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For  t h e  t eache r  wi th  a full workload and dozens  of impor t an t  
top ics  to 'cover  and skills to t each ,  t h e  question t h a t  m a y  occur  in 
picking up th i s  booklet i s  I 

I 
- 1  

! 

I 

1 
Why Teach About Energy? 

If you a r e  asking t h a t  quest ion,  t r y  to think of a n  a r e a  of human 
ex i s t ence  t h a t  is not a f f e c t e d  by energy  resources .  Energy p e r m e a t e s  
ou r  lives; it shapes  our  ca ree r s ,  our  le isure ,  and our  aspirat ions as 
well as providing food ,  c lothing,  and she l te r .  

II 

Students  a r e  a w a r e  of this  rea l i ty .  They  see t h a t , " a s  ava i lab le  
energy  resources  change ,  the i r  lives will also change ,  in ,)ways as 
y e t  unknown. They  recognize  energy  as a f a c t o r  t h a t  will have  a n  
impac t  on t h e m  personally, f o r  t h e  r e s t  of the i r  lives, and t h e y  wan t  
to understand the i r  energy  options. 

. 

I, , 
J 

I! 

Subject SkillslEnergy Content 
You c a n  cap i t a l i ze  on your s tudents '  s t rong  in t e re s t  in t h e  

top ic  of energy.  With renewable  ene rgy-as  t h e  c o n t e n t  m a t t e r ,  t h e  
following ac t iv i t i e s  a r e  designed to give s tuden t s  p r a c t i c e  in t h e  
subjec t  skills t h a t  a r e  high on your teaching  agenda.  Whether  it's 
observing, e s t ima t ing  and predict ing,  measuring, computing,  graph-  
ing, o r  cons t ruc t ing  appara tus ,  you'll find h e r e  a renewable  ene rgy  
ac t iv i ty ,  ready to use. 
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Every house co l l ec t s  solar  energy. Sunlight fa l ls  on t h e  house, 
passing through windows and skylights and being absorbed by roof and  
walls. The  sun helps to h e a t  t h e  house in cold w e a t h e r ,  but  i t  c a n  
o v e r h e a t  t h e  house in warm wea the r .  

Some houses a r e  special ly  designed with t h e  sun in mind. The  
designer plans t h e  house so t h a t  i t  co l l ec t s  as much sunshine as 
possible in winter ,  and as l i t t l e  as possible in summer.  Such houses 
a r e  cal led passive solar houses, and t h e y  c a n  s a v e  the i r  owners  a lo t  
of expense in hea t ing  and air-conditioning. 

Based on what  you know abou t  t h e  sun and wind, you a r e  going 
to assemble,  l oca t e ,  and l andscape  a model passive solar house. To 
help you g e t  s t a r t e d ,  think abou t  t h e s e  questions.  

What is t h e  sun's p a t h  in t h e  win te r?  In t h e  summer?  

Where does most  wind c o m e  f r o m  in t h e  winter?  In t h e  
summer  ? 

Where should most  of my windows be? 

What kinds of t r e e s  and shrubs should I have  around my house, 
and where  should I p l ace  t h e m ?  



objectives 1 

A t  t h e  comple t ion  of th i s  ac t iv i ty ,  you should be  ab le  to 

o 

o 

recognize  t h e  basic  f e a t u r e s  of a passive solar  house, 

use your knowledge of t r e e s  and shrubs to landscape  your model  house fo r  ene rgy  
conserva t ion ,  and 

use your knowledge of t h e  ang le  of t h e  sun during d i f f e ren t  seasons to d e t e r m i n e  
how e f f e c t i v e  your model  is as a passive solar  house. 

o 

skills and knowledge you need 
The  skills of basic  cu t t i ng ,  t ap ing ,  and d iagramming 

The  knowledge t h a t  t h e  sun's rays  s t r i k e  t h e  ea r th ' s  
s u r f a c e  at a lower ang le  in win te r  t h a n  in s u m m e r  

T h e  knowledge of t h e  d i rec t ion  of t h e  win ter  winds and 
s u m m e r  b reezes  in your a r e a  

W 

E 

materials 
scissors  

t a p e  

too thpicks  

s t r a igh t  e d g e  

Worksheets  A, B, and C 

a l ight  sou rce  (f lashl ight ,  l amp)  

c rayons  or  marke r s  (opt ional)  

- 

procedure 
1. S e l e c t  one  model  f r o m  t h e  t w o  model  house 

drawings on Worksheet  A. C u t  ou t ,  fold,  and  
a s semble  (wi thout  tap ing)  t h e  model  you chose.  

2. P l a c e  t h e  folded model  house on t h e  plot plan 
(Worksheet  B) and dec ide  on t h e  s e t t i n g  of t h e  
dwelling. In which d i rec t ion  will i t  face? Decide  
how many windows and doors  your house should 
have  and choose  t h e i r  loca t ions  based on t h e  
s e t t i n g  of t h e  house. Then  unfold t h e  model  and  
d raw in t h e  windows and doors  nea t ly  wi th  a 
penci l  and s t r a igh t  edge .  Color  t h e  house if you 
wish. 
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3. 

4. 

5 .  

6 .  

7. 

8. 

Refold and t a p e  t h e  model  t oge the r .  Then t a p e  
t h e  roof in place.  Place t h e  comple t ed  house on  
t h e  plot plan. 

Find o u t  t h e  d i rec t ions  of t h e  win ter  winds and 
summer  b reezes  in your a rea .  Draw a r rows  in t h e  
proper co rne r s  of your plot plan to ind ica t e  t h e s e  
direct ions.  Label  e a c h  ar row.  

Draw in fenc ing  (if any) ,  dr iveway,  and  sidewalks. 
C a n  you p l ace  t h e s e  f e a t u r e s  to provide pro- 
t ec t ion  f r o m  winter  winds? 

C u t  o u t  t h e  model  t r e e s  and  shrubs (Worksheet  C )  
and use t h e m  to t r a c e  o u t  as many addi t ional  
t r e e s  and  shrubs as you wan t  to use in land- 
scaping.  C u t  t h e s e  o u t  and fold the i r  bases. For  
added  s t r eng th ,  t a p e  too thpicks  to t h e  backs  of 
t h e  t rees .  K e e p  in mind t h a t  deciduous t r e e s  lose 
the i r  l eaves  in fa l l  and  t h a t  win ter  winds and  
s u m m e r  b reezes  c o m e  most ly  f r o m  o n e  direct ion.  
Plan how you will l andscape  t h e  plot ,  t hen  t a p e  
t h e  summer  deciduous models  in place.  Tape  t h e  
models  of t h e  win ter  deciduous t r e e s  d i r ec t ly  
behind t h e  summer  models. Tape  all o t h e r  models  
in place.  

