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INTRODUCTION

A study of biological processes is basic to any-comprehensive understanding of energy. All
life depends either directly or indirectly upon the photosynthetic process, the vitallink between the
inorganic and the organic worlds. All living organisms must constantly consume energy to maintain
their homeostatic processes, and this energy must come from the sun via green plants. The fossil
fuels upo.r which our nationial survival depends had their origins in once living organisms.

The activities in this manual do not constitute any type of curriculum. They are designed to
augment existing biology curricula, giving students some understanding of the importance of energy
in the living world. They require only homemade or easily obtainable equipment. Feel free to use
these materials as they are. or modify them to suit your needs. If you have a biology-related energy
activity which you want to share. please send it on to the Pennsylvania Department of Education
for possible inclusion in a reprint of this booklet. You will, or course, be given full credit for this
material. :

A
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Activity: ~Effect of Light Upon Plant Growth . Faline
Objective:
The student will investigate the effect of light upoh plant growth,

What to do: ]

1. Obtain four green plants as nearly identical as possible. Coleus or geraniums are
excellent choices. The plants should be planted in identical soils and in the same size
pots. :

2. Place two plants on a sunny window sill, and two plants in a dark closet, Water them
with the same amount of water each day. ’

3. Make measurements of plant height and width every two days. Make notes concerning
the general condition of the plants.

4, Related Questions
41  Describe any differences in the plants. What were they?

47 What would happen to the plants if kept in darkness continually? Why?
43 Was light the only variable in this investigation?
Activity : Green Plants and Sunlight

Objective:
The. student will demonstrate that 2 green plant needs sunlight to produce food.
What to do:

Materials needed: A geranium plant, black paper, paper clips, alcohol, pyrex container,
hot plate, ipdine solution. ) N

Cover two leaves of a geranium plant with black paper and paper clips — one should be
partially covered and one completely covered. Leave a third leaf completely exposed.
Put the plant in a sunny window for three days. Remove the paper and put each leaf in
a separate hot alcohol bath and shake for 20 minutes. (Do not use an open flame
around alcohol. Use a hot plate and be careful!) Remove and test each leaf with a few
drops of iodine solution. Observe tle color changes in each leaf. Where did the color
changes appear? '
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1er Notes:

A purple color indicates the presence of starch which is made during the process of
photosynthesis. Where sunlight was able o reach the leaf, photosynthesis was able to
take place, and it is there that starch exists. .

Activiry: Ettect of Light on the Growth of Plunts
Objective:

The student will determine how varving amounts of light affect tlu srowth of green
plants,

What to do: e
Materials needed: Seeds, potting soil. pots. fluorescent lamp, light-tight box.

Grow three plants (bean's or peas are a good choice) in potting soil. Place one of the
plants i a window where 1t will receive light throughout the day: Each day turn the
pot around so that the pl.,mt gets equal light on.all sides. Keep another plant undu a.
fluorescent lamp that is on 24 hours a day. Place the third plant in a box th._lt is
light-tight. Remove the plant from the box for only five hours daily. and during
that time place the plant under the lamp, Give each plant enough w:ttu to kcgp the soil
slightly moist.

= Compare the growth of the plants,

Teacher Notes:
The plant under the lamp will grow faster because it is receiving the maost eneray. The
one in the windov will be the second fastest grower, and the one getting the least
energy ‘will grow the slowest. )

Activity: Phototropism
Objective:
The students will describe positive ph@totmplam in plants,

What to do:
Exposure of the maximum possible amount of leaf surface to dircct sunlight allows the
green plant to carry out photosynthesis with the greatest efficiency. Green plants have
adapted to this need by the process of phototropism. This enzyme-controlled process
1l

causes elongation of shaded stem cells, resulting in a bending of the stem toward a light

source.,
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" Activity:

- A

Place a plant in a sunny window until 2 noticable bending towargdsthe light occurs.
Discuss this with the class. Rotats the plant 180 degrees and oppdsite bending will
occur. :

As an alternate demonstration, p"lace bean or corn seadlingsﬁ in.a light tight box with a
small hole located on the top, but not directly above the plants. The plants will
eventually grow through the hole. Discuss the survival value of this adaptation,.

The Nature of Photosynthesis
7

Objective:

The student will be able to discuss the general nature of photosynthesis.

Background Infermation: -

Green plants are the earth's major collectors of the energy of the sun, storing this
energy in the chemical bonds of carbohydrates, fats and proteins.

The gencral reaction for photosynthesis is:

) light energy ‘ . ) T
6C0O2 + 6H20 RIGTophyll” CgH1206 + 6072

Photosynthesis is actually composed of a complex series of reactions, and cannot really
be reduced to a single, simple reaction. The first phase of photosynthesis involves
reactions that require chlorophyll and occur only .in light. In these reactions water
molecules are split and the energy is stored at the cellular level for later use in the

An item of great importance is that photosynthesi§ is the only biological reaction
which is dependent upon an outside source of energy: sunlight.

What to-do:

[ 28]

rays. Devise an experiment using mature bean plants t

Have the class discuss the role of photosynthesis as the energy source of all living things

{(with a few minor exceptions), because it is the only biological reaction which is

~dependent upon outside sources of energy.

Have -~ the class discuss the  dependence of our major fossil fuel energy sources
(petroleum, coal, natural gas) upon photosynthesis. ' .

