peryear. Ata
costof$________ pergallon this fuel savings nationally répresents over ;also the fuel

saved could be used to produce crops on 15% more land. _ :

Question: "What.gasoline engine components most commonly cause increased fuel consu mption
and loss of power?” . ‘ ‘ p o

Answer: The value of proper adjustment of the -gasolihe engine is documented by many studies

their work reveals the following:

&8

< fuel consumption decreased 5.3%.

consumption decreased 6.1%. Where the tractors misfired under load with their old plugs, new
- plugs resulted ih a 21.5% increase in power and a 14.2% decrease iin fuel consumption,

3. Alr cleaner servicing was required on 10% of the tractors. This resulted in a 7.6% increase in HP:
- and an 11.4% decrease in fuel‘consumption. " . ' L
4. Carburetor adjustments were made on 72% of the tractors: 46% had too rich a mixture and 26% had
. too lean a mixture. A 9.5% reduction in fuel was obtained when correcting the over:rich’ mixture
with no change in HP output. Correcting the lean mixture increased HP 2.9% while increasing
fuel consumption by 1.4%. - : o )

5. Governoradjustments were needed on 80% of the tractors. The no-load speed was too high on 32%
of the tractors while full-load speed was too low on 62%. Simple repairs and adjustments :
corrected only 20%. This resulted in a 9.1% increase in HP and a reduction of 4.8% in fuel usage. '
The remaining 60% of the tractors required parts replacements before adjustments. ‘

The overall result of the above adjustments and replacefents was an av’erage‘increase' in HP of

Service Recommendations: (The’following are very minimal. The teacher may wish to expand the
details of each recommendation.) Review the eperator's manual. Keep a service use record. Record
fuel intake at each filling, as well as oil used between changes and during changes. Record hour
meter reading and date when the next service is required. Many farmers use tractors about 500
hours/year with heavy work in the spring and again in the fall. Thus, an engine tune-up after about
250 hours' could be done in January or February and again in August¥r September. This would
assure maximum power with minimum fuel use during heavy-use periods. Well equipped shops can
perform excellent tune-up work. Tractors can-be hooked to a dynamometer-and their Qutput
measured before and after service. ) o : N

Compare performance with original ratings. Governor-and valve clearance adjustments can be
performed. Whether you perform the tune-up (sometimes less expensive) or a dealer does it
(sometimes more expensive}, the main point to remember is that regular tuhe-ups are essential for_ L I

maximum_HP and minimum fuel usage.

1

s

Review the following student situation including fuel consumption‘records as an.example,
) - ’ 'n_.“».... . . ’ l ‘
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Question: "How does _student's  f,e| consum ption compare to average energy requirements for
the various jobs or to the Nebraska tractor test data?” e

~

Compare the following data with the*information given in handout #5, Table C.

Sample Problem:

o

Situation: __John___ yses a J.D. 5020 diesel. His records show that he used 90 gallons of fuel to
plow 30 acres. The 30 acres required about 12 hours to plow. °,

Question: "How much fuel did -“# use per acre for plowmg?" 90 divided by 30 equals 3
gallons/acre.

v Question "How does this ( compare with typic4l fuel consumption per acre?” (Refer againto handout
" #5, Table C.)

Plow 8 inches deep — 1.68 gallohs/acre for diesel.

* Conglusion: “__John's__ fyel consumption is higher than expected for his medium to heavy soils.” ~ -

Probable reasons:
. pobr engine perforn){nce

o poor operator efficiency

e

]

"Let's revrew the reasons for poor engme perfofmance and poor effrcnency " (Hold brief drscussno.n) ¥

Question “How many gallons and dollars could be saved by improving englne performance and
operator effrcrency?" ,

Using handout#s compare John's situation with Nebraska test data, takmg into consnderatron fleld, . ‘ o
b, efficrencles (Explam meamng of the new term field efficiency) . :

Sample Problem Using the same srtuatron as above, compare wnth Nebraska test datain handout #6.

Situation: .& $ 5020, accordmg to Nebraska test (performed on concrete), develops 100. 36
dbHP at 75% load traveling 5.64 MPH. The tractor uses 7.712 gallons of fuel per hour and develops
13.01 HP hours/gallon She usually travels at 5% MPH with 5-16” plows. 80 gallons of fuel in 12
hours results in a fuel consumptton of 7% gallons/hour which appears good tompared to the 7.7
gallons per h0ur of the Nebraska test .

Quesnon "Why does her fuel consumption per hour seem to be OK, but. her fuel consumptron per
‘acre ‘much too high?" (Refer to previous problem.) “ . {

Pomts to consider: Nebraska test is done on concrete with 100% field efﬂctency (if formula is
discussed, do-it carefully and with adequate explanation of terms and flgures ) .

___Beth s theoretical fleld capacny is: - . . T <
TEC = 5‘/z MPH x 667 ft wide = 4.4 acres per h;'Jl-If\{ﬂ '
8.25 Ee g
’ However, her effective field capacity'is; EFC = S0 aCres - =25 acres per hour © L
' 12.ttours ‘ ‘ Cos
for a fleld efficlency of FE = EEE = 3_5_ = 57‘5@
. 4 TFC 43 -

. . - ¢
. ’ PR : ) : ) .
.

Question: "What is a typical field efficiency for plowing?" (Refer to Table 3.) °




’ AR “
g Table 3. Fleld Efficlency Table :
' . ' ' FIELD EFFICIENEY, = : .\, FIELD EFFICIENCY,
"~ OPERATION . - PERCENT . OPERATION PERCEr{r
) ‘ - . ’ » B N -
Tillage - ) A Harvesting . .
Moldboard PIow .................. 75-85% Mower ........... ST e 75-85%
Disk Harrow, Disk Plow ........... 77-90% Rake ......... e etebanee PN 65-90%
Field Cultivator ........ e, 75-85% . Baler ..... el e +.. 65-80%
Spring-Toot4h or Spike- . ' Loose Hay Stacking Wagon ........ . 65-80%
Tooth Harrow ....... e eereiineen 65-80% Forage Harvester .................. 50-70%
, : . . Combine. .........ciiiniiiiii., 60-75%
Cultivation - L CornPicker «....ooviiiiinnn... ... 55-70% .
i ‘ - 0, .
ROW Crop ......cccuvnvvunnnn... 65-80% . Sotton Picker ... e g
RotaryHoe ....................... 75-85% .o ey ,
Seeding . | ‘Mlscellaneous . ' v P
. . P
Corn Planter ‘ Spriyer ........... e 55-65% .
1.CornOnly «.oovvviiiiiia " 60-75% — . ' :
2. With Fertilizer and/or ' ’ : ' ' . '
Pesticide Attachment ....... L 45-85% ° (Source: Machinery Management, John Deere. & Company)
Grain Drill ............. i, 65-80% : S :
Broadcast ...............counu.n.. 65-70%" ' ‘
Conclusion: "__Beth - “g'field efficiency is too low. What contributes to poor field efficiency?” ) \\’ .
‘ ® equipment failure - s i ; ' ’ |
® wasted time on turns . o o } T .
® odd shaped fields C ' ‘ ‘ o .
. operatbr'distrat:tions. breaks, etc.
. e #
- ® bottlenecks in the'total operation
* When her fuel usaée/hour is put &n the basis of a normal field efficiency of about 80%, she ghould
~ have done 3.4 acres per hour or completed the job in 8.8 hours. - Rl .
Calculations (opt}o alhN\ - : ) o , _ .
.5 \ . . . N
- 4.3 acres/hHour (th¢0[ ical)-x 0.8 (efficiency) * 3.4 acres per hour o - v
’ 30 acres divided by 3.4'acres per hour ='8.8 hours ' ‘<
* 90 gallons fuel divided by 8.8 hours = 10 gal/hr. or apQroggImately 10 hphrs./gal.
* Useof aLab Test - ' I S o .
I } 'Flun'a lab test-on.a student’s tractorusing a dynamometer in the school shop or ahe’arby dealer "
, * ,:8hop to evaluate fuel consumption in terms-of horsepower hours per gallon, etc. Compare lab test
‘ ‘results to Nebraska test data. At this point the instructor may wish to have the students perform ..
o ‘maintenance on multi-cylinder engines, Emphasis.should be:on the six areas mast commonly .~~~ ‘e
©4.. . identified as causing poor fuel efficiency: ignition tinfing, spark plugs, air cledners, valve tappett" _
... clearance, carburetor adjustment, and governors. - - . R IR - <
o -, This lesson outline does not include specific details of"preventive"maintenance. Preveymfivef'_> S R
. - Maintenance (Deere and Company) or-its equal would provide the needed reference material in [
+ addition to operator’s manuals for the teachirlg of a farm power unit.- 2 O R
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Most farm tractors are diesel. The significant factors affecting their fuel efficiency are the same with
N the nozzles, fuel pump, and fuel filter maintenance replacing the spark plug and distributor.

The overfueling of diesel tractors (explain) is much too common today. An llllnols survey revealed
two-thirds of the diesel units were overfueled. This'practicé, considered a quick and easy method of
. increasing diesel power, has an adverse effect on both engine life and fuel economy. !

Overfuellng is not only quite inefficient, but also very damaging (explain how) to a diesel englne,

Here is a good summary of the situation. Diesel engine power is never setfor thé maximum (explain
" why). The horsepower of a diesel engine increases nearly in proportion to fuel rate up to a certain

point. However, beyond that point HP increases very little for large increases in fuel delivery. -

In one particular engine a fuel consumption of 0.435 Ib./HPhr was required Up to 78HP. To raise the ;
HP 5% more (4 HP) requires three times more fuel per HPhr. Most of this excess fuel goesto wastein
the form of heat or smoke and wasted money. , o ' r

The extra heat creates great thermal stress in engine part§/fh|s is similar to the high temperaturés ;

and pressures during detonation in spark-ignition engines. But perhaps the most damagingaspect - -
. of overfueling diesels is the formation of soot during combustion. Much of this.soot leaves the s )

engine as dense black smoke, but plenty is also ieft in the engine to be carried into the plstoming

grooves and into the crankcase Qil.

Shop dynamometers are often used to check out engine performance They are an excellent .

method of making sure that optimum performance is.obtdihed. The direct horsepower reading dial

on the dynamometer is accurate only for standard PTO. It will tend to read too low if rated PTO rpm-

is exceeded, and too high if the tractor is operating below rated rpm for standard PTO. When the

tractor must be run at less than rated rpm to achleve standard PTO, refer to the tractor fést for -

correct hp at standard PTO or others. A o Co

. SUMMARY — ENERGY MANAGEMENT FOR FARM TRACTOR OPERATORS . | '
Consider: : “ 9» L - Lo R

. Most of the energy used on-farms for crop production is used by trac'tors'.'
L4

The!adoption of minimum tillage practices reduces labor, machine time, and fuel costs.

. Proper selection of tractor size and matching of implement size maximize efficient use of fuel — a
tractor working at full load requires only 1/3 more fuel than when work|ng at half load.

~

. Diesel powered tractors consume- leSS‘fuel than gasoline powered tractors of the same horsepower

. . . .
g . L. .

. ratlng . S .
Remember ’ ‘ . ‘ e v .
> Proper maintenance, tune-upgind lubrication procedures extend tractor llfe reduce down time,

decrease fuel consumption and thus cut operating costs.

|

Potential for Energy Savings . : . ‘ L . . ‘
. ., |

\

® Indicates little or no investment reqwred ' Potential e Should -
_ N ‘ Energy investigate
- . : ; L . Saving . Chock('/)
‘ m_Select the proper tractor size to frt the farming operatlon ............ e 5-,3?:0%
B Size the equnpment to match the tractor ... et .. up to 25%
2
B Practice minimum tillage where practlcal to reduce trips across the field " up to 25%&‘ .
B Follow regular maintenance and tune-up procedures, ,............ veladl ... 6-20% :
" . B Merge small fields into large flelds to ta e advantage .of longer rows , o
and lg6s turning ........... O ve.. 518%

’

Q ‘ . " N ) i ] ' . . . ) 3 N
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£ \ .
Summary (continued) ’ - - 5
Potential - We Should
. : Energy  Investigate
Saving - Check (¢)
® Keep all implements lubricated and properly adjuéted EE TR TR S ,5-15%
® Use tractor weights to distribute load for minimum wheel slippage ..«...... '?B"d
B Replace faulty radiator thermostats ...........ccooviiivnnrrernnnnnss , up to 25%
® Keep tillage tools sharp and praperly aligned ..... e, ceriienes.. 5-25%
B Avoid excessive idling and engine warm-up time. ................ P 5-25% .
® Remove tractor wheel weights when not needed ........ e . _5-10.%
-Source: Managing Energy on the Farm, Syracuse, New York: Agway, Inc.
/ J ’
‘ ANSWER KEY - = -
) to Unit Test which follows on page 14 .
A
- Section 1 Section 2 Section 3 Section 4 Section 5§
1. ¢ 1. D 16. F 26. F 36 100
2. c 12, | 17. T 27. T ..37. 4.76 (5 bottoms)
3. a 13. ) - 18. F 28. F 38. 180
4. c 14, | 19. F 29. F 39. 20
5 ¢ 15. D | 20. T . 30. A 40. 4500
6. a S 21. T 3. F : o
7. b 22. F. 32. T
8 ¢ 23. T 33. F
9. b 24, T 34. T,
°10. a 25. T 35. T. * :
L 8 "
\
\ ’ ~ >
v .
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UNIT TEST ON ENERGY MANAGEMENT IN THE OPERATION OF TRACTORS

)

NAME
© ‘ - . GRADE

R
L R :

Section 1. Muitiple choleo:\SElect the best answegr to the following. Write the letter of your choice on the line - -
to the left of the statement.  * : _ : ) T

— 1. Proper engine maintenance and operation could reduce fuel cohsuvmption ontheaveragebyas

~ much as — )
a.15%  b.20%& c.35% - d.50% - | N = : \
—— 2. Engines operate most efficiently a‘t a rated load of — ' ' N
r a.60% * b.70%  c.80%  d. 0%

—— 3. Toachieve increased fuel efficiency when operating on job requiring less than full poweE‘(BO%) —

Y

. a. Engine speed should be reduced and a higher gear selected.
", b.-Engine speed should be increased and a higher gear selected.
* c. Engine speed shéuld be increased and a lower gear selected.
d. Engine speed should be reduced and a lower gear selected.

' —— 4. Anidled gasoline engfﬁhse will consume fuel at about — s .

a.1/10 gal/hr.  b.1/4 gal/hr. ¢ 1/2 gal/hr.  d. 3/4 gal/hr.

—__ 5. Which of the following soil coniditions would permit the highest % optimqmslip?
a. firm b. tilled c.soft = d.medium -

—— 6. For towed implements the.tractor front should be weighted — o | 9 A -
a. 33% of rear weight  b. 40% of rear weight c. '50%‘ of rear weighf d. 60% of rear weight

@

. Studigs revealed the greatest saving in fuel was found after —

as

oo a. correction of timing ~ : ‘ . o -
I b. spark plug replacement R i . - P
¢. servicing the air cleaner ' -
d. carburetor adjustment .

___ 8. Overfueling a diesel Wwill — , ’ _ L.

a. increase HP per gallon : ) e
b. decrease engine“heating . - :
c. reduce fuel efficiency '

- d. have no effect on fuel use.

4

— 9. Increasing tractor-speed — _ o . ‘ ' -

a. increases slippage _ o ' A
b. increases power requirement :

c. reduces traction - : o ' i
d. reduces slippage . '

—— 10. Which requires the most rear wheel weight per PTOHPY -

. ‘a. towed implements b. semi-mounted” . c. fully mounted d. intégrated : ' ’ _—
‘ ' . o : * & : : .
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UNIT TEST on Energy Management in the Operation of Tractors - page 2 »

.

Sectlon 2. Flil in the Blank: Answer the following as to their effecton dbHP reéuirement by selectihg one for -
each blank: (1) increases dbHP requirement; (D) decreases dbHP requirefnent; (0) has little or no effect on
dbHP requirement. v : |

—— 11. Adding of duals in soft loose soil
—— 12. Adding additional implement width

O 13, Increasing speed

14. A loose soil surface
—>15. A firm soil surface

v .
+*

Section 3. True or False: Place the letter " T" on the line to the lefto Wfitistrue; "F"jfitis false.

—— 16. Theoretical field capacity remains constant regardless of speed:
— 17. Field efficiency is never 100%. :

—— 18. Doubling implement width will double the effective field capacity. B )
—— 19. Asquare shaped field would have a higher field efficiency than & fong narrowfield of equal size.
——— 20. Usually 25% reserve horsepower is adequate. o B ',_' : 3
— 21. Overfueling a diesel engine is a highly inefficient method of increasing horsgpower.

——— 22. Most farm tractors should be tuned-up every 580 hours.

—— 23. As wheel slippage is reduced, rolling resistance Increases.

——— 24. Duals without additional weighting reduce traction.

—— 25. Duals increase flotation and reduce rolling resistance. . .

Section 4. True, Fajse, or Indeterminate: Answer the following statements based on the dat
provided by marking “T" if the statement is true, “F" if the statementis false, or "A" if the truth or
falsehood of the statement can not be determined from the data given.

\,

. : ) =
\ \ Typical Power Losses at the Drive Wheel
e
» :s: 30 -
-9
x
(=3
€ 20
S
] .
8 104 \/
g T
P2 == : :
[1] ~ ~100 140 200 Tt
» o Drive Wheel Wt. - |bs./PTOHP

7 I3

—=. 26. Rolling resistance decreases with additfSnal weight.

— 27..Slippage decreases with additional weight. B

— 28. Total PTOHP |oss decreases with each unit of additional weight. -

— 29, Zero slippage is desirable for minimizing PTOHP loss. .

—— 30. Best fuel efficiency is achieved at 130 Ib. of drive wReel weight/PTOHP.
— 31. Total loss of PTOHP is least at a point where rolling resistance is the lowest.
— 32. As slippage decreases rolling resistance increases. ,

—— 33. Rolling resistance decreases as slippage is reduced. o et
o 34. Minimum PTOHP is achieved at approximately 8%% slip. _

— 35. Rolling resistance is of equal concern to wheel slipping in minimizing HP loss.




UNIT TEST on Energy Management in the Operation of Tractors - page 3 o ' ; ; . '
Sectlon 5. Problems: Complete the following problems. SHOW ALL WORK! ’
36. How large a tractor (dbHP) is required to operate a 20-foot disc with a 309 pound-per-foot draft at a .

)

¢ speed of 5 MPH?

MPH x total draft x 1.25 :
375 ‘ - s

dbHP =

*
®

37. A90dbHP tractor would be properly matched to how many 1 6-inch:plow bottoms? (850 Ib. dra-'f,t/fo_ot
of width,) Plowing is done at 5 MPH.. ' . .

Implement width .= 375 x dbHP
(feet) MPH x draft/ft. x 1.25

Ll

38. What fuel savings would result by increasing the fuel efficiency of a power unit by 15%if the tractor is ‘

used 400 hours a year and is presently avéraging 3 gallons of fuel per hour?. ' 'gallons . :
. « saved e

- 39. The distance traveled by a tractor under load in 10 revolutions was merked. This same tractor under

1

no load traveled the':same distance in 8 revolutions. What is the percent slip?

Al

7 . ~ .
M - LY

¥

40. A 100 PTOHP tractor pulllng a towed implement 4.4 MPH on tllled sonl requ1res 130 1b. of Welght on
the rear wheels/PTOHP. The unballasted rear weight of the tractor is 8500 Ib. How much addltlonal

weight should be added to the rear of the tractor?
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RICULTURAL ENGINEERING

Farm Machinery No. 11

COLLEGE OF AGRICULTURE AND HOME ECONOMICS OF THE Apri\l ]97L|.
OHIO STATE UNIVERSITY AND THE UNITED STATES
DEPARTMENT OF AGRICULTURE COOPERATING

TRACTOR OPERATION TIPS FOR SAVING FUEL

The quantity of tractor fuel required to perform a specific amount of work
depends largely upon how you Operate the tractor. Drawbar load, -engine speed,
gear used, amount of turning, and amount of engine idle time can cause the
quantity of fuel used to vary by more than thirty percent. Such a variation
occurs because: (1) engine effigiency changes with engine speed and load, and
(2) the efflClency of "the power transmission system changes with speed of travel,
gear used and the load.

Throttle back--shift up ' .

Use a large enough machine or combination of machines to provide either a

drawbar ‘and/or a P.T.0. load. large enough to load the.engine to its’ rated

capacity. Under these conditions fuel efficiency will be nearly maximum and

the work will get done more qulckly 7 ‘ :

o
Some JObS will not require the full power output of the engine. In fact, )

studies indicate that on the average a tractor is loaded to only 50% of its .
rated capacity. When pulling such loads, reducing the engine speed wil] improve - ‘
fuel 'efficiency.. Nebraska Test data shows that tractors operating at 50 percent
load used 20 percent less fuel at reduced ernigine speed than was used on the same
load at full engine speed.
‘Many diesel engines are more 40~ . ‘ .
efficient in the use of fuel . ’
at 50 percent load with re-
duced engine speed, than at
100 percent load with full

. engine speed. For this
reason, it will probably
require less fuel to use a
large diesel tractor -at
reduced engine speed on light
loads than to use a smaller
size tractor at full engine
speed.

(&)
(=]
B |

A
ENGINE RPM .
1200 -

1400
1600
1800

N
o
T
L Ju} e

-
o
!

FUEL EFFICIENCY PER CENT

Fig. 1 was drawn from
test data for a 50 HP diesel—
tractor. Each of the curves
represents a line of constant 0 . . 1 oy
engine RPM. You will note 10 20 30 20 50
that for'ea'11ch RPr:1 line »the : ENGINE HORSEPOWER

fuel efficiency increases as

1 -

o

the HP output ¥ncreases up to pyay THE EFFECT OF ENGINE RPMAND HP OUTPUT | ‘

. about 80% of the maximum HP
" produced at .that engine speed. UPON THE FUEL EFFICIENCYOFADlESELTRACTOR

]
Agrzculture / Home Economics / CommunztyandNaturalResourqeDevelopment / 4-H — Youth
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Increasing the power output still more reduces the fuel efficiency. At part
loads, for example 20 HP, the fuel efficiency improves as the RPM is reduced.
The engine should not be 'lugged''. Best fuel efficiency for any RPM occurs at
a power output which is slightly less than the maximum which cou]d be developed
at that engine speed. For this particular tractor, best fuel efficiency was
obtained at 30 HP and an engine RPM of 1400,

Select ‘the gear which provides the desired speed of forward travel at the
- reduced engine speed. On tractors havung a wide range of forward gears, it is
possible to have engine speeds which give nearly optimum engine fuel efficiency
at the desired speed of travel,

Horsepower lost in, the transmission gears, at a given speed of travel, is

less in the higher speed gears. Therefore, transmnssnon efficiency will be
improved by shifting up to the hngher gear. - P ?

N
Shut the engine off i L

Don't let the engine idle for long periods of time. An I11inofs study
showed that tractors idled for more than 12 percent of the total hauys of
operation. An idling engine may use more than 1/2 gallon of fuel per houn.

How much fuel can you save?

The amount of fuel saved by following the suggestions will depend upon
your present operating practices. The savings can exceed 20 percent if you’
 have been following the practice of operating the engine at nearly full. throttle
on all light loads. :

Summary , - . .

Try to operate the-tractor hear rated load (rated engine RPM at full
hand throttle) at all times. .

Use comblnatlons of machines to load’ the tractor to its rated capaci ty.
On light load - shiFf.up and throttle back,

Shut the engine off under no load situations,

d.::;‘?\ ~ . "
Samuel G. Huber, Professor . ‘ Delqert M. Byg * .

Agrlcultdral Engineering Department Extension Agricultural Engineer

»
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Wi'th' liqn id ballasted -tiress check in‘flatioﬁ Hressure as shown here.

el

Tls—g;r 2112 L'ss.'- |

(ADD TO PRESSURE'

JIt makes sense to use tractors so that 'work may be

done using as little fuel as possible. The greatest loss of . - |

engine power occurs at the traction wheels. In typical -

field use, 20 to more than 60 percent ofthe engine power = - L

.may be lost at the- wheels because of wheel slip and

‘wheel rolling resistance. The amount of these losses is, - -
to some degree, within the confrol of the tractor ~

operator.

Wheel Slip and Rolllng Resnstance Losses R

. The amount of HP loss due to wheel slip and rolling
resistance is determined prlmanly by the kind of soil

surface, tire inflation pressure, tire size, the amount of . -

weight on the tjre, as determined by weighting, andithe

~ drawbar load. As the amount of weight on the traction
wheel isinereased, wheel slip decreases and therolling .

resistance increases (Fig. 1). With a,<mall amount of
weight on the wheel, shp losses become quite high. If a
large amount of welght is placed onthe wheel to reduce

slip, rolling resistance losses become high. Thus, there
is an optimum amqunt of weight at which the sum of the -

slip and Folling resistance is minimal. Wheel losses wil
be greater than necessary if the correct weight is nét

placed o the wheel. Wheel slip is the best indicator of

- wheel HP loss. There is an optlmum amount of wheel

slip for each ‘kind of tractlon surface. .

-
o .
|

Percent of PTOHP Lost
N
(-]

- ‘Rnll’munnstancl o

. : R T
0 100 150 200
‘Drive Whes! Wt. - lbs.IPTOHP
FIB 1. Typical Power Losses at the Drive Wheel. < ¢ -

Qrz"" o

>
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804 -—1 fe— &11% slip, firm sall 200 X - - e
l 704 -~ —_ § a 150 - ‘ Tgwqd lrpglomonts
H % : 11-14%, tilled soil &9 Semi-mounted
2 . £ a . Fully mounted
sE 60 €L 00— N o FUIY
:5 B oea -
TE god. - v E" X
58 % - 5% 501 . -7
32 14-17% slip, az
St 40- soft soil -

) o - - — .
0= o 3 4 5 6 7 8
0- 10 20 30 Speed of Travet — MPH

Drive-Wheel siip — percent.
Fig. 2. Optmmm Drive Wheei Slip For Different Field COndlthﬂS

Sonl Such as Alfalfa or B‘rome Grass Sod, 12% Sllp

the rear wheels of the tractor. If this weight is less than
the optimim weight needed, the djfference must be
made up by‘adding weight. y

- For:example, the unballasted reir wheel weight of
the 100 PTOHP tractor is 8450 pounds. The amount of .
weight to be added is 2250 pounds (10,700 1bs. —8450 1bs.
= 2250 1bs.). Weight may be added either as liquid bal-
last, cast iron weights, or a combination of both.

The tractor has single 18.4-38 tires. From Table 1,
each tire will hold 1113 pounds of 3*5*Jpoun s calcxum
chloride per gallon of water solution. The two tires will

- hold 2228 pounds of liquid ballast. This is about the

weight needed. You'should probably use liquid ballast

" rather than cast iron wheel weights because liquid

costs much less: When filled with' fluid the rear wheel
weight wrll be about %0 700 pounds oo .
I

=T
? ot 200+ e ’
.What ls Optimum Slnp o Towed Immmm
The change in drawbar HP with wheel slip for ﬁrm H . Semi-mounted
tilled and soft soil is shown in Fig. 2. The drawbar HPis §& 1501 " Fully mounted -
expressed as a percent of power take off horse power 5 S 3 ! T ¢
(PTOHP). When operating on firm soil at optimum slip g o 100 -
. (about 9 percent);he drawbar HP will be‘about 75 per- 5 'g .
cent of the maximum PTOHP. When operating on'tilled 8§ = .
and soft soils, the maximum drawbar HP will be about. S 2 5049 - ¢ ,
60 and 50 percent of PTOHP, respectlvely Optimum*® g3 ' : .
- percent slip for tilled and soft soil is about 11 and 14 o L
percent, respectively. Nearly maximum drawbar HP i P S T 1 T
ohtained over a fairly ‘wide range of wheel sllps as 0 3 4 4' |5 8 7 8
indicated on the graphs. o - . Speed of travel — miles per hour .
’ -Fig. 4. gecotmm%nded Rear Wheel Welght for 2- Wheel Drive
WEIGHTING 2-WHEEEBRIVE TRACTORS G;f,g,;’;sorge;;gngg;ssﬁg SoflSuch asNewly Flowed,
How Cari Optimum Slip Be Obtained? 2004 o e R o
Figures 8, 4 and 5 are guides for determining the op- - ‘
timum drive wheel weight for firm, soft and tilled soil, § . T°W'd 'mPl'm'ﬂf' -
respectively. Suppose you have a tractor rated- at.100 ; a 1501 Seml-moumed
PTOHP and yoa will be pullmg a semi-mounted.plowat’ g o * Fuity mountod
5 MPH on firm soil. From Fig. 3, you can see that about 81‘; ‘ v -
107 pounds of rear wheel weight is requxred for each f . 1004 e - S
PTOHP. The total rear wheel weight should be 10,700 5 & °
- pounds (100 PTOHP x 10¥1bs/PTOHP). . . L
: o 52 50 . % e
How Much Ballast Should Be Added? L3 6
Find the unballasted rear wheel weight df the tractor oL . — \l. —
either from manufacturer’s literature or by weighing 0 3 4 ' 5-° \¥ 7 8 .

Speed of travel — miles per hour °

.Fig. 5. Recommended Rear Wheel Weight for 2-Wheel Drive
S%:h as- Plowed

- Tractors Operating on a Tilled »Soil
Ground stked Once, 14% Shp

Ty -

Be Certain That the Tirgs Are Not Overloaded K ;g-f g

o
" Too much welghton 'etn:eswxll reduce tu'e lee The -
Are should not exceed the load. -
4ble 1. For éxample, the total rear .’ .
10,700 on two 18.4-38.10 ply tires. o
Each tire must/ca®y 5350 pounds. From Table' 1 .an

wexght on a single.
capacity gWen in
end weight is to

18.4-38 tire wil carry 5250 pounds at 16 pounds per -,

square inch (p.s.i.) inflatidn pressure and 6980 pounds .
at 26 p.s.1. The carrying capacity of the tire is. adeq*uate
aty any.pressure betWeen 18 and 26 p si.

3 .
T

Fig. 3 Recommended Rear Wheel Weight — 2-Whee} Drive, Firm ;

N
V.

-4

4 ":

/

» . B
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Table 1: Tractor Drive Wheel Tires, lnflatlon Pressure. Load Capacities, and Pounds of Liquid Ballast )
i ___ Tire Load Capacity-Pounds Liquid Ballast \ :
* Minimum Maximum Maximum Maximum 3% Ih. Calcium v
Pressure Load Pressure Load Chioride/Gal. Water ‘
Tire Ply p.s.i. at Min. p.s.d. % at Max. *(stem levet fill)
Size Use ., Rating_ p.s.i p.s.i pounds
14.9-28 Single 6 14 © 2880 20 3550 7
Single 8 14 2890 26 4140 545
15.5-38 Single 6 14 3160 20 3890 663
Dual 6 12, 2540 20 3420 .
16.9-24 Single 6 16 3540 18 3800 616
. 16.9-28 Single 6 16 3780 °18 4050 699
16.9-30 Single 6 16 3900 18 4180 746
16.9-38 single 6 16 4380 18 4700 L 912
Dual 6 12 3260 18 4160
18.4-28 Single - 6 16 4530 16 4530 * 852
. ,18.4-30 Single 6 16 4680 16 4680 912
18.4-34 Single 6 16 4970 16 4970 1007
Single 8 16 4970 20 5660
Dual 6 12 3690 16 4360 s
. Dual 8 12 3690 20 4970
18.4-38 Single 6 16 5250 . 16 5250 1113
Single 8 16 5250 20 + 5990
- Single 10 16 5250 26 6980
. Dual 6 12 3910 16 . 4620 .
Dual 8 12 3910 20 5260 o
Dual 10 12 3910 26 + 6140 - -
20.8-34 Single g8 . 16 - 6010 . - 18 6440 1291 ¢
9 Duali 8 12 4470 18 5670 - }
20.8-38 dingle : ., 8 16 6360 18 ™ 6820 1421,
Single ‘10 16 6360 - 22 .~ 7670 : _
Dual . 8 12 4730 18 . 6000 . f
: Dual 10 12 4730 22 . 6750 )
23.1-26 Single 8 16 6280 - 16 6280 1291 !
23.1-30 Single 8 16 6700 16 6700 1457 - |
. Dual 8 12 4980 | - 16 5890
23.1:34 Single 8,. 16 7110 16 7110 1610 ‘
Dual 8 12 5290 16 . 6260 @
24.5-32 Single 10 18 8180 20 8700 1729-. -
28L-26 Single 10 18 7800 © 18 7800 :
. Dual 10. 12 5410 18 . 6860
30.5L-32 Single 12 I8 9770 20, T 10390
Dual 12 12 6780 - . 20 : 9140

o

W
TOO MUCH
WEIGHT

TOO LITTLE
WEIGHT

]

With the valve stem in its hlghest position.

PROPER VIElGHT

‘e "footprmt" is a rough guude to wheel slip.

+* Front End Weight -

If the total welght on the tire exceeds thetire carrymg
capacity, theryou must eitheruse a tire with'more load
capacity or use dual tires. You will note from Table 1
that the load capacity of a tire is less when used as a
dual than when used as a single tire.

On firm surfaces, dual tires offer little advantage over v

singles except for load carrying capacity. On soft soils

-dual tires have a decided advantage overslngles due.to
-less rolling resistance.

°

Front end weight should be sufficient to keep the
front wheels on the ground at all times. However®here
is no advantage in having too much: weight on the front
wheels. With towed implements, front wheel weight
should be about one-third .of the.rear weight. With
mounted and semi-mounted implements the front
weight should be about 50 and 40 percent, respectively,

~ of the rear weight.