Find o u t  t h e  noont ime ang le  of t h e  sun in your 
a r e a  for  w in te r  and for  summer .  Set t h e  l ight  
sou rce  at t h e  noont ime ang le  for  t h e  summer  sun. 
Check  your house and landscaping fo r  t h e  effec- 
t iveness  of summer  shading. How many  windows 
r ece ive  d i r e c t  summer  sunl ight?  Do your decid-  
uous t r e e s  shade  t h e  house to he lp  keep  i t  cool?  
Does your roof overhang provide shading f rom t h e  
summer  s m ?  Does your landscaping channel  
cooling summer  b reezes  toward  your house? 

Now fpld down your s u m m e r  tree models  so t h a t  
t h e  win ter  models  a r e  visible. S e t  t h e  l ight  
sou rce  at t h e  noont ime ang le  for  t h e  win ter  sun. 
Again check  your house and  landscaping,  t h i s  t i m e  
for  t h e  e f f ec t iveness  of win ter  so la r  heat ing.  
How many windows r ece ive  d i r e c t  w in te r  sun- 
l ight?  Do any  t r e e s  block t h e  sun's rays ,  pre- 
vent ing t h e m  f r o m  warming t h e  house? Does t h e  
roof overhang allow t h e  win te r  sunl ight  to pass  
through your windows? Do your e v e r g r e e n  t r e e s  
break  and slow those  cold win ter  winds? 

quest ions 
1. How does  your model  house c o m p a r e  to those  of o t h e r  s tuden t s  in p l acemen t  of 

windows, s i ze  of doors, and roof a r r a n g e m e n t ?  

2. Which model  house  in Worksheet  A is bes t  designed fo r  win ter  hea t ing  and s u m m e r  
cool ing? Why? 

1 - 3  
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3 .  

4. 

5.  

6. 

7. 

Now t h a t  you h a v e  c o m p l e t e d  t h e  ac t iv i ty ,  how could you improve your model  house 
and landscaping to inc rease  t h e i r  e f f ec t iveness  in winter  hea t ing  a n d  s u m m e r  
cooling? 

A passive solar house such as you h a v e  cons t ruc t ed  is considered o n e  way to 
conse rve  energy. Why? 

1 

How should homes  b e  landscaped to conse rve  ene rgy?  

In which direct ion should t h e  roof ove rhang  so t h a t  winter  sunlight passes  through 
windows and s u m m e r  sunlight is  blocked o u t ?  

Define t h e  following t e rms :  deciduous t r e e ,  e v e r g r e e n  t r e e ,  roof overhang,  passive 
solar  house. 

I looking back 
You h a v e  now planned t h e  design and landscaping of a passive 

solar  house. In doing th i s  you m a y  have  discovered t h a t  t h e r e  a r e  
' m a n y  s imple things you c a n  do  to use t h e  sun's h e a t  in cold w e a t h e r  
and s t i l l  avoid ove rhea t ing  in summer .  

Did you consider which way t h e  house should face? How many 
windows and doors did you plan,  and w h e r e  did you put  t h e m ?  Did 
you use roof overhangs for  s u m m e r  shade? What abou t  eve rg reen  
windbreaks and deciduous s h a d e  trees? A passive solar  house uses a l l  
t h e s e  f e a t u r e s  to s a v e  ene rgy  by na tu ra l  h e a t i n g  and cooling. 

going further 
Make t h e  improvements  to t h e  model  house t h a t  you suggested in your response to 
Ques t ion  3 .  

Add a sunspace or solar  g reenhouse  to your model  house. 
proper  s idek ) .  

Ob ta in  addi t ional  cop ie s  of Worksheets A,  B, and C. Redesign and  l andscape  t h e  s a m e  
house f o r  a n  a c t i v e  solar  ene rgy  hea t ing  o r  ho t  w a t e r  sys t em.  Draw f l a t  p l a t e  solar  
co l l ec to r s  on t h e  south-facing roof.  D e t e r m i n e  t h e  bes t  roof pi tch f o r  t h e  co l l ec to r s  and 
r ed raw t h e  sidewalls to ob ta in  t h i s  pitch.  

Indicate  a n  e a r t h  berm on t h e  

Ob ta in  addi t ional  copies  of Worksheets A, B, a n d  C. Redesign t h e  s a m e  house to include a 
cooling sys t em,  such  as a n  e v a p o r a t i v e  cooling sys t em.  What f a c t o r s  will have to b e  
considered fo r  such a s y s t e m ?  

C o n s t r u c t  a passive solar model  h o m e  of your own design f r o m  o t h e r  ma te r i a l s ,  such  as 
wood o r  plaster  of paris. 

Windows p e r m i t  passive solar  hea t ing  due  to t h e  greenhouse effect. Explore th i s  principle 
f u r t h e r  by comple t ing  Ac t iv i ty  2 in t h e  E a r t h  Sc ience  Ac t iv i t i e s  book. 
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House # 1  

Worksheet A 

Model Houses 

1 
I 
I 
I 
I 
I 
I 
I 
I 

I (  I 

Roof #2 

Roof #1 
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Plot Plan 

Key : 

Fence (indicate height) - - L - - - a - - 
Driveway - 
Sidewalk 

North 

South 

n 

Q 

1 - 6  



Worksheet C 
Model Trees and Shrubs 

- - - - -  
(fold under) 

Shrub 

2 (fold under) 

Small Deciduous 
Tree, Summer 

(fold under) 

A 

Evergreen 

$2 (fold under) 

Small Deciduous 
Tree, Winter 

Large Deciduous Tree, 
Summer 

Large Deciduous Tree, 
W i n ter 
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Teach e r I n f o rmat io n 

Grs A Passive Solar House 
~~ ~~~ - 

Suggested Grade Level 
and Discipline 

Science, grades 7-9 
Home Economics 
Consumer Education 
Art 

Skill Objectives 
Applying principles of passive solar construc- 
tion to the structural design and landscaping 
of buildings 

Major Understandings 
Buildings may be designed and landscaped, 
through proper placement of windows, doors, 
and vegetation, to maximize the greenhouse 
effect .  