Certain wavelengths (colors) of light are used in photosynthesis. Most plants absorb the

most energy from violet and blue rays and somewhat less energy from red and orange

o determine the most efficient

light color for photosynthesis. } e ' a i e

Discuss photosynthesis as the chemical link between the organic and the inorganic
worlds.
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Activity: Chemosynthesis

Objective: : . , , , '*

~ The student will be aware of the nature of chemosynthesis and the potential use of this
process in energy production. .
Background Information:
Certain bacteria do not depend upon photosynthesis for energy. They possess enzyme
systems which can use inorggnic chemical reactions to trap energy. They have the
ability to organize their own carbohydrates without using light energy. and then form
all of their proteins, fats and nucleic acids. ‘

What to do:

s .

l. How might we use these bacteria to produce fuels?

2. How might these bacteria survive where green plants cannot?

%

Activity: Hydrolysis of Starch
" Objective:

The student will demonstrate the transformation of insoluble starch to soluble glucose
by enzyme activity in living systems. J

E

Background Information:

Starches are complex carbohydratesr made up of many glucose units in chains. Each
~-glucose.unit in a starch molecule has a molecule of water removed. Starches are
insoluble in water, and are stored in many plants such as potatoes, wheat, rice, and
corn. Animal starch (glycogen) is produced in the liver and stored there or in muscles.

. When extra fuel is needed by an organism, the starch is broken down to glucose.

An enzymé in human saliva helps'to break down starches in digestion. The soluble
glucose produced by this breakdown can then be absorbed for use by the body.

What to do: g
. Give each student’an unsalted saltine cracker. Instruct them to chew the cracker for at

least 5 minutes without swallowing, and to note any change in taste.

.
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2.1 What changes in taste occurred as you chewed the cracker? How would you
explain this change? e

O
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Activity: Food Pyramids .

Objective: '

The student will explore and explain the transfer of food in a food pyrantid.

Background Information:
Green plants, which store the sun's energy in chemical compounds by the process of
photosynthesis, form the base of every food pyramid. Primary consuiners eat these
green plants, and in turn may be eaten by secondary consumers, and so on, However,
- : as the energy is passed from one level of the food pyramid to another, about 85
percent is lost to respmtion enretion hcm and movu‘nent So there -is always mu;h’

lﬂ,x; tlns;

/ Han

/{ Cattle \ .o

If we used 10,000 pounds of corn per year, assuming an 85 percent energy loss in
transfer, we could support 150 pounds of cattle, which in turn could support only a
30-pound human, It is obvious that it would be more efficient if the humans ate the
corn, shortening the food chain and gaining in efficiency. (10,000 pounds of dry,
shelled corn is the average yield from about two acres of Pennsylvania farm land).

What to do:

l.  Construct and discuss other food pyramids. (Food c:hams may mterconnect rather
than being straight lme)

EX -

Koondt

Does the dgizﬂbad loss of energy mean that people should not eat meat? How would

you like to eat dry, shelled comn 365 days per ycar‘? What balance should we use?

_ and other chamlcals to grow one acre of corn in F‘ennsylvama How many barrels af’ 011
5, are needed to sustain one dairy cow (1, 400 pound) for one year?

Lt




“Activity: . Food Webs

("]
g

Objective:

The students will dramatize how energy is distributed through a food web.
B
What to do:
Using pupils to represent the components, construct modcls.eafﬁﬁyo or three simple
food chains and then convert them into a food web. ,J'

&

™

Prepare cards lettered with such labels as sun, soil, green plants, motuse, g grasshopper,
earthworm, snail, frog. shrew, robin, garter snake, rabbit, owl, goldfinch, sparrowhawk
beetle. fungi, bacteria. Prepare enough cards to supply about half the class: let the
other half serve as an audience. You will also need a ball of string which can be cut to
convenient lengths and used to gonnegt the links in the food chains and web.

Assign the cards to pupils. Have the two pupils representing the sun and "re;n plants

hold a length of cord between™hem. It is important to place these- students in the

: ;enter and allow the remainder of the web to develop around them. Now connect
i one of the herbivores (plant eaters) ‘to the plants; follow this with carnivore (meat

i eater) linked to the herbivore. At first the components will depict simple food chains,

but as.more and more components are added, cross-links between the herbivores and
carnivores begin to be evidenf and the food web concept is developed.

.»- Questions to ask in discussion:

I. Why is the sun necessary for all life? i

7. What is the source of food used by animals? A

3. In a natural environment, if all the members of a particular species such as
grasshoppers were removed from the food web what would be the effect?
(This point can be emphasmed by removing the appropriate pupil from
the model.) e .

4. . As a part of a food web, how does a human differ from all other

organisms?

Teacher Notes:

The sun is necessary because it is the source of energy that plants use to produ;e food.
If a species is removed from the food chain, the animals that feed on that species
would have to find another food source, migrate, or starve. "Since the elimination of a
species means that there is less total energy (food) available- in the system, some
members of the system will have to be eliminated in some manner. Humans are unique
in that they can consciously manipulate the components of a food web. This

manipulation often endangers other_species. Humans alone have the “ability to
understand the complex interactions of nature, and also the obligation and
FESDOHSlbllltV to preserve the balarice of the food web. :
/
_ - t ¢
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Activity: Respiration
_ ébjective: |
" The student will discuss respiration as the process by which living organisms release tﬁe
energy stored in organic molecules.
Backgilnuﬁd infngrrﬁatinﬁ: y

. Respiration méy be thought of as the reverse of photosynthesis. The overall reaction

O
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CeH|2 06 + 602 ———> 5(:‘322'* 6H20 + energy.