The tractor used in our example required ‘10, 700
pounds of rear wheel weight when pulling a semi-’

mounted plow. It should have approximately 4280 '
pounds on the front wheels (10,700,x 0.4 = 4280) The

w
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< . Table 2: Tractor Steering Wheel Tires,

Inflation Pressures and toad Capacitieé

. o - o v Tire Load Limits at Various Cold Inflation Pressures, 1bs.
Tire Ply . . ,
Size ti ’ '
Ra ™ 24psi  28psi.  32psi. 36 PSic 40psi.  44psi  48psi. 52psi 66 pal
4,00-212SL 4 330 370 400 430 - 470 490 520 550(4)
5.00—15SL 4 540 600 660 ' 710 760 810(4) ,
5.50—16SL 4 660 740 810° 870 940(4) -,
6.00—14SL 456 680 760 830 900(4) 960 1030 1080 1140(6)
6.00—16SL 4.6 760 840 920 1000(4) 1070 1140 . 1200 1260(6)
6.50—16SL 4,6 850 © 950 1040. - 1130(4) 1210 1280 1360(6) - :
7.50—16SL  4,6,8 1100 1220 1340(4) 1450 1550 1650(6) 1740 1830 1920(8)
7.50—18SL 4,6 1190 1330 1450(4) 1570 1680 1790¢(6) .
7.50—20SL 6 1280 1430 1560 1690 1810 1930(6)
9.00—-10SL 4 1100 1230(4) ° ’ )
10.00—-16SL 6,8 1750 1950 2130(6) 2310 2470 2630(8)
+ - 11.00—-16SL - 6.8 20(70 2300 2520(6) 2720 2920(8)
> Low Section Height Tires o [ .
; 7.5L—15SL 6.8 1060 1180 1290 1390 1490 - 1590(6) - A16‘8‘(IJ' i770 1850(8)
9.5L—15SL 6 1290 1440 1580 1700(6)
¢ 11L—15SL 6 1570 1740 1910(6) :
14L—16.1SL6 2560 2850(6) .
Note: Figures in parentheses denote ply rating for which loads and inflations are maximum.

unballasted front end weight is 3870 pounds. Approxi-
mately 410°pounds of ballast should be 'added to the
front of the tractor. ' S\

~The front tires are 11.00-16, 6 ply with a carryihg
capaclty of 2520 pounds each at 28 pounds per square
inch pressure (Table 2). (2 x 2520 = 5040). The front tires
have adequate carrying capacity. So ballast can be
added to obtain the desired weight on the front end.

" WEIGHTING 4-WHEEL DRIVE TRACTORS

A gu1de for weighting of 4-wheel drive tractors is
givenin Table 3. Note that the table gives total tractor
weight per PTO’HP About 60 percent of the_.tractor
weight should be on the front wheels and 40 percent on
the rear.

L . Table 3. Optimum T'kxtal Weigh't for 4-Whee|
Drive T | actors ’

Total Weight
Pounds per PTOHP

140
115
95
80

Speed
MPH ~

Nowms

"Checking Performance In the Field -

" The procedure suggested for weighting of tractors

serves as a guide and weight may have to be adjusted for

your conditions. You ¢an tell whether the drive wheels

are properly weighted by measuring drive wheel slip
' under field conditions. To measure wheel slip:

‘ 1. Place a mark on dne of the rear tires.
2. Position a starting stake at a convenient point in
- the field where you are to operate.

With the tractor under load drive past the starting
stake at the normal speed of travel. Note the posi-
tion of the mark on the tire at the time the rear
axle passes the stake. (A helper makes it easier.)

Travel a distance of 10 wheel revolutions. Place a
finish stake at this point.

Raise the tool out of the ground and travel‘the
same distance w1th no load. Count the wheel re-
volutions.

Calculate percent sllp from the formila:

% slip = 10 x (10 minus wheel revolutions w1thout
load) -

For example You drive 10 wheel revolutlons under
load. The tractor travels the same dis-
tance in 8.5 wheel revolutions with no

3.

load. ,

% slip = 10 x (10 - 8.5)
=10x15
= 15%

u
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Tahie 4: Determining Percent Wheel Slip

(2

Table + may be helpful in determining slip.

Wheel Revolutions

No Load , Percent Slip
9.5 5
9 10
8.5. ’ 15
8 . 20
' 7.5 . 25
% .
T
| .
|

\

Ifslipisgreaterthanthe optimum shown inFig. 2,add
more weight to the drive wheels. If slip is less than
optimum, remove weight. Too much drive-wheel weight
may overload and shorten the life of the power trans-
mission of the tractor. Wheel slip protects the power
transmission from overloading when operating in the
lower gears, If full enging horsepower is used below”
four miles pér hour: you may have too much weight on
the drive wheels. Check the tractor instruction manual

1for wheel weight recommendations.
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MATCHING HORSEPOWER NEEDS -

DEPARTMENT OF AGRICULTURAL ENGINEERING
" IOWA STATE UNIVERSITY
AM 17-72

-~

RACTOR SIZE AND MACHINE SIZE

Definition Matching

lmplement width

A. N 1.

B. 2. Horsepower

c. . 3. Reserve horgepower °
D. 4. Speed, MPH

E. 5. Total draft

Horsepower Need Determination -

pounds draft.

- hiles per hour x total
: 375 -

{1. Problem: What horsepower is required to pull

HP

(Ability to......tus
(Understanding of...

Operation Teaches

v

a‘disc at,) MPH? The disc has a total draft
of 3920 pounds.
MPH x

v

1b. draft

Developed by Hilbert J. Hoof ~

a 1. U. A method of detérmining horsepower needed Hp = Y E ~A____HP
N in a tractor. ) i ’e
2. U. A method of matching mhchine size to Draw Bar Tractor Horsepower (deP)
’ tractor horsepower.
3. A, Identify factors affecting horsepower Tractor draw bar horsepower needs are equal to *
~requirements of a tractor. . the maximum draft load plus 255 to 30% for reserv 1
’ 4. A. Find the tractor size needed for a field : | power. ’ /\/
T operation. . MPH ¢ £ : N
- 5. A. Find the largest machine size Suited to ‘ngP = x total 1bs°33;a £t x1.25 reserve
a‘tractor. RN ¥ . ' *
- 2. Problem: How powerful a tractor “is needed to
Draft per Speead in <pull a plow at 5 MPH? The plow has a tota¥
Machine , foot width MPH draft of 5100 1bs.
Moldboard plow (850 1bs.  3.3-5.0 | gup @ o—— 'EH X __Ib. T. draftdx 1.25 - anp
Disk, stalk ground 250 3.7-4.7 375 N -_
Disk, tilled ground 280 3.5-6.0 _
Spike tooth harrow 180 3.5-7.2 | Tractor Power Needed, Draft Per Foot Implement
Row crop cultivator 150 2.0-5.7
Field chop, green foragé 800 3.3=46.6 |Total implement draft = implemenbﬁwidth x draft
Hay ar straw 200 3.3-4.6 |per foot. ,
Row crops 1250 3.0- “-54 3. Problem: What size tractor is needed to pull
. Corn picking 650 - 2.5-3.5 a 14 foot disk at 4 MPH. Disk draft for stalk
* round {Use table for draft per foot) .
oEvaluation Score Sheet . 8 . i P
: Points ‘ fr. wide x 1bs. perrft. = T. draft
Itenm Poss{ble Earned .
1. Definitions . 5 * Implement Sized to Tractor
2. Problep 1 15 g | Impl. _ 375 x dbHP . ft
J 3. Problem 2 - 15 . | width  MPH speed x draft of 1 ft. x 1.25 wii:n
4. Problem-3. 30 :
5. Problem 4 130 4. Problem: What size plow can a tractor with 80
6. Attitude and work habits 5 . draw bar HP pull at 5 MPH? 1
Tocal 100 c 375 x dbHP
a . . - R ——
e ° = = width ___ MPH x - draft per ft. x 1.25 - fr
. N8 | Sumber of 16'r bottoms )
Name ! . ¢
(" ; qumber of 14" bottoms -
Date Grade ] .

“

Q *
o
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. ) WHERE -DOES THE HORSEPOWER GO? -

>

€

Farm tractors are generally rated according to the maximum observed
power-take-of f horscpower. Thercfore, when you say you are buying a--
100 HP tractor, you mean that it has 100 horsepower available at the
PTO shaft. However, this i{s not. 100 HP-available at the drawbar. . .
Some of the power Is lost in the power trandhission system. There is
also loss due to drive wheel slippage. ¢ In addition, power is reqdired .
to move the tractdr alone. It is not advisable to load a tractor to
its maximum power, so an allowance must be made for a power reserve.

If 100 HP is available at the PTO shaft, about 96 HP will be available
to the rear axle. ' A . :

It is standard practice to provide a power reserve of 20% of the 96 HP.
This reduces the power available to 78 HP.
¥y

wheel slip is a direct loss of power. Ten percent slip is a 10% loss
of power. Unfortunately, wheel slip cannot be eliminated because it
is necessary to develop drawbar pull. Even though it cannot be
eliminated, there is an optimum amount of slig for a specific soi®h
condition. Optimum slip is about 8 percent for a firm traction sur=
face such as sod; about 11% for tilled soil; and about 15% for soft
or sandy surface. o

L

. . N o
Power required to move the tractor on level ground will be about 6.4% of

the PTO-HP on firm soil, 13% on tilled soil, and 2272% on soft or sdndy
. SOil. . s E .

The figures are summarized in Table 1. ) '

Table |. Power Avallable at tfis Traétdr Drawbar

- — “Soil Condition
Firm__ Tildled _ Soft

Max. PTO HP (Nebraska Test) S - +100.0 100.0 100.0
HP available at driving.axle (96% of PTO HP) 96.0 . 96.0 96.0

Less deduction for power reserve (20%) : -19.2 %\ -19.2 -19.2
Usable HP at. driving axle . : , ' "76.8 76.8 - 76.8
Less deduction for wheel sllip - -6.1- .= 8.5 ~11.5

. ' ' o . ) 70-7 6803 65.3
Less deduction for power to .move’tractor - 6.4 <13.0. =22.2
Drawbar HP available for implement - 64.3 " 55.3 43.1

A4

-

E {Source: Samuel G. Huber, Agricultnural E_nginéering Department, The OhioState University, Columbus,
Ohio,. August 1976) )

)

L

AN
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‘Table A 600 hrs/year Fuel Use and Cost
B ‘ Average Annual Fuel Requiremeqt Annual Estimated Fuel Cost (1)
Testtx. \ . Load - Diesel (gal) G al) Diesel @ 52¢ gal Gas @ 63.5¢ gal
A L 1OOZo 3644 4378 © s18b5 ¢ $2780
B . 75% 3268 . 3947 $1674 - , $2507
C \ 50% 2746 . 3269 $1428 $2076
‘D 50% - 1968 , 2537 $1024 $1611
' Table B 1200 hrs/year Fuél Usé'and Cost
. - Average Annual Fuei Requirement - Annuai Estimated Fuel Cost (1)
Test Load - Diesgel (gal) Gas (gal) Diesel @ 52¢ gal Gas @ 63.5¢ gal
A 100% - . 7288 . 8756 - $3790 - $5560 -
B o 75% 6536° - 7894 $3347 $5013
‘ c 50% ., . 5492 6538 $2856 $4152
"D 50% - 3936 \ 5074 J $2047 . %3222

‘Test D was at the same HP load as Test C. but Test D was a gear or two hnghev n
the transmis3ion and at a reduced throttls semng

~
4

s

‘ »

(1) Tax refund for otf-road use would be subtracted.

]

%

&

The gallons of fuel used to plow or disc an acre - Changing badly fouled plugs can decrease fuel
are nearly constant regardless of the size of use by 6%. $216 saving per year.
implement or tractor used. Table C gives the Properly adjusted carburetors can lower e
-average PTO horsepower hours and gallons of usage by 9%2%. $342 saving per year.
fuel needed per acre for various tillage Fuel consumption increases by approximately
operations. 25% when the engine is operating at 100°F
Attainirig greater operating hours per tractor - rather than 160°-180°F $150 saving peryear.
yedrly has little or no significant effect on energy - -
consumption but may be an important factor in Table C ...'-’13.. " Gefsincre
total investment requnred and related tractor Oparation - PerAcre  Diesel  Gasoline
Costs . Plow 8 in. deep ’ 24.4 1.68 2.16
Heavy oftset disc - : 13.8 0.95 1.22
Using the above tractor model as an example Chisel plow 16.0 1.10 1.41
appreciable savings in annual fuel savings can be  Tandem disc (unplowed) 6.0 0.45 0.58
realized by.choosing a diesel engine over a Tandem disc (plowed) 11.0 076 098
. Cuitivate row crops 6.0 0.45 0.58
gasoline engine. Plantifg row crops : 67 050 0.64
Example 1. Selection of a diesel engine for the Grain drill ~ 3 47 0.35 045
tractor shown in Test c above and worklng at ‘Part of data prepared by Wendell Bowevs Oklahoma State Umversﬂy Extansion
50% load, would reduce fuel consumption by Engineer. - / -
16% and reduce fuel costs by 31%—$1296/year ¢ ;
saving (Table B). . Example 1. (See top line in Table C above) An
Example 2. Large tractors pulling light loads can  85.45HP diese} tractor has the potential to plow
save 22.4% to 28.3% in fuel consumption by A approximately 3.5 acres/hr. (85.45HP+24.'4}-!P-
changing to a gear or two higher and throttling® - hrs/acte = 3.5 acres/hr.). This value, multiplied
back the engine to maintain the same ground by the gallons of fuel required per acre (1.68) for
speed. The comparison ‘of tests C and D above plowing, gives a vatue for gallons per hour (3.5 x
_ shows diesel, $809 saving/year; gasolme $930 , 1.68=5.88gals/hr.).
saving/year (Table B). Example 2. The same model tractor, except
Example 3. If the tractors described in examples gasoline powered, is-rated at 79.73 HP and has ..
one and two are compared, it can be seen that - the potentlal to plow apprommately 3.27 acres/hr.
the diesel tractor saves 16.7% in gallons of fuel 3.2Ax 2.16 = 7.06 gals/hr.
used, and with diesel fuel sefling for 52¢/gal and - - B
gasoline selling for 63.5¢/gal, the diesel model 4 ‘ <\ »
costs $3.06/hr. for fuel to operate, and the . N " ’
gasoline tractor costs $4.48/hHr. This is.a 31.7% )
saving in favor of the diesel model. ' : Managing

(Sourca Managing Energy on the Farm. Syracuse, New York '13221: Agway Inc P/Q) Box 4933) “‘!’3"’ _
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i s MACHINE ACREAGE CAPACITY . " - /{ "

- ) . Co ) Field Travel Speed (MPH) Determination < A .

Length-1/2 ad.(80 fPa') . A 14 ft. tandem disc is pulled across aAzield

1/2 mile long (80 rods) in ten minutes. What is
the ground speed in MPH? (l mile = 5280 ft.;
1 rod = 16.5 ft.)

fr. traveled _ T fe. - e
Min. 'x 88 ____x 88

Theoretical Field Tapacity“of a Machine (TF Cap..

MPH x implement width in feet = A/hr A t
. v

MPH =

TF Cap. = B.25
Problem: 14 ft, tandem disc is drawn at 4 5 MPH. C
Find the TF Cap. in a/hr. o
;. i -MPH fr. wide
TF Cap. = - 2.25 2 ) - A/hr.
Time - 10 minutes Effective Field Capacicx,(EF Cap.) ' ) L&
LS a N N
L . . : . acres covered or worked ’
: =z EF Cap.. hours of time used Afbr. . -
- h il ces s 4
. Qperation Teaches Egidei;{aﬁging of , Problem: A 14 ft. tandem disc is used to till
1. U. Theoretical field capacity of a machine. 38 acres in 10 hours. E}nd the EF Cap. in Alht' ‘ .
2. U. Effective field capacity of a machine. EF Cap. = acres . A/ ’ '
3, U. Field efficiency of machine use. ap. hours required E-
" %4, A. Determine field travel speed in miles
per hour, . | Field Efficiency (Field Eff.)
S. A. Determine theoretical field capacity of EF C
an® implement. Field eff. = T?_EEE. x 100
6. A. Determine effective field capacity of an ‘ ap. PR
implement. ) Problem: Find the field eff. of discing when . ‘

7. A, Determine field efficlency of an implement.| the theoretical field capacity is 6.6 acres and
the effective field capacity is 3.8 acres.

Range in Field E&f}ciency for Common Machines ~

EF Cap. . A/hr. .
Yoldboard plow 75-80% Corm plan 6nly 60-75% Fiﬂld eff. = TF Cap. — A.hr., —— % 100 = _7.
Disk harrow 77-90% Corn plan plus 45-65% _ . X .
Fikld cultivator 75-85Z Combine . 60-75% Machinery Use Planning Y ' -
Spring, spike harrow Corn picker 55-70% - - N
65-76% Swather 70-85% EF Cap. = TF+Cap. x field eff. = Acres per hour

Row fultivation 68-85% Sprayer - 55-85% Problem: Find the acres of corn fhat can be

.

: Rotary hoe 80-88% planted with a 4-36" row planter heing drawn at
i 3MPH. The field eff. expected is 602.
Evaluafion Score Sheet Points MPH x fr. wide ) .
Item Posgsible Earned TF Cap. = 8.25 - A/ht‘ . : =
1. Field ttavel speed ‘. 18 i ’ o
2. Theoretical 'field capacify 18 . EF Cap. = ____ TF Cap. x ____ field eff. = —Alhr
3. Effective field &apacity 18 .
4. Field efficiency : 18- . ,
5., Plan machine work jcdpacity 18 Name > >
- f. Attitude and work/habits 10 , ) ) .
. = T/ |Date i . . Grade .
- Total 100 — ; : —_—
hY

Developeg by Hilbert J. Hoof °

. . ! . . ' . . N . . N ,. B
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I. Lesson Toplc: REDUCING ENERGY COSTS IN PRODUCING CORN
’ ‘ . » by A l .
LOWELL E/<EDGES :

Il. Lesson Performance Objectives o, ' .

At the end of this lesson, the student wull be able t6: : “ '

Identify or list specific practices whlch will result in drier corn at harvest time.

Determine specific moisture requirements for safe storage of corn over a given length of time. \
Compute the cost (losses) occurring from over<drying of corn in terms of hushels not
marketed plus wasted energy.

List the advantages of delayed harvest of corn to permit dry-down in the field.

Select a tillage system that will reduce energy requirements without adversely affectlng

income from corn production. D)

Select the most efficient corn drying method. for his/her operation. -
Select a high-yielding hybrid that wilk be fast-drying in the field. _
Select a planting date that willipermit optimum field drying of corn.
Select a fert|l|zat|on and crop rotation program that will make maximum use of n|trogen
fertilizer. "

®

©OoeND OM P’!".—‘

10. List reasons why adequate field dra|nage wrll’a>d uﬁ’ faster field drylng of corn.
lIl. Materlals Needed ] P
1. Literature from locally patronized seed corn companles that pértams to seed corn varieties
2. References listed’in bibliography
3. Transportation availabie so that class can vrslt nearby farmers who utrllze the |mproved
practices discussed in this lesson r
4, Samples of phosphorus, potash, and n|trogen fertilizers J

t . o

- . ’

IV. The Situation

Due to the éhortage of some fuels used in corn production, the low market price of corn, and the
increased concern to reduce the amount of energy consumed in the production of agricultural
crop$, it has become necessary to decide what-areas.can be improved in-our corn production
program to provide for the conservation of energy. Itis important to conserve energy, but itis also
important nof™o decrease crop yields or income to the farmer.

The production of corn requires the largest quantity of energy of any Midwest crop.This energy is

utilized in various forms, such as ggsoline, diesel fue), fertilizer, herbicides, and fuelsfor drying. As

energy costs rise and the availabil of energy becomes less certain, farmers are looking for ways
" to reduce their energy needs and still maintain income. . -

-

V. Introduction to Lesson

1. As an interest approach to the lesson, ask the students the questiqn, "What Midwestern U.S.
crop requires the largest quantity of energy to produce?” In answering the question after the. -
'students have given their suggested crops, show a transparency of the twe-graphs shownin
Figure 1. These graphs indicate that corn requires the most energy to* produce. '

2. To further impress upon the students the amount of energy required to produce corn, show
them another transparency with the followmg information: (Ted Glenn Energy Consefvation in Corn  +
Production and Drying)

. ‘ ~ The sum total of all these energy inputs can equal asmuch asthe heat equrvalent of %
80 gallons of diesel fuel per acre. - , ‘ ©

[2

] i . Typlcal usage is in the nelghborhood of 50-60 gallons of fuel per acre.
~ERIC R (L ) |
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) lsJS TO_TALTRILLION BTU ' TRILL!ONK%P%L . AVERAGE PE'R ACRE MILLION BTU MILLION K CAL -
. 00 - . L. 12 — v . v
. =101 -3
s
] — 76 '
— 50 —1
- ) >
- 25 .
- - Soy- 0 0 oy- = 0
Wheat Cotton beans Qats Barley Corn “Wheat Cotton beans Oats Barley e

1974 data. Kilocalorieis the mg!ric energy measurement comparable to BTU, 1 K CAL =4 BTU

Figure 1. Energy use by crops— U.S. total and average per acye. (Source: Agricultural Handbook No. 551,USDA,Nov.1978)
¢ - = 2 _ \

A typical breakdown for harvesting 26-28 percent moisture corn in Ohio is as foIIoWs: :
. N - . !

9 » 50 percent fertilizers and pesticides (80 percent of this is in the nitrogen : ‘ : S
fertilizers) ~ . . . ‘ _ .
e 35-40 percent drying requirements ) ‘ . R
( o

]

e 10-15 percent field operations

- 3. At this point in the lesson, students can be helped to understand something about energy
costs. Rapidly changing energy costs plus the need to conserve energy in the form of fossil |
fuels make no longer economical or advisable many practices previously used in producing
corn. A student who has a corn projectfor asupervised occupational experience program can

& be selected for assistance by the classTn determining practices that can be used to reduce

_energy costs in producing corn. : ' : :

Y . e
-
{

VI. Problem for Class-

1 .

The‘following problém, or decision to be made, can be placed on the chalkboard.

@ “ "What production practices can _ student: ~ __ tilize to save energy in producing corn .
without sacrificing either yield or income?” : ’ e

1. Possible student answers:

a. Use fast-drying, high-yielding hybrids to reduce amount of artificial dryin'g required.

b. Plant early to permit more drying in the field. o

c. Provide adequate drainage so that corn can be planted early. o

d. Use reduced tillage systems where suited in order to reduce amount of fuel used infield . -
- work. o ' . . ‘ ' e
e. Manage more efficient drying systems. ‘ ' o : : :

The second transparency can be referred to again to assist the students in determining some : . :

specifigenergy—i'educing production practices. If students say, “Reduce artificial drying time,"the = » a
teacher can build on that suggestion and expand itto specifics. At thig point, studentanswersasto .,

. suggested practices need not be very specific. ' S ' : - -

4 . . . -

-




. 2. Depending on the time available for the teaching of this problem, or decision, the teacher may
‘ teach one or all of the practices meéntioned prgviously to reduce energy amounts and costsin
f - producing corn. The remainder of this lesson plan consists of strategies-and content for the
teaching of all these practices. .

3. A possible alternatNe follow-up statement the teacher could make after puttlng the problem

’ on the chalkboard s: "Let's look again at the main production areas in which energy is.used
"~ in producing corn. What are these three main areas?(Expected answer: fertilizers and pest-

icides, drying requirements, and field operations.) Tohelpusin ourthlr@klng concerning
energy-saving productlon practlces let's take each area ahd list some specuflc practlcest~hat

could save energy.’ 7 -

-

With student help, the teacher selegts the foHowing practices to be listed on t-héchalkboard:

- a. Fertilizers and pesticides: _ ‘
e Supply sufficient nutrients. . ) _
- ® Use nitrification inhibitor® or slowly available forms of n|trogen fertilizer. >
“ ® Use crop rotation, including legumes.
. . b. Drying requirements: )

Harvest at lower moisture, thus,requiring less artificial drylng )
e Use more energy-efficient dry|ng methods

e Don’t over-dry.

o e Select faster-drying, h|gh-y|eld|ng hybnds \

_c. Field Operatiorns: ,
e Plant early. '
e Provide adequate drainage.
e Use reduced tillage systems where suuted

‘é 4. At this point, the teacher may make a statement Such as, "Let's take each of these possible
energy-saving production practices and determine if __ student . can use the
practices, and how he/she should put the.practices into use.” The teacher then arbitrarily
selects the order for teaching the. practices. The factor of seasonality should bé considered .
when selecting the order in which the practices are to be taught.

-

" Y . ' k )
A. SELECTING A PLANTING DATE ‘

\

Problem Statement: "When should student  *_ plantcorn in order to obtain optimumyyield
plus reduced energy requirements?” 4 .
) - In getting students interested in determining theideal plantlng date for - Student ,the .

teacher could ask the question, "What are tHe benefitsof early planting of corn?” Or, "How does
.early planting of corn affect energy requirements?” In answering the firstquestion, the teacher may
present the following information for consideration by the students:

A .
a. Planting early provides the corn crop with more Growing Degree Days faster; thus the crop is
more likely to @ature before frost. As a result, grain can be left longer in the field to permit
natural drylng This in-turn yields a saVing in fuel normally used for artificial ing.

b. Vegetative growth is completed and pollination initiated prior to the period of grea est
moisture stress in July

x*

c. Grain filling occurs durlng the period when solar raduatron is high, so there is greater
accumulation of dry matter in the grain. This results.in a higher yield. 2]

d. Earlier planting leads to an earlier harvest in the fall. This allows tlme for fall plowing and
application .of lime and fertillzer - : .

L] .
" ‘ . Students nbw see some the advantages of early planting. They should be recebtive to doing
' supervised study to determine the best date for the)é‘tanting of corn. Theteacher may proceed with

[1




aq,

-~ ‘

& .
a comment like this™Now that we can See sobme of thefé)dvantages of erly plantirig, we need to f|nd
»outwhat would be the be@8iate for student —to selectfor planting corn. Tohelpusinour

decision-making, let's study these research data supplfed by the Coopera’tlve Extension Service.
Can you tell from thls information what might be an ideal planting date?

The teacher should present the students with the followmg chart (Table 1)'as ﬁ prmted handoutor
transparency.
Table 1. Effect of plantingdate on yield and
moisture content of corn grown at Columbus,

' Ohio (9-year average) {
. Pianting Date - Bu/A @ Moisture (%) .
, 15.5% Moisture
&t March 20-30 176 19.3 -
) March 31-April 8 * 183 193 .
' Aprit 9-15 o177 19.3
April 16-22 176 v 20.2
April 23-29 175 208
April 30-May 7 173 - 287
May 8-14 163 249
May 15-21 ~ 165 < —
May 22-27 - 152 - 28.2 .
May 28-June 4 138 35.0
June 5-23 © 91 40.0
(Source: 1978-79 Agronomy Guide, Bulletin 472) -

In helrg‘mg students use this information to determine the best "early planting date,” the teacher
may ask the following questions: “Do you see one particular planting date that gives the highest
yield?" Studepts will probably answer, "April 8th.” The teacher may then ask if weatherin their area !
at that time of year usually permits the planting of corn. The class will probably indicate that the
weather usually is too cold and the'soil too wet to permit planting. The teacher could then ask, "Gan
you find a particular date for corn planting after which yields show a sharp decline and the moisture
content rises?” The chart indicates that corn yields decline sharply aftera May 7th planting date (at®
Columbus, Ohio).

- 2
~ .

At this point, the teacher should also help the students understand the correlation between early
planting, higher yield and lower moisture content of the corn. The lower moisture content at
harvest would result in less drying time for safe storage, thus saving energy.

" In order to help studenis determine the best planting date for their location, the teacher should

provide this thumb rule: "Corn may be planted one day earlier for every 10 mlles south of Wogqster."”
(Eckert, éulletin 645) 4 L \

To arrive ata decnsion for ___student - ‘the teacher should ask the class, ”Consldering that we
are miles (south or north) of Wooster what would be the best corn planting date for
student ?" The students can now do the calculations. When they have completed the
calculations, and agreed upon a date, the teacher should write on the chalkboard, "Conclusion: We
recommend that __student__ should plant corn on ___98t¢___in order to obtain maximum yield and
reduced energy requ|rements for drylng the corn.” i

if time permits, the teacher may want to continue the dlscusslon of early plantlng ofcornto lnclude

consideratian of ways in which a corn producer can increase chances of pIantnng on time.
Procedures that can be done include: o,

1

.

a. Have all materials and equipment ready before the plantmg season. ‘

b. Switch to larger equipment to permit grower to cover more ground in less t|me
c. Work fields as soil moisture conditions allow them to.be worked, performlng at least some
* operations on well-drained areas while poorly drained ones are drying.

d. Consider drainage lmprovements and possible modlflcatlon of tillage operatlons

4
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B. SELECTING A-VARIETY OF CORN - ) T

Problem statement: "What variety of corn should student select that will mature early,
thus permitting more drymg time in the field?” :

”  The teacher may begin with the decusuon-makmg ‘process on variety selectuon by askmg the

question, "What factors should we consider (or what characteristics should we look for).in a corn
variety that will M&Ip us conserve energy'?" The teachersshouldaid the students in eventually
arriving at the factors of (a) maturity length, (b) the relationship between grain moisture and yield,
and (c) standability. The teacher also should impress upon the students the importance of choosing
a hybrid on the basis of its proven performance in the student’s partlcular area.

3
.

Before specific varieties are compared using a "Possubulmes-Factors" approachto lesson planning
and teaching, the teacher should help the students understand more fully the benefits of plantmg a
vanety of corn which will mature m a reasonable period of tifme. Reasons include:

a. Danger of frost is reduced if the crop has already ma‘tured there |s less chance of ending up
with a field of wet corn which will requure much energy for drying. . L

b. If the crop matures early in the fall, the grower can take adviznage of free drylng energy .
provided by the sun. The mature crop can be left in the field“for a periqd of time.

One more point should be made before developing on the chalk-boar the’ Possnbulntnes—Factoys
Chart that students will use to select an appropriate early maturing.cor anety The teachershould-
assist the students in understanding that Growing Degree Days (GDD) seems to be the most accurate
method available today fer measuring corn maturity. In othet words, this information about a.
variety can be used for the factor of maturity length. The grower shoyld choose hybrids whose GDD
requirements are within the GDD expectations for that particular arléa Many seed corn companie$
willingly provide information on GDD requirements of their hybrids.

The teacher should now construct on the chalkboard theé framework of the Po$1bilitiestactors
. Chart (Table 2). . -

Table 2. Possibiiities - Factors Chart ‘

‘ ] :' . -\
_ POSSIBILITIES : 7 " FACTORS e
- *° -, Maturity Length Relation beiw ‘
Varieties in GDD Co- Moisture & Yield Standability
1. : . v - ) )
2. T . : : . -
34' . he * " -
(etc ) N ’

Varieties to con5|der as possible selgetions shotyd come'from students’ experience and ‘
,knowledge, or from the teachers’Knowledge of community practices. Another source of variety
choices could be the publication entitled, "Ohuo Cofn Performance Test.” (Agronomy DepartmentSerles
215) . R

An obvious factor to consider in choosmg acorn variety for a patticular location in the state is the
- GDD expectation for that location. Figure 2 provides that information. (Eckert, Bulletin 645)

Figure 2 can also be used to show students that the longer planting must be delayed because of
. location, the sharper will Be the drop in available GDD's. To make full use of the solar radiation -
available, the producer should choose hybrids which fit the GDD expectations of h;s/her location,

and should plant early in the season. L.
" Table 3 can help students locate specmc sites throughout the state and figure titfe GDD’ s of five
dates |n May. , .
B ? | . | - R \ ) - \




N ”* Figure2. Expected GDD accumulation from May 8 to
‘ o average date of 10 perceht chance of frost: white —
’ N +  less than 2,400; dots — 2,400-2,600, diagonals —
.x" 7 . 2,600-2,800, cross-hatch — 2,800-3,000, black —

a " more than 3,000.
‘un . K

[ . - .
- . vo-

The students should now list on the chalkboard possible corn varieties for consideration, along

. with the information about each variety — the factors to consider.

"
Sy

When students ate satisfied that enough varieties have beef listed for consideration, the teacher
should lead the students through the reasoning process of selecting the variety or varieties which
has/have "most of the best" characteristics. When a conclusion has been Jeached, the teacher
should write on the chalkboard, "Conclusion:We recommend that__studant ™ plant_ selected variety
or varieties . to make possible early planting, which results in more drying time in the field and
thus conserves energy without adversely affecting yiéld and income.” _ ' L

- .
¢ .