A roof overhang should block the more in- 
tense solar rays of summer, but should allow 
winter sunlight to enter windows. 

Deciduous trees will provide a building with 
shading from the intense solar rays of sum- 
m e r  but allow those rays to strike the build- 
ing during fall and winter. 

Coniferous trees serve as excellent wind- 
breaks and can be located to reduce infil- 
tration heat losses from a building during 
winter. Vegetation can also be located to 
channel summer breezes toward the building. 

Background 
Homes can be heated by the sun in winter 

and protected from the sun's heat in summer. 
If this is done without mechanical equipment, 
then the house has a passive solar system. 
But if heat is transferred by pumps and fans, 
which require an outside source of energy, 
then the house has an active system. In a 
passive solar system, heat flows by natural 
means such as convection, conduction, and 
radiation. 

Passive solar design is really very simple, 
and can be incorporated easily into a new or 
existing home, Basically, a passive solar 
home collects heat in winter through south- 
facing glass (glazing) and stores the excess in 
a thermal mass, from which it is distributed 
slowly when indoor temperatures drop a t  
night or on cloudy days. A passive house will 
have more windows on the south side and 
fewer (or none) on the north side. Windows 
can be double-glazed on the south side and 
even triple-glazed on the other sides. In 
winter, all windows should be covered a t  
night with insulating interior treatments to 
keep heat loss at  a minimum. The house 
should be well insulated and weather-stripped 
to avoid infiltration and conduction heat loss- 
es as much as possible. To provide protection 
from the heat of the summer sun, a passive 

1 - 9  

solar home should have overhangs to shade 
windows on the south and west sides. Ex- 
terior window treatments should be used to 
prevent sunlight or heat from entering. 
Vents and windows should be placed to in- 
crease natural ventilation or to exhaust ex- 
cess heat from the house. 

In addition, a passive solar house must  be 
sited properly on i ts  lot. The position of the 
sun a t  different seasons of the year can be 
charted to determine which portion of the 
s i te  receives the most sun between 9 : O O  A.M. 
and 3:OO P.M. Hills, large trees, and other 
buildings should not obstruct the sun during 
the heating season. 

Proper landscaping of the home contrib- 
utes to energy conservation. Deciduous trees 
should be planted on the south and west sides 
of the house. Their leaves will shade the 
house in summer; but in autumn, when the 
leaves fall, the sun's rays will strike the 
house. Coniferous trees should be planted on 
the windward side of the building. They 
provide a windbreak for the prevailing winds. 
Wind reduction will cut infiltration heat loss- 
es. Other vegetation should be planted to 
channel cooling summer breezes toward the 
building. 



Advance Planning 

Determine the direction of the prevailing 
winds for your area. 

Find the sun angles for winter and summer 
for your latitude. Solar books, solar con- 
tractors and dealers, and your local weather 
station are all sources. 

Worksheets A, B, and C can be reproduced by 
various copying machines on heavy weight 
paper. 

Suggested Time Allotment 

Two class periods for model construction 

One class period for class discussion 

Suggested Approach 

Have the students work individually or in 
pairs. They should compare results af ter  
com ple t ing the ir de signs. 

Leaving some of the work on display will 
encourage further discussion and investiga- 
tion. 

An alternative would be to assign the activity 
for homework and to follow up with a full 
period of display and discussion directed by 
the teacher . 
You might follow up this activity with a field 
trip to a local passive solar home. 

Points for Discussion 

What factors would you consider in designing 
and building a passive solar home? 

How might you modify an existing home in 
order to increase i ts  passive solar heating or 
cooling effects? 

What facts could you present to a homeowner 
in order to convince him that proper land- 
scaping can promote energy conservation? 

Typical Results 

Well-designed model homes should have most 
windows on the south side, a roof overhang on 
the south, a coniferous windbreak in the 
direction of the winter winds, and deciduous 
t rees  to the south. 

Eva1 u at ion 

Construction of the dwellings and various 
landscapes will vary a great deal in quality. 
This should not receive much emphasis as i t  
is not directly related to the objectives. 

Inspect each passive home design and discuss 
i ts  features with i ts  designer. 

Ask students to evaluate a model house and 
site drawing in terms of passive solar design. 

Modifications 
r 

Model house drawings can be traced onto 
tagboard, then cut out. This will provide 
sturdier models. You might want to provide 
larger scale cut-outs for students to trace,  as 
they might find i t  easier to work with larger 
models. 

Modify the activity for higher ability stu- 
dents by encouraging precise measurement of 
sun angle, roof pitch, and overhang length. 

Students can research thermal storage units 
and then build them into their model homes. 
Suggestions include thermal storage walls, 
roof ponds, storage tanks, and Trombe walls. 

Ref e rences 

Landscape Design That Saves Energy, Anne 
Simon Moffat and Marc Schiler. 

(William Morrow and Co., Inc., Wilmor 
Warehouse, 6 Henderson Dr., West Cald- 
well, N J  07006, 1981, $17.95.) 

Natural Solar Architecture: A Passive AD- 
proach, David Wright. 

(Van Nostrand Reinhold Co., Lepi Order 
Processing, 7625 Empire Dr., Florence, K Y  
41042, 1978, $8.95/paper.) 

1979 NYSERDA Passive Solar Design Awards, 
NYS Energy Research and Development 
Authority. 

(Technology Transfer , Roc ke f ell er PI az a, 
Albany, N Y  12223, 1980, $7.OO/paper.) 

The Passive Solar Energy Book, Edward 
Mazria. 

(Rodale Press, Inc., 33 E. Minor St., 
Emmaus, P A  18049, 1979, $12.95/paper.) 
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Solar S i te  Planning: A Guide to  Resident ia l  
Landscaping for  Enerpy Eff ic iency,  David  
Mar l a t t  et al. 

(Southern Solar Energy C e n t e r ,  61 Per im-  
e t e r  Pa rk ,  At lan ta ,  GA 30341, c o n t a c t  
SSEC for price.) 

Southern  Solar Homes: A Planbook of Energy 
E f f i c i e n t  Designs for  t h e  Southern  U.S. 

(Southern Solar Energy C e n t e r ,  61 Per im-  
e t e r  Pa rk ,  A t l a n t a ,  GA 30341, 1980, con- 

6 t a c t  SSEC for  price.) 