Like photosynthesis, respiration is a controlled process, taking place in steps, each of

» which releases a small amount of needed energy. High temperatures are not involved,
for the cell mitochondria, where respiration takes place, could not withstand such
temperatures. ' '

& t

What to do:

1. Have your students- burn a small amount of plant material in-a jar or beaker.
Immediately add 10 to 20 ml of limewater. Cover and shake the container. The milky
color of the limewater indicates the presence of carbon dioxide, a product of
combustion. ; C ' T . ' ' ‘
‘Tave a student blew his/her breath through a beaker of limewater. Note the milky
color indicating the presence of carbon djoxide. o

[ 28]

Tad

Discuss the similarities and differences between combustion and respiration.

Activity: ~ Fermentation : : . , : -

Objective: : : : :
The student wiﬂ?describe fermentation as the partial breakdown of glucose by.yeast,
producing ethanol. He/she will discuss the use of ethanol both as a fuel and as a fuel
additive. - - ;

Background Information:
In fermentation, the enzyme zvmase found in yeast breaks down glucose in the
absence of oxygen, producing ethlyl alcohol (ethanol) as a waste product.

L=

C6H| 206 ——> 2C2H5OH +2€02T
- : !

3

10

=t



What to dé;

1. Place fruit juice (apple or grape) or a 10 percent glucose solution in a 1/2 gallon jug
~ fitted with a one-hole rubber stopper. Add 1/2 teaspoon of granulaied dry yeast. Shake
well. Put the rubber stopper in place. Attach the rubber or plastic tubing, placing the
opposite end of the tubing in a beaker half full of water. Store in a dark, warm place
for at least one week, observing daily. Record your observations Loncermng any =
activity which takes place. - .

. a. __What evidenceofa-reaction-did-youobserve?
b. Describe the smell.
2. When gas no'longgf bubbles from the rubber tube, remove the tibe and decant part of

. the clear liquid into a clean flask. Have the students describe the difference between
—  the original fruit jUiCE or glucose solution and the present product,

< 3. Using a Liebig candensm, franctionally distill about 1/6 of the llqund sample into a
_clean test tube. Have the students describe the properties of the distillate.

%

4, Ignite a sample of tha distillate. Discuss its potential use as a pl‘l[’ﬂ.-ll'y fuel (racing cars
run on it), or as a fuel additive to gasglme (gasohol), stretchmg our limited supply of
this fuel. -

Aétivity: _ The Influence of Vegetation on Enargy Conservation !

Objective: .

The student will explain the effect of vegetation on energy consumption.
* Background Information:

~ Trees can have an important effect upon the energy expended to heat or c:ooi=
buildings. Because their leaves are lost in winter, deciduous trees shade buildings in
summes and allow the sunlight through to warm the bmldmg in winter. Evugr@ens
may serve as windbreaks, -

1

. .What to do:
L Survey the area around the school for vegetation which aids in conserving energy.
2. Prepare a master p]an for plantings arotnd the school. (A local nursery or Iandscape

athltﬁEt may assxst in this).

3. During warm, sunny weather, place a thermometer on a grassy area and on the
* blacktop of the parking lot. Explain the difference in temperatures (this is especially.
evident shortly after sunset). Why is grass surrounding a bunldmg preferable to

" blacktop? -

3




~ Activity: Pyrolysis of Fuels from Solid Waste |

- Objective:
The student will byr@ii;e solid waste mategfals and identify the products of this
process. : ‘ g

— ——Background Information:
In the 1970's, municipalities spent between three and four billion dollars a year for the
collection and disposal of solid wastes. About 80 percent of this waste is combustible,
so the potential energy in these wastes is significant, amounting to about 150 million
barrels of oil per year. The expected annual erganic waste for the year 1980 from all
SOurces is: ; :

, Dry Weight in Millions

Waste Source . " of metric tons

Urban Refuse : . 202

Manure 205

Agriculture 355

Industrial ' 45 -~ -

Municipal Sewage ’ 13

Other - _ 55 ¢

Pyrolysis is the chemical decomposition of organic materials in the absence of oxygen.
Organic materials are heated in closed’ containers, producing a gas, a char (partially °
burned carbon residue), and a heavy tar-like oil. All three of these products can be used
as fuels. : : '
Temperatures required for pyrolysis are low enough that solar devices using’léﬁses or
mirrors to concentrate solar energy could be used as the heat sources.

IS

-

What to do:
1. Set up"?the apparatus according to the diagram. Place a small quantity of paper scraps ‘
- and wood chips in the test tube. Note: See next page for diagram.

'2.  Puton your safety glasses and heat the test tube. "

t o

3. Place a burning wood splint at the opening of the glass i:ubi’ﬂg; Describe what happens.

4, Place the tip of the glass tube into the test tube resting in the beaker of water. Collect
several milliliters of tar. Describe the tar. Determine if it burns. )

o

What does the solid material look like? Does it burn? | .