Additional information for this problem or decision éan ‘be found in the publication, Growing
Drier Corn for the Consérvation of Energy, Bulletin 645, Donald J. Eckert, Dept. of
Agronomy, Cooperative Extension Service, The Ohio State University (1978).

v <
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‘ Table 3. Growing-degree days (GDD) accumulated at various sites in'Ohio from several dates in May through .
{ , the 10%-frost date in the fali. ! ’ :
4
GDD from May to 10 percent chance-ef-frost . -~
"
Station Name My 1 - WMay 8 May 15 May 22 _May 29
Akron-Canton Alrport 2324 2250 2178 2102 2028
Arsenai. Ravanna 2185 2112 2040 1967 1894
Ashtand 2650 2570 2489 2408 2327
Athens 2763 2663 2563 2463 2363 - . ..
Barnesville 2391 2311 2231 2152 2072 .
) Belletontaine 2179 2691 2603 2514 2426
Bowling Green 2805 2718 2630 . 2542. 2454 - . : .V
Bucyrus 2525 - 2444 . 2363 . 2282 2201 . .
Cadiz 2820 2131 2642 2553 2484 i .
Caldwell 2814 2718 2621 2524 2427 . - s
Cambridge . 2678 © 2582 2483 2395 . 2301, . : .
Canfiald i 2m 2208 2138 2089 2000 ) .
Carpanter 21N . 2693 2590 2489 2388
Celing 2782 2687 2592 2497 2401
2 Centerburg 2501 2416 2331 2246 2161
Cherdon ™ ° 434 2366 2298 2230 2162
Charles Mili Dam | 2245 2178 2106 2037 1968 : : : o
Chillicothe . 3158 - 3049 . 2940 2831 2722 - . C e
Chilo 3099 2094 2890 2785 2681 : : N : .
=2 Chippewa Lake 2389 2313 2237 2161 ’ 2088 -
Cincinnati-Abbe 3391 3283 3175 3067 - . 2959 : :
Circteville 3023 2017 2811 2704 2598 - . : : ?
Columbus-OSU 2 2683 2590 2496 2403 R
Coshocton 2787 © 2601 2506 2500 2404 L.
Dayton 3237 3125 3014 , 2903 2792 ,
Defiance 2570 2489 © 2408 2327 2248
Delaware - : 2726 2537 : 2547 - 2457 2367 o
Dennison 249 2405 2319 2233 © 2147 . T -
Dorset - 1977 1915 . ;asz 1780 ‘1}35 .
Eaton 2769 <2678 588 - 2497 .. 247 . .
Elyne .. 2682 2603 2524 2445 2268 L e
Fernhenk Dem 3324 3215 3107 2998 . o889’ - S :
Findlay 2598 2518 2437 2357 - ©2e18 :
Frankiin . 2896 276 T @ 2606 2596 2496 L -
Fradaricktown . 2372 2293 2213° 2134 2054 ) . :
Fremont 2828 2741 2655 - 2568 - 2481 - R .
Gallipolis 3160 3085 2931 2818 2701 B ) ,
Geneva 2525 - 2460 2395 - 2330 2265 . :
, Greenville 2707 2621 -+ 2535 : 2449 2365
Hamiiton 3132 3024 . 2915 2807 2698
. . Hillshoro - 2031 2835 2738 2842 - - 25464 s
Hiram . 2460 2409 2338 2267 2198 - )
i : Hoytville : 0 2623 2535 2447 ¢ 2359 2272 .
N ironton 3359 3240 3121 - 3002 2084
trwin 2574 2487 2400 L 2313 2226 ~ a
Jackson 2739 2638 2536 \ 2434 2332 - . .
: Kenton 2604 . 2523 243 - -\ 2382 < - 2281
Lancaster . 2750 2654 2557 ' \ 2461 To2384
Lime ) 2708 2617 - 2529 T 244 2353
. London , 2755 -+ 2668 2576, . 2487, 2398 . )
- Mariette 2918 2818 2719 T899 20 . : <.
> Marion 2721 2629 2538 2447 - 56 . o
Marysviile : 2830 2545 2460 .- 2375 2291 .
McConnalsville 2898 . 2805 2nz2 . 2618 - 2525 :
Millersburg 2528 2444 2360 227 2192 : .
Millport - 2182 2111 - 2041 1971, Co1801 . . . -
Minere! Ridge 2513 2433 2354 T 2274 2194 ' .. - >
Montpsilier 20684 2580 2495 2411 ’ 2327.
Napoleon . 2692 2610 2528 2446 2365
NC-Substation 2510 2427 2344 2261 2179
Newark : 2636 2545 2455 - 2385 22715
New Laxington ' 2595 . 2504 2412 2321 2229
Norwalk 2569 2490 241 2332 . 2254 .
Oberlin ' 2618 2539 2459 2380 ' 2301 -
a Painesville 2642 2575 2509 2442 2376 :
Pandora 2518 2435 2351 | 2288 - 2185 . : o
Paulding 2651 2567 2484 . 2400 .oy . "
Paables 2008 . 2795 2691 2587 2483 )
Philo 2885 © 2784 2682 2581 2480 ’ ioc
Plymouth 2569 2491 2412 " 2333 2254 e
Portsmouth 3476 3353 3231 3109 2967 ' 2
Put-in-Bay 3087 - 3013 2939 © 2865 2791 . :
Sandusky 3030 2946 - . 2863 2779. 2696
. o S. Cherlestion. . 2817 2505 2394 2283 ) 2172 -
Senecaville Dam 2497 2408 2319 2229 2140 E o C B
Sidnay i 2653 ' 2567 481 . .2098 2308 E ‘
Springfisid . *‘ 3103 3002 2900 2799 2697 ;
Steubsnviile 2837 2747 2857 . 2567 2477 co
Titfin . 2782 2875 2587 - 2500 2412
Tom Jenkins Dam 2150 2072 - 1994 1918 1838 . .
Upper Sandusky: ar21 2632 2543 2453 2364 :
Urbane . 2622 2535 2449 2382 2276
Van Wert 2778 2688 2508 . 2509 419 . -
Warren . 2559 2479 2398 2318 - 2237 : s
Washington CH 2900, 2812 - oerne 2619 . 2523 : :
Wauseon - 2518 2439 2062 2285 2208 . / .
Wavarly . 17 © o2 . 2708 2600 2495
) Wilmington 2958 2858 2754 2653 2551
’  Wooster . . .2350 2217 2205 2132 2059
Xenia . 2893 2794 . 2695 2596 - . 2498
: : : Zln‘nvlllr ¢ ) , 2351 .. 2066 2181 2096 201

‘ Soucc:"omommnm:{mf o ) e ' . ‘ ‘ T A

A Fuiimext provided by R
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C. PROVIDING ADEQUATE DRAINAGE

This lesson is not intended to develop in the student the ékills_; attitudes, and understanding
required to select and implement an appropriate drainage system for a specific farm. However, the
student should be helped to understand the effect of drainageon the numberof days &vailable for

field operations. The studenit should recognize that excesswater can delayearly crop growth and -

ultimately reduce crop yields. Improved drainage can significantly increase the number of days*
available for field work, thus making possible early plantirig. ) : o
-To help the students understand how improved drainage can result in energy savings plus higher
yields, the teacher may present the following table as eithera printed handoutor transparency for
overhead projection. This information may be preceded by the question, "What effect does

, drainage have on days available for field work?" e
. » .
Table 4. Days avallable'vfor field work between March 21 and May 1. ' i _
Average 80%o0f N
Soil Drainage per Year Years'
.{,' . )
i . Poor . 9 days 4+ days
- Poor, with drainage . ~
- improvement 12 -7+
Moderately well-drained 12 7+
Well-drained 14 10+

(Source: Timely Field Operations for Corn and Soybeans in
Ohio, Bulletin 605) . '

~

D. REDUCING TILLAGE

The adoption of a redUcedtillage system may also be useful in achieving early plénting, whichin
turn results in more drying time available in the field and, therefore, higher yields. The teacher can
present the information in Table 5 below to emphasize that reduced tillage operations -can

substantially reduce the time reqUi red to establish a corn crop. Such reductions can make possible

< substantial fuel savings.

The presentation of this information can be preceded by the question, "What effect does tillage
have upon the time required to establish a crop and the quantity of fuel required for tillage?"” The
teacher should make certain that students understand that the no-till system requires the least time
and fuel, but may not be applicable in every situation represented by the class. The teacher may
desire to teach a separate lesson on tillage systems to enable the students to learn how to reduce
tillage requirements for corn production. ' : . < :
9" : |

Table 5. Time and fuel required to establish 100 acres of

corn using four different tillage systems.

Tillage System ~ Hr/100 Acre A /hr. Gal. Fuel/100 A
Plow-Disk-Plant - 800 125 315 e
Chisel-Plant '50.0 2.00 155 - . . S
‘ Disk-Plant =~ - =~ 38.3 3.61 110 : '
A -  No-till 250 400 40 .
' : (Source: Agronomy Department Mimeograph - Selectinga = - )
Tillage System) ) _ _ ;

E. OBTAINING LOWER MOISTURE CONTENT AT HARVEST TIME I
' Problem Statement: "How dry should__student's - corn be before he/she stanao harvest it?” ]

| Sy
-
2

s .

it
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As an mterest approach to this decision, the teacher may first want to get the students thinking -

about the advantages of grownng“drlqr corn. The following-question can be used to help students”

see the need to be concerned about the mbisture of gorn atharvesttime: "What are the advantages.

if any, of growing drier corn?” , ‘ . ® : .

To get student participation started, the teacher can use the followmg table to pornt out to the
students certain conclusions from research ;

Table 6. Dollars per acre recelved from comn aftor drying.* . v

o " Vield: * Graln Molsture at Harvest
(bu/A) . . —
No. 2 20 225 25 275 30 325 35 - B
~_Com "——_ dollars/acre - S .
100 . 190 187 183 177 171 162 153 ‘ '
! . 105 . 200 196 192 186 180 171 161
. 110 209 205 201 195 188 179 169 :
115 219 215 + 210 204 197 187 176 - ' *
120 228 224 220 213 205 195 184 C
125 238 233 229 222 214 203 192
130 247 243 238 231 222 211 199
1365 -~ 257 252 247 239 231. 219 207 "
140 266 261 256 248 240 227 215 W
145 276 271 265 257 248 236 222 . -
150 285 280 274 266 57 244- 230
1585 295 289 284 275 65 252 238
160 304 299 293 284 274 260 245 |
165 314 308 302 293 .282 268 253 . A . -
170 323 317 311 301- 291 276 261 . o ’ : '
175 .333 327 320 310 299 284 268 . R '
180 342 336 329 319 "308 292 276 S b
185 352 345 339 328 317 800 -284 o ‘ T
190 - 361 355 348 337 325 309 291
& *Based on cash price of $2 per bushel of No. 2 corn, and

average shrinkage rates and drying charges of elevators in
Wayne County, Ohio. (Eckert, Bulletin 645)

-

Concluclons : .

1. A} any vield, the return decreases as morsture content |ncreases : ~’

2. The penalty for wet corn increases with |ncreas|ng morsture content at a speclflc yield and ’
also between specific moistures with increasing yield.

. A 10 bushel/acre decrease in yield is compensated for if moisture is reduced 2.5 t0 10 percent,
depending on specific yield. (For example, 150 busheis of corn at 25 percent mojsture are.
worth just as. much as 160 bushels at 30 percent)

< ¥

r
s
\
!
t

Additional facts that may help students understand the advantages of growing drier corn are: '
{Eckert, Bulletin 645): - - o S

1. As grain moisture cdfitent increases, the grain tends to shell out more rmperfectly. especially
¢ , at moisture levels above 25 percent The portlon of the kernel left i rn the'cob is Iost thus

- reducing yield.

2. Quality of grain decreases asit is harVested at h\her moisture content Crackage. as well as'
the amount of foreign material, |ncreases and results in a price penalty for the grain..

. : 3. Wet grain is Iesa'convement to handje than is drier grain. With wet grain the grower must R
' ' handle more. weight and addrttonal volu me. This costs more tlme,effort,and money Driercorn-

reduces these costs
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. - Rather than the teacher's giving the above information directly to the students,_they should be
encouraged to obtain the infgrmation themselves through supetrvised study. The teacher:should
have available enaugh copies of the reference Growing_ Drier Corn for the Conservation of Energy:

After the students u,nderstand the ad\}antag.es of'grovwing_ drier corn, the teacher-should helb the -

. class arrive at a correct calculation of the appropriate moisture level at which to begin harvesting. 7

Research indicates that harvesting corn at 25 percent moisture or below can save the prod ucertime Ny
and money. Students can be helped to arrive at this figure by being shown the following research
conclusions/results: (Eckert, Bulletin 645) St : . v .

N o B
1. Kernel crackage increased three-fold as grain moisture at harvest was raised from 25 to 30
percent. R ' '
. S \ p T .
2. Imperfect shelling becomes pronounced at moisture levels above 25 percent. ot

(S

3. Fifty-six pounds of corn at 15.5 percentmoaisture (one No. 2 bushel)‘contain 4.5 Ib. additional -

¥ water when wet to 30 rather than 25 percent moisture. Assuming a three-hundred-acre farm

producing 100 bushels of corn per acre, the grower must handle an extra 67.5 tons of material

(all exc#ss water) if harvesting is done at 30 rather than 25 percent moisture. Since corn .

expands as it becomes wetter, the grower must also handle an additional volume
" (approximately 2,000 bushels of material). | .

-

The teacher should now place on the chalkboard the conclusion or solution to the problem.
. "Conclusion: __student  shpyld begin harvesting corn at 25 percent or less moisture content in
order to save money at the elevator, as well as time and energy.” : : :

~ 4

- ' . ' ' p

i L.

. F. AVOIDaO\}ERDRYING OF CORN
)

Problem Statement: "|f __Student _ has to dry corn artificially, what practices can we recommend?”
Introduction: ' . , '

' The teacher needs to help students understand the implications to the grower of drying-corn"- -

\ artificially . Practices should be followed that will use the least amount of energy possible to dry
the corn to the recommended storage moisture for a specific situation. The teacher needs to help
students understand that.a grower can conserve energy in two ways: 1) avoiding overdrying (drying

grain only to provide safe storage for the required time to be stored), and 2) managing drying ~__~ '

systems eﬁicieqtly.

As an interest approach to this problem areé, the teacher may want to assist the students in -

understanding how overdrying occurs. The math calculations could be presented for determining

the cost (and energy wasted) when corn is overdried. This question may be placed on the chalk=
board and then answered: "How costly would it be for __student _ to overdry his/her corn?”

LS . . . . -
Sample calculations to use are as follows: ’ ' v B : .

Question: How much weight and bushel lossﬂdb we have when drying .1"0.000. bushels of No. 2
corn at 15.5% moisture down to 14.5% moisture? =~ - Vo

Question: What is the doltar Joss? . ° S o S B

1. No. 2 corn cdnslsl§ pi 0;175‘5. p‘ouhds.ol ﬁil_er./_(lb, dry grain + Ib. ;Watér) .
2. 'Therefore;‘to ;lnd lotall ﬁelghl of 10,006' hu.~corn.al 15.5%__ moisture: o
W1 =“weight of water = 0,155 x 10,000 bu. x 56 Ib./bu. -
G= Weigt;t' of dry grain = 0;{345 X 10,0001_)& x.56 Ib./bu.

86,8004 =Wi
4732006 =G

i

Rl

Total weight of 10,000 bu. (T). T = 560000# =Ti -

.9‘
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3. To find total weight after drying to 14.5% (T2)¥ : , \
Tz = weight of water (W2)in 14.5% moisture corn + weight of grain (G) or. T2= Wz + G

. . R o

Solving for Wz ) - _ ), . v - ;.

0.145= W2 _ 0145 (G +W2) = W2 ’ +
G+W: - — -
Wz=0145G+ 145 W2 . . . - "
0.855 W2 = 0.145G, or W= 9145 = 0.145 475 500) ='g0,250 I water in 14.5%
, \ 0.855  0.855 corn moigture -
R o N - - ’ ’ I
C Total weight of grain at 145
- “4 = W2(80,250) + (G) 473,200 or T2 = 553,450#
. ) B . .o ) B
' T+ (560,000) minus T2 (553,560) = 6,550 pounds weight loss - . ,

. 4. 8,550 Ib. divided by 56 Ib./bu. = 117 bu, @ $2.50/bu. = $292.50 marketable weight loss R

t

5. Fuel cost: ‘ o '{
~ ? » . V l . - B . \ .
W1 = 86,800 _ : o o
W2 = 80,250 . - ) L ’ : v o Ky
6,550# water removed x 2300 BTU/Ib. water x gal- L.P. ., $060 _ R
. ' 91,500BTU  gal: LP o .

) ! energy cost of ovérdrylnq = $98.79 -
6. Total cost of overdr}'ﬁg 10',‘000 bushels of corn (from 15.5% moisture to _14'.5% moisture):
$292.50 + $98§79 = $391.29 ¥ : '

3 . :

d 4 - - . . i
Table 7 below can also be used to draw students’ attention to the fact that overdrying reduces
bushels to be sold as well as increasing cost by wasting fuel. (Glenn, OARDC, Feb. 1980) -

' R Table 7. Overdrying costs you money.
% Molsture Extra Cost of Drying ‘Shirink Cost | Total Cost/Bush_elv ' K
4 14, ~ 1.70 cents/bu. 44 cents/bu. i 6.1 cents/bu.
13 316 72 103
12 ' 6.00 @ - 12.0 . . "1.8,0

- = - - —
-~ - R .
© -

Following the interest approach, the teacher can.ask the question, "What practices can ~_Student
use to improve grain drying efficiency?” , o o :

. One decision a grdwer needs to make is how qdry the corn should be for _hié/hér par't?cular storage
RO .. situation. The students could be given'the problem statement, "How dry should __sfudent _ get the.
s corn for his/her situation?”- : ' . , :

B

' The students will need to know __3fudent’s_situation. This can be done during a field triptothefarm.
P When the situation is known, the students can refer to the tables which follow (handout or
‘ 4(\ - transparency) for the recommended safe storage moisture content for corn for -_student’s .
~ sityation. R R o ' o
Place onthe chalkboard:; -

LY N -
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- Example: S x : o S " °
p‘, p . ’ v R . . ’
Dale M’s situation:
. ' ° i
(a) Lives near Findlay, Ohio ' : ’
(b) Wants to start harvesting about October 15 - : '
(c) Length of storage period for his corn: up to June 1 :
Tablu 8. Estlmated safe* sforage duration, based on worst-year weatherdata during 1962—72 forvanous -
\startmg dates of corn storage at Spnngfleldd Ohio. , . - -
; ' For Grain Moisture iWet Basis) . .
- - .. . y . : - Q_
20% 1,9?/0 18% 1% 16% * - 15%
‘Starting Date |~ - SR F
for Storage ) - e Safe Until
October 1 Oct. 200  Oct. 25 Nov. 11 Feb.9 - Apr.30  July23
Q\October 15 Nov. 16 Nov. 26 . Feb.7 Apr. 7 May 11 July 30 -
* November 1 :| Jan. 22 Feb.27 _ Apr.1  ‘Apr.25 =~ May21 _ Aug.7
.t November 15 | Mar.15  Mar’30  Apr.11 _ Apr.30 ° May26  Aug.10 , °
December 1. | Mar. 25, Apr.6 ' Apr.15 ‘May 8 May 3t Aug. 16 '
*For estimatetd less than 0.5% deterioration . ) . : A A
(Source: Glenn, Energy Conservation in Crop Production and Drying, OARDC) . . -
Table 9. Estimated safe* storage duratlon, based on worst-year weather data durlng 1962-72, for vanous
starting dates ofkorn storage at Flndlay, Ohio. .
¢ . - o
- ' For Graln.Molstu‘re. (Wet Basis) R 1
' 20% 19 ' 18%  17% 16% 15§
Starting Date : — S :
for Storage . Sate Until N
October1 | Oct.23  Oct.28  Nov.17 . March11  May13  Aug.2
October 15’ Nov. 16° Dec 22 ~Mar.1. - Apr. 21 ' _ May 23 Aug. 10 'v ’
" November 1 h Mar. 1 Apr. 3 Apr. 17 ~May 8 : June 4 - "Aug. 23 '
November15 | Mar.31 * Apr.12  Apr.27  May12 .  June8 Aug. 26 -
December 1 | ' Apr.5 - Apr. 16  May3 May 17~ June 11 -~ Aug. 27

*For estimated less than 0.5% detenoratlon '
(Source Glenr, OARDC)

L6

[N

Using TabJe 9 for Findlay, *e students, w;th the help of the teacher, wul identify 16 percent as the | ;

morsture content corn should be dried to.-

The teacher should write on the chalkboard the. foIIowmg "Conclusnon Dale sh0uld dry hrs corn' )

to 16 percent moisture |n order to haVe safe storage to June 1.7

,;,,115
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Table 10. Estimated safe* storage duratlon, based on worst-year weather data during 1962-72, for
various starting dates of corn storagetat Wooster, Ohio.

A} For Grain Molsture (Wet Basls)
' 20%  ( 19% 18% 17% - 16% 15%
Starting Date S : i
for Storage |- - . / Q SafeUntll = . ' ‘

.October 1 Oct.26 Oct. 31 Dec. 9 *March 16 May 20 Aug. 25
October 15 | Nov.28 . D&.26  Mar.1  Apr,21  May31 - Sept 2’
November1 | Mar. 3 Apr. 2 Apr. 16 May8 - June7 | Sept. 7
November 15[ Mar.31  Apr.9 = Apr.25  May,16 = June13  Sept. 10
.Decemb.er--1-' Apr.8 . Apr.16 . [ May3 May 20  June15. Sept. 12 .
*For estimated less than 0.5% deterioratioh -~ o 7 :
(Source: Glenn, OARDC) . - @ T o L.

After this dec|sion has been made the teacher may want to assist the students in identifying not'

only Dale’s present drying system, but other drying systems ava:lable for use in the: communlty

Drying systems identified will probably be (a) ngh-temperature drying (b) Low-temperature
drying, (c) Combination drylng, and (d) Batch in-bin drying.

~ Studénts need assistance in identifying energy-savnng measures for each system The teachercan

list on the chalkboard'the name of each system and then help the students identify how each system
can be operated more efﬂcrently ~ ~

For e),ramp/e 2t LY N
s ngh-tampcralura Drylng « Lo o . ~
ﬁ .

Descrlptlon ot system: (Refer to Figure 3. Give to students asa hand0ut for their notebook.
Revnew pnhted descrlptlon as well as the drawing.)

°

Operating procedures to reduce energy ‘requirements:

o Eliminate rapid<cooling in the dryer._

°
o

T e stude‘nts nee to undefrstand why this procedure is recommended Eutherthrough handouts or
supervised study psing ri er‘ences students should learn the follow:ng '

High temperature dryrng with rap|d cooling produces. non-uniform temperature and moisture
profites within the kernel, resulting in stress-crackingand a conslderably more fragile or less stable
product dunng handlrg,g and storage. A solution to this problem is to eliminate rapid cooling in the
dryer. This is the first step in the "dryeratlon pr0cess" which produces better quality carn while
increasing efﬁc:ency .

With dryeratlon (Figure 3) corn is dnscharged from the dryer still’ carryrng some excess: morsture
(usually 1 to 3 percent) at temperatures of at least 120 to 140°F. The corn is immediately transferred
to a separate cooling bin. Here, steamingin its own vapor, itis held without meéchanical cooling fora

tempenng period. The corn is then cooled slowly to remove the 1 to 3 percent excess moisture-

before it |s transferred, dry and coot 'to storage. or load out. .

.

Companng results for dryeration whére corn is removed hot from the dryer at17 5% morstgre to - -

figures for conventional hlgh-temperature drying (from 28 down to 15 percent- moisture content),

the dryeratlon energy savrng is 16 percent, Wh:le there is a 70 percent mcrease in capacrty of the B

1:1',6*
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- . (HOLD HOT .
o 6 to 10 HR.) ) »
- WET. CORN IN L i o )
20 - 9 r . : - _ .
2 30% 8 e O\) /7
THEN COOL{ /7 )
"AND . {.OF - ST
T . S . -
‘ ‘ =1 o § FINISH DRY - TO STORAGE
_ DRYER v M - @E (10 HOURS) ; 7~ OR MARKET
", BATéH OR . ' o J N S - -
CONTINUOUS /, 2 - 1 cfm/bu—> | \-
. + (200°F +v)_ : o : o .

. § . . > .
# Figure 3. Schematic flow diagram of the dryeration process (hot:{emperature drying). Wet corn is placed in the dryer from a

holding bin or transport vehicle. After drying, corn is transterred hot to the dryeration cooling bin. Corn is accumulated.
without cooling for app[gg(imately 41010 hours for tempering, then cooled slowly: Slow cooling takes about 10 hours and:
reduces moisture about 2 percent. Grain is unloaded cogl and dry. (Reference: Purdue Extension Bulletin AE-72;
Source: Glenn et al., Mare Efficient.Corn Drying Systéms, OA DC) : R i o
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The teacher will need to “lead” the students through the dry|ng steps to ensure that they under- )
stand where and how the energy savmgs occur.

. high-temperature dryer due to the reduced amount of drymg and e||m|nat|on ofthe cooling cycle or

b. Low-temperature Drying

_ _ Description of system: This method uses natural (unheated) airor only sllghtly heated air. To reduce

- & - energy consumption in low-temperature drying, natural air should be used whenever possible.

) However, a small amount of heat is generally needed to dry below 16 percent during average
northern Ohio weather conditions in November.

~ o

Operating procedures to reduce energy requlrements

® Keep grain dggths as shallow as practical. Use large-diameter bins.
oo Y

The students need to understand why this procedure is recommended. Eltherthrough handouts or
sSupervised study using references, students should learn the following: ' .

Computer simulation results for low-temperature drying have been developed at OARDC for -

various depths of corrf. Using 16 feet as compared to 20 feet of corn results in an energy savings of
= 16 percent, while using 12 feet results in an additional 12 percent savings; or a total of 28 percent -
v LENergy savingg over the 20-foot depth. These results were generated for drying from 20 percent - - -
o down to 15 percent moisture content, with 1 ¢fm per bushel and a'3° F {electric heat) temperature ‘
' rise above average October ambient airin Ohio. The increased energy required for dryingin deeper A e T
beds is due to the additional aurflow (fan) power requlred to overcome the larger resnstance ofthe
deeper bed. .

v c. Combination Drying ) .
L) N ‘ . .
. Description of system: (Refer to Figure 4) ) ' o~
Operating procedures to reduce energ\r requirements: '

® Dry corn to 19-23 percent moisture in hi,gh—temperatu're dryer; then move corn to the low-
temperature system where corn is subjected to in-bin drying to complete the process.

Low temperature should generally not be used to dry corn above 25 percent moisture. This is

especially true in September and October, when higher ambient.air temperatures speed up the

deterioration-and spoilage rate of particularly the top layers of an in-bin.system. To handle this

situation, combination drying systems have come into use. Low-temperature drying takes s

advantage of the drying potential in natural air, whilé combination drying can recover some of

the heat imparted to the grain during the high-temperature phase Results on energy

savings and capacity i combination drying are simil those in dryeration — only greater. .

When coming out of a high temperature dryer at 20.5 percent moisture (instead of 17.5 percent as

in dryeration), the increased energy savings and high-temperature dryer capacity are o

double those for the dryeration process. These results suggest a possible alternative to - T

farmers who now have high-temperature batch or continuous-flow dryers are lookmg for |ncreased o
~ capacity with improved effle:ency an@better quallty s C A

d. Batch-in-bin Drying

Description of system: Plac\g batches of graln |n a bm. drying the. gram, and moving it to
¢ permanent storage. Lo

' Operating procedures to reduce energy requlrements:

n

" ® Use grain stirring devices. N RS o o

P These systems are generally eff:clent users of heat energy becaUSe the drymg air when passed‘ '

‘- through 4 to 6 feet of grain picks up practically all the moigture it is capable of carrying. Also, the
depths used are generally optimum in terms of airflow dell ered and drying capacity; greater
depths tend to reduce or choke-off the air dehvered fora g:ven size fan and motor.

) 1»18’*
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"Fl‘gura 4. Schematic diagram of a combination hlgh-tempgnvture, low-temperature grain drying system, '
(Reference: G. Shove, ASAE Paper No. NA78-305; Source: Glenn et al., OARDC) »
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To provide a more uniform moisture c?rén?\hroughout the batch, gram st|rr|ng devices can be
operated, preferably after drying is finished. Thgeze deyices help obtain the highest possible drying

efficiency. Energy—savrng propeduressuch as dtyeration or comblnatlon dryln/g canalsobe applled
to the hot grain leawng batch-in-bin dryers. . - N .

‘Note: Assistance in determining any needed changes in corn dryer management canbe obt’anned AN
by usung the Computer Simulation form page 18. :
< . _
- G. SUPPLYING SUFFICIENT NUTRIENTS ' ' ' ) L .

" Problem Statement: "What fertilization program should _ Student _ yse for corn?” -

RS
3

; :./

5 .
Interest Approach. Before the class gets |nvolved in determining a fertilization prog lzm for Student's
corn, the teacher may wantto assist the studentsinlimiting conclusions forgi prob statement.
The program should result specifically in reduced grain moisture at harvest, plus increased
standability.. Othe;fertrlnzatnon lessons cap speak to other aspects of cern fertilization. -

Adequate phosphorus seems partlcu y lmportant to ensure decreased moisture at ha,west
Potassium is needed to reduce the indidence of rotted stalks and lodging incorn caused by adverse
.effects of nitrogen. The teacher should correlate the fertilizer orogram requirements (phosphorus

for reduced moisture at harvest; potassium for greater standability) with production practices
previously taughf‘1) use of early-maturing’ corn to permit in-field drying; 2) leaving the early-
maturing crop in the field longer to take advantage of free solar drying. Adequate phosphorus and .
potasslum are needed if the above two practices are to succeed. -

The teacher can use Table 11 to help the students understand that |ncreaS|ng phosphorus
fertilization not only increases corn yield but also decreases the moisture content of the grain at
harvest Adequate phosphorus tends to hasten the matunty of the crop.. r

The effects of added potassium on stalk lodging of corn can be taught by using the |nformation in
Figure 5. The addition of potassium fertilizer significantly redyces the incidence of rotted stalks and
lodging in corn, thus counteracting the adverse effects of high rates of nitrogen.

‘ a

e

-Figure 5. Eﬂcct of added potasalum on stalk Iodglng
of corn recclvlng 350.1b. N/A,

-

Table 11. Effect of phosphorus fertllizatlon on yield-
v ~ and moisture content of corn grown at
~  Woaster, Ohio.

20.0

Bray P1Test P:0s Yield % Molsture
(Ib./A) (Ib./A) (BuJA) :

1976 |
16 - 140 . 306
16 | 149 290
16 163 28.1

16 165 - 27.6
16 . 167 26.9

Percent Lodging -

12 _ 150 234
13 ' - 166 229 .
14 175 22.8 .
19 ' 183 215 o ) :
18 120 . * 191 21.4 1004 _ K0 Added/A
- ; . B 0 50 100
(Reference: J.W. Johnson:_Source:-Eckert, Bulletin 645) (Source Eckert, Bulletin 645)

1
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4 COMPUTER }IMULATION to Improve Corn Dryer Management - : '
Describe your present system and any possuble changes you are conslderlng Then answer the questions
that fo}llgw This will allow a&amputer anaIys|s of your present and future energy usageand dryingcosts.
B . . - <
5 , T B *
’ Describe your present system (i.e. hi-temp portable column type, low-temp elegtric heat batch in-bin, ,
etc.) _ . §
n - . . - ,’ * . - . B
. . . 4 ", LT . S
— ] v - : L :
; B , ] o - , B
L} ) ' e P
Describe the system changes you would like to consider. (Refer to the articles entitled "More Efficient e
. Corn Drylng Systems" or "Cut Corn Drying Costs” for ppssible alternatives.) '
\ A
Answer these questions for use in the.cqmputer analysis. ’
Fan powerso/urce: Electricity. , Gas or Diesel Engine .
v Heat source: Propane , Electricity None Other s -
Fuel costs: Fan power ¢/kWh ¢/gal. , : - _ . .
kHeat source ¢/kWh , ¢/gal. i
Fanpoweredby __~ hporairflow — cfm/bu. . - ’ )
Bin diameter(s): —_______ft; Grain depth(s): —____ft. .
Or for high-temperature column-type dryers,
{ Drying section grain volume: __ bu.; Column width: —__in. - _ ' B
. < - .
Drying air temperature(s): — °F ! : . g s
Grain moistures: Harvested at %, Out-of dryer % .- l ‘ '
Drying in: Sept. ., Oct. ——, Noy_. Other ’ ‘ o . S
Total bushels dried - L S | o
| Your name, address, and phone number : M
. . v [ /\ :
% ' o T _ i ,
Return to: Dr. Ted L. Glenn ‘ , L 1 .
Agricultural Engineering Department - R Sl
.~ Onio Agricultural Research and Development -Center L i RN
. R ',"Wooster Ohio 44691 (Ph 216-‘264-1021) o - 2/22/80° SN
\)' . -5.‘ - . rh\ ) “,A‘ M - . Lot




“VII. Student Application - S e e -
. The teacher shégld a§sisﬁhe'~3wdents in applying in their occupatironalexperie_nce programs the, '
R selected improved practices studied in this lesson. - L
. . K . '. ‘. L’ . & ~ ) . ‘ ,
'V{II. Student Evaluation S ' o . .
) Diractions: The fbl_lbwing‘quéstions require short anéwefs. You do not need to use complete - »
- © . sentences. oL ceT
- J. Inour discussion of production practices that _ S _ co1d dse to save energy, we listed five. - . ¢
Please describe them below. . ’ IR T o L. . e
a. - o -
Qb‘ ‘ . . N » ! ¢ \_S.
- B : ' ' .o ; o . i
d. B o A
e._ S : ' - I

©  student

wouldbe = . |

2. Considering our location, the best corn planting date for

. z

3. Corn planted close to this date acquires more Growing Degree Déys féster and thusis morelikely'tQ
 mature before frost. Describe how this situation saves the corn producer in energy costs.

N

..
~

4. Describe how early. planting- results in a higher yield of corn. = . -

5. Describe how ‘eérly planting of corn benefits the producerin regards to seed bed preparation for the .
next crop season. o - ° . o . ~

, 6. When a corn grower is in the process of making a decision as to' which variety of corn to select, )
v he/she considers certain factors or characteristics about corn valjieties. Plea§e~list those factorsor

characteristics that we discussed in class. o : :

>

7. List at least 2 corn varieties selected by the class duri‘ng our discussion.

s

e

. 8. In a few sentences, explain‘the effect that field drainage has on days available for field work. .

k3

9. Describe the process by which reduced tillage brings about a higher yield of corn. ¥ .
- R S " ’ ,

4

2
.

1# Th a few sentences, describe the advantages, if any, of'grngisng drier corn.

N

) ‘ 11. During our class discussion, we recommended that __student _ should begin harvesting corn ata .
: - certain moisture content. Please give the moisture content recommendation. '




20

12.

13.

14.

15.

Foea

Dunng our cIass dlscusS|on we determrned that there are two prithary practlces agorn grower can
use to Lonserve energy when dryrng corn artlfrmally Please name those two practrces '

o

< : '

One conclusion we reached in our class dlscuss¢on was the recommended moisture content to

which Dale should dry his corn in order to have safe storage to June 1. What is that recommended
moisture level? .

ra

i

What procedures would you recommend that = Stdent foligwin order to prevent rapid ¢odling
of grain when using a high temperature drylng system? o .

,‘.

.Describe how |ncreas|ng/ phosphorus ferttllzation of corn affects energy consumptlon in corn

production-

: :‘
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I L.sson"-ropig:' ENERGY MANAGEMENT IN LIVESTOCK PRODUCTION * -

\ N . by . ) ) | ‘ ) . “ " .
DENNIS RIETHMAN =
Lesson Performance Objectives

At the end of this lesson, the student will be able to:

. Determine the amount of fuel needed to raise a crop for one year on his/her farm

-

. Determine the amount of fuel needed to raise livestock for one year on his/her farm..
. Select areas which may be wastmg fueI during the production of the crop and/or hvestock. o
. Determtne the amount of heat lost through a wall.

. Determine the fuel cost at a certain heat loss rate. o R

7. Explain the purposes of ventilation.

. Determine what information is needed to size a ventilation system

. Determine the proper size fan needed for a spectfic ventilation system ’ _' Coy

1

2

3

4

5

6. Determine the fuel use for buildings on the farmstead.
; ‘

8

9

0.

ljetermlne the ventilation inlet size.