"Passive Solar Heat ing,"  Solar F a c t s h e e t  121. 
(Conservat ion and Renewab le  Energy In- 
quiry and R e f e r r a l  Service (CAREIRS), 
P.O. Box 8900, Silver Spring, MD 20907, 
1980, single copies  f ree . )  
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Is Your Home Sited 
for Solar Energy? 

You can ' t  c o l l e c t  solar  ene rgy  unless sunlight f a l l s  on your 
co l l ec to r  su r face .  If t h i s  sounds obvious to you, "ask yourself t h i s  
question: Do I real ly  know w h a t  shadows fal l  on my house and  yard at  
d i f f e ren t  t i m e s  of t h e  day and  year?  Shadows f r o m  surrounding t r e e s  
or  buildings c a n  des t roy  t h e  e f f i c i ency  of a solar  col lector  or  solar  
house. N o  one  should plan to use solar  ene rgy  until t h e  col lect ing s i t e  
has  been s tudied to see whe the r  t h e r e  a r e  shadow problems to b e  

In this ac t iv i ty ,  you'll l e a r n  a s imple  method fo r  ident i fying t h e  
obstruct ions around a s i te .  You'll a lso l ea rn  how to d e t e r m i n e  
whe the r  t hose  obstruct ions will cast t roub lesome  shadows on t h e  
solar col lect ion a rea .  



objectives 
Q A t  t h e  comple t ion  of this  ac t iv i ty ,  you should b e  ab le  to 

o 

o 

o 
o 

cons t ruc t  a device  to l o c a t e  t h e  win ter  pa th  of t h e  sun  in t h e  sky,  

explain how t h e  device  funct ions,  

use t h e  device  to discover  obs t ruc t ions  t h a t  will shade  a house or  s i t e ,  and 

eva lua te  whether  a house or s i t e  is properly loca t ed  fo r  co l lec t ion  of s o l a r  energy.  

skills and knowledge you need 
T h e  ab i l i ty  to use a magne t i c  compass  

T h e  ab i l i ty  to draw s imple  out l ines  

T h e  knowledge of  your l a t i t ude  
T h e  knowledge of t h e  seasons of t h e  year  when differ-  
e n t  kinds of solar  co l lec tors  a r e  used 

materials 
th in  cardboard  

glue 

t a p e  

a small  magne t i c  compass  

procedure 
1. Glue  t h e  sun loca to r  (Worksheet  A) on to  a thin 

s h e e t  of cardboard.  

2. A f t e r  t h e  glue has  dr ied,  c u t  o u t  t h e  t w o  sec t ions  
of t h e  sun loca to r  a long t h e  solid lines. 
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eye 

I 

rear sight compass 

3. C u t  t h e  t o p  sec t ion  of t h e  sun loca to r  a long t h e  
l ine  which mos t  c losely r ep resen t s  your la t i tude .  

4. Assemble  t h e  sun  loca to r  as shown in Diagram 1. 
Bend t h e  edges  of t h e  bo t tom sec t ion  upward 
a long  t h e  d o t t e d  lines. Bend all tabs upward or 
over  a long t h e  d o t t e d  lines. 

5. F i t  t h e  t o p  sec t ion  along t h e  curved  e d g e  of t h e  
bo t tom sec t ion .  T a p e  al l  t a b s  in place.  

6. C e n t e r  t h e  compass  on t h e  mark  on t h e  base of 
your sun loca tor .  Use  t h e  following c h a r t  to 
dec ide  which a r e a  of t h e  coun t ry  you l i ve  in, t hen  
choose  t h e  c o r r e c t  d i rec t ion  line. Align t h e  
compass  needle  wi th  t h e  c o r r e c t  d i rec t ion  l ine  by 
turn ing  t h e  sun loca tor .  

Area of United States 

New England 

Mid-Atlant ic  S t a t e s  
Midwes t  
South ,  including e a s t e r n  T e x a s  

Nor thwes t  (100th mer id ian  
Southwes t  and West)  

Direction Line 

15' West 

T r u e  Nor th  

15OEast 

7. T a k e  your sun  loca tor  to t h e  s i t e  you wan t  to 
eva lua te  for  solar  col lect ion.  This  m a y  b e  a 
window, t h e  s ide  of a building, a poten t ia l  house 
s i t e ,  or  a solar  co l lec tor  s i te .  S t and  as c lose  as is 
sa fe ly  possible to t h e  s u r f a c e  t h a t  would be  
co l lec t ing  t h e  solar energy.  

Caution: Be sure t o  obtain the 
1 ando wner 's ' per mission t o  use 
a site on private land. 

8. Hold t h e  loca to r  level .  Rea l ign  t h e  compass  wi th  
t h e  c o r r e c t  d i rec t ion  line. 

9. Your sun loca to r  is now a imed  toward  t r u e  south. 
Keeping  t h e  loca to r  leve l  and  al igned in th i s  
d i rec t ion ,  l i f t  i t  to your e y e  so t h a t  you a r e  
looking through t h e  rear  s ight .  2 - 3  

Caution: Never use your sun Zo- 
cator t o  look directly at the sun. 
Permanent eye damage can result. 



house 
deciduous tree Diagram 2 / 

mask 

10. T h e  curved t o p  of t h e  sun loca to r  r ep resen t s  t h e  
sun's lowes t  pa th  in t h e  sky in your a r e a  (win ter ,  
December  22nd). T h e  sun  will never  d rop  lower in 
t h e  sky t h a n  th i s  l ine,  so objec ts  masked  by your 
loca to r  will never  shade  your s i te .  

11. However ,  ob jec t s  in f r o n t  of you which appea r  
above  t h e  curved  t o p  will c r e a t e  shading problems 
at your s i te .  S t a r t i n g  at 9 : O O  A.M. on your 
loca to r ,  observe  t h e  ob jec t s  t h a t  will shade  your 
s i t e  during winter .  O n  Workshee t  6, s k e t c h  these  
ob jec t s  in the i r  c o r r e c t  positions and proportions. 
Con t inue  ske tch ing  until you r each  3:OO P.M. 
Your ske tch  m a y  look someth ing  l ike  Diagram 2. 

12. R e p e a t  s t e p s  7-11 for  t w o  o t h e r  po ten t ia l  solar  
s i tes .  

quest ions 
1. How does  t h e  sun  loca to r  work? 