6.  Design a simple device which.could be used to concentrate sunlight to conveért wastes
into fuels. B o

S




NARROW OPENING

PAPER AND WOOD SCRAPS - ) N
—GLASS TUBING

TEST TUBE
"CLAMP

-«+=RING STAND

\
EUHWS{EI:;#,?PNER Adapted from
SHOULD BE USED| — Biology ACt]VltlES
, - l, - Solar Energy Project
- \\ - U.S. Department of Energy
- |, / \ 1979
Activity' Destructive Distillation of Coal:

- Objective:
=) = ‘,‘gﬂ

The student will test the gases coming.oii a'sample of burning coal.

'What to do:
. Materials needed: Bunsen burner, glass or plastic cént’amer 2 test tubes, 2 stoppers
(one 1-hole and one 2-hoie), 2 glass tubes (1-curved 8'% 1 -3"), test tube holder saft .
‘coal water matches, red litmus: paper lead acetate paper - _ ;

This activity involves ,th'e destructive dlstillatmn of coal. It must be done in a
well-ventilated part of theé classroom or outdoors. Set up the apparatus as shown in the -
diagram. Fill the distiliation tube one-third full with pieces of soft coal and heat the -
tube. Test the gas which comes off to see it it burns. Then test for hydrogen sulfide by
helding moistened lead acetate paper in the gas. (If paper turns black; hydrogen sulf‘ide_‘
is present.) Test for ammonia by holding wet red litmus in the gas. (If ammonia is

. present, the paper will turn blue.) Continue heating the coal until all the gases are
driven off The material remaining 15 coke. , :




Burn coke and soft coal. Which produces a better fire? Which material would be better
for a fireplace? How does this compare with the pyrolysis of wood?

Activity taken from West Virginia Energy Activities.

Activity: =~ " Biomass - Stored Solar Energy
ijeétive v
The students will be able to:-

1.  compute the cord measure of a stack of wood
..+ 2. compute the amount of wood required to heat their homes, knowing the
‘ " amount of coal or oil required for this task " e
3. compare the cost per million BTU of various types of wood .
4, compare the cost per BT'J of wood with coal or oil '

sB,ackgmund Information:

«  During their growing season, trees collect solar energy and store it as chemical energy.
_They accomplish this task by means of the process of photosynthesis, during which the .
plants capture light energy and use it to change water and carbon dioxide into oxygen
and. carbohydrates. Plants then use the carbohydrates as a source: of energy for their
own growth. As plants increase in size, their biomass becomes a potential source of fuel

for heatinghomes. _ L

" What to do:
1. °~ Compute a full cord measure of wood:

a.  Compute the volume of wood to be measured,e.g., a pile 7'x8'x8'=V
=]1xwxh=7"x8"x8" =448 ft3 ;

£l



s (70w

128 ft3 Divide the volume of the

Sirice 1 full cord =4'x4'x 8', 1 cord
-wood by 128 ft and obtain the cord.

448 ft3
128 ft3/cord

ie., = 3.5 full cord

—-Determine-the volumes and number of full cords for the-sample wood
* listed in table 1. '

DETERM INATION OF CORDS

Table 1
Waod Sample ~Length Width Height Volume Cord
Ft Ft Ft Ft3
A ) 3 5 6 o
B 3~ 6 2 . .
_C _ 15 12 7 I
j P 7 o - 6” 4!!7 o "15!' o - ] -
E N 9 3 - _
.+ F 14 12 6

Dmdg the avsxlable heat per cord in BTLJ 's/cord by the welght per full

a.
-cord in pounds. This will give the gvaﬂable heat per p Gand-in_ BTU/lb
b. Assume a cost éer full cord for all types of wood to.be S]DD Campute .

the cost/million" BTU by 'dividing the cost per- full .cord-by-the -available ;
heat per cord in rmllu:m BTU's per full c:ord , ’

Aséﬁmmg that 1 full cord of hardwood is* equwalént in ‘heat content to 200 °

. gallons of oil, 1 ton of hard coal, 29,000 ft3 of natural gas, or 8 400 WKH of‘

electricity, compare the cost of the fuels.

- Knowing the arngunt of fuel or electricity required to heat yaurhdrﬂe for a

. year, you should compute the amount of wood in full cards that you would

5.1

need, v

Questions:

Did you note that rnc)st species of wood contain essentxally the same
available energy per pound but vary sgmﬁcantly in density? Whu:h is a
better buy if sold at the same price - a: s:ord of dense wood or a cord of'
less dense wocd'? Why"

=

15




5.2 If one had tc buy Waad in ycur area would it be cheaper to heat with

1

53  What type of wood is the best buy if sold by cord measure?
54 How many cords of wood would you need in order to heat your home?
Teacher Notes:

Wood, a fuel which was common to our foréfathers, has once again become a v1able.
source of energy for heating homes! This form of energy is stared solar energy, nd thls
- concept should be stressed with students, -

It is estimated that the sun falling on land fixes and reduces about 16 x 109 tons of
carbon per year. Only 3.5 x 109 tons of coal were mined worldwide in 1970.
Apparently, the potential of biofuel is four times the coal resources mined each year.
_ (It should°be noted however, that if we burned this much biomass, we would have
none left-for food, wood, fiber, etc.)