Materlals Needed
1. Overhead projector

2. Examples of dtfferent types of insulation; (power companies are a good source for these .
" examples) _

3. Transportation for field trips

«

. The Sltuatlon

Energym nagement means getting the maximum output from the Ieast energy input to get thejob
done. Re ucmg energy unrts used for each output unit produced saves -money and energy. '

Only 3 percent of the energy used inthe U.S.Ais requnred to keep farms in operation This may be
a small amount, but energy has become an increasingoy expensive resource. Farmers must learn to

cope with this the same way they deai with other problems-that arise on the farm. : (
four

" The followmg sections on energy management in livestock prodUctlon are divided in

different problems of concern. Each section can be used as wntten or adjusted to fit the Iocai
situation The four problems presented are: ‘ :

‘ 1 Estimattng Farm Fuel Requirements

e Dete_rminmg the Vaiueof Insulation
3. Determining Ventﬁation and Heating Needs -
4. Recapturing Heat Losses ina Datry Operation

- Ris lmportant that we study energy management and conservation in iivestock production SO that

- we can 1) save money and increase profits, 2) ratse heaithier iwestock 3) conserve our natural ‘-

:‘L‘ .




resources, and 4) become better farm managers. To improve eneréy efficiency in livestock - e
production, we need to look at three areas of energy usage: : ' ' .

- 1. ventilation
e -2, Insulation

3. recapturing heat loss A

Improper ventilation, lack of insulation, and heat loss throug’h cooling of milk all result ln anenergy
loss in livestock production. ' < o 3

.
[ - *
. L]

L] ) -
“ A
i .

CONCERN +: ESTIMATING FARM FUEL REQUIREMENTS |

V. Introduction to Lesson : . » , , . ,

The United States is presently facing an energy supply problem. Even though an estimate of only 3

percent of the energy consumed in the United States is used for proeduction of agricultural A
praducts, producers should use farm fuels efficiently. If gas rationing becomes a necessity because u

of reduced supplies, the producer must be able to adjust to this and be able to distinguish or.
determine how much fuel will be needed for-crop andlivestock operations. R

V. The Problem S : ST - e T,

0
v [

Present the.follomné problem situation to the st_u'dénts on a handout or overtiead: = . -

__John = 4nd hisfatherfarm 375 crop acres: This past year they planted 20

. acres in wheat, 20 acres in hay to be baled, 85 acres in soybeans, and 250 .-
acres in corn. Fifty acres of the corn was used to fill their silos for feeding

- steers and the remaining 200 acres of corn, which yielded 150 busheis per
acre, was dried under good conditions with a propane operated drying
system. All field operations ware performed with diesel tractors and
combine, under conventional'methods of field preparation and harvesting.

The livestock on the farm consists of 60,000:laying hens-and 100 feeder.

cattle finished for market. The ¢attle are finished on a feedlot with a bunk. .

feeder and bedding is provided in the housing area. The pbuitry house : _

contains a mariure handling system comparable to a liquid manure system T ,

for a swine confinement finishing barn. All livestock production and ' .

manure removal.operations are performed with diesel tractors. : :
Ask the students the following question; this is the problem statement : - R ‘
»_John_ wants to be prepared for any fuel shortage which may occur and would like to evaluatethe . - S {
fuel usage on his farm. What is John's_fuel usage in a one-year period?” . o ; " q
Discuss Johi’s situation and farming operation. . . : ’ S

vil. Solution to Probiém-. o | | _ | ,
.Di,étribute to the class .handout #1 in the Appendix, Estimating Farm Fuel-Requireménts_ for Créb "
Production and Livestock Operations. Point out to the students the major types of information in
the publication. Explain that the information is to be used to help find the Solution to __Johns__
problem. - S o L S
Work through __Johm's __problem with the students. The completed problem on the board should -
look like the following (see T'able"l)’:. : e C

;“‘v ( :
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, Teble 1, Estlmailng fuel requlrements for crop productlon and llveetock operetlons

"CROPS . .
Total Acres: 375 A o

L - Acresof Galions l;'uel o ‘I‘otel Gellons

Crop . . . Each Crop - Needed per Acre - " Fuel Needed L
Whest 20 - sgo . = 600

Hay - 20 o 8es . 1730
‘Soybeans .~ 85 , 650 " 5525

Corn 200 . e85 - 13700
" Corn Silage - 50 : 8.65 4325 |

- | Total; ~ 2588 gallons
Fuel Needed to Dry Corn: o (diesel)

> . 380,000 bushels=-6 bu./gal. propane 5,000 gallons
) ' TOTAL CROP FUEL REQUIREMENT: 7,588 gallons (LP gas)

£

i | "~ LIVESTOCK |
Production: : , _ L .

. : Gallions Fuel _ N :
Number of Animals . (per Animal) v > . Gallons Fuel Needed .
100 Feeder Steers 13 130 (diesel)
160,000 Layers .. - 5.4/100 birds 8240

{ . : S
TOTAL FUEL USE FOR PRODUCTION: * 3370 gallons (diesel)

_ Manure Removal and Hauling:
Gallons Fuel

Type of System ‘ - " (per Animal) ' . ’Ge_lloh'e'Fuel Needed _
Feedlot with Bedding | R o
~in Housing Area e 16 i ° - 160.

quuid Manure System 0. .3/100 birds o 180

. A B C .

e _ "TOTAL FUEL USED FOR MANUHE HANDLING - 340 gallons
| i “TOTAL DIESEL FUEL,US.ED‘ FOR LlVESTOC_K: EE 3710 gallons: . '{ .
© TOTAL DIESEL FUEL USED FOR OPERATION: 6208 gallons
TOTAL LP GAS USED FOR OPERATION&_ 0 7588 gallon‘s_t .

—

] In the need for drying corn.

'Evaluate with-the class the amount of fuel used in ;M_;operatlon Draw some conclusnons as .

1o where —._John might be able to redUCe his’ fuel usage.

Areas of possuble fuel reduction

N~ E e




CASE SITUATION #2: ' R > o

e In his conventional method of tillage and ground preparatlon (No-t?ll not only reduces fuel cost - °

but permlts use of a smaller tractor.) ,
- o In his corn drying methods. (Low-temperature drymg can ellmlnate LP gas use whlle '
substltuting some electr|c1ty to run the drying fans ) ..
Vllf Appllcallon

Following are some suggestlons to the student or the. class for applylng what they have learned

1. Divide the class into five groups ‘and have each group work together to determine the energy

requirements for raising different species of livestock, e.g., dairy, beef, swine, sheep, and .
poultry. Present each group with a case situation for the different animal species. (The teacher

may want to use the enclosed sample situations along with handout #2, the Farm Fuel Estimate
. -Worksheet.). Once completed develop a chart on the board and compare the. results fromeach -

- group.
2 Have each student determine the fuel usage for hls/her pa“?’cular farmlng operatlon

(Nofc' It is important for students to understand the difference between fuels. Power or heat per,

gallon and cost per gallon differ, so which fuel one uses will lnfluence the cost.) -

IX. Evalustion - ' L

.

The teacher may choose to use one of the followmg five case sltuatlons asa qulz on thlS lesson
section or problem. .

CASE SITUATION #1= J R | ' SR -
' ' SWINE FARM OPERATION R

Estimate the fuel requirements for this operation. On a separate sheet of paper list five areasm whlch the’
owners of this operation might be able to reduce thelr fuel usage. ..

This swine operatlon conisists of 40sows and 950 pigs f|n|shed to market we|ght The sows are housed and

" fed on a° ot except during farrowing. The pigs are housed in a fimshmg ‘house with liquid ‘manure

collection. All productlon ard manure handl|ng operations are performed with diesel tractors

- The cropping system consfsts of 475 crop acres; — 215 acres of no-till corn, 135 acres of soybeans, 80
acres of wheat (no plowing), and 45 acres of hay (3 cutt|ngs, self-propelled cut), The corn is storedina . .
high-moisture storage facility. All operatlons for the cropping system are performed with d|esel tractors o

and combine, except the hay which is harvested with ‘gasoline tractors.:

\

o ' R SHEEP FARM opemmon

Estlmate the fuel requlrements for this operatfonr On a separate sheet of paper Tist f|ve areas |n whlch the
“owners of this operatlon m|ght be ableto reduc:e thelr fuel usage IR o

This sheep Operatuon consists of 525 feeder lambs fmfshed to market The feeder lambs are rafsed ina_ - .
- feedlot, with bedding in the housing area similar to thatin a beef feediot. All production operations are . -

performed with gasolme tractorsl ‘while the manure handlmg operatrons are performed w:th dlesel
tractors. . : ‘ _

The Cropplng system consnsts of 475. crop acres <220 acres of corn us|ng plowmg with mlnlmum t|llage

. planting; 60 acres of no-till.corn silage; 50 acres of dry cured, baled hay; 25 acres of wheat (no plowing);
- 100 acres of soybeans; and 20 acres of dry chopped haylage. The corn (130 bushels/acre yield) is dried in

a-propane-type dryer under favorable condltlons. AlJ field work for the OrOps is. performed wrth dlesel .
tractors and combme - . _

Ve
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CASE SITUATION #3: : : e

POULTRY FARM OPERATION » k .

Estimate the fuel r,gqulrements for this operation. On aseparate sheet of paperilstflve areas in whlch the
owners of this operation might be able to reduce their fuel usage.

This poultry operation consists of 30,000 pullets and 90, 000 laying hens. The chicken housing has a
manure handling system similar to a liquid mianure system for swine. All production operations are

automated and therefore use only half the gasoline estimate. The manure removal operattons are.

performed with diesel tractors.
v

The cropping system consists of 475 crop acres: — 125 acres of corn raised under conventlonal methods

and 90 acres of no-till corn, 135 acres of soybeans,\80 acres of wheat (no plowing) and 45 acres of hay (3

cuttings, selfpropelled cut)“The corn is stored in a high-moisture storage facility All cropplng operations '

are performed wuth diesel tractors and combine.

CASE SITUATION #4:
BEEF FARM OPERATION

Etimate the fuel requirements for this operation Ona separate sheet of paper list flve areas in whlch the

owners of this operation might be able to reduce their fuel usage.

This beef farm consists of 50 beef cows and 20 replacement heifers. The operatlon also flnishes out for
market 225 steers yearly. The operation has a beef feedlot with bedding used in the housing area. All of the
production and manure removal operations are performed with gasollne tractors.

The cropping system consists of 475 crop acres: = 220 acres of no-till corn; 60 acres of corn srlage planted
and harvested under conventional methods; 50 acres of dry cured, baled hay; 25 acres of wheat (no

plowing) 100 acres of soybeans; and 20 acres of dry chopped haylage. The corn (120 bushels/acre yigld)
is dried in a propane-type dryer under favorable cond|t|ons All field work for the crops is performed ith
diesel tractors and combine. l

A

'CASE SITUATION #5:

'DAIRY FARM OPERATION

_Estimate the fuel requirements for this operation. On a separate sheet of paper llst f|ve areasin whmh the , '

owners of this operation mlght be able to reduce their fuel. usage

This. da|ry farm consists of 80 m|lk|ng cows (produclng 12,000 Ib. of milk per cow yearly) and 50"

replacement heifers. The milk cows are housed in an area havmg liquid- manure coflection; and the
replacement heifers are housed in a dairy lot with bedding in the housing area. The productlon and
manure handling systems for the dairy cows are performed: with diesel tractors. The production and
manure handling systems. for the heifers’ are performed with gasollne tractors. _

The cropping system consists of 475 crop acres with 220 acres. of corn- planted under conventuonal

“ and comblne

L

methods; 60 acres of corn silage; 50 acres of dry cured, baled hay; 25 acres of wheat (no plowing); 100
acres of soybeans; and 20 acres of dry chopped haylage. The corn (112 bushels/acre yield) is driedina
propane-type dryer under good condltrons Ail fleld work forlthe crops is performed with' diesel tractors .

@
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BNCERN 2: DETERMINING THE VALUE OF INSULATION o ‘

* V. 'Introduction to Lesson - ( \ \ ' 0

B To reduce fuel costs of heating in home or farm buildings with,the use of insulation, a person must
estimate the fuel being used presently’and then compare that figure to the fuel used (or saved) if
insulation is added. The problem then arises as to how this estimate of fuel used can be determined. .

-

VI. The Problem S o e

' Discuss.__John's__ situation with the class and lead discussion'to how heatloss is determined (see
v Figure 1). - - - S Y : .~

John - has a 24-foot wide, 36-foot lorig, and 8-foot high farrowing house heated with fuel oil.
. The farrowing house has na insulation in its walls or ceiling. The ceiling is % inch plywood and the
, ~walls are % inch plywood plus steel siding.__ 49 would.Jiketo know his present fuel loss and -
* how much fuel he could save by adding insulatjon to the walls and ceiling of his farrowing house,

o

| _Met;!,mo'

.

%" plywood
Metal siding

Inside temperature 65°F

Outside
temperature* : .-
0°F - S | PR -
a o 7

: _Figure 1. Sketch of hfrowﬁig house -

-~

" *Design temperature fdr sizing the heater. Avérage temperature 2= 80°F
{The symbol 2 means "is roughly equivalent to.”) : .

Problem Statement: (Place the following question.on the chalkboardj

"Is it economically feasible for _49h"__ to-add insulation to the walls and ceiling of his swine
farrowing house?” o - . AR s ST

& ST /',1 S0
vil. s_olmlonto'thePrbbl_em' _' R Y o S e . !

Distribute to the class handout #3 , House Insulation Types ar_id Values. Discuss heat flow with the L
class and explain the meaning of Thermal Resistance or "R" values. ‘ SR ' . :

A. Determine the heat flow through the walls and ceiling of __Joh"'s__ farrowing house by
developing a chart on the board with the ¢class. The chart should look like the following: -

Qo o




S Values. =~ ., = v
Step 1. Bullding Dimensions (ft) - - - Surface Ares ("}
Length .3 Ceilingarea ~ - 864
T S o SR
Width - 2¢ Wall area , 960
4‘.  Wallheight & .., R
© “Heater needs o be this size fo handie conducted et loss.

N .

© 131

““Step 1. " Bullding Dimensions (1) Surtace Area (ft:) - 'R Values -
Length = 36" ' Ceiling area 864 Ceiling ~ 062 (%" plywood) -
Width 24’ Wall area - ‘T&o, Walls - 1.23 (%" plywood.
L ' ‘ and steel siding)
Wall height 8 RO o S
- Step'2.  Changein T;mponturi X
~ ' , Minimum Average
Outside temperature - 0°F 30°F
Desired inside |,
temperature 65°F 65°F
Temperature change 65°F 35°F
Step 3.  Heat Loss from Bullding ’
Use formula:
Chahge in Temperature x Area
R Value
- -Step 4. _ ~ Minimum Average -
Ceiling:~ 65°F x 8641t . 99580 BTU/Mr. 35 F X864 . 458774 BTU/N.
0.62 ' Tee2 - T
(Walls: - 65°F x 9601 _ 50732 gTu/nr.  B8°F X960 - 57347 BTU/AY.
- 1.23 | ’ 123 o
Toial Loss = 141,312 BTU/hr.* 76,081 BTU/hr. ~
Step 5. 76,091 BTU/hr. x 24 hours x c. 200 days = 365 million BTU/year as annual total.

B. Determine the heat flow thrbugh the. Buildin§ if 4" of fiberglass; (_blahkét/baft) insulation were v
added tothe ceiting and walls. With help from the class develop on the board another chartlike the -
previous one, The “R". val_u_e for the fiberglass is found in handout #3, House Insulatian Typesand

_R‘Vlluo'c

. Celling  0.62+14*= 1462
- Walls 123+ 14*j=,15.23 .

»

cooam

| 4= 4" X35R/inch ©




Step 2. Change in Temperature ' Step 3. Heat Loss lrom Bullding
Outside temperature 0°F Us_e formula:
Inside temperature .. 65°F A% ~ -Change in Temperature x Area
\ | - ' * RValue :
. Tempeérature change 65°F R
Step 4. - : Minimum - v Average .b
- Ceiling:  _65°F x 8641 - _ 504y gTU/mr, . 2068 BTU/Nr.
| 1462 . | . ~ |
Walls:  B5°F X960t . 4097 BTU/MF. 2206 BTUM.
1523 - ____ | : L
TofalLoss =7938 BTU/hr. = 4274 | BTU/hr or 205 mllllon BTu
' ~ per year '

©

C. Compare the dlfference in heat loss between the msulated and the umnsulated buildmg

365 million BTU/yr. — - Uninsulated building

'20.5 million BTU/yr. — Insulated building (wuth 4" of flberglass in cerlmg and walls) ol

* 345 m|ll|on BTU/yr. — bufference (saved)

(Note that if the |nsulat|on were doubled to 8" (R 30) the savmgs is increased to only about355
million BTU.) - ) )

DLDetermlne the amount of fuel saved by adding insulation. to the bunldmg
: Calculatlons At typical efftcuenmes

Fuel oil = 100,000 BTU/gallon
LP gas = 75,000 BTU/gallon *

Therefore 3450 gallons fuel oil saved (345 million BTU-—100 000 BTU)
. ~OR 4600 gallons LP gas saved (345 mitlion. BTU—75 000 BTU)

o

E. Determme the amount of money saved by adding |nsulat|on to the buuldlng

(Fuel. oil cost is calculated at $1 20/gal )
- 3450 gallons saved x $1.20/gal. = $4, 140.00 saved (uslng fuel -oil)

(LP gas cost is calculated at 75¢/gal y
4600 gallons saved x 75¢/gal $3,450. OD saved (usmg LP gas)

_F. ConcltJSlon. After working the problem with the students dISOUSS the dollars saved by addtng
insulation and whether adding |nsulat|on will pay for itself. -~ ; ,

. 4" Fiberglass Batt Insulation (Cost 13’/2¢/ft2)
1824 msulatlon needed

. x0135 S 132
$ 24624 Cost of the insulation ~ -~ . L
Over $3,000 saved from fuel. o SRR




. Will the insulation pay for itself? .

Conclusion (on chatkboard):

i

(Noto An extra 4" of msulatnon would cost about $250 and would save abou 3100 per year.)

While assisting the class to reacha concluslon to this problem, the teacher should potntout that

no farmer would attempt to heat an uninsulated building to 65°F. The real decisionis how much

insulation to use..Usually the wall cavity should be filled. The cellmg should probably have 6" to

12" |nsulat|on in a building heated all winter. = * ] , _

. . [

VIIL. Appllcatton - _
' " Have the students work a problem relating to their home sltuatlon on the followrng worksheet lfthe .

students don't have a sultable home situation to use, then give them the sample problem to WOI’k

L3
>

v . .
' SAMPLE PROBLEM: Determining the Value of Insulation

-

An area dairy farmer has a 24-foot wide and 46-foot long calf barn with 8-foot high walls. The- cetllng is
made of a sheathing-type insulation board and the walls are 8-inch concrete block. Also, there are six 18 x

24-inch single glass windows in the building. The inside temperature of the building is kept a155° Fwith a B

fuel oil heater. The average outslde’temperature during the winter months is 15°F;

This farmer can purchase enough rigid glassflber insulation to put3inches i in the ceiling of the buildmg at. -
a cost of $0.15 per square foot. To add 3 inches of insulation to the walls he would use loose flll wood fiber
inside the concrete’ blocks. This would require 15 bags of wood flber insulation at $18.00 per bag

1. Determine thls farmer’s heat loss in the calf barn W|thout insulatlon
. Determine this farmers heat loss in the calf barn with |nsulat|on added

2
3. Compare the drfference in heat loss between the insulated and unmsulated bUIldlng
4

. Determine the amount of tuel saved by adding insulation to the building. (Use handout #4 Heat o
Loss Worksheet with handout #5, Estimated Fuel Used, page 25.)

5. Fuel orl costs this farmer $1.21 per gallon Determme the amount of money saved on the cost of fuel
by adding insulation to the building. .

6. Will adding msulatron to the calf barn pay for ltself for this farmer? (Explain)
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" IX. Student Evaluation

L]

* TEST: DETERMINING THE VALUE OF INSULATION

)

You have a 32-foot wide and 80-foot long plg nursery wrth 8-foot hlgh walls The cellmg inthe burldlng is a_ :
sheathing type insulation board’ and the walls are ¥%-inch wood siding on the outside and aluminum siding o
with foil backed insulation board on the inside. There are eight24-inch by 24-inch single glass windowsin

the building. The inside temperature of the buildlng is kept at 75°F v\nth a fuel ail heater The average
outsnde temperature during the. winter months is 18°F,

. Fourinches of blanket-type mineral fiber insulation (R = 3 7 per mch) will cost $0 38 per square foot and -
- could be‘put in the ceiling. Loose fill-type cellulose could be blown mto the walls addmg 3% lnches of .

' msulatlon This would take 35 bags of lnsulatlon at $17.50 per bag

1. Determine'the heat loss in the pig nursery at the present time (wrthout insulation).'

2. Determine the heat loss of th'e pig nursery if insulatl'o‘n_“_were ad_d_éd. o .
| . e T e . BTU/hr
8. Compare the difference in heat loss between the lnsulated and unlnsulated bulldlng

BTU/hr saved

4, Determine the amount of fuel saved by adding |nsulatlon to the prg nursery (Use the chart below) S

-~

gallons saved

Component Areas . Glllons ol Usod/100 5q. !t
Ceiling- No insulation R = 2.06 . 480 —

+4" insulation . "R=16.86 o - 82 7
Wall: No insulation  R=3.77 . .320

+3%2"” insulatiopn R=16.72" : 75
Window: Single glass R=091 1400
5.  Fuel oil costs $1.08 per gallon Determine the amount of ysaved on fuel by adding insulationto -

the building. : o v

$\/_

6. Will adding insulation td the building pay for itself? Explain. - -




V. lntroduction to Lesson

| coNcen‘N 3: DETERMINING VENTILATION AND HEATING NEEDS = &

1 Ventilation is very important in livestock productlon It is needed at‘all t|mes in confmement'

livestock housing. A properly designed and operated ventilation system can, result in substantial L
savings- in livestock production -costs because of-increased animal performance and lower

heating—cooling costs. Since energy use is directly related tothe operation of a ventilation system,

energy and to minimize expenses. - - . e o
' IR YA

PO

-livestock producers should use properly sized equtpment and manage |t efficiently to conserve J )

To prepare the class for assisting __dohn_ " i making decisions about ventilating his farrowing

house, the teacher may present the following four questions to the-class. These questions should . -

help develop in the students aninterest in values of adequate ventilation-int livestock buildings. -

Question 1: Why is ventilation needed? What is the purpose of v'e'ntilati'_o'n?
Possible student answers: _' - L S
1. Provide oxygen - -
2. Remove motsture
3. Remove odors
4. Prevent heat bunldup;ﬁ cool animals
5. Dilute air-borne di_sease organisms

Question 2: How can ventilation be accomplished?
Possible student answers: ' R . e

1. .Mechanicat means - fans and thermostats and slot inlets o .

2. Natural means - using the least amount of en%y,’but limited to certain operations K

‘Question 3. How tan we save energy vvith ’rnechanica! ventilation? . E
Passible student answers: _ , | T

- 1. Make sure you have the rlght size of fan for the building. ' _' -
2. Make sure the fan and louvers work rlght (Clean at least once a year)

3. Make sure the fan controls work nght , e

’

Questlon 4. What factors WI|| determtne or affect the slze offan to putina bulldlng for venttlatlon'? E

- Poss:ble student answers: L R v

1. Size of the buildlng e Q i ; T
Number and snze or age of animals in the buﬂdlng
Temperature needed in the building. -

Desrgn of. the bunldrng (solld vs. slatted fIQOrs) -

sn..#.wzv'

.Type of anlmal in the burldlng o .

135
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Vi. The Problem W | ) o ) S e

VIl

An area farmer has a 40-foot long and' 15-foot wide pig nursery with a fully slotted floor and a vented~
" type heating system. The nursery will hold 85 pigs. It is to be kept ata temperature o_t’ 759F’year ‘

Present the following situation to the students: * -

" John _ wants to ventilate his swine farrowing House but still save energy and keep hiscosts "
down. He wants you to help him in determining the correct size fan to installin hisfarrowing house . ' - -
for ventilation.” (Teacher writes problem statement on chalkboard: “What size of fan should -
—dohn__ obtain for his farrowing house?") "What would you ask ___Jofit__about his farrc wing

house to help him make a decision?” ° e ' : o

b
.

.1. How big is the building? e Lo | |
Does the building have any insulat'ion?_,, - . - o o o

How many sows will you keep' in the férrowing house? . .

a'h F‘J N

What temperature do you want inside the building during the"wir‘\ter? .

What temperature do you want ins‘ide' the bhui_lding during'the summer? . R

wh_attypé,,offloor'ing do you.'ha'vve'ilr'l the building? B

N e o

y .

Do you have any heatérs in the bu’ildinhgr? What type? , BRI s ' - ' e

Answers to the questions éskyed"of — dohn . . . e Co T
The farrowing.house is 35 feet long by 20 feet wide. The building is well insufated and will hold 14
sows and their litters. He expects the building to be kept at 70° F during the wiriterand atabout the °

same temperature as outside during the summer. He has a partly slotted floor and unvented radiant~ -
type heaters. * L o s A
Distribute to the students handout #6, the worksheet on'Determining Fan Size, ’and}hindout’#ﬁo‘ﬁ .

Environmental Control Systems. Work through the problem with the students and determing what, .
size of fan _J9h1 . needs in‘his farrowing house. It would be best to make a transparency of the*

worksheet so students can see where the numbers are to be located in the worksheet. " *

Conclusion: After working through the problem, discuss with the students different optians__Johs o n
might have in selecting the right fans, Also discuss and review with the students what guidelines S
they used to select that fan size. . -+ ’ ’ S

, _ , . v S i
i o ’ : . o ) - . Coal S

Application _ o i . e ! 7 . S

Have each student work through a,problem relating to his/her hohe situation. For some ‘studeht_s

this may not be possible. Therefore, give them a class situation or have them work with a student

who has a swine enterprise._ ® . o . . : :

e ) ‘
. .

Student Evaluation

On the Determining Fan Size Worksheet have the students work th'rough the following p'roblveh'i'and( ~
give their recommendations. . Cer N

o

around. Determine your recommendation on fan size to install in the pig nursery. L e

~
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Using Handout #6 - . : g -

Dr. Randall Reeder, Department of Agricttitural Engineering, OSU, offers the following advice concerning
the use of the worksheet, Determining Fan Size. This worksheet (pages 26-27) can be very confusing. The
teacher should-be careful not to make the problem harder than it really is. The students should understand
that getting the small, constant-running minimum rate fan is critical to energy conservation. The next step

can be a variable speed fan, OSU's recommendation is to avoid using a variable speed fan to provide the - -

minimum rate. Adjustment is tog difficultand these fans generally do not ventilate dependably at less than
% of maximum rate. A variable|speed fan is fine for the “middle range” fan. The summer rate is.not a

precise number. For example, /in farrowing, the recommendation ranges from about 250 to 500 cfm,

depending on whom you talk t6. The fact is that a fan at the high rate would keep-a building only 1 to 3

- degrees cooler thgn one at thelower rate. Up to one-half of the hot weather rate can be accomplished with

circulation fans rather than exhaust fans. : : ) oo

. ¥ K . ) .
The teacher should spend so/me time on size and location of inlets. Fans ¢an be placed almost anywhere,

but the size and placement of inlets is critical for good uniform ventilation for all parts of a building. (Air .

should not have to move mEre than 75 feet from any inlet to an exhaust fan.) |

. The teacher should calculate energy lost through winter ventilation for, comparison with previous -
calculations. .Reeder suggests using three months (December through February)*with an average
temperature of: about 25°F. For’ farrowing, compare 20, 40, and 80 cfm, and perhaps 10 ¢fm. Use this .

equation: ;
g cfmx60x AT - )
50 ft3/Btu/°F
Q=  ______ Btur |
: Then multiply 24 (hours) x 90 (days) to get Q =— Btu/winter. The total Q for the rates 300, 600,

1200, and 150 cfm is 35 million, 70 million, 140 million, and 17.5 million Btu, respectively. r'\lote that
dropping the ventilation rate from about 80 cfm dpwn to 20 cfm saves about 100 million Btu (140-35). That

is a difference of about 1000 gallons of fuel oil. The high ventilation rate was common a few years ago.-

Note that cutting the rate from 20 to 10 cfm saves only 17 million Btu.

Students should understand that in a well insulated, properly ventilated building, the ventilation heat loss

. will usually account for-50 to 75 percent of the heat loss. Note also that most of that heat loss may be

@

supplied by the animals at no cost to the owner. . . -

Y

M

CONCERN 4: FQ;DUCING WATER HEATING COST IN THE MILKHOUSE
S ‘ . ! ‘ ' . s
V. introduction to Lesson L ’ o ‘

1. .Increases in energy costs over the past years have increased the need for énergy efficient
management for dajry operators. . _ BN :

2. Apractical areain a dairy operation in which to try to improve energy efficiency is the use of hot -

- water. Dairy operations require large amounts of hot water and the cost of electricity to heat the
_water is continuing to. increase. ' s

Vi. The Problem - : - , . :
__John . is currently tilking 70 dairy cows which produce approximately 3,000 pounds of milk

- eachday. __John __ has a relatively modern four-on-a-side milking parlor with a prep stall on each’

- side. He also has an automatic washing bulktank.___John's__problem js that his hot water costs are
very high. He has heard of dairy heat exchangers for heating-water and would like to knqw ifitis

", economically feasible to install one, in his dairy system.

2




Problem Statement (to be placed on the chalkboard)

“Is it feasible for _J2M"_to install a dairy heat exchanger'7"*

VII. Soluttbn to Problom

L4

1. Explain to the class what heat exchangers are, and what types are avallable Use handout #8,
. Figure 1, Dairy Farm Heat Exchangers for Heating Water, -Check with local darry supply
* : services on available materials (for example, Surge, De Laval)

v

2. Present __John's _situation to the class

_ 3. Distribute handout #8, Dairy Farm-Heat Exchangers for Heatmg Water (NRAE’S. C_o"r\nell' o
. University). : . o '
| 4. Haire the class read through the section "Expected ,Savihgs". (page 1).

.

5. Using Table 1 in the handout, determine __JohR’s _ daily h'ot' water use. L

Example: . : T . s L : v_‘.
o Washing Operation - Hot Water Volume— b ' ’ : '
‘ o+ Buktak  50gallons . | |
‘ “ Pipeline | 75 ’gallons e " o R R
' Prep. stalls 35 gallons ‘ ' . | - T ‘ \
- ~ Parlor floor _ 40"gallons ’ Y l )
o Milkhouse floor . 10 gallons | )
" ToTAL 200 gallons/day -

6 Using Table 2 and Table 3 in the handout, determme the savmgs .._L’"’__ can expect by
installmg a heat exchanger. (Note: Adjust fuel prices in tables-to current prices.)

-

COMPLETE CONDENSING HEAT EQ(CHANGER S ’ S

( Table 2: 3,000# mitk - . 260 gallons of:140°F water
: : " produced dally

Electricity savings - approximately $834.00 @ 4¢/kwh
. . . . . /

ADD-ON HEAT EXCHANGER

Table 3: 3,000¢ milk 124 gallons of 125°F water,
produced daily

Electncrty savings - approxlmately $333 00 @ 4¢/kwh

_— Q*7. Discuss with the class the results of the fmdlngs from the tables. '
‘e Should _J9h" __install a heat exchanger? -

e Which type would be better for his dairy operation? . o

o -4

*Note: Nearly every farmer with a plpeline system can justlfy a heat exchanger.

188
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Have all students work through the same procedure for their dairy operation oradairyfarm they are | -
familiarwith. If thisis not possnble, give each studenta casesituation to determme the feasibility of a
heat exchanger _ . , '

. . Viil. Application e ‘. .

IX. Student Evaluation

Write a case s1tuatlon on/tﬁ{oard and have each student determine the feasrbllity of a haat
exchanger for a dairy system Have the students explam in a short paragraph their declsron and
reasons supportlng their decrsron

¥
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APPENDIX e

HANDOUT #1- page 1 .

ESTIMATING FARM FUEL
REQUIREMENTS o

for Crop Productlon and leestock Operatlons

Federal energy experts estimate that 3 to 4
percent of the energy consumed in the United
States is required by American agriculture to pro-
duce the nation's food and fiber. With the energy
supply probléms facing our country, every producer
should use farm fuels efficiently and be able to
adjust to possible reduced supplies.

If shortages become critical, you may be re-
quired to apply for a fuel allotment. While you
may have all of your gas tickets from the past
crop season, would you be able to distinguish what
fuel had been used for which crop and how much

might have gone to provide mechamzatxon for your -

livestock operatmns"

How to Estimate '
Your Farm Fuel Requirements

By using the Iowa fuel use tables and good

judgment, you can estimate the gallons of gaso-

line, diesel fuel or LP gas you will need to grow

. Estimates of Fuel Burncd for '
Crop and Lwostock Production Oplutlons Under Averlgo Ct)ndmom

your next crop- and maintain your livestock pro-
gram.

Here's an example of how you can use the Iowa
fuel use tables-for next year’s crop planning. Con-
sider a 480-acre Corn Belt farm. The operator
plans’ to plant 240 acres of corn, 160 acres of

soybeans and wants to raise 800 market hogs.

The field crop operations are performed mostly

with his diesel-engine tractors and combines; the

livestock chore jobs are done with a gasolme-burn '

ing tractor.

From the table, 685 gallons of dlesel fueI are
needed to grow an acre of corn; 6.5 gallons. of
diesel fuel will produce an acre of soybeans. So,

Corn—6. 85 gal/a x 240a planned = 1, 644 gal- -

lons diesel fuel

Soybeans—6.50 gal/a x 160a planned = 1,040

gallons diesel fuel

E§thnated Annual Requirement = 2 684 gallons
~ diesel fuel’

Crop Production Gallons par acre
o ~ Diesel
Cropping system : Gasoline fuel - LP gas
Corn-~conventional methods - 9.5 '6.86 - 11.4
Corn—plowing with minimum tillage planting 7.5 5.40 9.0
. Corn—no plowing, minimum tillage planting ° 6.0 430 . 7.2
Corn harvested and stored as witole-plant silage
Conventional methods . 12.0 ‘ 8.65 144
Plowing with minimum tillage 10.0 7.20 12.0
No plowing, minimum tillage 8.5 6.10 10.2
Soybeans—conventional methods 9.0 6.50 10.8
Small grains—oats, barley, rye, wheat 4.25 - 3.00 - 5.1
Small grains—with plowing ) R 6.50 . 470, 7.8
’ Hay—dry cured. 3 cuftings, baled Coe 12.0 8.65 14.4
Haylage—3 cuttings or dry chopped 18.0 - 13.00 21.6
Using combined type cutting with self-propelied '
cut, crush, windrow
. Hay—3 cuttings 7.2 - 5.20 8.6
Haylage—3 cuttings 13.2 9.50 158
Corn drying—with favorable drying conditions—1 gal. propane will dry 7 bu. corn Y
-~with good drying conditions—1 gal. propane will dry 6 bu. corn
~—with untayorable drying conditions—1 gal. propane will dry 5 bu. corn
* Cooperative Extension Service
Roviomd for reprinting by Erdal Ozkan, Extension agricukural !'llowa State University
) Ames, lowa 50011

ongineer.