2. Which of your t h r e e  poten t ia l  s i t e s  had t h e  most  shading problems? Why? 

3. A r e  shading problems t h a t  occu r  at 9 : O O  A.M. o r  3:OO P.M. as ser ious  as those  t h a t  
occur  at noon? Why o r  why not? 

4. Which s i t e  or  s i t e s  would you r ecommend  for  t h e  ins ta l la t ion  of so la r  energy  
devices? Why? 

The  sun's highest  p a t h  in t h e  sky (summer ,  J u n e  22nd) is 47' higher t h a n  i t s  lowes t  
pa th .  Fo r  e a c h  s i t e  you ske tched ,  wha t  shading would occur  in summer?  

What  kinds of solar  devices  would you o p e r a t e  all year?  Only in win ter?  Only in 
summer?  For  which would win te r  shading b e  a problem? S u m m e r  shading? A r e  
t h e r e  t i m e s  when s u m m e r  shading is a n  advan tage?  Explain. 

5. 

6. 

7. Which of t h e  s i t e s  you eva lua ted  would b e  best  for  year-round opera t ion  of solar  
devices? For  s u m m e r  opera t ion?  For  win ter  opera t ion?  Why? 
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Lrs 
looking back 

T h e  sun loca to r  is a s imple  dev ice  for  ident i fying t h e  sun's 
l owes t  p a t h  through t h e  sky during t h e  yea r .  Using i t  you a r e  ab le  to 
see whe the r  t h e  ob jec t s  around a s i t e  shadow t h a t  s i t e  f r o m  t h e  sun 
during December .  T h e  hours f r o m  9 : O O  A.M. to 3 : O O  P.M. a r e  t h e  
most  i m p o r t a n t  t i m e  fo r  solar  collection. If you have a s i t e  t h a t  is 
general ly  unshadowed f r o m  9 : O O  A.M. to 3:OO P.M. you have  a good 
solar  s i t e .  

going further 
If you haven't  a l ready done so, t r y  Ac t iv i ty  1 in this  book, "A Passive Solar  House." This 
ac t iv i ty  will give you additional i n fo rma t ion  on s i t ing a solar house. 

T h e  m a g n e t i c  decl inat ion co r rec t ions  fo r  your sun loca to r  w e r e  very general  (bu t  will no& 
usually affect solar sys t em p e r f o r m a n c e  as long as t h e  sys t em is still  l o c a t e d  wi th in  15 
of t r u e  south). T o  ob ta in  a m o r e  a c c u r a t e  decl inat ion co r rec t ion ,  consul t  a n  isogonic 
c h a r t  (available f r o m  a surveyor  or  t h e  U.S. D e p a r t m e n t  of C o m m e r c e ) .  R e p e a t  t h e  
a c t i v i t y  using this new co r rec t ion ,  and c o m p a r e  t h e  resul ts  to those  of t h e  original 
ac t iv i ty .  Were  t h e r e  s ignif icant  d i f f e rences?  

T h e  sun l o c a t o r  design was  obtained by cha r t ing  t h e  a l t i t u d e  and  a z i m u t h  of t h e  sun on 
D e c e m b e r  22nd at d i f f e ren t  l a t i t udes .  Inves t iga t e  "solar a l t i tude" and "solar az imuth"  and  
find o u t  how t h e y  a r e  used to deve lop  "sun charts." Lea rn  how to r ead  a sun c h a r t .  Use  a 
compass  and t r ans i t  to plot on a sun c h a r t  f o r  your l a t i t u d e  t h e  obstruct ions at one  of your 
s i tes .  How does  t h e  sun c h a r t  c o m p a r e  to your original ske t ch?  

Inves t iga t e  w h a t  is m e a n t  by t h e  t e r m  "solar window" as i t  appl ies  to a solar  s i t e .  

Invi te  a solar a r c h i t e c t  o r  builder to speak  to your c lass  abou t  t h e  problems involved in 
s i t ing a solar  h o m e  co r rec t ly .  
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Worksheet A 

Cut along appropriate latitude line 

* 

Sun Locator 

--- 

True South 

compass on this mark 

2 -6 

Q 



i 

, 

Latitude = 
0 

Latitude = 

Sun’s lowest path in sky 

Mask 

0 

Mask 
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Latitude = 
0 

Sun’s lowest path in sky 

F\ 

Mask 



Teacher I n f o rmat ion 

c3 I s  Your Home Sited for Solar Energy? 

Suggested Grade Level 

and Discipline 

Science, grades 6-9 

Physical Science 
Industrial Arts 
Home Economics 

7 Earth Science 

Skill Objectives 

Constructing a device to locate the sun's 
winter path in the sky 

Using a magnetic compass 

Using the sun locator to determine solar 

Sketching observations 

Assessing the potential of a site for solar 
energy collection 

'0) shading problems 

Major Understandings 

The sun locator is a simple device which 
projects onto the skyline the path of the sun 
a t  the winter solstice. 

This device can be used to assess a site for 
solar energy collection. Objects which are 
masked by the locator will not shade the site. 
Objects which appear above the mask will 
cast shadows on the site a t  particular times 
of day in winter. 

Summer shading of a site will occur through 
an arc 47' higher than the position of the 
winter sun a t  noon. 

A sketch drawn from observations made with 
the locator can be used to pinpoint objects 
obstructing the sun and the length of time 
they will obstruct the sun. 

Different sites have different potential for 
use of solar energy collection devices. Some 
sites will be bet ter  for some uses than for 
others. 

Background 

Solar collectors cannot collect the sun's 
energy unless the sun shines on them. This 
may seem an obvious point, but i t  is one tha t  
can be overlooked when a site for a solar 
system is being chosen. The altitude of the 
sun is the angle between the position.of the 
sun in the sky and a point directly below 08 
the horizon. This altitude varies by 47 
during the course of a year, and unless solar 
system owners can observe the altitude of 
the sun on December 22nd a t  their sites, they 
may be unaware of potential shading prob- 
lems. 

The sun's greatest heating effect  occurs 
between the hours of 9 : O O  A.M. and 3:OO P.M. 
Standard Time. N o  more than 5% of solar 
collector area should be shaded during this 
time. There are many obstructions which 
may shade collectors: hills, other buildings, 
fences, chimneys, dormers, evergreen trees, 
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and 'deciduous trees (remember these lose 
their leaves in winter but large limbs may 
still cause significant shading). U s e  of the 
sun locator allows you to accurately plot the 
times of day that direct sun is blocked by 
these kinds of obstructions. 