" HEATING VALUE OF WOOD

TABLE 2
friYPfE-cj:)F WOOD | WEIGHT/CORD | AVAILABLE T | AVAILABLE | COST/MILLION
R (AIR DRIED) HEAT/FULL CORD | HEAT/LB. BTU AT
LBS/CORD | MILLIONBTU - BTU | $100/FULL CORD
‘ASI-;I o T 340@ ©o200 N I
BEECH 1T a0 | a8 T
I BircH T 3680 21;3% | | R S
‘ ﬁéUGi;AsFﬁ{ 2400 | 180 « ) ) - 7
M | w00 | :17.72 ) R B
HICKORY - |: Y/ Py N T
'_ ‘;MAP;E?V T 00 | ’1’37,57 T T
‘E'{E\E}DAI{ T ses0 213 ] N f . )
WHITE@\K | ae20 | 227 B | 7
PINE (WHITE)\" | 2080 T ks - S -




Wood, one of the most popular fuels, has many advantages as a fuel. It is storable

without a container, portable, safe to handle, and burns relatively cleanly. A cord (4' x

4' x 8"-is by definition 128 ft.3 of wood neatly stackad Actually, a cord contains

approximately 80 ft.3 of wood:.the remainder of the volume is air. A cord of wood is

approximately equal to a ton of coal, or 200 gallons of fuel oi], or 2,900 cubic feet of

natural gas or 8400 KWHof electricity. A face cord or stove cord is typu.,ally 16'"--18"
- x 4' x 8" and is approximately 1/3 of a full cord.

All specn::s of wbod contain assemlally the same amount of heat/lb. but they differ
greatly in densities,. When comparing heat contents per coard of wood, you wiil find
differing values in various charts. This is due to the percentage of water contained in
. the wood more than arything else. The more water the wood contains, the less the
: heat output, because much of the energy goes into vaporizing this water. The table
~ shown under Typical Results lists wood commonly used for fuel and the heat
content/cord. Some time could be spent comparing densities per cord or perliaps
comparing costs/BTU of one species of wood against another. It is traditional that
wood be sold by the cord, and typically the cost per cord is the same for different
kinds of wood, yet students should be made aware of the fact that a dense hardwood
yields &gmf‘cdntly greater heat than softwoods or less dense hardwoods such as willow,

poplar ete. '

Typical Results HEATING VALUE OF WOOD .
\ | | TABLE 2 _ | | o
[ TYPE OF woOD [ WEIGHT/CORD | AVAILABLE - AVAILABLE | COST/MILLION |-
'(AIRDRIED) | HEAT/FULLCORD | HEAT/LB. » | BTUAT -
| ,, | LBS/CORD . | MILLIONBTU . |  BTU | $100/FULL CORD
ASH B o 3400 ] 200 N 3314 7 ’7 $5.00
~ | AspEN —- - 2160 1257 e 5'737‘7 | ;V:é.:o;(i_;):*_
BEECH | %7?0_ S as ©os18 |- 459
BIRCHi 1 73680 B 213 s | 469
DQLIGLAS FIR | . 2400 8o | 777;5(561?7?7‘ 7 556
E;éM 2900 _ | 172 , T sem 581
‘HAICKC)RY_ . 4§4o 1 7‘247,(5;7_ 7 58671?:”': 7:4577 )
[marce | 300 | ia6. | ssiz | s
RED.OAK 3680 s 57887 | 4e
7¥\;I:IITEDAK 3920 | ;1:77 o s | 440
BINE (\;.'HITE) 2080 IER g; Wifi 63 6394 s
. Adapted from Blology Activities, SolarEnergy o \ ‘ ) - I 17

Project, US.Department of Energy, 1979.




-

It .should be noted that the heat can be extracted from the wood by fairly complete
combustion. This means sufficient oxygen and high temperatures, conditions one can ‘
achieve with dry wood in a fireplace, Frankiin stove, or any stove which allows a large -
amount of air mto the stove chever most of Lhis' heat will go up the ;himney and
partlal vacuum is created in the house and the warm air ot the hcmse (whu.h lms Eons
up the chimney) is replaced by cold air which is drawn in around windows and doors.
This is an important concept that many overlook, and it is the reason why fireplaces
-and inefficient woodstoves often yield a net heat loss to a house even tliough it is hot
in the room where the device is in operation.- The other way to agcomplish more
complete combustion is to have a stove which is airtight, i.e., it allows very little air to
enter the stove. If this type of stove has a secondary ccmbustlon chamber, the volatiles
s released from the wood will recycle inside the stove and will pick up enough energy °
until they too become ‘oxidized. Some of these new woodstoves with secondary
corﬁbustlon operate. at 7D SD percent efﬁméncy; they dG not use rnu:h air from the
is Gutput/mput SO, 1f the Eff‘it’:lency of a gcod wocdstave is ‘75 percent and an
inefficient stove 'such as the Franklin stove.is 15 percent, (with doors closed) the
efficient airtight stive will use only 1/5 the amount of wood that the Frankiin stove
would use to accomphsh the same amount of heating. A simple cost aﬂalysls will show
that an efficient stove will often pay for itself in one year because of its low fuel

ﬂOﬁSUﬂ“lpth!’l.— 'Env1ronmev1talzly, the significance is tremendous also.