" Pm-587 {Repnnted | Juiy 1980

!
R S
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' HANDOUT #1-page 2 » . . |
- Livestock Production ' | ¢ . - Gallons per animai

- (Includes all fuel used to remove feed from - or 100 birds ,
storage, process and deliver.to feeders) : & :
. ' : o ' . Co - Diesel

Animal  Feeding period -+ Gasoline "~ fuel . ~LP gas

Swine Raise 1 pig to market . ' . v A

: “including feeding of sow and boar ¢ ’ 0.40 0.30 .. 0.50 ﬂ

Dairy Cow milking 9,000 Ibs. milk/year , : 1.00 - 0.75 1.20
Cow milking 12,000 Ibs. milk/year : 1.35 - 1.00 ‘ 1.60

. Heifer—1 year 0.40 0.30 - 0.50

Beef  Steers—grown from 400 to 1,200 bs. | fs0 130 215 4

[ Healy steers—grown from 700 to 1,200 Ibs. 1.00 0.75 .20 :

Heifers—grown from 400 to 850 Ibs. 1.35 o 1.00 1.60 -
Yearlings—grown-from 650 to 1,200 Ibs. 1.75 - 1.25 2.10
Cows—winter and raise calf to 400 Ibs. 0.90 ~ 0.65 1.10

Sheep  Lambs—native, from birth to market . 0.60 0.45 . 0.70
Feeder lambs—50 Ibs. to market 0.125 .0.10 - 0.15

Poulfry  Raise 100 broilers from birth to market 0.75 : 0.55 0.90
Raise 100 pullets from birth to laying : 270 1.95 _ 3.25
Layers for. 1 year—100 birds ' 7.50 ' 540 . 9.00
Raise 100 turkeys from birth to market 7.50 5.40 . 9.00

Manure Removal and Hauling' GaillorAls of fuelv

used per animal produced

v ; C Diesel '
: ‘ - : ' Gasoline fuel LP gas
Cleaning beef feedlots with bedding . o S .
used in housing— : , o
e Per animat marketed . ' ‘ 2.25 ~ 1.60 2.70

Cleaning beef feedlots, no bedding used in housing;
for feedlots holding up to 1,000 cattle at one tlme—

Per animal marketed . ‘ 1.25 . 0.90 - “1.90
Cleaning beef feedlots without housing, '

1,000 to 4,999 cattle on feed at one time— v o . . .
Per animal marketed _ - 0.50 ' -0.35 0.60- °

Cleaning beef feedlots, without housing,
ovgr 5,000 cattle on feed at one time— : .
. Per animal marketed - , _ 0.40

Cleaning dairy lots with bedding used in
housing (includes scraping lots) per year— » : . e
For each milk cow in herd o - 675 485 . 8.10

_ Cleaning dairy buildings with liquid ' ' '
mandure collection, storage and haulmg—- . o e .
For each milk cow in herd , S - 9.00 o 6.50 10.80
Cleaning swine confinement finishing barns - '
with liquid manure system, haul and spread—

030  0.50.

Per pig raised to market , - 0.40 ©0.30 - 0.50
.- .. Cleaning swine finishing barns and Iots. T . ' : e o
‘ ~* may be bedded— - c ‘ e L S
: < Per pig raised to market - - 0.30 0.22 ,.0.35

" Cleaning sow housing, per year (mcludes o } : o _
c}eamngfarrowmg house) = = . Lo ‘ - 2.60 1.90 - 3.10




HANDOUT #1- page 3

The table indicates that 0.4 gallon of gasoling,
is needed to raise a market pig. It takes 0.4 gallon
of gasoline to keep the liquid manure hauled from
the confinement finishing house and field spread.

Growing market pigs—0.4 gal. x 800 head =

320 gallons of gasoline
Cleamng finishing building—0.4 gal. x 800 head
= 320 gallons of
gasoline

- Estimated Annual Requirement = 640 gallons
of gasoline

The amount of LP gas (propane is the most
popular dryer fuel) needed to dry shelled corn
can be estimated. The operator in the example
planned to dry 20,000 bushels of corn. With good
drying weather, 1 gallon of propane will dry 6
bushels of corn.

20,000 bushels

6 bu./gal. .
Now comes the judgment part of the fuel use
estimates. The lo:é’-range weather forecast for his
area predicts that the planting season will be

= 3,333 gallons of LP gas

**above normal” for rainfall and mth **‘near normal’’ -

.daytime temperatures.

With those conditions, a farmer needs to anti-

cipate more fuel for planting, so should add 10
" percent to the diesel fuel estimate. Adding 268
gallons to 2,684 gives 2,952. gallons of diesel fuel
needed to grow the corn And soybean crops. He
" would not need to increase the gasoline required
to raise 800 market pigs because a pig grown in
confinement is not greatly affected by the weather.
If he used both diesel fuel and gasoline-burning
tractors to grow the crops, he must adjust his esti-
mates. In one example, suppose that about half
of each type of fuel was used to produce corn.
This means that he grew 120 acres of corn using
all diesel fuel and 120 acres using only gasoline.
‘So:

of diesel-fuel
Corm—9.5 gal/a x 120a planted = 1,140 gallons
of gasoline

Total 240a planted

The amount of fuel burned between Jan. 1 and
Dec. 31 to produce an acre of any crop might
vary in different parts of Iowa or the Corn Belt

"due to many unforeseen conditions beyond the
producer’s control.

These figures provide estimates of fuel required
to’ do jobs under typical Iowa conditions. In any
given year, fuel consumption on a particular farm
may be either larger or less than the values given
in the tables.

~Basis for
Fuel Use Estimates in Crop Production

, The system used to develop the fuel use esti-

Corn—6.85 gal/a x 120a planted = 822 gallons

e

mates was to, first, list the various field operations
required to produce an acre of crop beginning with
land preparation and continuing through planting
and harvest into storage; then to determine the

horsepower hours required for each operation and, .

finally, to divide the horsepower hours by the
typical number of horsepower hours per gallon of
gasoline to get the estimates on a gallons-per-acre

"basis. \

The fuel consumption estimates for field oper-
ations are based on studies by the Iowa State
University agricultural engineering research
group. Crop production studies were conducted by
James C. Frisby, formerly assistant manager, Uni-
versity Farm Services. All field operations were
time-and-motion studies to d®¥ermine typical rates
of travel with various sizes of field machines, field
operating efficiencies and tractor-implement size
relations versus timeliness.

Fuel consumption rates by the various tractors

‘and self-propelled implements are based on a 10-

year summary of Nebraska Tractor Test data for

. tractors operating at 50.and 75 percent: of maxi-

mum load both on power take-off and drawbar.
An Illinois study disclosed that tractors operate
at approximately 55 percent of maximum load
while performing field work.

When determining fuel consumption rates for
the various operations, the 50 to 75 percent of
maximum load figures were interpolated to match
field speed and type of load based on experierice
with farm operations. The fuel consumption rates
for minimum tillage operations were evaluated in
the preparation of a master’s thesis by Allan J.
Wald, now farming in North Dakota.

The .fuel consumption estimates for the produc-
tion of corn, soybeans, small grain, hay and silage
have been checked against actual fuel consumption
records by many Towa farmers at the time field
representatives of the Iowa Departmentof Revenue,
Motor Vehicle Fuel Tax Division) responsible for
checking refunding of gasoline taxes, audited their
fuel consumption records. The Motor Vehicle Fuel
Tax Division reports a close correlation between
our research-based figures and actual farm per-
formance.

\

Fuel Use in Livestock Extorprisoh

Livestock production—particularly finishing beef,
cow-calf herds, market hogs and dairy—are important
livestock enterprises throughout the Corn ' Belt.
Estimates given are based on amount of fuel needed
to grind, mix, haul and deliver to the bunk the feed
required to grow an animal from birth to market
in the case of swine or beef cattle.

Fuel used to fekd a dairy cow through'l year's
production, including the dry period, is on an annual
basis. Estimates for poultry are based on amount

of fuel used in the production of 100 birds.

Tons of feed requited to. finish meat animals -
. and poultry and to maintain dairy cows in produc-

tion were obtained from the department of animal.

[Kc :
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HANDOUT #1- page 4.

science at Iowa State University. These figures
are based on many years of research in nutntlon
and production of livestock.®

One of the large chore jobs with livestock s
the cleaning and maintenance of buildings and lots
and the handling of liquid manure from confinement
livestock systems. Waste production volumes used
in manure removal and hauling estimates_for all
farm livestock havé been well established by re-
search people working in environmental quality.
Allowances were made for a system where large
amounts of bedding are being used.

Limitations o .

. ¢ " .
~ These estimates of fuel used in field crop and
livestock production are based on the most reliable
experimental data available and are tempered by
practical expenence

The estimates given in this report are typical
considering soil, field, ¢rop and weather conditions;
but the values might be adjusted 10 percent up
or -down provj 4 good judgment is exercxsed by
the farm ¢gerator.’

Some of the estimates in this publication are used by
courtesy lowa Department of Revenue, Motor Vehicle I-\ml
Tax Division, and Farm Journal.’

File: Enginsering 3-2

.

Cooperative Extension Service, lowa State Umverslty of Science

and Technology and the United States Department of Agriculture

cooperating. Charles E. Donhowe, director; Ames, lowa. Dis-

g;;bt;lged in furtherance of the Acts of Congress of May 8 and June
14 .

= 'lﬂd justice forali

Programs and activities of Cooperative Extension Service are
available to all potential clientele without regard to race, color, -
sex or national origin. Anyone who feels discriminated against
should send a complaint within 180 days to the Sacretary of
Agriculture, Washington, D.C. 20250
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HANDOUT #2 | -
FARM FUEL ESTIMATE WORKSHEET

‘ CROPS

Total Acres:

Type of Acres of Gallons Fuel Gallons Gas Total Gallons Total Gallons
Crop | Each Crop Needed/Acre - Needed/Acre Fuel Needed | - Gas Needed

»

olNfolglrle™]?

*

FUEL NEEDED TO DRY.CORN:

- bushels corn=- _ ‘bu./gal. propane = __gal. ,
| , TOTAL CROP FUEL REQUIREMENT: ______ gal. ‘
- } v LIVESTOCK | ‘
Production S S R |
' Number of . Gallons of Gallons of Gallons of “Gallons of
.Animals Fuel/Animal - Gas/Animal Fuel Needed |  Gas Needed ' .
1. ' s .
2. .
3. .
4. L
5,
7 6. ;
TOTAL FUEL FOR PRODUCTION: _ gal. v gal.
' , ’ fuel gas ‘
Manure Removal and Hauling. o : ST - i
Type of Gallons of Gallons of Gallons of Gallons of ' - - . {
System Fuel/Animal Gas/Animal Fuel Needed ~ Gas Needed ) - ‘
- = - 3.
11, : |
2, |
] 3.
4. .:"
TOTAL FUEL USED FOR MANURE HANDLING: - - gal. | gal.
y e L fuel = gas
TOTAL FUEL USED FOR LIVESTOCK: . al. . gal.-.
_ - . fuel gas -
Q TOTAL FUEL USED FOR FARM DPERATION: . gal.- —gal,
‘ y » . - ) ) R o . Uel B ] gas

<'@-<144
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House Insulation
TYpES & values

~ All building materials have some insulation
value, but. the term ‘‘insulation’ generally
refers to products designed primarily for this
purpose. Insulation helps keep heat in the build-
ing during cold weather and helps keep heat
. out in hot weather.

There is no ideal or perfect msulatnon which
is the best for all applications. For example.
some materials’ may be well suited for insulating
walls or ceilings in new construction but could
not be used for insulating existing bmldmgs
‘The various forms of insuldtion are rigid. !~
blanket. batt. foamed-in-place and loose fill. -

“- Cooperative Extension Service
- The Ohio State University .
. in cooperation with the
" Ohio Department of Energy

k3

A

Thermal Resnstance
The msulatmg valye of varmus malenals can be

" ‘compared by their thermal resistance which'is =

commonly called **R** value. The *"R’* value indi-
cates the ability. of the material to resist the trans<

ue. For exampie 6 inches of vermiculite @ R 2.2

perinch = 13.2: 6 inches of cellulose @ R 3.7 petr
inch = 22.2.

13.2.

Adding msulanon to a house will increase’ thc ‘
resistance to heat flow and reduce the fuel used :

‘per season.
Note /1he examples below,

attic
n nsumion. I.

ygnm.tm §

Py

“The approximate heat loss thmugh 100 sq. 1t, nf celling is

equal to'about 61 gllluns of uil per average huling season.

©

A

S ma?at lossms .

Thc hen Toss-through lwsq fi. orceiling is ual to abouts
plluns of oil per Imting season. eq

i)

fer or passage of heat; The higher the *R"" value.

the better the insulation. Published "R values

may be for a one inch thickness of matérial. of for

the total thickness of a material. The **R* values -
- are added together to get the total insulation val-

The(otal R of 22.2 provides a greater |
‘resistance to the passage of heat than the R of o

muSmuo N
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HANDOUT #3- pages 3 and 4

Insulation Values ’ Vapor Barrier

The **R’* values given for the basic types of insulation in this Insulation is available WIth or without a var
publication are approximate or within range. The exact "R™ - barrier. In new construction, insulation with ..ic
value can vary due to a difference in the temperature: density vapor barrier attached is commonly used. But. a ‘ ‘
and material structure. Some materials will have a difference separate mpor barrlerofplastlc filmcan be placed : g
in the rating when used in the wall as compared to use in the :
ceiling. The "R’ values are indicated by the manufacturer. between the insulationand the inside wall. ﬂooror

ceiling material.

usually on the producl or package.
.In existing houses. the extenor walls that have

R had insulation added can be provided with a good
Material = Per Inch Thickness* . vapor barrier on the interior wall surface with two
A Loose Fill (blown and poured) - coats of aluminum paint, over which decorative ; -
. Mineral fiber (rock. slag or glass)  3.0-3.3 - . < pamt orwall paper can be added. Vinyl wall cov- -, -
Cellulase (milled paper or wood pulp) 3.7 erings.. or two coats of enamel paint, can also
Wood fiber. softwoods 33 . serve as a vapor barrier. Also the installation of
. Perlite. expanded 17 : _{ vents. in thé exterior wall surface will let the wall
Vermiculite. expanded 23 breathe. Moisture that gets inside the wall can exit
' . : through the vents. This also helps reduce the pos-
Blanket and Batt - sibility of paint peeling. - .

The ceiling of an exlstmg house will not needa

Mineral fiber (rock. slag or glass) 3.0-3.7
vapor barrier if the attic is well ventilated. Note

Rigid (boards and slabs) ' e, examples below * . RATIO ‘OF TOTAL

Mineral fiberboard. wet felted. T ) - VE“‘:’#},“S:_.I".”O'RNE;E a )
acoustical tile . 27 AP . TO CEILING AREA

Mineral fiber with resin binder 35 . B o
Glass fiber. organic bonded = - s 4.0 » . 2 : S INLET QUTLET - .

** Expanded polystyrene. molded . ' S o : ’ . . L

\ beads e - ' ‘ 5 o
Expanded polystyrene. extruded plain 4.0 ' — - - -0 i'c')—o '
Expanded polyslyrcnc extruded ) . o " (COMBINED )
* (R-12) 5.0 ' .
Expanded polyurethane (R-11) ) 6.3 . ° .
. Foam (foamed-in-place) 4.5-5.0 : A

Building Materials R Per Umt
Aluminum & Steel siding ~ .61 ' 1
Aluminim & Steel siding plus *s-inch 900, %5 _

insulation board. foi! backed : 2.96 - u ‘
Wood siding. '4-inch, bevel. lapped 81 . N
Plywood. '4-inch .62 s
Sheathing. *¥s:-inch insulation board 2.06 b ’ . |
Concrete block. 8-inch. sand & gravel 11 o
< Concrete cast in place. 8 inches .64 ' %
' Brick. common. 4-inch .80 ' ) ,
Brick. face. 4 inch - Y T : W
ﬁ')—o r'.o—o ' @

Windows (air to air) _
~ Single glass 9t

° Plastic sheet; 0.125 thick .94 oo
Insuiated glass; - o , 8/78—20M
d?“,b" ‘."i.“‘ % 'air space 2.04 Issued in furtherance of Cooperative Extension work, acts
. JAriple with 14" air space i3 of May-8 and June 30, 1914, in cooperation with the UJ.S.
Single glass plus storm ‘ 2.00 Department of Agriculture, Roy M. Kottman, Directar of
 ASHRAE Handbook of Fundamentals. the Cooperative Extension Service, The Ohio State Uni-
**The poly foam boards or slabs should noi’ be left exposed 10 versity.
occupied areas. - } ’ "
By Roger A “Miller
, Extenision Agncultuul Engfi'aur
\) 3 -

T : : » 22




HANDOUT #4 S
. HEAT LOSS WORKSHEET =~ -
Bullding Dimension (it) - Surtace Area (f?) . R V‘_llu's '.Ihsulamul . AUVnInsuIaud" -
Length ——— Celling e Ceiling » '
_Width ———— Windows = ______ Windows
~ Height ' Doors — - Doors
| Walls o Walls
Change In Temperature . Heat Loss from Bullding**
(Insulated) S , (Unlnsulnlcd) ’
Outside ' , o S
Temperature _____ °F Ceiling — BTU/MWr. ________ BTU/hr.
Inside j S
e porature o Windows —_____ BTUMr. -~ BTU/r.
Temperature Doors™ BTUMr. . BTU/hr.
. - ] \
Change —°F Walls . _BTUhr - BTU/r.
Total Loss - BTUMr. ____ BTU/r.
Ditterence _________ BTU/hour saved
Ditference BT U/year saved
FUEL USED : o
Area (1t2) ) Uninsulsted - Insulated y
<Ceiling —_ gal/100fte= ____- gal./100 ftz=
Windows —_ gal/oofe= gal/100 ftz= .
Doors - gal/100ftz= ______ gal/100 ftz= - -
walls . gal/00f= gal/100 ftz=
' Total Fuell.lsed- ——— _gallons . S
- gallons

‘ Dmerence _ gallons saved

*For this worksheet the teacher may prefer to start with some insulation, perhaps R= 10
** Change — temp. x area : »..“_ :
R value

-
N —

Note: The teacher should emphasxze the gallons ordollars used as well as that saVed Put it into productnon g
térms such as in farrowmg, the fuel cost lS $ per plg weaned. Perhaps cOmpare with feed costs or .
profit margin. . T ,

i} . .. . ,v"‘ . A )




~ HANDOUT #5- pagss 1 and 4 ?
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¥
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L-266

Reducmg Fuel
Costs in House
Heatlng WIth

Insulatlon

.‘__1

4 B 53 - } ; v I 0

Thns publxcatxon can be used to indicate the approxi-
mate savings in fuel obtained by the use of insulation.
The table contains heat loss values for the component
areas of a house. This heat loss by conduction is ex-
pressed in gallons of oil and based on 5660 degree days,
an average heating season in central Ohio. For northern
Ohio add 15% and for southern Ohio reduce 15%. Oil &
gas heating units are assumed 75% efficient and electric
resistance heatmg at 100%. Examples of how to esti-
mate fuel avmgs are on the back. :
Cooperative Extension SQrvica
~ The QOhio Stato Unlvorsity

By Roger A. Miller,
Extonsion Agrlcultural Englnur

. I"IOW TO ESTIMATE FUEL SAVINGS

I::rample 1

Cellmg area of house § is 1400 sq.ft. wnth 3" of msulatlon
Consider adding 6 more inches.

From table: 3inches 10.8 gallons of 0il/100 sq.ft. _

9 inches - 3, 96 ,

Save 6 84

6.84 gallonds X 1400 sq.R. = 95 76 gallons of il
> '» ~saved per season -

100 sq. ft.
Example 2

‘ House has-12 windows’ with total area of 160 sq. ft.

Consxder adding storm WlndOWs. :
* From 1able: single glass® -
' smgle glass plus storm

g Save
70. 3 gallons % 160 sq.ft
100 sq.ﬂ._ _

l39l
- 688

703 |
112.5 gallons of oil- ¢
-+ saved per season

Example3 .

Wall area of housé is 1107 sq.ft. (total area less wmdows and .

oors)
Consider filling wall cav:ty

From table: - wall no msulatlon 253
3" insulation - - .77
Save . 11.53

17.53 gallons ¢ 1107 sq.ft. = 194 _gallons of oil
1 100'sq sq.ft. ~ saved per season

i

For Your Hause
1. measure to get sq.ft. of component area .
2. determine.amount of insulation

3. select values from table.
4. fol»l‘ow cxg!ﬁples :

9/77-,-30M -

issued in furtherance ofCoopouﬁvo Extmionwork,uct&of May .

8 and June 30, 1914, in cooperation with the U.S. Department of

- Agricuiture, Roy M, Kottman, Director of the Coo, tive Extom -
~ sion Sumco, The Ohio Sme Uniwrsnty o :

148




) ,F{ANDOUT' #5- pages 2 and 3 "t e

ESTIMATED FUEL USED (a) (f)

L g . o

. (a) During averue heating season for central Oh|o dwelling, 5660 degree days; for nonhern Ohio add 15% —- for soutbern Oluo reduce 15%.

(1] Insulation resistance value used is 3.3 per.inch. .

(c) - Foam-in-place resistance value used is 4.5 per inch. S v . : _

(d) - For basement estimates, use arca of basement floor only! : oL ) , o,
(e) Oil and gas units at 75% efficiency; electric at 100%. :

(14} The values in this uple are based on the energy estimating methods of the American Socnety of Henms. Refrigerating Air- Condmoung Enpneen. Inc,

o

For lnsulatlon Resistance (R) values of varlous materials, refer to Cooperatwe ExtenslomSorvicc Luﬂet 2.:5. )

-
©

ar

- Component Areas S B Gallons of oll uud for 100 sq ft. (e) e
Ceiling: No insulation’ ' R= 1.54 ° 6.2 . R
+ 3" insulation R=11.44(b) 10.8 . ’
+ 6" insulation R=21.34" 5.78 -
+ 9" insulation R=31.24 3.96 : o oo
/ +12” insulation R=41.14 3.01 To convert gallons of oil to other fuels:
Wall: No insulation R= 511 25.3 v B '
+ 3%" insulation . R=16.66(b) 7.77 oil X 1.52 = gal of L.P. gas o
+ 5%" insulation - R=23:26 - 5.56 : ’ ' L
+ 3'%" insulation (foam) R=20.86(c) 6.20 " oil x 140 = cu.ft of Nat. gas. o ,
Window: Single Glass ‘ R= .93 139.1 oil x 30.77 = Kwh of electricity .
Insulating glass-double. - . - v S
¥4 space or single glass E
plus storm; R= 1.88 68.8 . '
Insulated glass-triple. ¥ space; R= 2.92 44.3
Floor: Over vented ‘ @ ,
crawl! space; . R= 3 15.4
+ 314" insulation P R=14.55(b) 4.7 )
+ 6” insulation - R=22.38 3.0
c rawl Space Wall: '
Crawl space not vented. :
JWall R= 1.96 47 '
+3%" nsulation on wall. =11. 55(b) ‘ 8 _ : .
Basement: No insulation at SO°F - ' 11.78(d) o : B
No insulation at 70%F - - ‘ _ . 21.64 , ‘ \ o . , o
+ storm windows, ' . S : '
2" insulation on walls{b}— - " 12.71 . c
Door: 1%"Wood; : R= 3.02 - .8.5 gallons for one &oor' A s )
o+ storm R= 4.08 6.5 gallons for one door plus storm o
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HANDOUT #6-— page 1 . o P -
nerenmmue FAN SIZE WOHKSHEE‘I‘ B
b.kl“., . ] .
Step A. Bundlnglnformaﬂon R I R S
S T el AT S
1. Size (width andlength) ST 35 x 20

2. Type of faclllty (farrowmg, nursery)
8, Floomype ‘
4

4. Number of animals , T o o 14 sows:
Step B. Rocommonded Ventllatlon Rates (Table 1, Haméxut #7) ’
o and Space Hutlng Rates (Tab|e2 Handout #7) per Animal Unit . .
1, Moisture control ventnlatlon rate (cfm) ‘i'_ S - : _ 21 (l'.'t_'l‘i-l.H) < L
2. Odor COntroI ventilatnon fate (cfm) - | 35 . >
3. Mild weather ventilation rate (cfm) ‘ R - 8o
4. Hot weather ventilation rate (cfm) . e | 325‘
Stepc Total Recommended Ventllatlon and Heltlng Rates I o
1. Moisture control rate x no. of animals; 21 _‘ X = PYTR.S
2. Odor control ratex no. of ~an|ma|s: . N ’ .:s' X 14 = 1440 ‘i.:fm’ :
3. Mild weather rate x no. of animals: | 8o x _I4 = 120 ofm _
4. Hot weather rate x no. of anjmaisi ., ' " 325 «x 14 = 4550 ¢fm |

> ’ hal .

* - The handwntten ﬂgures given on the worksheet are the correct calculations forthe student: -evaluation problem on
page 12. When reproducing a blank worksheet for the students. the teacher will need to block outthe handwntten;,

- figures. , -~

26
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Determining Fan Size Worksheet (continued): _ s g R
> - ' c !
, -
=
t . C?
v . -3
)
< N (o ] .
| o e C _ - : o
‘ a ' . A . b ’ . .' ': . ’ ‘_‘c " '{ . 7 ~‘ V e .“d‘ N N
Total - . Additional cfm Needed ' - Fan Size for Total Fan Capaclty .
Recommended ~ (columns a - d from o Additional o (sum of fan sizes - = - e
Ventilation Rate ~ previous line) - . cim Needed . = column c) _ I
(fromStepC) © 7 ' (Table 4) _ ; o
(n.lwm’s /!ff blank f-r ‘m;’")""'“m .;a._fg For -I'."é,' v _
. s deterrming an size far only) 2,150 efm .. v T L
1. Moisture Control - 294 ‘ n:.l::_alenjcii-rol) fans, 'Cnuigni umn.":} — 3,°° :
: l\) o - ' o : 14" yariable s}aeuc‘f.n - L ,
~ ; ~ : DURES . : Sed with minhmum T o N T
2. Odor Control 490 - (‘-}?0 —»-:300 ‘-'> lq‘O spgu( of 200 efwmi - (d_oes net ap PI:,‘) :
S Sdme I‘I”v‘rwbh sP!to( ' T SRR
3. Mild Weather 1tzo (does -\.mﬂu\ fan hes 1600 cfm {1600 + 300:}1900
. : CJLPO.QH-J . AP A .
} _ » ‘ \ . 8" 3000 “FM o b Y. S o : L -
"4. Hot Weather 4550 (‘4550- 1‘700=12650' 2400 cfm fan might (3000 + 1900=)4900 |
' - beu\ough - e o

)

. “’Thls variable speed fan provndes both the ador control rate and mlldweatherrate [Fanshould have manual swntchsothefarmercan turnthlsfan on o Lo L . :
only when he/she is working in the building in winter In mild weather the fan would stay on with speed controlled by thermostat. - . R 8

**Variable speed fan eliminates need for this calculation. Note: Students should get experience in calculatmg constant speed fan sizes as well as : )
variable speed fan sizes -as done in this sample problem. Both expenences are needed. : : ‘ o » : .
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HANDOUT #7- page 1

WORKSHEET FOR SIZING LIVESTOCK
HOUSING ENVIRONMENTAL |
CONTROL SYSTEMS B

N

)

|

A mechamcally-venttlated confmement livestock

" building must have properly-sized fans, furnaces and

slot air inlets if it is to operate satisfactorily. This work-
sheet was developed to help producers and builders
calculate the capacities and dimensions of equipment
needed for specific livestock buildings. It should be

used in con;unctlon with Purdue Extension Publica-

tion AE-96," Envuronmental Control for Confinement
Livestock Housing.” which deals with the principles
and design of commonly-used environmental control
systems.

This worksheet leads you through a step-by-step
procedure for calculating the needs of an ‘exhaust
ventllatnon system, by far the type most commonly

used today. For design mformatnon on positive and
combiriation positive/negative ventnlatlons systems.
consult publication AE-96. 5
*  Anexample situation is presented to :Ilustrate the‘
-types of calculations involved and how they are \ -
‘worked.’ Be sure you understand where the various
input figures come from, why they.were used and
how the answers were arrived at betore applying the
worksheet to your particular building. Some of the
inputdata needed for the calculations are provided in -
Tables 1-4 which follow. At the end of the worksheet
is a brief summary and information on sources of -
related publications and computer programs.

_ Table 1. Recommended Pof-Hoad Ventilation Rate for Confinement S\nlno and Dairy.
. Cold weather rates
For molsture control on—  addedfor For ~ Mild ~ Hot
Fully Partly Solid unvented odor weather weather
Type of anima! or facllity siotted siotted floor heaters* control rates - ratos
‘ cublc feet per minute

Swine , ‘
Sow and litter ‘ 10 17 . 20 4 35 « 80 325 :
Pre-nursery pig (12-30 lbs.) 1~ 16 2 05 3.5 10 .25 . : o
Nursery'pig (30-75 Ibs.) 15 25 3 05 5 - 15 . 35 O
Growing pig (75-150 Ibs.) 35 . 55 7 1.0 10 24 S 75
Finishing hog (150-220 Ibs.) 5 8 10 18 35 120
Gestation sow (325 Ibs.) 6 10 12 1 .o 20 - 40 150
Boar (400 Ibs.) 7 12 14 2.8 24 . 50 180

Dairy ' Lo ‘ ) .

-Cow : 16.5 28 33 - 5C 130 600 s
Calt .5 85 10 2 16 25 -~ 150 . )
Milk rooms (total ctm) —_ - 8 ~ - 25 50
Parlors (total cim) - - -8 -~ - 25 100
* increase the fully-slotted, parily-siotted and solid floor moisture comro! rates by these amounts if unvented heaters

are used.

28

a -
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HANDOUT #7- page 2 -

' Table 2. Likely Supplemental Space Heat Require-
" menis per Animat Unit for Confinement Swine and
Dllry Cdva"
K Supplomont-l
__heat |
o inside Siotted Soiid R
Animat unit temp. floor floor** ‘
BTU/hr.
Sow and litter "~ B0°F -~ 3500
: - 70°F 3000
80°F . 4000 Table 4. Speeds and Capacltlos of Varlou: SIzo
. . s _ -~ Commerclal Vontllltlon Fans.
Pre-nursery pig (12-30 Ibs.) 80°F | 350. - Diameter . T Speed Clplclty ]
Nursery pig (30-75 Ibs)  65°F - 450 .| ininches Horsepower inrpm - inctm* .
. T5°F 350 - \ —
Growing pig (75-150 Ibs.) 60°F . 600 " Single- and multlpl_e-spood fans
Gestation sow and boar =~ 60°F 500 . 7 1/20(2-speed) 1550 - 30
L : : N} B ~3000° 150
’ Dairy calf ‘ ~__70°F 1000 1000 8~ 1/20(2-speed) 1550 - 80 .
. * Sized for the odor control ventitation rate in a moderate- 10' '1 /6 (2-speed) ?ggg ' g?g .
:y welk-insulated bl:lldmg' Additional crgep heat wili be needed ) p 3000 950
or young animals in arrowmg and nursery; size creep R -
heaters at about half the space heat needs shown. 10 1/28 3000 600
** Solid floor scraped and bedded periodically. : 12 “1/6 i 1725 1000 -
- o 14 1/4 . 1725 1600
/ : . . 16 1/4 T 1725 2400
Table 3. Temperature Optimums and Blnges for 18 1/4 , 1725 . 3000
COnﬂnoant Swine and Dairy Animals. . gg }}/‘g 1;38 gggg
o Temperaturs 30 1/2 ~ #600 8000
,'Typo of animal Optimum _ Range | 36 - 3 . - 545 . 11,000
. 7 N T 48 1 - 525 18,000 -
Swine- o ' " ‘ T L
: - Lactating sow 60°F  50- 70°F . , Max. Min. Max.
' . t!"e"- gewb?‘r n gg:’; 97’8‘?38:{: Varinble speed fans © mpm  cim ctm
| Pronoreem oas . i 12 110 . 1700 250 —850**
(12-30 Ibs.) Bo°F 75-g°F | ) o w8 - 1750 110 1600
Nursery pigs (30-75Ibs)  -75°F = 70- 80°F | | 16 v - 1725 850 2230  _
Growing/finishing hogs~~ 60°F . gm ;ogg _ ;g - }jg , - }ggg ggg -3203
§ r _ oF . KO- i : S ‘
| IGes'a“?'_-‘ sowsndboar, - 60°F ., 50 70 36 i/2 800 600 8000
Da gows o 50°F  45- 70%F I h" Al single-speed capac:mes shown are at 1/8 or 1/10.
A . ; A . © -inch water pressure. ‘
_ Calves __» TOOF 45 80°F" .} 4 Maximum cim is at 1/12inchwater preSsure




HANDOUT #8- page 1

Milk cooling and water heating may consume up to
40% of the electric energy used on modern dairy farms.

" You can save energy and cut the cost of heating water

in a dairy operation by more than half by installing
heat exchanger to recover the heat.now being lost t
the air from the milk refrigeration system.

‘Hest is available from a milk tank refrigeration unit
from two sources. One is the heat that is removed from
the milk to cool it from about 90°F to 40°F or below.
The second is from the electrical energy used to run the
compressor. Most of this heat is contained in the hot
gas which comes from the compressor.

Types

There are two ways to recover this heat. One is to add

a heat exchanger between the compressor and the
existing air-cooled condenser, along with a water
storage tank and a circulating pump. Figure 1a shows
- aschematic of such an installation. A pump circulates
" water from the water storage tank through the heat
exchanger when the compressor runs and the tem-
perature in the heat exchanger- is above the
temperature of the water in the storage tank. The
conventional water heater is thus supplied with water

in the 100°F to 140°F range rather than cold water

(50°F) from the well.