If you imagine the sky as a transparent 
dome whose center is your site, you can 
project the sun's path during the year onto 
this dome. The area enclosed by the sun's 
position a t  9 : O O  A.M. and 3 : O O  P.M. through- 
out the year, and its path on June 22nd and 
December 22nd comprise the "solar window" 
for your site. All direct radiation must come 
through this window. Any obstructions pro- 
jected onto the dome in "front'' of this win- 
dow will block sunlight and shade your site. 
The sun locator gives the winter edge of this 
solar window and allows one to see obstruc- 
tions projecting into it. 



Sun's path on December 22 
/ Sun's path on June 22 

Solar Window S 

3:(  

Solar S i te  9:00 A.M. 

There are many kinds of solar collec- 
tors, each designed for different purposes: 
domestic hot water systems, active space 
heating systems, swimming pool heaters, win- 
dowbox units, breadbox collectors, even 
whole houses used as  passive solar collectors. 
Each collector will be located in a different 
place on a site and may require solar radi- 
ation at  a different time during the year, 
depending on purpose and latitude. In north- 
ern climates, for example, a swimming pool 
heater is operated only during the summer 
months. It will need access to sunlight only 
through the upper portion of the solar window 
and, as a result, may often be placed lower to 
the ground. 

Advance Planning 

Duplicate sufficient quantities of Worksheets 
A and B. If desired, duplicate the teacher 
background section for student use. 

Inexpensive (and small) magnetic compasses 
are available from many science supply com- 
panies. You may also be able to borrow them 
from middle school science teachers. 

Obtain thin sheets of cardboard. Boxes of 
paper often have cardboard filler. Oak tag 
will also work well. 

Determine the latitude of your location. 

Select a practice solar site where students 
can learn how to use their locators. 

Suggested Time Allotment 

1 class period to construct the locator 

I 

1 class period (or an overnight homework 
assignment) to perf or m the activity 

1 class period to answer questions and com- 
pare and discuss results 

Suggested Approach 

Introduce the activity by explaining the im- 
portance of siting solar houses and solar 
collectors so that they are not shaded, espe- 
cially during the winter, when the sun is at 
its lowest position in the sky. Discuss the 
concept of a "solar window" and the need to 
keep this window free of obstructions. 

I 

Select a site in or near the school where 
students can practice using their locators and 
seek teacher help if necessary. A southh 
facing classroom window makes a good site. 

Ask students to assess the potential of their 
own homes, or one of their favorite places, 
for solar collection. This may be assigned as 
hom e w or k. 

Explain why there are magnetic declination 
correction lines on the sun locator. 

I 

If necessary, explain which kinds of collec- 
tors are used at  different times during the 
year, or help students to answer Question 6.  

After students have performed the activity 
and answered the questions, discuss the pos- 
sibility of using different portions of the 
"solar window'' for different kinds of collec- 
tors. Discuss when shading may be an ad- 
vantage (as when a passive solar house is 
shaded from summer sun by a deciduous 
tree). 

Precautions 

Remind students that they should never look 
directly at the sun. 

If students are working on this activity on the 
school grounds, make sure they are close24 
supervised. 

Remind students to ask permission to evalu- 

6 

ate a site on private property. >c 
Caution students that they should not at- 
tempt to simulate the exact location of a 
potential solar collector, for example, on a 
roof top. 
2 -10 



Poi n t s  for  Discuss ion 

Why did you line up the compass needle with 
one of the three north positions? 

Why do you think your locator is designed to  
collect information from 9:OO A.M. to 3:OO 
P.M. only? 

(&) 

Should you automatically cut down a decidu- 
ous t ree  blocking your site? Why or why not? 

If a site is a poor location for using solar 
energy devices, can i t  be  improved? How? 
What effect  would the improvements have on 
other aspects of the site? 

Should summer shading obstructions always 
be removed? Why or why not? 

Typical Results 

Results will be highly variable, depending on 
the sites students select for evaluation. In 
general, open sites will have f e w  shading 
problems, while sites with trees and closely- 
spaced houses and buildings will produce ob- .I structions. 

Eva1 u at i o n 

Check students' sketches and answers to  
questions to make sure they understood the 
concepts introduced by the activity. 

Ask students to explain how a sun locator 
works. 

Show students a sketch from an unfamiliar 
site and ask them to evaluate the si te for 
shading problems and solar collection poten- 
tial. 

Mod i f  icat ion s 

Ref e re n c e s 

Installation Guidelines for Solar DHW Sys- 
tems in One- and Two-Family Dwellings, Sec- 
ond Edition, U.S. Department of Housing and 
Urban Development. 

(Superintendent of Documents, U.S. Gov- 
ernment Printing Office, Washington, DC 
20402, 1980, contact GPO for price.) 

The Passive Solar Energy Book, Edward 
Mazria. 

(Rodale Press, Inc., 33 E. Minor St., 
Emmaus, PA 18049, 1979, $12.95/paper.) 

"Build a Low-Cost Shade Plotter," John Free. 
(Popular Science, Boulder, CO 80302, Feb- 
ruary 1982.) 

"How to Trap Solar Heat with Your Win- 
dows," Edward Allen. 

(Popular Science, Boulder, CO 80302, Feb- 
ruary 1975.) 

Convert the sun locator into a ''solar window" 
locator. On paper, draw a locator with the 
sun's lowest path and highest path traced out, 
then make a transparency of the top section 
and at tach the transparency to the paper 
bottom section. Your locator will show the 
solar window a t  your site. 
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Many people have no idea of how much energy they  use in their  
e y  don't know where  t h e  energy comes from, where i t  

t o  make t h e  most  of i t .  

You a r e  going to measure and record your family's use of 
energy. By keeping a daily energy journal, you wil iscover pa t t e rns  
in your use of appliances, hot wa te r ,  and household t empera tu re  
controls. The journal will show how wea the r  and o the r  changing 
f ac to r s  affect- those patterns.  You'll also t a k e  weekly readings on 
household fuel consumption. Your d a t a  will t e l l  you when t h e  energy 
is being used, and how. 

With this collection of d a t a  in hand, you'll then be  ready to ask 
t h e  questions: What is my family doing to save energy and money? 
and: What else can we do to s a v e  more? 