'1f they have stoves or ﬁreplaces,i or 1f they hve in a house Whlch is LOld and
xuncamfoﬁable . 4 . ) : : d
"To tie thlS in WIth solar energy, a good dlscussmn cauld be held“on.how the densities

(and therefore heat content) of the wood depend upon the life of the tree, the length

‘of growing season, etc. which are functions of the amount of sclar energy which is .
. c:aptured and stored. ’
Adapted from: , )
Solar Energy Projec

U.S. Department ofE nergy - : o . ( ' R
1979 ; . - :
Activity: - Biomass .
Objective: '~ = : o I )

The student will measure the heat energy produced by the combustion of a given mass . o
of plant material using a homemade calorimeter.
What to do: : \\ o : 7
Construct a homemade calorimeter according to the diagram. (Note diagram on next
‘page)” Remove a bear plant from. the soil and wash the soil from its roots. Twist the - ‘
plant into a log shape. Wrap it with paper towelmg and allow it to clry far about a- -




b

week, or place. it in a drying oven. Remove the plant from the paper toweling and
determine its mass. Place the dried plant on the wire support. Pour 10 ml of water into
a large test tube that is clamped to the ringstand. The bottom of the test tube should
be just above the plant material. Place a thermometer in the test ‘tube and record the
water temperature. Place aluminum foil over the top of the can surrounding the test
tube. Leave enough of an opening around the test tube so that the'thermometer can be
‘ o o .

rcad., . , e

ot o '8

q“"‘ - ——— ALUMINUM FOIL COVER

WATER (10 ml.)

WIRE ‘SUPPORT

DRIED PLANT MATERIAL

METAL PAN (LINED WITH
'ALUMINUM FOIL) -
RING STAND

¥ FAS

Place the metal pan lined with aluminum foil beneath the calorimeter. Carefully ignite
the plant material. Observe the temperature until all the plant material is burned.
Record the highest temperature that the water reached. - -~

Calculate the toal amount of heat energy given;of’f‘ by the plantzmateﬁai -using the
formula:’ ‘ - ~

" Heat in calories = mass of water (grams) x (T2-T])

1 'gram . - R
final temperature
initial temperature

I ml of water
T,
T]

a

What was the total amount'of heat energy released by your piant'?'é

Determine how many watt hours of energy your plant released
(watt hours =-heat in calories x 1 pound) - ' :
1000 ‘

[ ]



3.. How much plant matenal ‘would 'you: have to burn -to provide the heat energy
equivalent to one gallon Qf‘ gasahne‘? (1 gallon of gasolme-— 3,615,000 watt hours of
available energy). .

4. How would you determine the relative efficiency of other plant fuels?
- Why is the use of this homemade calorimeter able only to’yield an appmximaticn of
= the actual energy released by the plant material?

Teachers Notes:
Perform this experiment under a hood or high draw ventilator.

Wear protective eye glasses. -
Exerpted from: 7
Biology Activities
Solar Energy Project :
U.S. Department of Enaf'gy

]979 ‘ . L .
& o ;
Activity: Pollutants from Energy Production
ijEEIIVE
* The student will mvestlgate pollutants prcdu:ed during energy produgtlon and some of
> their EffECtS s :
What to do: ‘ , : -,
L ‘Obtain ash f'rom .a coal furnace or from a sample. of coal. Run a small amount cxf'w;lter
¢ .. through the ash. Using an indicator paper, note any changes in pH of the water. How
might changes in pH affect plants and animals?
2.. Do the same thing for coal (unburned) and for wood ashes. )
- .3 Demcnstrate the absorptlon and asslmllatmn of ph@sphorous 3"4’ by fish and/or tomato
plants. (See: Radmactmty Fundamentals and Expenments by Hermias and Jocule
Holt, Rmehart and Wmstcm 1963).
4. Conduct a stuclent expenment on the effects c:)f radiation upon the Eermmatmn of
/ & seeds. (See: Hermias and Joecile, op. cit., pp. 148 151.) Have beang or corn irradiated

at a local hospital or buy irradiated seeds from a commercial source. Keep the number
of seeds in éach sample above 100, varymg the radlatmn dagage Study rates and
percentages of germination. ‘ . .

- 5. Determine the half-life of a short-lived radxmsotope such as banum 137m. (These may -
= .be obtained from commercially produced radioisotope generators available from: The
Nucleus, P. O. Box R, Oak Ridge, Tennessee 37830).

= LY

N
o
\I g

bt




5: | Establlsh plants in several closeid terr.;ma Study- the effects of sulfur drioxide and tile
lj)l-ldES of-nitrogen upon these E}ants '_/«r-xz;% ¢ S SRR
* ;: =
Aeimtyn AiMode.l of‘theFom‘latlonotCoal e e s
- Objective: o
The student will investigate Eo'&}ossilif‘u-els: are formed. w2
What to dc)iv 7 . )

Materials needed: ferns, sand, peat, coal, 10 gallon aquarium, slides or charts of
geologic time scale. : ' a

" Have students examine samples of ferns, peat and coal. Show the students geologlc
time charts and describe the physical condition of the earth during the ccral forming:
processes, Then simulate these c:onditions m ‘the auuanum -7

Allow one weak to’elapse What is the cond;tmn Qf the water‘? Include such thmgs as
pH, odor, tprbldltyi decomposition of peat, etc.”Have any changes occurred in the
. peat? Suggest“reasons for'the changes, or exp’lain why changes did not occur.

=

- Sift moderamly fine ssnd over the peat to a depth ‘of one inch. After the sand settles, .,
add an’ "equal depth of peat. Repeat the process for as %ong as desired, or until several
successwe layers have formed. Is coal still bemg formed today naturslly'?