The second type of exchanger is a special water-cooled
condenser unit instead of the typical air-cooled
" condenser (Figure 1b). It would normally be con-
sidered when installing a new system or replacing an
old, worn out unit. One design variation incorporates
the heat exchanger into the storage tank. Because hot
water rises to the top of the tank, two different
- temperatures of water can be removed at different
~ levels of the tank (Figure 1c). The hottest water at the
_ top of the tank is about 140°F. Water removed from a

tap at the center of the tank is lukewarm, andis often

- wead far washing udders and general cleanup. This

IToxt Provided by ERI

Agricultural Enerqy Managément

e

FS-18

Dairy qumv’fHe’qt- Exchangers.
for Heating Water

R. A. Peterson, New York State Electric and Gas Corp., Binghamton, NY
R. K. Koelsch, Cornell University, Ithaca, NY ,

heat exchanger is available as either an add-on or
complete condensing unit. : '

P

A water-cooled condenger recovers more heat than an.

add-on unit because all heat from the refrigerant is

transferred to the water afnd an add-on unit may stili - -
lose some heat through the condenser. Ar add-on '
exchanger may recover as much as 70% or as little as.
-15% of the milk heat depending on the compressor

head pressure setting and the time of water use, '
Dairies with normal water use patterns can expect to B
recover at least 40% of the milk heat from a properly -

adjustéd add-on heat exchanger.

Expected Savings

You must know 1) your hot wa“ter"use’. and 2] the
amount of milk cooled daily before you can estimate.

the potential savings of a heat exchanger. About 2 to 3

gallons of warm to hot water per cow per day is used
by many dairies. Some use less than one gallon per .-

cow per day which suggests it is possible to save even

more by figuring ways to cut hat water use. Use Table
. 1to estimate water use. : .

Table 1. Volumé of milkhouse and parlor wastes. .

Washing Operation Water Volume

Bulk Tank

Automatic . 50-60 gal/wssh
Manual - 30-40 ‘gal/wash
Pipeline : ' ’
In parlor : 75-125 gal/wash

(Volume increase for long lines
in a large stanchion barn)

Pail milkers 30-40 gal/ wash

Miscel laneous equipment’ 30 gal/day
.Cow. prep. : al/wash per cow:.
Automatic 1-4 152 g
Estimated Average 2 3
Manual - : 1/4 - 1728 .

Parlor Floor.
Milkhguse Floor
Toilet ’ 3

40-75 g:lllday'
10-20 gal/day
5 gal/flush

N . .
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Figlre 1. Types of Heat Exchangers

a. Add-on Heat Exchanger retains present Air-cooled condenser.

| Evaporator Compressor g . . Hot water

I

Storage Hot Watek
Tank I |Tank

Air-cooled '_ ‘ °
Condenser o Heat Warm Water -

Exchanger| Caol Water - : HI
- € —
- i - Water Supply. *

[}

'

~b. Complete Condensing Heat Exchanger eliminates Air-cooled Con,fienser

v

Evipoutor Compressor - " Hot Water

’ ~— Expansion Valve

Hot Water
Tank

o

Cool Water _
o e " Water Supply ﬂ

c. Complete Condensing Heat Exchanger Producing Two Different Water Terﬁpératufes |

Compressor

¢

- -

165°F water to ?

_ direct use or storage

- -

i Water
¥ - 7 ] Heater

110°F water to direct | OF
use or storage _S_!ouge‘

-+ 4 Water supply
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“Table 2 and Table 3 list the expected annual value of
the hot water produced by both types of heat
exchangers. - :

' Table 2. Expected Savings and Hot Water produced by
a Complete Condensing Heat Exchanger that recovers
90% of Heat from Refrigerant Gases.

Daily 140°F Water
Milk Produced
Production Daily
{pounds) (gaflons)

Annual Fuel Cost Savings*,dollars

Electricity Fuel 0il LP Gas
at 1¢/KWH at 50¢/gal at 50¢/gal

1000 . 8 278 113 170
2000 174 556 225 340
3000 260 s 834 © 339 - 510
4¢00 . 346 1112 © 452 681
5000 432 1390 . 565 “ 851
6000 520 © 1669 668 . 1020
Ta00 606 1946 790 1190 -~
8000 693 . 2225 904 1360 7

*Savifigs based on using 100% of the hot water produced. This will
" not be possible in most dairy operations, ’

- ‘Table 3. Expected Savings and Hot Water produced by

an Add-on Heat Exchanger that recovers 40% of Heat
in Refrigerant Gases.

Daily . 125°F Water
Milk Produced
production Oaily
{pounds) (gallons) at 4¢/KWH

Annual Fuel Cost Savings*,dollars

Electricity Fuel 0il LP Gas
at 50¢/gal at 50¢/gal

1000 42 111 . 45 68
2000 84 . 222 ’ 90 136
3000 124 333 136 204
4000 167 . 445 181 272
5000 - 208 556 226 340
6000 249 667 271 408
7000 291 779 316 476
8000 - 334 890 361 594

For example, consider an 80 cow dairy that produces
4000 pounds of milk a day and uses 2 gallons of hot
water per cow per day (160 gallons/day). All the hot
‘waterfrom an add-on exchanger can be used, so
electric savings are $445 per year. A complete

" condensing heat exchanger should produce 346
gallons of. 140°F water per day. This dairy can only
use about half that amount, so the electric savings is
still about $500 per year, not the $1112 listed in Table
2. It is very important to have some idea of the
quantity of hot water used daily to get a reasonable
idea of cost savings.

Heating Water - How Hot?

Most ‘mechanical refrigeration systems, no matter

what application, are similar. All have an evaporator,
compressor, condenser, and expansion valve (Figure

. 2). Toremove heat from a medium such.as air or milk,
liquid refrigerant at low pressure passes through an
evaporator. The refrigerant boils or evaporates in the

IToxt Provided by ERI

ERIC

evaporator, and in the process, absorbs heat from the

K

. medium being cooled. The refrigerant vapor then
‘passes to the compressor. The compressor, powered

by an electric motor, is the major energy input to the
refrigeration system. In a compressed state, the hot.
vapor flows through the condenser and gives up heat
easily as it changes from a gas to liquid. Still at high
pressure, the liquid refrigerant flows through an
expansion valve where its pr¢ssure is reduced, and
continues back to the evaporatof. ' '

Figure 2. Typical Refrigeratioh System

Heat from Milk, .

Produce, etc, Evnpoi'ator

Lo'w Pressure

Expansion » ‘ / Gas (cold)-
Valva\ : #® || Compressor.

¢ B R . ..
; , 5:::=—<=== ‘\\ o o
High Pressure / . {} .. High Pressure
Liquid Gas (warinest)
Heat Loss to o
air or water

Low Pressure Gas
{coldest)

Air-c_oo‘led
" Condenser

&

A heat exchanger can heat water to almost any desired
temperature, but the compressor often operates at .
higher than normal design pressure to heat water
above 120° to 140°F. When the head pressure of the
compressor is increased the electrical demand also

_increases and refrigeration efficiency and cooling

capacity drops. For these reasons, be sure the head
pressure is not altered when an add-onheat exchanger
is installed. In. general, the head pressure switth
controlling fans on the air-cooled condenser should be -

_ set between 150 and 190 psia for a R-12 system and

between 250 and 300 psia for a R-22 system.
Currently marketed complete condensing heat ex-
changers frequently operate at higher head ptessures
than a conventional air-cooled condenser. Upon .
installation, you may notice it slows milk cooling and -
increases electrical consumption slightly. These
effects normally are not serious unless the present
refrigeration system barely cools milk within the
required time limit. If this situation exists, ask the
heat exchanger supplier how to alter the temperature
or pressure switch setting to allow water to bleed off
at lower temperatures. This change would allow the
refrigeration system to operate at more normal head

- pressures.

~ Compressor life might also be reduced if head

pressures remain excessively high. At present, how-
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ever, there is little concern by compressor manu=
facturers that the head pressure settings used by
currently available complete condensing heat ex-
changers will significantly reduce the lifetime of the
compressor. .

Well Water Coolers

Some dairies install in-line milk coolers that use well
water as a coolant. This equipment is used (1) where
water is abundant and inexpensive and (2) to boost
* the cooling capacity of an existing refrigeration
system. The tempered water may be used for stock
watering or parlor flushing.

In a few cases it may pay to install a heat exchanger
"together with a well water in-line cooler. Make a
careful study of water use before installing bath units,

though. Often a heat exchanger will pay for itself long

before a well water in-line cooler will.

Space Heating

Heat from an air-cooled condenser mhy be used to heat.

the milk room. Various arrangements (Figure 2) are
possible to change from summer ventilation to winter
heat utilization. On dairies with more than 100 cows,
.it may also be worthwhile to heat the milking parlor or
nearby rooms with hot water collected by a heat

Figure 2. Compressor Arrangement .to change from
Winter Milk House Heating to Summer Ventilation.

L Compressor Shed

i

f&ao.

Milk House

Winter Heat In

=> :CD(’) oD o

) 8 " S T

Milk House

exchanger. The application of space heating is best

suited to complete condensing units. Hot water is

circulated from the top of a storage tank by a
thermostatically controlled pump through a unit
heater and returns to the bottom of the tank. Most
designs connect the space heating equipment directly
to the potable hot water storage tank.

Ea

Sizing units

Generally, the size of the heat exchanger is dictated by
the size of the refrigeration unit. Follow the recom-
mendations of both heat exchanger and compressor
manufacturers regarding heat exchanger selection.

Some manufacturers of heat exchangers provide

storage tanks as part of the package. If a storage tank

is not provided by the manhufacturer a rule of thumb
suggests the tank should hold enough water to supply
all the hot water needs for one mitking. This size will
provide adequate hot water, yet still be empty after
cleanup. A fresh charge of tap water in the storage
tank will then be ready to cool the refrigerant during
the next milking; an important step to maintaining
refrigeration efficiency.

Installation

Water quality is very important to the successful
operation of a heat exchanger. For this reason, the
water should be analyzed and results discussed with
potential heat exchanger suppliers before purchase.
Some heat exchanger suppliers provide this service.

- Install the heat exchangers in an area that will not

freeze. Avoid long plumbing runs by installing the
unit as close as possible té the compressor and water
heater. Insulate all hot water lines. Follow manu-
facturer’s installation recommendations.

Maintenance

NRAES

Clean periodically to remove any scale or other

deposits. The frequency of cleaning depends on whter

conditions, so make provisions for cleaning when
installing. Follow the manufacturer’s maintenance
instructions.
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I. Lesson Tople: . . . ’{ ’ o .
~ ENERGY MANAGEMENT IN THE GREENHOUSE WITH ENGINEERING
B - 'AND CULTURAL PRACTICES R '
LARAE WATKINS . .

il. Lesson Performance Objectives , 54
At the end of this lesson, the student will be able to:

1. Describe the need for energy conservatibn practices in the greenhouse.

: - ~ : e
2. List and compare the ways a greenhouse operator can alter the structure of a greenhouseé to
‘ conserve energy. : " S o

3. List growing practices that a greenhouse operator can implement to conserve energy. o

HI. Materials Needed _ °

v

f ‘ ’ ’
Handout} Fuel Cost Trends o ' ' T
Pictures”of greenhouse madifications ' ’
Handout - Suggested Methods of Double Poly Covering
- Handout - Operation of a Polystyrene Pellet insulated Greenhouse
Handout - A Track-type Thermal Blanket L -~
- Handout - Air-inflated Plastic Tubes for an Enérgy Screen
Handout - Experimental Greenhouse with North Wall Insulation
Pictures of inflated tubes _ T T ) -
Pictures of insulated sidewalls, gable ends, and sills ) o
Pictures of floor and bench heating systems
Handout - Chart on Methods of Fuel Savings in the Greenhouse
Handout - Energy Wasting Practices in the Greenhouse" _
Shirt box and dozen circular objects, such as paper cups o
Handout - Plant Spacing Arrangements on Benches Co
Test - Energy Management in the Greenhouse

IV. The Situation

The ability to control aclosed environment is the basis for the production horticulture ind ustry. The
amount of fuel needed to maintain a specific environment is, in itself, staggering. As fuel costs rise,
the importance of limiting this staggering amount of fuel becomes very pronounced.

Energy conservation is almost mandatory and making large production changes has become quite
common. Greenhouse growers and researchers are continually trying to find ‘new methods,
structures or gimmicks to limitthe amount of fuel needed torun a greenhouse. Keeping up with new
energy conserving technology is absolutely necessary if a greenhouse grower is not to be forced:
out of the business by the rising fuel costs. All greenhouse employees need to be aware of this
technology and what they can and should do to help lower greenhouse operation costs and
possibly save their jobs. ‘ .

V. Introduction to Lesson

A. Select a student who drove to school. Ask him or her how much the gasoline cost the last time .
the tank was filled. Discuss the cost of fuel; have students imagine using a gasoline-powered \
" generator to heat a room or a small greenhouse. How much would that cost, even for just one

week? -

B. Discuss the types of fuel available to a greenhouse operator (e.g., natural gas, #2 ail, coal, .-
propane). Ask: - _ _ ‘ . o

“What fuels are available?" (List on board.) Then ask: "What are their relative costs?”

159




C Give the students hmdout#t, Fuel Cost Trends Have the students try to identlfy which line
. goes with which type of fuel Discuss the graph emphasrzmg the foTIowmg pomts '

1. The units are 100,000 BTU's. A grower with 2!) 000 ft.2 often uses 20 000 of these units in a
year 's time. . . :

2. One therm umt of gas = 100,000 BTU S.

- 3. In 1982, gas is the most economical; propane is the most expenswe 1986 projection: coato R
is the most economical, propane is the most expensive; none of them are inexpensive. -

. Ifthe students need more convincing as to the high cost of energy (fuel) have them figure. the cost
of using each type of energy source in a 20,000 ft? greenhouse for one year, using 1982 and/or
1986 fug ures from the chart. For example (place on chalkboard)

o>
e

20, 000 units of energy
1 unit of energy = 100,000 BTU's ) ' R | : ' .
' Gost of gas, 1982 = § 0.36/100,000 BTU's | |
26,000 x-$0.36 =.$10,000 (‘haire students calculate this ‘cost) )
Gost of proparie, 1986 = $1.75/100,000 BTU's - " .
20,000 x $1.75 = $35,000 '

Y

Question: "It a grower'can't control the price of fuel and neegs to cut fuel costs, what can he or she do?"

Q

VI. Problem Statement (Write on chalkboard): ‘ . ; ' o

Question: "What can __ Student or 9peralor _ do to lower greenhouse fuel costs?”
C/ / Possible Student Answers: _,
1. Change to cheaper fuel
2. Get out of the greenhouse busmess _ S %
3. Use less fuel ‘
4
Discuss each answer: - | e -
1. Temporary solution: accept fact that all prices-are rising ‘ -

2. Défeatrst's way out: if everyone left the é)usmess, then .

»

3 3. Good idea, but what questions stilt need answering before we can use Iessfuel? (Llstanswers to
4 ~ this question on the board.)

\ Possrble student answers (or the questions to be answered)

1. How can the greenhouse itself be changed in order to use less erl’? *

2. What cultural practices can be fellowedto use.less fuel?

VI Solution to Problem

Quastlon' “How.can the greenhouse lteelt be changed in order to use less fuel?”

[

. | ’ ' . ) e ' .
— . ) R . . . . C . . oo

I SR -
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B 1. Ask student to com pile a list of potential energy-savmg structural changes oh the board. Add to--
. the list anything from the list below that is missing. . _ \ : "

2. Takeeach modlflcatlon and explatn whatitis and how lt works. The following outllne can be used
as a model for student notes, written on the board orshown on a transparency..Prepare slides
in advance, or at least have pictures of each type of greenhouse modification. Samples

. pictures and diagrams can often be obtained through wholesalers or company sales people.

A. DOUBLE-INFLATED POLYETHYLENE OVER GLASS ,' 7 o

\

Two layers of plastic are stretched over part or all of a glass house and air is forced\between "
the layers. (Use handout #2, Suggested Methods of Double Poly Covenng ) Briefly dlscuss
each method shown, emphasizing construction details. -

B. POLYSTYRENE PELLET INSULATION

At night a layer of’ polystyrene béads is forced between two layers of polyethylene that cover
. the greenhouse. During the day the beads are pumped out and stored in a separate facility.
0 (Use handout #3 or display on a transparency, Operatlon of A Polystyrene Pellet Insulated :
Greenhouse.) p ,

C. THERMAL BLANKETS/CURfAINS o ' .

’ g A blanket of polyethylene or fabric ls%ylled over the benches, plants and heating lmesto limit’
the space which must be heated. The blanket is pulled at sunset and removed at sunnse
Blanket may be clear, opaque or reflective. .

Variations of this system include pulling a blanket from gutter to gutter in a range and puttlng
up a permanent gutter-to-gutter poly sheet. (Give the students handout #4, A Track-type
Thermal Blanket, plus plctures or examples.)

' D. INFLATED TUBE CEILING

R3ws of air-inflated polyethylene tubes (tube touching tube) are placed from gutter to gutter.
Tubes may be permanent or pulled each night. (Use handout #5 or display plctures or
examples.) . ‘

E. INSULATION OF SIDEWALLS7GABLE ENDS/SILLS

Board, spray-on toam plastic, or other insulation is applied to the sidewalls, sills, gutters 7
and/or north gable ends. Light Igss is minimal, especially when alumlnum reflecting material
-is used. (Use handout #6 or display pictures or examples) ° , v

~ F. FLOOR AND BENCH HEATING (uslng warm water at 100°F) ‘ ‘ ; . -

These systems involve heating only theimmediate area around the plants. Series of hot water-
carrying tubing are used. Pots are placed directly on the warm fIOor bench or tubing.

These systems have seen limited use so far because: (1) systems must be desrgned foreach ,
! - grower; (2) mostly potted plants have been used; (3) systems must be used with other heating
and conservation techniques. (Dlsplay pictures or examples.)

3. Group Activity: DlVlde the class into groups of 2-4 students. Have each group do a little research
on each structural energy-saving method and find out:

1. percentage of fuel savings ' ' .
2. cost

3. advantages . ‘ . . P
4. dlsadvantages

Information will be presented to the class by one member of the group and placed on a chart
on the board or an overhead. A sample chart’ follows. -
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SAMPLE CHART WITH POSSIBLE ANSWERS R oy s
Méethod - Fael Savings ‘Cost-  Advantages -  Disadvantages S )
DOUBLE POLY 40 - 60% . 45 - 60¢/ft2 plus - good savings - _ - reduced Iught mtensuty C
_ 10-30¢/ft2/2 years - quality plants obtained it * = must be replaced everyzyears . e
cultural practices are altered - COz generator should be added A woo
. - higher COz levels possible A , IR R
- no water seepage or dripping - o L '
through slipped glass ¢ : <0
POLYSTYRENE 60 - 90% - $0.50 - 1.50/ft2 - excellent sa\;zi'ngs ' ’ -'snow:load ' -
PELLETS (equipment) potential . - static cling of pellets . R
: ’ - $0.60/ft® (pellets) - no daytime hght reductlon - moisture in pellets (freezmg between e
< . . polyethylene layers) o E
- . » ..~ still expenmental R L S
THERMAL BLANKETS/ 20 - 60% $0.16 - 0.42/ft? - good sawngs - " =not adaptable to all greenhouses
CURTAINS . (curtain) - no reduction in light mtensuty. - dripping A
C - 50 - 2.00/ft? (besudes spot shade) - ~ - increased relatuve humldlty
T ' (installed). - relatively low gost = - spot shade from pulled back curtam .
INFLATED TUBES ' 35-50% $0.25 - 0.50/f2 " _fast and easy installation - -snow load . N
e : - cheap : _ - reduced light mtens:ty ° '
~ good savings - must be replaced every.2-3 years
INSULATED 10% or more .$0.50 - 1.00/ft? - relatively-inexpensive ' “‘ - Ilmlted light loss .
PERIMETERS depending on S - easy to do - -structure must be strong enough to'
: surface area - adaptable to all greenhouses hold the insulation e T
.~ insulated
FLOOR AND BENCH up to 40% varies with the - excellent savings = - ' - Iitnited use -
HEATING (Biotherm) greenhouse - can improve produc_:tion - snow load . -
‘ - not easily adaptable to allzgreenhouses _




References Iof Group Activities (sce page 10 for complete references)
1. BadQefand Poole o | |
2.;Grower Talks, Volume 46 (1) V v A . o o
) Perry and Robertson | | ' |
" 4. Short and Bauerle : ' :
5. Short and Huizing . . T .

- vo-
*

VIlL. Solution to Problem: o | | ST
_ Q.u'estlon: "What cultural practices can be followed to use less fuel'?f' “

1. Hand out the "wasted energy” picture to the students (handout #7). Discuss the picture briefly;
point out one or two "energy wasters.” As an individual, in-class assignment, have students list
as many. energy-wasting problems as they can find. (There are at least 9.) For each problem, - -
students are to list at least 1 solution or answer (preferably 2 or 3} to the.energy-wasting

_problem. Five major energy-wasting categories and a few potential solutions are given in
Table 1. T : T
. ' ' Table 1. Energy Wasters and Possible Salutions

°

. Energy Wasters ' e ~ Possible Solutions .
1. Energy-wasteful growing practicesﬁare'u‘sed a. Don't water plants more than necessary. T
forbexample, plants are overwatered and too . ' :
much lighting is used. . b. Remove unneeded light bulbs.
" 2. Equipment is left on when not needed: for a. Turn off empty refi'ig_ération units. - -
example, empty rgfrigeration unit is left on.’ ‘ o e , -
- ' ' b. Turn off full refrigeration units on cool nights. - - .
3. Pipes, ventilation louvers, and other . a. Repair pipes so they don't leak,
equipment are not well maintaingd. - 5 : » o
: b. Repair ventilation louvers soheated air doesn't e
~ escape. ' o
) c. Caulk cracks around doors.*
4.hPots, cans, bottles, water, and cardboard a. Set up. a recycling pragram for metal, glass,
are not recycled. and paper products. »
. H v . b. Reuse pots. , : : )
' c. Collect run-o»ff\water.
- - = A — —
15, Delivery practices are inefficient. a. Send out only trucks that are carrying full -

- loads. _
b. Drive to save energy - smoothly, without -
jed)

- .

sudden starts and stops.

»

- Source: "Energy Efficiency Tor Tomorrow's Greenhouse Workers,” American Institute for He'seébh,
January, 1982, . e : "
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. Pose the following problem to the students:

Y

&

. When assignments are completed, have students report on each picture and the solutions they

suggested. Use "Energy Saver” sections of “Energy Efficiency for Tomorrow's Greenhcuse - .
Workers" as guidelines for discussion. Point out that many of these things are common s2nse, -
good growing practices. - ' L ' :

. Special Assignment: Have student(s) develop a list of items that should be checked regulatly to

keep a greenhouse running energy-efficiently. Have copies mage and present them to the class. .
. i ' _ .;;w‘ . “' o N

You are the head grower/manager-for a small potted plant production greenhouse. The owner of
the greenhouse, a very stingy man, insists that the utility bill for the greenhouse operation is too
high. As grower/manager, you have caulked all the doors, fixed all the broken vents and glass, -
and turned down or off all the equipment you can. The owner, who will not finance any stgucturat
changes, says, "Cut the bills!” or he'll get another manager. What can you do? B

After a few minutes, when you have made sure everyone understands the problem, start
soliciting answers from students. List the answers on the boatd..

It

Possible student answers (which should be discussed): ‘- ' L -
1. Change to Alternative Cool Crops - 15-40% savings . V ~

e Crops are grown at lower temperatures, so less heating is necessary, )

e The crop must be one that the public will buy. _ ' | _ _ ”

Special assignment: Have student(s) write reports on different cool crops and present the
information to the class. . ‘

2. Close Down Business for Part of the Winter — 0-50% savings V .

Many problems:

e No production or income
e Hard to re-enter the market each yeat
e Must drain all water.lines

e Must provide for snow removal from the unheated greenhouse

3. Change the Space Ultilization — 10-50% savings

' Spacing. (Have on hand a'shirt box and about a dozen circularobjects such as paper cups.
They can be used to visualize the additional number of plants that can be grown when
staggered spacing is used.) (Display or distribute copies of handout #8, Spacing .
Arrangements.) - ~ .

e Use vertical space

— Grow shade-tolerant plants un_dér the benches.
— Fill up overhead space with hanging baskets.

,* Rearrange benches to 6et more usable bench space per.ft? of greenhouse.
— Floating aisle ' _
- Peninsular benches _ . : ot

Special assignment; Have stu_dent(s)k research the "floating aisle” bench and explain what itis,
how it works, and why it is important to the class. ‘ -

4. Grow lmprqvid Cultivars — 5-4b% savings

Breeders are trying to breed popular pl'ants for the ability to tolerate coolé} growing
temperatures, shorter croppirg time, and morg productivity. ' ' ‘
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5. Harvest Crops Prior to Full Maturlty — 0-20% savings
. - Reduce cropping time. For example, mums$ or carnatlons can be bud harvested.

6. Reduce Crop and Markatlng Loss

If less of the productis lost to disease, insects or mishandling, the increased productivity and
‘resulting profit will make the utility bill look smaller. .

IX. Application

A. Group Activity. Divide the class into groups of 4 or 5 students. Give each group a section of, or if
possible, an entire greenhouse to conduct an energy audit on. Groups are to look for energy-
wasting problems or practices, formulate plausible solutlons, and when possnble |mplementthe A
solution. Groups will submit three reports:

1. Report on the problems that they found. | _ . E R :j

2. Report on the solutions that they recommended for each problem.

e);

3. Report on how the solutlon was implemented (what materials were used, what re“sults were:.
obtalned etc.) . ,

When the groups have completed their solutlons each group will be assngned a second h S o
> .+ (check-up) energy audit. . - o

B. Wrap-up. Each group will present its three reports to the €{\,Xfﬂhole class. The group that did the . i

) check-up on the area will then make comments on the job®that was dorie, pointing out anything -
that was missed and giving suggestions. (If a local grower is willing, energy audits and possible
solutions could be formulated for his/her range, instead of, or in add itiOn to, the school’s range.)

‘ C. Optional Activity. Take a field trip to a'local gfeenhouse which may have employed some of the
energy conser\hng methods that were studied. Be sure the following questions are answered

1. Is conserving energg vmportant in this greenhouse? Why?

2. What has the grower done to conserve energy?

3. What will the grower be doing in the future? Are there any major structural changes planned? .




'x." Evaluation .
TEST: ENERGY MANAGEMENT IN THE GREENHOUSE

o

NAME

I. Maiching: Match the greenhouse energy waste practices with possrble SOIutlons by placing the
number of the correct solutlon in front of each energy waste practice in the first column.

P,

—_— empty refrigeration unit left on water only when necessary
—— dirty pots sitting around 2. wash and reuse pots .
— broken louver © 3. turn off unused equipment
_— plants overwatered 4. fix leaky plumbing
— half full delivery truck e 5. 'repair and caulk doors | g o
— hot rod delivgry truck driver 6. fire the driver
—— leaking pipes l ' 7. dispatch only full dellvery trucks
__ loose door hinge 8. repalrlouvers . e
~ 9. remove unneeded light bulbs:

o

o

2

Il. Multiple Cholce: Circle the one best answer for each statement from the list of items below each
statement. _

1. Fuel(s) usedto heat greenho#ses include:li

a. natural gas C. propane
b. #2 oil d. all of the above

2. Which of the following are methods of fuel conservation which may be used for greenhouse
modification? (1) polystyrene pelletinsulation; (2) thermal-blanket/curtain; (3) air-inflated tubes;
(4) styrofoam over entire greenhouse.

a. 23,4 ' , c. 1

b. 1, 3, 4 . ! d 1 ’ ‘ ® )

3. The biotherm method (floor and bench heating system) of fuel conservation in a' greenhouse
saves up to 40% in fuel. The djsadvantages of this system are:

. limited light lass and need for replacement every 2 years :
b limited use and snow load ‘ o .
. c. reduced light intensity and increased relatlve humidity X !

4. The maost expensive fuel for- greenhouse bailers is:

a. gas . C. propane
b. #2 oil B , d. none of the above

5. The doubileg inflatéd polyethylene-over-glass method of fuel conservation for a greenhouse
consists of: .

a. a blanket which is pulled out at sunset and removed at sunrlse :
b. polystyrene beads forced between two layers of polyethylene which cover the greenhouse
c. two layers of polyethylene plastic stretched over glass with air forced between the layers

.

L4
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. Test: Energy Management in the'Greenh’ouse (continued)

6. When either permanent or removable air-filled polyethylene tubes are placed from gutter to
gutter, the conservation method is known as:

a. Biotherm (floor & bench heatlng) . Air inflated tubes
b. Insulation

d. Thermal blanket

°

_m. Idonllllcaﬂon. Write in the blank the correct name for the structural change described on the right.

1.

2
3.
4

Pots placed directly on tubing filled with hot water

Forced air between two layers of plastic

Rows of air inflated tubing

Polystyrene beads forced between two layers of

plastic

Fabric pulled on a track‘OVef the plants and benches:

Spray-on foam applied to sill"s' and side walls

{

IV Problem: A greenhouse needs 30,000 units of energy per year to operate. How much would the
energy bill be if the owner uses: .

. : a. gas (at $0.36/100,000 BTU’s)?

b. coal (at $0.48/100,000 BTU's)?

4

~ Section li:

Section I:
3 1. d »
2. 2. ¢
8 3. b
1 4, ¢
7 5 ¢
6 6. ¢
4 .
5

SN bh W~

KEY
- Section 1lI: : , ‘ Section IV: _
Biotherm (floor and bench heating) " gas-$10,800.00
Double inflated polyethylene ST . coai - $14,400.00 -
Air inflated tubes . '

- Polystyrene pellet insulation
- Thermal blankets/curtains

Insulated sidewalls/gable ends/sills
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HANDOUT #1

P

APPENDIX

FUEL COST TRENDS

Expressed In compa'rable.heat}unlts (100,000 BTUs)

$1.75
1.50
"
-
-
o
§ 1.25
<
e
e 1.00
w
-9
5 75
-8
3
¥ .50
25
1972 1977 1982 1986
Propane #2 Oil Gas -Coal
Gas @ 1977 — 21¢ per therm
(2) 1982 — 36¢ per therm
(3 1986 — $1.15 per therm
1986 figuras for coal and oil are _1982 plus 10% per
year inflation. (Our best guess!) For gas it is
GROWER TALKS estimate. All figures are
approximations.
Canada growers price for gas is 65% of the
- energy equivalent for oil — by governmeni man.
date. ’
Source: Grower Talks, May 1982
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" HANDOUT #2

A

Suggested methods of double poly covaring
1. Over the top—eave to eave.
Up to the vent.
Both vents open. '
Sill to ridge with one bubble.
. Sill to vent with one bubble. °
. Separate bubbles on the roofs.
. Work around vents, fan boxes and doors. You can
also cover ends.
Some growers preferto use separate wall nubbles over side'vants
of Aspen pad areas which can be removed when.warm weattier
approaches _ < Monsanto Pisstics & Resins Co. photo

NOPRBON;

. Source: Badger and Poele, Conserving Energy in .Ohio Greenhouses, _'

Cooperative Extensxon Bunetm 651, November 1979

-
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HANDOUT #3

=

Operation of a Polystyrene Pellet Insulated Greenhouse

DURING THE DAY, THE BEADS
" ARE PUMPED OUT OF. THE . / N
GREENHOUSE AND INTO A
‘£ STORAGE TANK.

STORAGE

AT NIGHT, THE GREENHOUSE
IS FILLED WITH BEADS TO ®
INSULATE THE PLANTS

* FROM THE CQLD.

Source: Badger "and Poole, Conserving Energy in Ohio Greenhouses,
Cooperative Extension Bulletin 651, November 1979
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HANDOUT # 4

B
.
Track-type Thermal Blanket \
end wail! blanket —
carried on track for storage transport tratks o : S
thermal
blanket™"

Pel Ivania State U y photo

Y

A track-type thermal blanket Note °ide andend
curtains.

» .
Source: Badger and Poole. ‘Conserving Energy in-- Ohio Greenhouses.
Cooperatlve Extension. Bulletin 651 November 1979 ‘
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HANDOUT# A

- Air-inflated Plastic Tubes for an Energy Sér_e'en i

4 . N

Source: Short and Huiziné, ~TheDevélbpment',c'Jf & Movable Energy Screen for Greenhouses '. |
Using Air-inflated Plastic Tubes, Bulletin 629, Ohio Florists” Association, March 1982
B . . A ~A ] R . . . . ] " \ L ) ! ‘ PN ‘. 7.

TR . ) . . ‘174 . . o .
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HANDOUT #6 _' . T

@ -

Insulation with
. reflective surface

b 24° —
Experimental greenhouse with north wall insulation

~

Source: Blom et al., Energy Conservatlon in Ontario Greenhouses, ,
Ministry of Agriculture and Food Publ. 65, 1978 T ‘ e

£
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- ) HANDOUT #8

. .
. ‘
. . ,
.
.

Plant Spacing Arrangements on Benches

Rows B ) 1 Bench A - . . v ,
. . : /.

o b

OO0 O00ee
OCOOO®®|

O ONONO.
ONONONO,

Rows v @@ , .. :‘ ‘
, ool
066, | pe
IENONO @ ®
OO OO e
J oo
NioNoNoNo I

Spacing arrangements for standard and staggered
systems with a common spacing distance. Note that ]

" approximately 15 percent more rows and plants can be placed on
Bench B (staggered) than on Bench A (standard).

-

-

Source: Poole and Badger, Management Practices to Conserve Energy
in Ohio Greenhouses, Cooperative Extension Service Buﬁtin 668, July
1980 2 o _ ' : :




L LéssonToplc: . INVENTORY OF ENERGY USE o .

by :
o ' LOWELL E. HEDGES

ii. ‘Lesson Performance Objectives . T e

At the end of this lesson, the student will be able to:

1. Determine the amount of heat loss in the home. o
2. Determine effective methods of preventing héat. loss in the home.
3. Déterm_'ine estimated cost and potential dollar savings for vafjo'u‘s ene'rgy conservation activities. |
4, |dentify those behaviors, activities and p‘ractiées which he/she is willing to changé in ofdér to set
new priorities to better manage and conserve energy. ‘ :
.5. Conduct an inventory of energy usage in the home and busingsé. | e |
6‘. Conduct an inventory of energy usage for recreational and bleasi‘:re aCtivitiés. o - .
7. Compare h.is/her erergy usage p;i'actices with those. of a like student in andt.her school, state, E S

and/or national culture.
7 - :

\ ‘ ' V . ’ ¥
l. Materials Needed - T ‘ o e K :

1. Transportation available so that.the class can visit nearby homes, farms and/or b_usinéssestha‘t.
utilize the improved-practices discussed in the lesson. , -

2. Access to names of students of-other n’ationalities/cultures with whom they }night correspond.’

a.