1 

objectives 6 

At  t h e  completion of this act ivi ty ,  you should be ab le  to 

o recognize t h e  sources of t h e  energy used in your home and t h e  units in which fuels  
a r e  measured, 

read e l ec t r i c  and/or gas uti l i ty me te r s ,  

determine how much energy your family uses in a one month period, and 

identify f a c t o r s  which affect t h e  r a t e  of your home's energy use. 

o 

o 

o 

skills and knowledge you need 
Using basic a r i t hme t i c  skills 

Organizing information and graphing d a t a  
I 

Keeping a daily journal 

mater iab 
a notebook 

s to uti l i ty m e t e r s  in your home  or a p a r t m e n t  

newspapers, a television, or  a radio to obtain wea the r  reports  

procedure 
1. 

Sample Journal Page 

I I I 

For t h e  next month keep a daily record of t h e  
following information in your notebook/journal. 

- 

- 

- 

- 

t he rmos ta t  s e t t i ng  fo r  heating and/or 
a i r  conditioning 
number of e l e c t r i c  lights on, length of 
t i m e  they a r e  on, and their  w a t t a g e  
length of t i m e  e l e c t r i c  appliances a r e  
run and their  w a t t a g e  
number of showers and baths  taken 
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a. Weather conditions, including 

- high and low t empera tu res  
- wind speed 
- cloud cover  or  approximate hours of 

sunshine 
- heat ing or cooling degree-days (your 

t eache r  will t e l l  you how to do this) 

b. The pa t t e rn  of energy use in your home, 
such as 



i 

Fuel 

electr ic i ty  
natural  gas  
fuel oil 
bott led gas (LP) 
wood 

c. Any change in t h e  pa t t e rn  of home energy 
use, such as a new stove 

Unit of Measurement 

kilowatt  hours (kWh) 
cubic feet (CF) 
gallons 
pounds or gallons 
cords ( face or full) 

2. At  t h e  s a m e  t ime ,  keep a weekly record of t h e  
following information for  your home. 

Amount 

- electr ical  consumption 
- natural  gas  consumption 
- fuel oil consumption 
- 

- wood consumption 

bottled gas (liquid propane) consump- 
t ion 

Btu Equivalent 

(See t h e  p rac t i ce  worksheet for  help in 
reading e l ec t r i c  and gas  meters.) 

3. 

4. To comple t e  t h e  D a t a  Table, you must convert  
t h e  amount  of each  kind of energy used to Btu. 
The British Thermal Unit (Btu) is defined as t h e  
amount  of heat  necessary t o  raise t h e  temper-  
a t u r e  of one pound of wa te r  one degree Fahren- 
heit.  The following cha r t  provides t h e  energy 
equivalents. 

1 kWh electr ic i ty  
1 cubic foot natural  gas 
1 gallon #2 fuel oil 
1 gallon bottled gas 
1 pound bottled gas 
1 full cord of hardwood 
1 full cord of softwood 

, 3,413 Btu 
750 Btu 

89,700 Btu 
73,200 Btu 
17,264 Btu 

11,500,000 Btu 
6,500,000 Btu 

Multiply t h e  Btu equivalent by t h e  number of 
units of each kind of energy used. Record in t h e  
appropriate  columns of t h e  D a t a  Table. 

To find t h e  to t a l  number of Btu used.in your home 
each  week, add t h e  Btu calculated fo r  e a c h  kind 
of energy. Place in t h e  "total" column of t h e  
Da ta  Table. 

5. 

6. Plot t h e  weekly to t a l s  of energy used on Graph 1. 
Compare your results to those of other  s tudents  in 
t h e  class. 
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7. Plot weekly energy use in B t u  for each  energy 
source on t h e  appropriate  graphs. Compare these  
graphs to one another and to those of o the r  
s tudents  in t h e  class. 

8. From your daily record, t o t a l  t h e  number of 
heating or cooling degree-days for  each week. 
Plot on Graph 7. Compare this graph to t h e  
others  you have constructed.  

quest ions 
1. Compare your graph of t o t a l  energy use (Graph I )  to your graph of heat ing or 

cooling degree-days (Graph 7). Are t h e r e  any similarities? If so, c a n  you explain 
them?  

2. What fuels do you use fo r  energy in your home? For what purpose is each  fuel  used? 

3. In t e r m s  of to t a l  Btu, which fue l  supplies most of t h e  energy needs in your home? 
What'is this fuel  used fo r?  

Which fuel supplies t h e  least  energy in your home? What is this fuel used fo r?  

According to Graph 1 ,  during which week was your home's energy use t h e  greatest? 
Use your daily journal to explain t h e  reasons for this. 

According t o  Graph 1, during which week was your home's energy use t h e  least?  
Again, use your daily journal to explain t h e  reasons for this. 

What conclusions c a n  you draw about  your home's t o t a l  energy use over  t ime?  

' I  . 
4. 

5. 

6 .  

7. 

8. What a r e  some changes your family could make to reduce t h e  amount  of energy i t  
uses? 

looking back 
Every household has different  needs and different  energy use 

pat terns .  Only you and your family can decide wha t  those pa t t e rns  
should be. But t o  make  good decisions you need good information. 

When you have finished this act ivi ty ,  you will probably know a 
lot more about your family's use of energy than you did before. 
You'll know 

which fuels  you use most,  
I 

n 

n 

what  your present energy use pa t t e rns  a re ,  and 

how weather  affects energy use. 

Perhaps you'll want to col lect  more  information, f rom other  sources, 
about  appliances, household heat ing and hot water ,  and energy 
conservation. 

When you put all this information together ,  you'll probably 
discover t h a t  saving energy doesn't mean lowering your standard of 
living. On t h e  contrary,  saving energy means saving money and 
having a more  comfortable  home. 

3 - 4  



going further 
With your parents '  permission, k e e p  a monthly record  of t h e  a m o u n t  of money s p e n t  on 
e a c h  kind of energy  used in your home.  If you have  data f o r  s eve ra l  months ,  c o n s t r u c t  a 
graph  of amoun t  spen t  versus  month. 

With your family 's  a g r e e m e n t ,  imp lemen t  a plan to reduce  your home's  ene rgy  use. 
Con t inue  your journal. A f t e r  s eve ra l  weeks,  c o m p a r e  t h e s e  new data wi th  your  or iginal  
d a t a  to see if your plan reduced  ene rgy  use. 