T‘hls actmty fmm - 7 .

Michell Alexander and John Neth -+ - : - ‘

Groveport-Madison High School ' B :

Groveport, Ohis

k]

Activity:. - : e T ' . ;

Objective:

1

The students will match various energy equivalents.

Background Information: o ) |
. : .V = R & : o ) . N . ' = 7! ) . B

A basic unit of energy measurement is the British Thermal Unit; or BTU. One BTU is

the amount of heat energy that must be supplled to one pound of water to raise iis

~Energy from all fuels can be z:onver’ted to BTU 5. Apprommate conversxon rates are as

’follows '



] o
142 gallen barrell of oil 5.8 million BTU's
]<cubic foot of natural gas____ 1031 BTU's ’
I-kilowatt hour of electricity.______3413 BTU's

1-ton of coal _ i 25 million BTU's

The word power refers to the amount of energy used or produced in a given amount of
time. One important unit-of power is the watt. One watt is equal to .00948 BTU per
second. One kilowatt is 1000 watts, while one megawatt is 1,000,000 watts.

The kilowatt-hour is the familiar measurement of electricity. A killowatt-hour (KWH)
is 1000 watts of power used for one hour. '

All electric appliances and light bulbs are rated in watts. For example, a 100 watt light
bulb will light for 10 hours with one KWH of electricity. An appliance with a rating of

1000 watts will run for one hour on one KWH of electricity.

In biological processes, the unit of energy is the calorie. One.calorie is the heat required
to raise the temperature of one gram of water one degree Centigrade. The Calorie
(note upper case "'C") is called the kilocalorie, and is equal to 1000 calories. One
Calorie is about 4 BTU.' : ' N -

What todo:

What equals what?
_ ) - , . . . ti:, .
Try to find a match for each of these. Be careful: they may surprise you!
iEnergy ,equival_eni of | barrel of 0il. . "
Energy used for the manufacture of 20 aluminum cans using recycled aluminum,
3 months' worth of electricity for a frost-free refrigerator. . )
Total energy use of 800 million Chinese in one year. '
350 degrees'in your oven. - ’ .
Paper needed to-package food in I American fast food chain in 1 year.
Heat given by the burning of one cord of oak-wood. "

NeoUvhwL =

Energy used by the air conditioners of 200 ‘million Americans in one year.
325 degrees in' your oven if you use stainless steel, ceramic, or glass dish.

" Energy equivalent of a man at hard labor for 2 years.

- Energy used in the manufacture Df,,aluminur%can using only virgin alumiftum.
174 million pounds of paper. . '
1 months' worth of electricity for non-frost-free refrigerator. A

" Heat given by the bumning of one ton of coal.

No AW =

!
] .

Teachers Notes: ’ ) . .
. _ . = -~ . -
 Arniswers: ’ P . .

£




24 If you failed to recycle 2 aluminum cans, you would waste more energy than is
used daily by a person in poorer lands,
3-6 A frost-free refrigerator uses much more energy than a manual model.

4-1 The U.S. level of energy consumption is 6 times as high as the world average.
5-2  These types of dishes conduct heat more effectively and thus do not require as
hot an oven, .

6-5 This amount, 174 million pounds, requires a substantial yield of 315 square

miles of forest for one year.
7-7  The heat potential of one cord of wood (80 cubic feet) equals the heat potentlal
of one ton of coal.

Courtesy of: : ‘ .
Park Project on Energy Interpretation
National Recreation and Park Association

Activity: . Energy-and-Lawn Care
Objective: ! . .
The students will consider conservation in relation to lawn care.
What to do:
Have the students take a neighborhood poll on lawn care. Ask the following questions:

How much fuel does it take to keep your lawn mowed? (How much per month or per
mowmb season.)

Do you use any other fuel-consuming garden tools, such as EhppEfS Edgers mulchers?
How much fuel do they consume? :

What do yc:u think about unmowed lawns'? (Lawns thst grow naturally without any
care). '

Dgiscuss the results of the poll. Is the use of powered garden tools justified? Is a lawn
7 necessary? Is the no mowing idea unacceptable or acceptable?

Activity: - Energy in Food Processing

Qliiecﬁve:

-tcg save energy,

F
=

What to do:
Have the students loak at the steps below in the preparatlcm and eatmg of a frozen

vegetable. Have them propose which steps could be eliminated tD save energy.

ey 23




It would be helpful to ask the following questions:

How else could you get there? - )

How could you cut down on the number of shopping trips? '

What ways could you recommend to your family to conserve energy when
;- - shopping? '

A G —

e

/ eatit -\
/ throw away the package
/ thawand cookit

/ take home and put in freezer \
/ drive to market to buy it \
/ supermarket keeps it in open freezer \
/refrigerated truck takes it to supermarket\
/- food company freezes it N\
/ food company packagesit \ -
/ food company slices it by machine \

-/ _itis transported to the food processing plant _ \

f 3 truck farmer grows the vegetable on his farm A

Teachers Notes:
The answers will vary. Growing vegetables in your own garden and eating that
vegetable raw are the two least energy intensive steps. Have the students construct a
food pyramid for pop drinks in cans, TV dinners, ice cream, cereal, Find ways of saving
energy for each item. (This activity comes from Energy Conservation in the Home,
curriculum guide for Home Economics Teachers produced by ERDA.) '

bl

=

Activity: Comp-ute Your Own Radiation Qosage
Objective:
The student will estimate t};e;ir-annual radiation dosage.
What to do:
Have students cm;tr:plete the following form and corﬂéara their -radiation dosage with

the national average.