-

_ IV. The Situation _ ' ’ oL, ¢

Energy management means getting the maximum output for the least energy input to get the job
done. Achieving a reduction in energy units used for each output unit produced saves money and
- energy. The preceding ning lessons have attempted to show the students how to do just that. These
nine lesson plans have considered the following major steps as ways to.approach and to think about o

energy management in agriculture:

¢ , -

1. Cutting“out waste - o _— I
rd . ” . N A . .
The lesson plan or\tractor maintenance and operation helped th€ student use tractors effectively,
size them to the job to be done, and maintain and operate them ormaximym gfficiency. Thelive-
stock management lesson plan showed reasons why buildings need tobe properly insulated and
ventilated for efficient energy use and also for livestock and owner health. Effective energy -
managément in greenhouse operation was also stressed in a lesson plan, Manypracticestaught ~ -
in these lessons can bring about immediate and significant savings in eriergy. They require *
cornmi‘tment and determination. Some require little or.no investment. ) _ L,

-
.

2. Changing methods * o S
Somg lesson plans concentrate attention on how the job is done, such as the use of the tractor
and.equipment, how field work is done, how farm buildings and homes are used and heated. All }
result in getting more done with the same or less energy input. Thelesson, Framework for =~ ¢

Evaluating Cogts and Benefits of Alternative Energy Systems, should gnable'studentsto learn to .
make Wwise energy use decisions. S _ - S LS
3’ ﬁi‘)pré’n‘mo’nf __ . "QQ ' f .

- Some lessons specifically direct our.attention to metho_ds_of?getti'ngumb‘re out of the energy we

&
7o
S
=
,
&
4
a
L3
,
-
i
ﬂ
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_ use. Using waste heat in a dairy operatlon is one example. Usmg diesel englnes in tractors is o
: another. Decisions such as the interior arranging of tables in a greenhouse cannot be over- B
' looked. And, of course, conserving what we have through reducing heat loss with better o '
insulation is high on the list of energy management priorities.
4, New Approachn ' ' B ’ ‘
-

As the potential in steps“l 2, and 3 is taught in certa|n lessons, new approaches to energy
management can be encolrraged so that further energy savings not readily visible ¢an Le

brought todight. The potential of new field working and cropping practices, alternate sources of

heat for the home and.business, such as solar energy or wind power, priority use of electrical .
appliances. and ‘equipment in the home and business — all of these approaches to enetgy .
management can be avallable to your students through careful study, imagination, apioneering

sp|r|t and flexibllity The challenge is yours the teacher's, to bring: this all about.

e . Introduction o : ) ’ S o ' v g T
. " This lésson is desngned to heIp the student take an analytical look atenergy usagein hrs/heroverall - |
=,  lifestyle. Emphasus will be given to areas concerning the home, other buildings, recreation, i.e.,
* energy usage in the student’s culture. An attempt will.also be madeto assrst the teacher in exposing

students to energy management practices in other cultures

. The teacher might use the following statement/question as a, means of gettlng the students to

. consider energy use and conservation beyond what the first nine lessons covered. "Qur study of
- . energy and its use up to now_has concentrated pr|mar|Iy on specific uses of energy such as

‘ electricity and wood specmc conservation practices in our use of tractors, corn production,
livestock production, building use; and in other phases of our agricultural business. In what other
areas of our Iives are there possnbllltles for more efficient energy use?”

&

Possrble student answers ) ' , ‘ ' .

-k

. Individual and fam|Iy I|V|ng style )

. Our overall energy use as compared to that of ather ‘countries.

a

2
3. Development of a master plan of energy use for our families at home, at work and at play
. . .

At this polnt in the lesson, the teacher should have students select the sequencein which the above
suggested.aréas will be studied, or else the teacher may arbitrarily select the order that will best fit
- into the overall activity schedule of the vo-ag program. :
' ’ , ' a

'VI. Statement of the Problem

The areas of additional study suggested by the students an be easily handled as problems to be
_ solved by the student and his/her family, or as declsions to be made conCermng efflment energy use
o * . bythe individual and the family. _ _ . _ ,

= *  Agwasdone in the other lesson plans the teachermay want to use a specific student s situation for
the class to analyze and to make specific recommendations. Following tiat action, each student
could then analyze his/her-own situation and make SpeCiflC recommendations that fit that .
partlcular situation. ; . - » S " ,
" = o. - N - ¢ - T : .
B ﬂ . " The additio‘nal areas of sttjdy _suggest'ed by the students c'ould be rephrased as follows in order to ,
© make.them read as problems to be solved or decisions to be made: ,,
_ . . <

A. "What additional behaviors, activities and practices can 59" __and his/her family change
B 3 that will enable them to better manage and conserve energy?" ‘ '

, : . _V o P X : ‘ ‘. . S . .,'
B. "What procedures should 4@t S
' herself and his/her famlly at home, at work and at play?” 7 ‘ . P -

T < . . L ’ . "_ ) ‘:‘ w - 'v _ L i .

follow in developlng amaster planof energy use for hrmself/




C. "What procedures should 590! fg)low in comparing energy use and management in his/
her lifestyle and culture with that of another culture?” g o

- -

VIl. Solution to the Problem/Conclusion to the Declsion , ‘ C

" PROBLEM A

A. Question: "What additional behaviors, activities, and practices can _Student _ and his/her family

" X ’ N ‘ 5 ° . sae - .
. Handout#5 can be used by the student to determine what &herg management activities/practices

change that will enable them to bétter manage and conserve energy?" (The problem should be
written on the chalkboard with students’ suggestions beneath.) :

Possible student answers .

® Their recreational and leisure time activities

® The way they use their home ,

. L'ittle practices?,like cutting down on the use of pvlastic that is made of‘petroleum é_ﬁd the
time spent watching television : , >

. After the students havz'(completed their suggestions, the teacher might wantto use the following
transition statement as a lead-in to the next class activity. "When using energy ar in ourattempts

to conserve energy, we must take into'account our economic, practical, and self-esteem values,.
and even our moral, aesthetic and spiritual values. By examining personal values, individuals can
determine what energy-conserving habits.and possessions in their lifestyle are tg be maintained

- and which can be deleted or altered in order to manage and use energy more efficiently.”

At this point, the teacher could distribute handout #1, Energy Ethic. Discussion could be held on ,
what activities are most important to the individual. The students can then individually complete 4
Columns A and B in the exercise. Further discussion could be held concerning which items the -
students could do without and thus help.conserve energy. Column C could then be completed.

Here students have an opportunity to decide which activities can be eliminated in a severe

energy crisis. o ’ ’ o .

. Another exercise that students cén complete is handout #2, which provides them an additional

opportunity to analyze their lifestyles. Questions at the end .of the exercise provide excellent
guidelines for class discussion on adjusting individual lifestyles to use less enetgy.

. Handouts #3 ahd #4 offer a way for students to look closely at their common leisu re-timeactivities -

and provide a means of making wise decisions in reducing high energy-consuming leisure-time
activities. Meaningful discussions can be held during this exercise as students share their value
systems. ) : ’ —_— :

. : b : !
v PROBLEMB . :

for himself/herself and his/her family at home, at work, andYat play?” {The problem should be’.
written on the chalkboard with students’ suggestionsawrittén underneath.) E

- Question: "What procedures should __student __ foljow m;;opi ng a master plan of energy use
w

» ° . ’ ’
Possible student answers . S G *

e Make an inventory of the family's energy usage. B .

e Make 4 list of energy conservation activities the family can follow.

¢ Write up an agreement for the family to follow in impleménting energy-saving practices.
. . .

are presently being followed by him/her and his/her family. THe checklistis constructed sothat it
can also be used to indicate future energy conservation practices that an individual or a family

plan to fotigw. : _ N ) _ . .
.\ B 18 N v ™

- . : -
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s

C. As part of the master plan for energy conservation, the family can cond uctahome energy analysls
to determine the heat loss in.the home plus estimated cost and potential dollar savings for
various conservation activities. Handout #6, a questionnaire developed by the Ohio Department of
Energy, can be used to make this analysis. The completed questionnaire can.then be sent to the
Department of Energy for the computer analysis. Some County Agricultural Extension-Agents

: can also process the questionnaire. ' . : S

Y

D. By the time students have been taught the ten lessons on energy management, they should be
ready for and capable of developing a master energy management plan for their home, farm, or
business and for their family .and themselves. ‘ y - :

Ateview of the Energy Management Checklist, handout #5, should enable the studentand his/her
family to select those energy mahagement activities that still can be put into action. Give the
students handout #7. T hi%hl/l‘lgﬂlan provides a means to identify the activity; to indicate if
further helpis needed toTfplement this activity, and, if needed, who will provide it; and estimated
yearly savings in dollars if that energy management activity is used. The Master Plan also
provides for the recording of the key person in the family or business who is respansible for
taking the initiative in putting the energy management activity into use. ' .

3

o KY - .

PROBLEM C

A. Question: "What procedu'res should _Student _tollow in comparing energy use and management
in his/her life-style and culture with that of another culture?” (The problem should be wriften on -
v _the chalkboard withstudents’ suggestions written underneath.) . R

Possible student answers: - ’ l . . o,

4

e Correspond with a-pen pal in another coﬁntry.

e Study how farming is done in a developing ¢cquntry and compare {with our farming) the
amounts of energy used to produce a unit of food. : g :

e Do an in-depth study of world-wide energy use and conservation.’
o

B. Establishing a pen pal relationship with a foreigh student/family for the purpose of obtaining new
insights into energy management can be a novel and rewarding experience. Many Europeanand
Scandinavian countries were practicing energy conservation in all aspects of their life-styles
long before the United States became aware of the "energy problem.” Through correspgndence
with a pen pal in Norway, for example, a student can-learn unique ways in which the Norwegian
family wisely ges energy usage in their life-style. Assistanc®n locating pen pals can be
found by writing to\World Pen Pals, 1690 Como Avenue, St.Paul, Minnesota, 55108. Initial C
participation cost is $1.00 per individual. : . ’

6. To become aware of what othér cultures around the world-have been doing and plan to do as to¥
energy conservation would be of value to our students in their consideration of energy use and
conservation in our culture. This cross-cultural study should include developed as well as

| developing countries. How do these cultures differ from our own in energy.use, percent of

) ~ energy imported, energy.consumption per capita, and percentage of world energy consumption -

versus percentage of the world population? Also, our students should benefit from comparing .

the flow of energy in modern, highly mechanized, fossil fuel agriculture with that flowin a non- -

fossil fuel, simpler form of agriculture that is found in most of the developing.countries.

Handout #8 contains charts comparing the flow of energy in two agriculturat societies, specifically .
the' “slash and burn” (gardening) agricultural system and the modern fossil fuel-based )
agricultural system. Advantages and disadvantages in terms of energy use and productivity are *
obvious discussion points for this exercise. Ten discussion questions é“re included in handout#8.
D. One approach that a teacher might use ‘in teaching this sectionis to solicit questions from _
- students concerning energy use and conservation in ather cultures.as compared to those in our :

C'*f“’"’
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. 8. How dependent‘ is agriculturejon the liquid fuels?

. > infiltration in the house.

2 -

-

culture. The following are some possible questioné students might ask, along wifh answers.
Reterences for the questions are included in the Appendix (pages 33-37). °

1. If the United States made a serious commitment to energy consetvation, how much less
energy could it consume and still maintain an enjoyable standard of living?

— 30 to 40 percent less (Reference #1)
2. Inthe debate. concerning energy conservation, there are several theoriés_ as tothebest w%y to
reduce energy usage. What are the various theories and what are tite specific beliefs?

~a. Free market proponents. They argue that price alone should determine the extent and
definition of conservation. They believe swift deregulation of energy markets, for one
thing, is the way to realize energy conservation, : : .

b. Non-deregulation group. These people would reluctantly go along with deregulation, but
argue that it is not a sufficient condition for optimal energy use. The "free” market has
failed to reflect full social costs from such externalties as oil spills, air pollution, and -
congestion from aytomobiles, balance of payment deficits, and the potential disruptive
economic and national security costs of an oil embargo. They also believe in the need for

. higher taxes on energy, particularly gasoline. ot

c. "Windfall profits” group. ‘These people are concerned with the “windfall profits” or
economic rents from higher energy prices gccruing to a limited number of large =
producers. Regulatian of energy prices-for this reason makes conservation less attractive.
On the other hand, lower income consumers bear relatively more of the burden of higher

erlergy prices; Many feel that they should be protected or compensated. '’
(Source: Reference #1) - ' )

~

3..What percent of the world’s population resides in the United States? Wr.uat' percent of the oil
_consumed in the world each day is consumed by the United States? N

— 6% of the populati’on; 1/3 of the oil. (Reflerence #1) ‘

4. What p?oportion‘ of the oil used by the United States {iz imported?
— About 1/2. (Reference #1), ’

¢ .

. , . .

5. How does the energy éoﬁsumption of the Amefican people compare with that of other -
countries? ° . RS , :
— West Germany consumed about 3/4 as much energy as the U.S. and France approximately
1/2 as much energy for each.dollar of gross domestic product in 1976. (Other comparisons
can be found in Table 1, Reference #1.) -

.

»

6. In the United States, how much of the total amount of oil used is consumed by the
transportation sector? How much by the private auto?

— Transportation us® about 1/4 of the energy consumed, and 1/2 of the oil. The private auto - .
uses over half of the transport sector’s energy. (Reference #1)

.7, What are some other major use areas of energy in the United States?

2 Residential sector = 20 pergent, with 2/3 fdr space and water heating, plus 1/4 lest due to gir”

-

® Production agriculture = 2.8 ‘percén’t of total energy use.

® Processing, marketing}distribUti?)n, inpijt manufacture and food preparation = 13h2'percent
- . (Reference #1). . -

" Oiland natufal gas provide about 85 percent of energy usein thefood and fiber system, and
~ over 90 percent of energy usd in agricultural production. (Reference #1)




10.

1.

12.

13,

14.

. What happens to prlce incentives for conservation when energy prices are controlled either

) Unlted Kingdom 5265, and the United States 10,999. (Reference #2) . .

. acres. (Reference #3)

because of windfall profits or because of congern. for lower income consumers? * : .

- - RN A

— Price incentives are reduced. (Reference #1) 3

If number 9 above is true, how then do we achieve more energy conservation? '

~ More rella\ece must be placed on voluntary patrrotlc or mvoluntary schemes for ratlomng or
curtailing energy use. (Reference #1) : A a .

Do price controls on energy sources affect future generations? ' . e

— Price controls clearly work-against future generations. (Reference #1)

How does the energy consumption per capita of heavily populated countries compare wnth
Western European countries and the United States? . : -

~— In comparmg kilogrants of coal equivalent per capita, Bangladesh records 28 per capita, -«

Why is modern agnculture energy mtensrve? -

— Becduse of mechanization and the petroleum base of many dgricultural chemicals
currently used to increase crop yields and net returns (Reference #3)

'

How does a subsistence diet compare with an affluent d|et in terms of food or fuel needs?

— Subsistence diet = 400 Ib. of grain and 0.2 acres. Affluent diet = = 1600 Ib. of grain and 19

»

v
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VIIl. Evaluation Lo

‘ ‘ M

QUIZ: 'INVENTORY OF ENERGY USE . e

NAME

(2

1. Listfive possessions and five activities which are of realimportance to you. For each oftheten thlngs
listed, explain in a"sentence why it is so important to you.

2

P

. @ .
-

A ' " . =

2. List four tactors which would cause you to change your life-style so that you would use less energy.

+
i

~ )
1

. . . ’ ~\

: . 3. List five changes you would be willing to make in your life-style to conserve -energy. List five

. condltuons of your Jife-style which you would reS|st changing even with a real energy shortage or
high cost of energy. , .

‘

4. Energy for home and personal useisto be severely rationed¢Which of the followmg restrictions would s
you be most willing to accept? Explain your choice.

- (1) No electricity in your home for 12 hours each day. a ) »
(2) Gasoline limited to ten percent of present use. 9\ i
’ . . '
3 “ - -

" w

=" 5 What evillence can | as your teacher expect tosee that you have learned and changed your behavior .
v as aresult of this unit on attitudes and the£hergy situation our country is.now experiencing?
, . ) N
- b 9 ~
) ) . .‘ V ’ . ’ ) . ) f q‘
s " Source: Beaulieu, Low Energy Technology, 1980 * _ - . L K ‘
¢ . . . ) . . \ "‘. . ) ) . 'Y o
' o . L
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HANDOUT #1 APPENDIX

-

ENERGY ETHIC .

‘ . 1

Beldw is a list of items and activities which require energy for their manufacture use, and’ dnSposaI
Number (rank) these items in order of importance and necessity to you. Mark your responses in Column A
— number 1 being most important, down to number 20 for least important.

’

B c

watching television o R
hot water for bathing 7 [ —
electric toothbrush . o - - —_
waffle iron i ) | —— |
synthetic clothing - C—

reading a book - ‘ -, —_ s
eating a raw apple - C e I

TV dinner - _ — —_— . .

ERERER RS

car ride to the store =’ o _— -

.

’ » } » B N ‘
drive-in movie . _— —_——

—— making home-made icescream S A
— . lipstick or cologne _ * - o —_—
- aerosol deodorant B — _
—___ electric hair Eiryer N ‘ — ——
— . bike ndi‘\ng . ‘ K - : R
—— awalk in the sun, ] R ‘ _4
— . candy. " . . - ' ..______
- nightitime football games @ e —

—___ hot lunches ' . _ s

*school buses } —_ —_

Now that yoh\have ra'nked?{hese items according to their importance to yoy, Iook through the list again
and rank from 1 to 10 in Column B the ones you feel are most energy Intensive.’

Finally mark in Column c the items you could do.without — and thus help yourself and our nation to
conserve energy. - N } .

LY

Adapted from J.C. Penney materials: Decisions, Dectsrons (teachlng unlt) : N
Materis/ also from Beaulleu Barbara et al,, Low Energy Tnechnology A Unit of lnstructlon In

Housing and Home EnvironmentAttltudes Gainesville, Florlda University of
Florida, 1980 _ 4 .o

. 18’7 c -
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" .THINGS | LIKE TO DO

188

Things | Like to Do R I E e F &/orM| "10" | Date
1. | Xyl
2. ’ N
ES N .
4.\ - - °
5. ™\ -
. ‘ - —
1. List 5 things you like to do? *¢ .
2. Place a $ sign by any item which costs more than $3.00 each time to do it. _
3. Put a capital "E” in the row of any item which uses a Ipt of, "Pur'chased" energx to perform.  *
4. Put a small “e” next to any item whigh requires little "Purchased" energy to perform. '
5. Using the code Ietters "F" and ”"M", record which of the itents on your list you think your father (F) and
mother (M) might have had on their lists if they. had been asked to make one,at YOUR age.
6. Place a number “10” for any*tem which you think would not be on your list 10 years from now. . ..
7. Finally, go down your list and place the date when you did it last. ¥ . '
8. Answer the following questions: ™ é : . o e,
= >
What does your list tell you about the thlngs you Ilke o do? : ® )
v What items requiy a Iot of energy'? .
List ways that y ‘could conserve energy in this list of hings you like to do!
Did your parents use less energy at your age than you do? Why‘7 . !
_What things are you going to keep doing for many years" What options are there for. contlnm?g to do these
activities but with less energy? 4 po . o
How could you get Same end result (satisfaction)‘,for the short term items but use less energy?
) * ) ) - ..\\v. d - : . R ,,. » .
Adapted from J.C. Penney materials, Decisions, Decisions (teaching unit) t . Y, B .
Materlal also from Beaulieu, Low Energy Technology, 1980 T e e
' \ N\ . e l N a 1 8 9 e

L
>
&
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o
C
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HANDOUT #3 = | o o

| | |  LEISURE-TIME ACTIVITIES S .
: I - (Durections for Handout #4) '

v
- . . . w

1. In handout #4, column 1 in the space provuded Ilst 10 Ielsure-tlme actwitles that you enjoy domg
?\ . 2 ..In column 2, rank these activities in the order of importance to you - o .

3. In column 3, under "Costs Moriey,” place the score which best mdtcates the cost of th|s activity

v

3 point§” - high cost activity S : S . f
~ 2'points -~ - moderate cost activity _ . S B
) 1 point‘ - low cost activity Lo . R -
0 - - no cost : Lo T -
4. In column 4, place the score that best evaluates the amount of "purchased" energy used for the “
activity., : o
3 ponnts - major amount used . ‘ ‘ ' o o
2 points - moderate amount.used S T d : -
a 1 point - small amount used ’ s ' o
0 - no purchased energy used”

5. In column 5, rate the activity on the frequency with which it is performed.

' 3 points - - performed a lot .
‘ 2 points - performed occasionally , | . ,
1 point "-.performed seldom Sy ] . ‘ S C e
0 - never done o - '

.,

- 6. Tocalculate the total value, add the points.in calumns 3, 4, and5together and putthetotal in column
" 6. (Example3+2+0 = 5)

. 7. in column 7. rank the |tems from high tolow in the total value column. (A "9" would be ranked #1,a
) "0" would be ranked #10.) .

8. After completmg this act|v1ty, answer the following questions:

¢ |f faced with a severe. energy crisis and the need to cut lelsure-time activities by 50 percent
how would you cut yourJeisure-tlme activities?

9

¢ How could you obtain the same enjoyment but use less energy? - o . .

1

-~

e Are you willing to reduce your act|v1t|es by 50 percent to help conserve energy? Why or why v
. not?

e Does the ranking affect the decision to reduce activities? How?

‘ ® Does the dollar value have an effect on energy use? | . ‘ ' S

e What activities can be done without "purchased’ energy?

. - . L
# b4 . v
N . .

‘ . Source: Beaulieu, Low Energy Technology, 1980 ‘ ' S B

- 6
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LEISURE-TIME ACTIVITIES CHART

@

Activity
:

Order of
Imp.ogance

. Costs

Money
3

Eneigy
Used
4

Frequency

Total Value | .

Rank .

:10

&

3

L)

* Source: Beaulieu, Low Energy Technolog

191

:

, 1980
\
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HANDOUT #5 - page 1 .

Have wgu
done do-
lstk D
0 O
O, .0
O 4d
O (D
.0 a4
O 0O
O d
O 0O
. 0 D
O 0O
O 0O
a
D O
0 O

Temperature control
Reduce daytime home heating in

ENERGY

MANAGEMENT

winter. maintaining 65°F (18°C) or .

lower temperature.

Set air-conditioning unit to l’eCll’Cu-

late cool air instéad ot pulling in
warmer outside air.

increase lemperature setting for

summer air conditioning to 78°F

(26°CJ or higher.

Reduce nighttime winter tempera-

ture 5°-8°F (3°-5°C) or more.

Use window and attic fans for cool-

ing during summer when outside
temperature is below temperature in

home.

Have
" done

o

&,

Maintain heating and cooling °
equipment in good operating condi-

tion.

Keep air fllters clean to make it
easier for heating and cooling sys-
tem to do its job.

~ *
Close off unused rooms and

closets.

Use kitchen and bathroom exhaust
fans only when necessary.

Install an exhaust fan in the attic to

~ refmove hot air in the summer.

Shade windows from direct sun in
summer with draperles and roll- up
shades.

Open draperies and raise shades to
receive sun's heat in winter.

Close door of attached garage in
winter.

" Close damper when frreplace is not

in use. :

Select an energy efficient air-

conditioning unit the. proper size for
spacefo be cooled. It is better to buy

a slightly undersized unit, rather )

than an oversnzed one.

ooa

oo

<

0o o

193

oog

O 0O g

Will

do

O

o

O 0O

CHECKLIST

Repair leaks and insulate’ heatrng
and cooling ducts in spaces not
heated or cooled.

Adjust radiator valves, air duct
dampers or heat registers accord—j
ing to activity in area.

Reduce heating and cooling temp-
eratures when away from home for
long periods of time. * &

insulation reduces heat loss or
heat gain, imprayes comfort, and .
reduces energy required for heat-
ing and cooling.

Ceiling— minimum R-Value of 19.
Walls — minimum R-Value of 11. -
Crawl space or unheated basement

. =~minimurn R-Value of 13.

o -

‘Window and door protection for

winter

Instail storm wmdows and storm
doors. or

' Cover wrndows and doors with plas-
tic. .

¥

Protect home from cold. wmter
wind.

Plant or buuld a wundbreak land-"
Scape treatment. :

Use garage entrance where pos-
sible. - -

Protect entrances with double-door #
arrangement :
(contmued)-
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HANDOUT #5 - page 2

Have
done

O

O]
O
o

mn 0 0o

0

[]

0O oo g o

jn

will’

do

-]

0 0o o0od

Q0

0 0o oo ooo

Seal air leaks.

Weather-stnp doors, windows. and
all movable joints.

Caulk interior and exterior cracks.
Seal unused doors.

Cap unused flues and (or) chim-
neys. ’

Protect home from summer sun.

Plant decuduous trees.

Install a roof overhang to protect
windows.

Use awnings or-other treatment.

-Utilize breezes'\for cooling during

warm season. ! .
Close windows during midday.
Open-windows in evening.

Lighting
Turn off unnecessary lights, indoors

“and out.

Reduce lighting levels to minimum
for task to be performed.

Use bulbs with lower wattage. in
halls, stairways, and other areas of
general illumination.

Use light colors in decorating $o im-
prove lighting-efficiency.

Do tasks that require a high light
level during daylight hours when
possible.

" Keep lighting fixtures clean.

Use fluorescent lighting for maxi-

mum light from -electrical energy

used.

Use timers to turn lights on in the
evening rather than ieaving lights on
all day when no one is home.

.

Have wiil
done. do
O O
O O
O O
O O
: V4

O O
O O
a o0
O O
o o
O O
O O
O O
O O
O O
O 0O
O O

<

~ Energy Management Checklist ( cont/nued)

Food preparation

Use oven to capacity.

Use cooking utensils that fit surface
unit. '

Use tight-fitting lids on cooking
utensils, when appropriate. -

Reduce heat to maintain necessary

. cooking temperature when using

+ surface units.

Use small appliances for cookrno it

they are more effictentthan arange._..-

Preheat oven oqty for leavened
foods. Do not preheat Ionger than
needed to attain required tempera-

“ture.”

Turn off oven and surface umts

- when food is cooked

Food preservation: retrigerqtor.
freezer _ - :

_Avoid opening door or holdlng it

open unnecessarily.

'Keep grilles and eyaporator coils

clean.

Locate -cooling appliances away
from heat sources such as range,

_ hot air register, or direct sunlight.

Defrost as needed. -

If cold&r is Ieaklng around doar,
have door adjusted or gasket re-
placed.

Turn off, empty, cleanand:leave re-
frigerator ddor open when taking an
extended vacation. :

Dishwashing

Accumulate dishes: hold until dish-
washer is filled. if dishes are hand
washed. rinse and hold breaktfast
and lunch dishes untii evening.

. Donot tew\ot water run continuously _'

“while was

ing or rinsing. dishes.

Omit dishwasher dryirfg cycle: open
the door at end of the rinse cyCles




HANDOUT #5 - page 3 '
Energy Management Checklist (continued)

. Heating water

Reduce amount of hot water used.

Insulate long hot water pipes, espe-
cially those under the fome or those

. that go through unheated base-

ments or crawl spaces. -
Repair leaky faucets.

Maintain regular temperature” set-
ting of 110°-120°F (43°-49°C) on

. water heater if automatic dish-

‘4

, Have Wil
. d done do
O O
O O
' O O
O O
O . 0O
O O
O O
o O
® .
o o
g o
D O
o o
O O
OO
o B0
S
| 0o U
O . O

washer 1s not used. 140°F (60°C) if
automatic dishwasher is used.

Laundry .

Wash only full loads of laundry.

Use heated water in only the wash
cycle.

Use watér no hotter than necessary

. for adequate soil removal and sani-

tatlon

Use good laundry techniques to ob-
tain’ satistactory results in one wash-
ing process.

Avoid overdrying in clothes dryer.
Sort dryer loads by weight.

Line-dry garments and household
items when practical.

Use dryer efficiently. Avoid drying
one or two items at one time.

Vent electric dryer indoors during
heating season.

Remove items when dryer stops to

avoid unnecessary wrinkling, which
will require ironing to remove.

Reduce ironing to a minimum by
careful selection of garments and
household linéns.

Cleaning and maintenance
Empty or replace vacuum cleaner

" bag frequently to keep it functioning

efficiently. 4

Use hand equipment rather than
power tools when practical.

Develop preventive ‘maintenance
practices. Routine check-up and

servicing will prevent greater prob-

lems later.

Major Source: Energy Management Checkl/st for the Home

Science and Educatuon Administration.

Items also from: Howell, D.L., et al. Energy Conservation'in the Home a
EKC Pennsylvania State Umversity. College of Agriculture, 1980.

will
do

Have
done

E] O

O O
O O
O O
O 4
oo
O O
O O
O O
O O
O O
[:1? O
O O
o o
O O
O O
O O

15

. Personal care

Minimize hot water used in bathing.
Check to see if less water is used in
showerlng than in tub bathing.

Add a flow restrictor to shower head.

Do not.leave water running while
shaving or brushing teeth.

Recreation and Entertainment

Turn off home entertainment equip-
ment when no one is really watchmg
or llstenlng ‘ BN o

Disconnect or use vacation setting
ori an instant-on televisian when
you "are not going to be using it regu-
larly. =

Use shop or hobby equipment effn-
C|ently

" Maintain tools in good operatlng
condition. .

Encourage family members to de- .
velop leisure activities that have low
energy,costs, such as bicycling, hik-

ing, reading, and swimming.

Spend vacations closer to home.

Encourage home and neighbor- '
hood activities.

Family Automobile

&

Drive at a moderate speed.

Drive smoothly with gradual starts
‘and stops.

Drive slowly for first mile instead of
letting car warm up by idling.

Provide proper ‘maintenance;
make sure you have well-tuned
engine and properly inflated tires.

Combine errands by careful plan-
~ning. :
+ Carpool whenever possible.

Other transportation

Walk, ride a bicycle, or use ‘public
transportation whenever possible.

Travel only when necessary. R Y

(PA-1118). Washington, -D.C.: USDA, Prepared by

<4

T on the Farm. University Park, PA: The

L4
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" HANDOUT #5 - page 4

0

-

FARM ENERGY MANAGEMENT C‘HECKLIST

4 2

’

_-j// ' o0 . Have done

Farm Tractors and Equipment
Select the proper tractor size to fit the operatlon. .
Size the equipment to match the tractor.

Practice minimim tillage where practical.

"Follow regular maintenance and tune-ups.

o

. Merge small fields into large fields to reduce

turning and have longer YOWS. .
Keep all implements lubricated‘ and properly adjusted.

Use trdctor weights to dJ.strJ.bute load for minimum
wheel slippédge. .

‘Check tire pressu:re

A

Replace faulty radJ.ator thermostats’,
Keep tillage tools sharp and properly lubrn.cate;i

Avoid excessive idling and engine warm-up -time.

Remove tractor wheel weights when not needed. -
Use ‘preventative maintenance.
Tillage Management ' A . .

Omit plowing, harrowing, disking, or cultivation
where good mana%ement practices will permit.

Don't plow quite as deep unless there is-a plow plan.
Keep-plow shares shaxpenetd.

Plow when soil moisture is fav'oréble, if possible,
Plow around fields instead of inlands.

Harrow fields diagonally when two passes are needed.

196

Energy Management Checklist (continued)

()

()

)

()
O
()
(),

](')5

()

.

()

()

fed

()

Wwill do




. .HANDOUT #5 - page 5 . .’

Energy Management Checklist kontmued)

-

Farm Entargy (ManagementcCheckllst (contlnued)

Do not gvefdry.

197

L.

e
Tlllaée Management (continued), ‘ ' ’ Have done

. Work the long way of the fiéld:‘ . . . 0 \
Have a gcod 5011 and water conservatlon plan." . | (9
" Use contour strlp cropping. . ()
Combine same ffeld o_perations- into one.. ()
Apply liquid nltrogen and herbicides. ’ ( )‘

_ Disk and apply herb1c1des.. i ()

- Plant and apply herbicides. ; >( )
Fertility Management ;E _ .

Use hlgh analYSls fertlllzers. - (4;

. Use ammoniated starters to enhance early génm.natlcn '-'( )
and reduce replanting risk. '

Plow down all P& K when plan::mg clear .Seeded . ()
alfalfa for 3 year standss : . .
Hand._].e and store manure in senli—dry form. S e ()

" Spread manure less fr‘e.cuently. - ) ( )‘H
Mﬂvdwmgmmmepnmpﬂy; : : L . ' o ()

-‘Handle less weight.” . ()

- Grow forage legumes. ()
Grain Drying ‘ ' - . .
'Use‘early naturlng_varietiee. \ T ‘.( ) -
Field dry tc the fullest poseible extent., ()
Buy a good moisture tester and use it. ()

. Will do
()
)
()
()
()

().

o

()

)

17

()
" {continued)

DT ane e wm P S U SR U DS SO SR
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HANDOUT #5 - page 6

Energy Management Checkllst (continued)

Farm Energy Management Checklist (qontinued) .

Grain Drying {continued)

"

Clean grain to remove fines and reduce power
needed to move air throug‘h grain.

Use as little grain depth as poss:.ble and level
the top. . ~

Operate' dryer at optimuzﬁ levels recammended

a

"by manufacturer and keep serviced properly.

"~ Use dryeration process.

Grain preservation with organic acid.

Farm Trucks and Autos e

Carry loads te wvehicle capacity. Do not overload.

Plan and schedule trips.

RN
Follow regular maintenance programs.

Buy\tt\he right size vehicle properly equipped
to do the jab.

inflate all tires.to proper pressure peak. ¢

" Avoid excessive motor idling.

Water H,eatlng _ -

Preheat incou!ing water with heat' exchanger.

Drain water Heater and remove lime deposits
~on, a periodic basis.

“Repair all leaking faucets. \ ' .

“

Use automatic waterers- rather than continuous flow.

T

. Insulate afound outside of water ‘heater and

between its base ‘and the floor.

Ins late hot water 11.nes Wthh run through unheated
ar - Al

% . *

A

~ Have done

()

()

()

().
()

()
()

() °

()

()
)
()

N )

()

N
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~ HANDOUT #5’- page 7 ’ o v \
S - Energy Management Checklist (continued)

Farm Energy Management Checklist (continued)
- ¢ . v

19

Water Heating (continued) Have done Will do

#

Keep temperature setting 4t Yow level. "

Use hot water conservatively.

LS
~ s

Ventilation ' ' /

Eliminate mechanical ventilation in animal housing
facility wherever practlcal by usmg nakural
ventilation. .

When warm animal housing facilities are required,
‘ consider a convertible system, closed, warm, and- 7
' ' mechanically ventilated during cold months - open
- . and naturally ventilated during summer months.

‘Reduce ventilation rates (cfm) to minimm levels
in animal housmg facilities mechanlcally ventilated
year round and increase air®circulation within the -
structure during hot months to conpe_nsate.

N ;
Turn fans off when ventilation 1s not reun.red

Select/ fans with a high cfm/watt ratmg. :
. _ Clean fans and shutters frequently.
I‘ubrlcate fans per manufacturer s recomendation.
Keep belts 1:.ight. s
} Check 'ther_x_mstats.l /
Controls prpperiy set to prevent over ventilation

during cold weather months and wasting supplen'ental ‘
heat.» . . _

‘ ‘q 'IEnper‘&tur'e-'cohtrolled, variable SQeed fans, 5

-, 2-speed fans or"fotor-operated fan shutters to
. reduce fuel consumption in heated buildings.

. . . r\ . L » . ' ;a ”'
R -, 199 -

)

()

()
+

O

()
()

()

()

()
() -
. O
()
()
()

()

().

:fcontinied)




_20""~".(

HANDOUT #5 - page 8 -

T
@ ¥

Energy Management Checklist (continued)

Farm Energy Management Checklist (contin/ed)

% 7 Have done Wiit do
- Refrigeration "
) AN ‘ .
' A heat exchanger coupled w1\tkka refrlgerant () - ) ' ()
. conmpressor. A ° ‘
_ Remove half_ of the heat fram fruits or ve'getables - () CO)
| brought from the  field: . :
| - A multitube pre-cooler, using well water to N () )
pre-cool milk. . ' -
Keep compressor condensors and fans clean. ’ () ()
. a s
Electric Motors b
! Ioad motor with work as near as possible to its -( ) )
‘ related capacity. Size motor to the jOb .
Avoid overhéating. = - - - g ) ' ()
Avoid letting motors run idle. ‘ - )y _ ()
Start motors in sequence rather than sumltaneously () | ") L
if there are 2 or more large motors. ° . : i
% v
Keep motors and equ:l.pment lthlcated and clean - () ()
If you are on demand billing, operate as\few (~) . 4( ) ..
motors and lights at one time. as practical. -
Install electric wiring for mtprs which is () ()
heavy enough gauge for minimum voltage drops.
:Maintain proper V-belt ‘tension. . : () , ()
Electrlcal equipment pcwered by motors of correct () : ( )',
type and size. ‘ ' :
Distribution pole near center of load.. () _ ()
. . ) < ; . )
All equipment supplied with correct voltage.. () o)
Q (o
ERIC - Ry
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..
. . . ’
-
n
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- Energy Management Checklist (continued)

Farm Energy Management Checklist (continued)
) o

N Lighting
Switch to lower wattage bulbs. -

Switch incandescent to lower wattage or\to .
i lower wattage reflector bulbs. :

Use task lighting and reduce whole are llghtlng.
Replace regula.r fluorescents with. new Watt MJ.sers.

Reduce total light burning hours by turning off
when not in use. .
¢ : 4 : ’ ’
~ Light dimmers used where total wattage of bulbs
gives more light than needed.

LY
)

, A - -
’ Eliminate umnecessary dusk-to-dawn lights \‘

Irrigafion
Diesel power instead of gasoline.
Sprinkler rather than furrow irrigation.
Trickler rather than furrow irrigation.
N\ Irrigating under cloudy conditions, lower .
temperatures, and/or at.night to reduoe water :
7 requirements.
" Maintain and tune the power unit engine. \

Operate electric-powered units during low
demand periods. oo \

Have done

()

‘Willdo

)

T e~
TN —

References:
Managing Energy on the Farm, Agway.

Our Energy Problems and Solutlons Energy Conservation Research 1977.

‘ ’ Howell, D.L., etal., Energy -Conservation in the Home and on ‘the Fatm. Umversnty Park, PA The Pennsylvania

State Unlversnty, College of Agraculture. 1980
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HANDOUT #6 - page 1 . : . o
e . " HOME ENERGY ANALYSIS QUESTIONNAIRE

=

Name

Address

City.

Pleese print: .
i

Last First

Phone

State

Ol

. . L OH

o 4
-

Directions:

Zip 2 - " .
-

FOR QUESTIONS 1 THROUGH 18 WRITE THE LETTER THAT INDICATES THE BEST ANSWER IN THE BOX
+* AT THE RIGHT OF THE QUESTION.

1. In the box at the
right, enter the letter
from the Ohio map
that best indicates
your {ocation.

D C?LUMBUS

,Dm :

1 2. Whatis the primary type.of D
energy used for heating your home?

)

A. natural gas E. electric radiant

B.LPgas or baseboard

C. oil F electric furnace :

D. coal G. electric heat pump
——  H.wood

3. Do you have air conditioning? D

A.yes B.no C.partially L

4. What type of constructionis - D

your home? -

A. frame with wood siding .
B. frame with aluminum siding , . .
C. frame with brick exterior - | :

D. frame with stucco . N
E. frame with combination of abov’e

F. frame with other exterior

. G. block or solid brick masonry

H.log

5. How much of the first floor of your
home Is carpeted with either wall--’
to-wall carpet or padded rugs?
A.none B.%s C.%.D.3% E. ali

6:What type Is your home?

]
[

(Consider every answer listed) (oD
A. 1 story - F bilevel 58
B. 12 storyor 1 - i
story w/finished attic
C. 2 storys G. split level
D. 2 story w/ (8 floor% ,
1 story levels), N
. section or e
addition H. split level
E. 2% storyor 2 w/basemerie
story w/finished (4 fioor ‘
attic levels) S
7. How many bedrooms arein “~ =~ D _
your home?

.9. Are there heated rooms over an

A.1 B.2 C.3 D.4 E.50rmore

8. Generally speaking, what size are
the bedrooms in_your home?
A.small B. medium C. large

ul
O
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unheated and uninsulated garage?
A.no @B.yes; over a 1-car garage
C. yes; over a 2-car garage

A

" 11. What type of Ifounqatlon does

.1Q. How many dormers does your
home have? NOTE Thisis a

dormer:
A0 B.1
c.2 D3°
E.4 or more

O

your hoime have?
A.basement .

E. basemenu?

B. crawispace . crawispace
C.slab - 'y F. basement&
D7 piling 7~ slab

G. crawlspace & slab )
12. I you have dbasement, is it D ‘
heated to the sathe temperature as
your home? ,
A.no B.yes C V2 heated :
13. If you have a basement or crawl- D -
space, which picture best shows .
the helghf of the basement walils or
crawlspace walls above ground?

Cc

, Yyourdoors?
- 18. What is the condition of your

imately what height are
g€ 'in your home?
A. 8’ (sfandard} B. 10’ -C. cathedral

15. What does the insulation in your
attic look like?
A. loose particles
B. blankets or
batts

Cold air will leak. mto your house any-
where there is a crack, including
around windows and doors, around
water and electric openings. where
walls meet windows, and at the founda-
tion siil. For questions 16, 17, and 18, .
choose the best description from an-
swers A, B, and C below.

A. TIGHT: completely caulked,
weatherstripped, sealed. No drafts.

B. FAIR: partially sealed. Some drafts.
C. DRAFTY: needs to be sealed.

16. What is the condition of
your windows?

17. What is the condition of

C. none present
D. unknown °

floors, walls, and foundation?

N
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’ . * Home Energy Analysis Questionnaire (continued),?. C ¢
s  ANSWER QUESTIONS,19-26 IN THE 21. How many exterior doors of each . .
SPACE PROVIDED. . type are in your home? e
NOTE: The small numbers at the left of . o : -
the spaces are for computer use only. 1—sliding glasg 2 wood=w/storm :
. ) . . N . R & + . . i .
.19. What is'the present insulation 1—metal A «—Mmetakw/storm* . ‘
thickness in inches for each of the . ‘ : ‘ ‘
sections in your home? (if unknown, ~ s—wooden o
leave plaqk) . 22. What is the cost of the primary type

of energy used for heating your home?

——ceilingorattic ,__basement walls If known, enter price of units specified

. +——floor +——slabedge below in boxes at right. (If unknown, {
. . nk
. walls ' leave blank) 5 L [ ] l | ]—‘l
y; 20. What is your average thermostat - — N -
. setting in the winter? :Natural gas: $/100 cu. ft. (CCF)
: oy . . 'LP gas: $/gal.
—°F ddy - ,__°Fnight Qil: $/gal. Wooa: $/cord
. . . . Electric: $/Kwh Coal: $/ton
o ' 23. Indicate in the tabie beiow how many windows of each size and type are in
your home. .
) . SIZE OF Small; about Medium; about Large: abaut - Pit;.ture; dbout
v WINDOW 22 x 2" 3 x4’ 3" x 6 5'x 8’
- U - .
N TYPE OF -__’smgle pane 2——single pane 3——_single pane +———single pane
WINDOW ', doubleglazed |, double glazed | ,___double glazed | . __"_doyble glazed
' or single pang or single pane or single pane or single panée’
with storm with storm with,storm with storm

24. All of the information on this survey will be kept strictly confidential according to
. the provisions of the privacy act. May we have permission to contact you in the future to
~ .~ secure follow-up and additional information ? . )
- c ; w : —Yyes  ,.no

-

You have now compieted a mini-audit of your home. Remember that the mini-audit will
only provide energy saving recommendations for a pfototype of your home or one that
is similar to youss in size, type and heat loss characteristics. To receive a specific
.analysis of your individual house or a maxi-audit, complete questions 25 and/or 26,

depending on your particular type of residence. Read and foilow directions carefully.
< " . : ] .

25. On the back of this page are pictures of several homes with various first floor -
plan shapes. Select the éxample which most closely resembles the shape of your
particular house. If none of the exampies match your home's layout exactly, you can
still obtain a valuable energy-analysis by approximating your home's design to one of
the examples. o .

Once you have selected the picture which resembies your first floor plan, measure the

lengths of the first floor sides labeled A, B, C, D, which apply to your home. Itis

imperative that these dimensions are labeied exactly as in the appropriate example,
. Exclude attached unheated additions such as garages and porches. ‘

You can measure each side from the outside or inside of your home and estimate within,
the nearest foot of the exact length. If you know the approximate length of interior
rooms or rugs, you can add these lengths to obtain the total dimensions. Another
‘method of approximating-the lengths of the sides is to pace off the distance.

What is the approximate length in feet of the first floor sides, labeled A, B,C,D, that
applyto your home? ;

SideA_____ft. SideB____ft. .

. . SideC ft. Side D_ ft. E =
26. Complete this question only if you live in an attached home, such as a townhouse,
- condom#hjum, twin single, row house, etc. . o
-. For condominiums, twin singles, : —one Aside —Side C-
townhouses, and other attached . , . ,
dwellings, check arly side(s) of your home  :—two A sides «——one B side
- that are attac!ned to'another hqme. « _sideD s Ywo B sides £
Detach and return to _ . o
The Ohio Department of Energy , o :
30 East Broad Street _ T | . . .(contfnued)
34th Floor B _ :

Columbus, Ohio 43215
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Home Energy Analysis Questionnalre (continued) - - \ (5 o -
'i ' IT IS IMPORTANT THAT THE SIDES ARELABELED EXACTLY AS IN THE EXAMPLE T ,‘
* BELOW. Exclude attached unheated additions, butinclude garage if it is e ot -
. located below heated rooms. . S o ' o
Recténgle shap'e home *  “L" shape home . S “T" shape home
) 1 or2-story 1or 2-‘stor9 - 1 or 2-story ,

fp————A ———4 :
- ‘A .
B ‘
rectangle 1T S = & 14 N .
first floor B D C - - !
- plan requires 1 W T
onlyAand B : 4 . ey !
: A ———+ 1 1 exclude : . ' D R N,
L j garage . . .- J _
\ . T j o \
Bi-Level : ' ' : '
Question " T s T
6 must be include : B E . .
. answered F -garage . i ‘ . ' N
%-story with 1-story section or addition _ (. . e '
IMPORTANT: . ' Vo
Question 6' ) ; - : ' '
must be M o . .
answered D. ” ° - AR
A and B must be - ooy
the sides of the .
. 2-story section, - ) L. ) ).
- and C and D the . - ' ) .
" - 1-story section. . v . v .
. N ‘, o » Y .. v -
. B ‘ . R . "
v g ' 2story - | ,
o 2-story. . -story - .
A sectig\ i v A section : 0.
_L . . 7C exclude - C o _L B ,
. ) -4 __ _J-garage . i » ° )
ol . P—B— 5 ‘ : P——B—vf'—c—‘t
. SplitLevel - " OTHER SHAPES: L .
Question 6 must be IMPORTANT: D'must be the lerrgth of the o .
- vanswered G or H. .o dotted\line as shown in the examples and . '
- A mustipe directly across from D. Also, A
/ ’ and B must be the sides of the larger
. . sectionj or if the home is a split levelora = -, -
: ' two=story with a one-story addition, A and ~
. , DD D\_ D ‘ B must be sides of the two-story section. . i
D . It none of the examples fit your home's ‘ v -
: . shape exactly, you may still obtain a .
A : include : valuable eriergy analysis by appréximating
L o garage - yourhome'sshapeto one of the examples. . - o
° . LS l . . ' » . 3
T 2-story ! T - o . 4 :
. A section ! D : . . L ' o
_l_ - A'F cY l . 2 ! For assistance call <)
' }-——'B——-f-—c—'—-l“ ‘ 1-8&282-?234 ‘
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HANDOUT #7 - page 1

Q Summary of Our Energy Managemg_nt/Plan

A. Key person(s) responsnble for good energy management on our farm:

Our Home. ) , Far,m equipment

Th
Tenant House(s) _ : : - Farm bui'ldings _ ! § ‘
B. Others we should involve in ‘ I

{a) Development of our Energy Plan
» .

(b) Energy Saving as we work and live

s | o /

g f

SUMMARY OF ENERGY COST SAVING ITEMS CHECKED
1. FARM EQUIPMENT USE AND MAINTENANCE

M . Py .
) ) Who can heip us Estimated yearly
- Potential Energy Saver . Help Needed (+~) Get the answer? Savings
$

¢
€& €& €&

3
_ $
k4 i
$ .
. $
: -3
. $ B
- Total
’ Notes >
‘. .
. .
: : - , ( . L - (continued)
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HANDOUT #7 - page 2
Summary cont'd. o B
2. FARM BUILDING USE AND MAINTENANCE
) . Who can halp us Estimated yearily
Potential Energy Saver Holp Nesdad () Qetthe enswer? Ssvings
1 $ +
~ %
s
o S
% v -
. R ,_‘sf .
e $er 5 ,/\_
} 9 . 8. '
‘ s .
4 Total
Notes:
AU
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. Summary contd.” = - ,
3. OUR HOME AND AUTOMOBILE(S)
Who can help us ) Estimated yearly
Potential Energy Saver Help Needed (+”) Get the an_swer? - Savings
. s .
. .
% - $
, ' $ -
* / \
: $
. 5" .
. Total
- R & -
Notes: -
? 7
[ 3
< ’ ’ L Y
~ 4. TENANT HOUSE(S) o o .
‘ : Who can heip us Estimated yearly
Potential Energy Saver ) Heip Needed (+”) Get the answer? . Savings
® - ‘ - s
, s "
$
$
$
Total
| Notes:
5. MISCELLANEOUS ITEMS , - | |
Who can help us Estimated yearly
Potential Energy Saver + Help Needed () Get the answer? ‘ Savings , ‘
.$ : |
’ g ’
. - . . . _ o Total
Notes: ’ s -~ L -
- dU s .

Source: Managing Energy on theFarm. Agwaylnc Attn: Mr Norman Agor, Mana er-Ener Mana ement, Box4933,
E KC Syracusa, NY 13221 9 o g

o Provided by R e P . . o N . . )
a
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HANDOUT #8 - page 1
Actnvnty —_ Comparmg the Flow of Energy
~ in Two Agricultural Societies
; - C TRACING ENERGY FLOW
| Symhol o  Definition
) Ehergy Sburce'

"Represents source of energy from
outside the agriculture system
which will supply an unlimited =~ ~
amount of energy. An example

would be sunlight. N

Energy Storage .

. Represents energy stored within .
the agricultural system (only in

. limited amounts) and when drawn "
upon can be exhdusted. -An example '
would be seeds. e

-Heat Slnk

Represents the heat loss from tbe
agrlcultural system each time
enexrgy is changed from one to e
another (second law of thermo- .
dymanics) . ‘Examples would be the -~
heat given off when sunlight is
converted 1nto food energy or

when gasoliné is converted into
energy to drive a tractor.

Work Gate A

~Represents the interaction of two
.or more energy f£lows (inputs) in

an agricultural system. The net
result is different from the in-
puts. For example, sunlight inter-
-acts with nutrients and water in a
corn plant which results in corn '
"kernels. . : ,

Green Plant

Represents the photosYntheSizing-
(food-making) of green plants.

Consumer

Represents anything with the ability - . R
s to consume, grow, or reproduce from - ’ o
‘ it. For example one animal, or a
" whole lot of anxmals. -People are
consumers¢ ' : .

—
s‘ourco: Agriculture, Energy. and SOciety' Grades 10,11, 12 Washington D.C.:U. S Department of Energy, Reprinted
Q September 1978, -
[C. 2 eﬁs




HANDOUT #8 - page 2

Activity — Comparing the Flow of Energy in Two Agricultural Societies (continued)
. ' N

s WORKSHEET 1: Garden Energy Flow Chart

Use the correct symbols to complete the energy flow
- system grom;ng peas in your garden. Include energy
‘  requirements in preparing the soil, planting and
watering the ‘peas,. fighting pests, cultivating, har-
vesting and preparation for consumption.

4
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"Agriculture System in the Lowlands of Eastern Guatemala. Numbers A~

B

Major Energy Flow Pathways Involved in Growing Corn in a Shifting 1 “":' :’,‘offéﬁs

répresent kilocalories per acre per year. - .
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S | Activity - Comparing the Flow of Energy in Two Agricultural Socletles (contr'nued)
/ . " -
x COMPARING TWO AGRICULTURAL SYSTEMS |

Worksheets 2 and 3 both outline agricultural systems Wthh grow corn. Follow the energy’flow in both
th&n answer the questions. ‘ s

N 1. What is the unlimited energy source in both systems?

2. Where does each sftem draw upon stored &

-

3. Where is energy (in the form of heat) lost in each system?
o .

4. How do the followmg interact in a gardening agricultural system to produce (a corn crop? Use
Worksheet 1 or 2 to locate the interaction. - ‘ .
v , - . ‘
Sun’s energy ‘ : : ¢ -
~ Seeds : :
* e Soil : L
Work done by the farmer *’ o e e
Weeds C -~ oo
- Collecting and storing corn . : ' : -

5. Which system gives the largest yield? By how much? How many times greate_r?

Sﬂ‘ -

6. Compare the two systems in terms of the human energy needed per acre per year Whlch is the -
greater? By how much? How many times greater? - .

7. Complete thjs statement. The yield of the mech’anlzed farm is approximately —— times =
greater tha?!that of the gardening system, while the farmer on the mechanized farm did 6nly about .
imes as much work to produce the crop. .

Y

8. In making your compansons why wouldn't it be qurtéff';r to compare only the energy expended
directly by each farmer? _ '

9. Calculate the output in kilocalories for each one (1) kilocalorle of input. Do th|s for each system A
mechanized and gardemng You will need to know. that, in addition to human energy mput in the
mechdnized system, there\s also 7 14 x 108 k||oca|or|es of fossil fuels:.

___(output) yield = ratio of output
(input) labor + fossil fuel to input
.

»

10. The above calcdlatlons show that mechanized far'mlng is less efficient relative to energy input/ - )
output. Why are many of the areas that formerly used a gardemng system introducing more -
. mechanlzed farming? 4 :
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. Engrgy Conservation: An Economlc Perspective

.Fred J Hltzhusen

The Debate . . U.S. Energy (:onsumption
Renewed appeals for energy conservation in the With only about 6 percent of the world’s

U.S. have been triggered by a series of events and population, the United States uses one-third of
realizations. Examples include the dramatic rise the 0il consumed in the world each day. -0il in
in OPEC o0il prices, the continuing U.S. dependence turn makes up about one-half, natural gas one-

on foreign oil imports, the unstable political quarter, coal one-fifth and all other sources
situation in the oil rich Middle East, environs - about 5 percent of the total U.S. enefgy budget.
mental and safety problems with coal and nuclear About e-half of the oil is imported. The major
power, increased concern over the costs and lead /cﬁﬁ§:;?:g sectors and their percent of total u.s.
times for synthetic fuels from coal and shale and energy consumption are as follows: .residential/
the realization that alcohol fuels, at least in commercial 38 percent, industrial 36 percent, and
the short run, can substitute for only a relatively transportation 26 percent.

small part of our total gasoline use. Both the : A high rate of energy consumptionfln the
potential and definition of energy conservation . U.S. has resulted {n frequent comparisons with
are subject to widely divergent Views. A recent other advanced industrial countries. The

study on energy futures at the Harvard Business comparisons can be misleadi®® because of variations
. School argues that if the United States were to - in climate, population concentration, end uses of
make a serious commitment to energy conservation, various energy forms, pricing and taxing. For

it might well consume 30 to 40 percent less example, most retail gasoline prices in Europe
erérgy and still enjoy the same or am even higher . exceed three dollars per gallon with taxes making
standard of living. Contrast this with. a state- up about 50 percent 4f the total. Small cars,
ment by the head of the Texas Railroad Commission electric trains, bike trails and mass transit
‘that "this country did not conserve its way to are also more common in Europe. Nevertheless,
greatness, it produced itself to greatness." " the differences between the U.S: and Europe

Most people agree that energy conservation suggest that the link between energy use and

‘implies more efficient and/or reduced use of energy. econmomic growth may be much more elastic than S
Much less agreement exists on how conservation is to is commonly assumed. For example, Table 1 shows ”

‘. be actually realized, who gains and who loses that in comparison to the United States, West
as a result, and what if any distributional Germany consumed about three-quarters as much
adjustment is necessary. Free market proponents energy and France approximately onhe-half as much
.. argue that price alone should determine the energy for each dollar of gross domestic product
extent and definition of conservation. Thus, in -1976.
energy conservation is -a rational response to TABLE 1. Comparative Energy/Output Relationships, 1975
higher energy costs relative to othef prices, and . Energy ’
swift deregulation of energy markets|is the way to . Gross Domastic  Consumption Energy/GDP Ratlo
realize energy conservation. Some of those . ) p::‘g";:. g;:\:;'fﬂc:; E:z'l‘:llelr:l index
calling for higher taxes on energy, par vit‘.u‘larly Country . ) " ‘equivalent) Per $ MIl GDP'(U.S.=1OO)Y.
gasoline, may agree that deregulation is a ) ) i
necessary cgndition, but argue that it is not a l'.:lgrt‘i:,smtes iggg gg 1?28 ' 122
sufficient condition for optimal energy use. The West Germany 4350 7 48 1020 73
failure of the "free" market to reflect full &y Sweden 5480 51 1190 . 82
social costs from such externatities as oil spills, '
air pollution and congestion from automobiles, A £ The transportatian sector uses aboyt one-
balance of payment. deficits, and the potential oufth of the enmergy consumed in the Uhited States,
- disruptive economic and national security costs , and one-half of the Oil The private ?““°' fn
of an oil embargo are frequently cited reasons (turn, uses over half of the tramsport sector's
for higher gasoline and other energy taxes. Others energy and has be$°me a prime target for -energy.
are concerned with the "windfall profits" or conservation. Daniel Yergin, a member ,0f the
economic rents from higher energy prices aEcruing Harvard Energy Project argues that car pooling
to a limited number of large producers. Regulation and mass transit are possible transport conser;a*
of energy prices for this reason makes conservation tion strategies, but:are not as promising in the -
. less attractive. On the other hand, lower income short or* intermediate run as increasing the
- ‘ . ; « . efficiency of vehicles, particularly the private
3 consumers. bear relatively more of the burden of
} - " : » _auto. The incredse in availability and sales
) higher energy prices and many feel that they £ 11 high 11 .
should be protected or compensated. < ) ot sma cars is a response to gher gaso ne .
R . R prices, and a 1.6 percent decrease in total
. : ; » ' gasoline use during the past year is one of :he
results. ‘ :
‘AssoclateProfessor, Resource Economics, Departmentongr/cul-. The induscrial sector has. generally responded
tural Economics and Rural Sociology, The Ohio Staté Umvers:ty  more rapidly than othef parts of the U.S. economy

to clear economic signals on energy éonSerVation

Aruitoxt provided by Eric
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Energy Conservation: An Economic Pe(specth;e (continued)

alternatives. As a result, the energy/GNP ratio
in the industrial sector, averaged an annugl
decline, of 2.8 percent between 1973 and 1977.0One
of, the most promising areas for industry is
congenerition or the combined produttion of
electricity and heat. The commercial and
residential sector involves millions of decision
makers particularly in private residences where
both lack of information and limited imcome may
slow adoption of cost-effective energy saving
practices. The residential sector accounts for
20 percent of total U.S. energy use, two-thirds
for space and water heating. 1In addition,
potential "retrofit' savin@ from insulation,
plugging air leaks, and storm windows and doot
have been estimated at one-fourth of cutrenq/é§
residential energy use.’ Some progress has been
made, but more information on alternatives and
financial assistance for low income homeowners is
‘needed.

Production-agriculture in the U.5. acconunts
for about 2.8 percent of total energy use.
Processing, marketing/distribution, input
manufacture and food preparation brings total
energy use in the U.S. food and fiber sector to
about 16 percent of total U.S. use. Although the
food and fiber sector uses only dbout 16 percent
of total energy use, it is relatively more
dependent on oil and natural gas {the liquid fuels
which are of primary concern in the current energy

o

crisis). These two liquid fuel energy sources
provide about 75 percent of the total U.S. energy
budget while accounting for 85 perc of energy

use in the food and fiber system and o
percent of energy use in agricultural production.
Rescarch on efficient energy use in the food and
fiber system has tended to focus on agricultural-
production and food preparation.. More emphasis
is needed on processing, marketing/distribution
and 1nput manufacture.

Toward Clarification of the Debate

The traditional fossil fuel energy sources
are nonrenewable, exhaustible, or stock resources
‘that do not increase in physical quantity .over
time. Some, such as coal, are not significantly
affected by natural deterioration. Others such
as oll and gas in cases of seepage and blow off
" can be significantly affected by natural deteriora-
tion. However, Wantrup argues that use of concepts
such as exhaustible and inexhaustible have meaning
only in an economic context. Long before a given
resource is.physically used up or even appreéiably
diminished, it may be exhausted in the sense that
further utilization is discontihued in spite of
continuing human wants. Alternatively, a resource

2
ER .

BA Fuiimext provided by enic I8

4a$f

o

may be inexhaustible in’ the sense that dtilization
continues idefinitely, even though it is relatively
limited in physical quantity compared to other
resources.

In a free or tax/incentive adjusted market .
wheré major externalities have been internalized,
energy conservation is simply responding ratiomally
to the relative increase in the price of energy as
opposed to other goods and services. If émergy
prices are controlled either because of windfall
profits or because of concern for lower income
consumers, price incentives for conservation are
reduced. As a result, more reliance must be
placed on voluntary patriotic or involuntary
schemes for rationing or curtailing energy use. -
Most economlsts argue that a more optimal use
of energy occurs when intragenerational equity
concerns from windfall profits and low income
consumers are handled with some type¥of windfall
profits tax and transfer payments, respectively.
The resolution of intergenerational equity conterns.

. is less clear, but mos# parents have some concern

for the future energy needs of their children and
grandchildren. Price controls clearly work
against future generations.

An economic perspective on energy conservation o
may help to show that this impartant subject need ‘
not be exclusively the domain of the idealist,.  ° ‘
preservationist, politiciaa, or bureaucrat. It i
also portrays conservation as an alternative
energy source. As such, it can be compared to
other sources in terms of cost-effectiveness,
balance of payments, national security, environ-
mental effects and equity impacts, Conservation
looks attractive from the standpoint of ‘balance
of payments, national security and environmental
effects. Less energy consumed means reduced oil
imports, less air polution, etc. If it is
compared to the marginal -or replacement social
costs of producing an additional unit of con=-
ventional or new synthetic sources of energy, it
also looks increasingly attractive from the
standpoint of cost-effectiveness, For example,
some utilities are willing to subsidize energy
conserving retrofitting of private residences’
because it is more cost effective than constructing
new generating capacity. The impacts on low
income consumers from higher market and/or tax
induced energy prices can be off-set with
various income transfer schemes.

A final caution is in order. The U.S. can-
not conserve its way out of the energy crisis in
the long run. -However, energy prices reflecting
full social costs of production and use would:
stfetch out domestic supplies, buy time atid
provide incentive to develop néw, particularly,
renewable energy sources.’

16
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PER CAPITA ENERG§ CONSU

MPTION AND RANK FOR SELECTED COUNT. VIES

1950, 1969 and 1975

L s

RN

. ' 4

Country

r
Energy conaumption per capita

Group J 1950 1969
7
. Rank® keelcnginb Rank? kce/nlpit_nb R«lnk"
Most People's Republic of ¢~ . N :
populated China ' 54 81 86 1469 97
countriea " India 60 99 55 180 . .| 5
, Indonesia 40 54 36 110. LY
. Pakistan 33 52 32 , 95 49

Bangladesh I ' 5 8
Western Italy 99 417 139 2515 137
European " France 130 1912 153 3654 149
countriea * Federal Republic of ‘

Germany 137 2690 ~ |13 5015 - 158

United Kingdom 145 4358 166 5120 156
Eastern ~ Bulgaria lo1 469 152 3631
European SSR 126 1593 159 4289
countriea erman Democratic

Republic 139 2832 | 170 5717

Czechoslovakia 140 2979 172 6160
0i1-producing Kuwait 121 1332 175 9436
countriea Bahrain 98 387 136 2421

Venezuela 117 901 132 2199

Saudi Arabia 76" 164 11 791

Iran 50 75 103 666

Libyan Arab Republic 46 69 98 581
Othera USA ‘147 7316 176 10745 .-

Japan 110 554 1464 2946

Chile 1114 609 123 1153

Nigeria 24 26 16 39

- Egypt 83~ 251 64 229 ,
Ethiopia 2 2 12 - 30

b,

189-207, Table 8.4 - 1 (1979)

Aruitoxt provided by Eic: .

'lugh rankinga correapond to high per capite energy conaumption. !
The veluaa are given m kilograms of coal equivalent (kce) per capita.

* Source: M.C. Jacmart, M. Arditiand . Ardlti "The World Dlstnbutlon of Commercial Energyc'
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: “Fred J. Hltzhusen

Food- production in the developed and developing sountries of the world,

* ’

hhs shown similar upward trends over the past two decades. ~However, highv

L3 . . ¢
N

,;() population growth rates in the.developing countries and 1ncreas1ng ev1dence

[} . . N
: s .ooay >

of environmental: constrainta such as water supply and soil erosion and v ‘_lii.":v‘;
. salinity have resulted in only slight increases incper capita food ) si O fﬁi'*_F:f
% _ . e e . R
:production. This is ‘true in spite of the production ‘fncreases fromdthe L -f'“ZQi;
,much touted energy and water intenaive Green Revolution technology.‘ Data | ;v_ ;:“.1;?

a

_'for world food productlon in 1979 ‘show an absolute decline of over 2 perccnt._. .

Per capita food output declined by 3 percent in developed countrles\and'by :;, |
1 percent in develoPing ‘countries in 1979 . ‘,; c.h‘ifsz‘. b'ri'@
The concern over high population growth rates and the;ability of
food production to’ keep pace is accentuated by increasing awareness of the . .
. world's dependence on a finite supply of fossil fuels, particularlv those
in liquid form. Declibing availability and rapidly" increasing prices of
0oil and natural gas have ' resulted in calls for conservation of these _
' nonrenewable resources, substitution of the more abundant fossil fuels such
N as coal, and development of alternative renewablie sources of liquid energv
such as biomass. ‘The latter alternative of biomass or grown organic matter o,
for energy.(particularly the use of grains to make liquid fuel) brings ‘the
;N -discussion full circle to the initial concern with world food production .
i.e.,'to a food-fuel-tradeFoff. |
- Modern agrf%ulture islvery'energy intensive'due tovﬁechanizati;n‘and

‘ the petroleum base of many agricultural chemicals currently used to increase

crop yields and net rerurns. High demand for meat in diets in the de%eloped

- countries results in increased demand for crops to feed livestock. The“‘

A3

resulting direct or indiréct hunan _consumption of grain in the developed

o pig
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.‘ countnes 1» about four times hipher per capita than in- the dt:Vt_lOpln;.,

countrieb. Ucveluped couritries are also consuminb nonrenewable lliquid

fuels at a much higher rate. '}or example, the United Statts with less than
six percent of the world s population, uses over one—third of the 011 | |

consumed}in the world each day. A

“The emergin%gethical issue is whether the developing countries will'be
able to buy food ?dr energy) for basic needs at world prices reflecting the
demands for both liquid fuel and food from the world's cropland. 'Lester
Brown of World Watch Institute has quantified ‘the food-fuel trade-off in
terms of annual pounds of grain and acres of cropland to meet competing
food or fuel needs as fbllows: 1)~subsistence diet = 400 1lbs. of'grain~

and .2 acres, 2) affluent diet = 1600 1lbs. of %rain and..9 atres;3)-ﬁueb
» 2l .

for typical European auto (7000 mi/yr at 25 mpg),= 6200 1bs. of grain and

. _ 3.3 acres, 4) fuel for ty.pical U.S. auto (10,000 mi/yr at 15 mpg)b = 14,000 .

1

lbs. grain and 7.8 acres, and 5) gasohol for U.S. auto (lQZ'ethanolcand
90% gasoline) = 1460 pounds of grain and t8'acres. Use of distillers
"grain-for~liVestock°§eed would result intsome net reduction in the yrain
and acreage requirements of an affluent diet and auto fuel,combination.
-An unfettered free enterpriseAresponse'té‘the’foodffuel isSue is to
let the market decide. If'the developed countr;es haveuthe purchasing
vpower to out~b1d the developing countries for both food and fuel from the
world s cropland, so be ic. , An egalitarian response might ‘be - to 1ntervene

e T in the market and/or ownership of world resources for food and energy

production and divide up equally the resulting output. va "private» property

rights are violated and individual incentives to produce are redUced, so be it. o

B
@

. : Some compwmise between these positions is possible and hkely and those R :

© -

concemed with the intermediate and long run earthly prospects for humankmd -

need to get on uith working out this compromise.
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