. ?__‘.i

iy =

=
At d
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Aruitoxt provided by Eic:

RIC

COMPUTE YOUR OWN RADIATION DO

SE

We live in a radioactive world. Radiation is all about us and is part of cur natural environment,
By filling out this form, you will get an idea of the amount you are exposed to every year,

Com

mon Source of Radiation ¥ our Annual F‘err(:eﬁt
- o Iﬁvemary
Location: Cosmic radistion at sea level 44
Elevation: Add 1 forevery 100 feetofelevation ., . . . . . . ... ... ... a ==
WHERE Typical alevations: Fittsburgh 1200; Minneapolis 815: Atlanta 1650;
Las Vegas 2000; Denver 5280; 5t. Louis 455; Salt Lake City 4400;
3 435; Dangor 20; Spokane 1890; Chicago 595, 287
" (Costal cities are assumed to be zero, or sea level,)
your S — ——e —_— ——
House construction {based an 3/4 of time indoors)
Brick 45
Stone 50
Wood 35 - 27.0
Concrete 45
LIVE '
Ground: (based on 1/§ of the time outdoors): U.5. Average i5 101
WHAT Water
You ’
SQTNE . Food. A . U 5, average .25 16.9
& Air
BREATHE [ = - — —— —
Weapons test fallnut 4 2.7
‘HOW X-ray diagnosis ’
: " Chest x-ray _x 9 .
: Gastrointestinal tract x-ray x 210 -
You — — ——e — 0.1% - + it
Jet airplane travel. !\Lu;rlger of EDDG mlle ] A i
— L -2 A
fhghts x4, - —_— [
o S e By
- 1 4

Cumpare your annual dase m the U S, Armual Averagé af 148 mrem.

T —

How - At site boundary: Annual average number of hours per day x0.2 — [~ T " " Tess !
CLOSE One mile away: Annual average number of hours per day B T x0. 02, —= Than !
YOU LIVE | Five miles away: Annual average number of hours per day x 0.002 - 0.1% 1
TOA | Over 5 milas away. ™ fone |
* NUCLEAR i
| _PLANT _ I ¥
\ .
‘\ One mrem per year is equal to: Moving to an elevation 100 feet higher. mrem Total
\ - —

i
i
‘\

Armual radiation doses range from 115 tD 215 mrem but might be doubled

if medu:al X-rays are received,

Increasing your diet by 4%.
Taking a 4- to 5-day vacation in the Sierra Nevada Mountains.
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ERIC

Aruitoxt provided by Eic:

26

Activity: The Autosaur: A Spoof

Dbje«:tivé:

The students will read and discuss a spoof.

What to do: -

Have the students read the following spoof, and then discuss the questions following it.

An Arizona newswriter reports that a memo dated A.D. 3100 states that during the
20th century, the earth-was inhabited by huge metallic-looking beasts called-autosaurs.
These monsters weighed between 1,000 and 4,000 pounds, and could travel at terrific
speeds. Although they could be ridden, he relates, they were never completely
domesticated by the natives. Apparéntly thousands of natives lost their lives to them
each year. :

Around the last few decades of the century, he tells us, the autosaurs mysteriously
disappeared. Scientists entertain the the possibility of their having starved to death
because of some inexplicable depletion of their food supply. A picture unearthed near
Los Angeles supporting this theory shows great lines ‘of these creatures queued up -
before a feeding station. One of the natives, in an obvious attempt to forestall

extinction, is force feeding the leader by means of a hose injected into its "surprisingly

small orifice. This effort was evidently unsuccessful.”’ Our writer continues, "While the -
extinction of any species is to be mourned; it does not appear that the ecological
balance of that period was upset by the autosaurs' disappearance. There is even some
proof that it improved." :

" Questions to discuss:

Why does the name autosaur sound scientifically valid?

" What characteristics does the writer attribute to the autosaur that reveals its identity?

are not always the master of their inventions?

Humor can be instructive as well as entertaining. Do you find an underlying truth in
this play ful piece of prose? What is it? '

Do you think the humor is enhanced by the fact that the story sounds possible and
believable? ;

Which of the following conclusions do you think the author intended?
~We should more carefully protect.our endangered species.
~Automobiles kill a great many people.
~The gasoline shortagé, in the long run, will be beneficial

" to humans and their environment.

&
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ERIC

Aruitoxt provided by Eic:

Acnﬂtv Environmental Impact Statements

Objective:

The students will discuss the rationale, contents, and use of an environmental impact
statement.

Bac kgmund Information:

Before a new power plant, roadway or the like can be built, governmental agencies
require’ that the builder file for approval an environmental impact statement. This
statement must include descriptions of what the buijlder proposes to do, a description
of the present environment, the probable environmental impact of the proposed
action, mitigating and protective measures, unavoidable adverse effects, alternatives
to the proposed action, and other pertinent information. The governmental reviews
and hearings concerning this document determine whether cr not the proposer is
allowed to proceed with the proposed project.

What to do?
Following is the table of contents of an environmental impact statement for a

proposed electrical transmission line. Have your class discuss the rationale and possible
environmental effects of the items in the table.

TN