Expand your energy  journal  to include gasol ine use. K e e p  t r a c k  of all t r i p s  m a d e  by c a r ,  
motorcyc le ,  snowmobile ,  etc. Record  t h e  des t ina t ion ,  mi les  t rave l led ,  and  t h e  number  of 
gal lons of gasol ine used. D e t e r m i n e  t h e  number of mi les  per  gallon fo r  e a c h  of your 
family 's  vehicles. Plan some  gasol ine conserva t ion  measures .  

Do a n  energy  survey  of your  school. Follow t h e  s a m e  s t e p s  as you used when surveying 
your home. 
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Practice Worksheet 
Reading an Electric Meter 

Elec t r i c  m e t e r s  measu re  e l e c t r i c i t y  in 
ki lowatt-hours  (kWh). T h e  m e t e r s  a r e  
usually r ead  monthly (or bimonthly) by 
a rep resen ta t ive  f r o m  your loca l  elec- 
t r i c  company so t h a t  t h e  company 
knows how much to bill you fo r  your 
e l e c t r i c  use. 

To l ea rn  how to read  a n  e l e c t r i c  m e t e r  
yourself ,  look at t h e  s a m p l e  m e t e r  
shown below. 

Jot ice  t h a t  s o m e  of t h e  d ia l s  r ead  c lockwise  and  s o m e  read  counter-clockwise.  S t a r t  at 
he  l e f t  and read  t h e  number  to which t h e  needle  points. If t h e  needle  is be tween  t w o  
umbers ,  r ead  t h e  lower number .  

/ h a t  is t h e  number  of ki lowatt-hours  shown on t h e  dial  above?  

kWh - - _ _ _ - -  

Jow t a k e  t h e  next  page  home  wi th  you and  fill in t h e  blank dials  wi th  t h e  reading  f r o m  
our  own e l e c t r i c  m e t e r .  If your m e t e r  is d i f f e ren t  f r o m  t h e  o n e  shown, carefu l ly  copy 
h e  dials  f r o m  your m e t e r  e x a c t l y  as t h e y  appea r ,  and  t h e n  d raw e a c h  needle  on t h e  dial  
.s it appea r s  on your m e t e r .  (Do th is  on a s e p a r a t e  s h e e t  of paper.) 

!ead your m e t e r  aga in  o n e  day  l a t e r .  T ry  to r e a d  t h e  m e t e r  at t h e  s a m e  t i m e  as t h e  day  
lefore. Fill in t h e  second set of blank dials  to record  your reading. 
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Worksheet 

Meter Reading # 1 : kWh 

Date: Time: 

Meter Reading #2: kWh . 

If you sub t r ac t  m e t e r  reading 111 f rom m e t e r  reading 112, you will know how much 
e l ec t r i c i ty  your home used in one  day. 

Meter Reading #2 kWh 

Meter Reading #1 kWh 

kWh = your electric use for one day 

To help you understand what  this answer means,  1 kilowatt  = 1000 wat t s .  Therefore ,  1 
kilowatt-hour is equal to t e n  100-watt  bulbs burning for 1 hour. 

NOTE: 

Look for a meter-multiplier number on a l l  meters. Some electric meters may 
have only 4 dials and should have a meter-multiplier factor of 10 stated on 
them as (x 10). On these meters the number read from the dials must be 
multiplied by 10 to  arrive at  kilowatt-hours. 

If you also have a gas meter, it i s  read i n  the same way, except that each unit 
measured by most gas meters i s  equal t o  100 cubic feet. Therefore, gas meter 
readings must be multiplied by 100 to  arrive at  cubic feet. 
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Teach e r I n f o r mat io n 

Home Energy Use 

Suggested Grade Level 

and Discipline 

Physical Science, grades 9-12 
Earth Science 
C onsum er Education 
Human Ecology 
Math 
Adult Education 

Skill Objectives 

Reading electric and/or gas meters 

Logging daily and weekly energy data  

Converting various energy units to a standard 
unit 

Interpreting graphs displaying energy use 
over time and comparing these to a graph of 
total heating or cooling degree-days over 
time 

Major Understandings 

Total energy consumption in a home will vary 
according to changing weather conditions and 
changing use of space heating or cooling, 
lighting, and appliances. 

Identifying the particular purposes for which 
specific fuels are used enables one to plan 
measures to conserve energy in the home. 

Background 

Most families use more than one fuel to 
meet their home energy needs. Although 
some newer homes may be all-electric, usual 
combinations include natural gas and elec- 
tricity, fuel oil and electricity, or some com- 
bination with bottled gas. In addition, wood 
is being used increasingly as an auxiliary fuel. 
Since these kinds of energy are commonly 
measured in different units, i t  is difficult to 
compare the proportion of home energy de- 
rived from each source. This problem can be 
solved by converting eachaenergy unit to  a 
single common unit, the British Thermal Unit 
(Btu). Most engineering work is done in Btu 
and most heating and cooling systems are 
rated in Btu. 

The values of the Btu equivalents for the 
various fuels given in the student section are 
corrected for the burning ,efficiencies of the 
furnaces. For the purpose of this activity, 
fuel oil burner efficiency was  assumed to be 
65%, natural gas burner efficiency 75%, bot- 
tled gas burner efficiency SO%, and wood 
stove efficiency 50%. In the home, electrical 
efficiency in resistance heaters is loo%, al- 
though conversion efficiency from the fuel 
burned in. the power plant through trans- 
mission to the home is only 33%. 

3 -  

If you prefer to have students use a 
metric unit for heat energy, then the stan- 
dard unit is the calorie. A calorie is defined 
as the amount of heat necessary to raise the 
temperature of one gram of water one degree 
Celsius, from 14.5O to 15.5OC. A kilocalorie 
is 1000 calories. The kilocalorie equivalents 
for each fuel are given in the following table. 

Fuel Kilocalorie Equivalent I 
1 kilowatt -hour 
1 gallon #2 fuel oil,.. I '  

1 cubic foot natural 

1 gallon bottled gas 
1 pound bottled gas 
1 cord hardwood 
1 cord softwood 

gas 

860.1 
22,604.4 

I89 
18,446.4 

~ 4,350.5 
2,898,000 
1,638,000 

(For all woods taken together, average Btu 
per pound = 2895; kilocalories per pound = 
729.5) 

Since space heating or cooling is a major 
use of energy in the home, the concept of 
heating or cooling degree-days is helpful in a 
survey of home energy use. Comparison of 
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heating or cooling degree-days from week to 
week or month to month can help to deter- 
mine the proportion of energy used for space 
heating or cooling. 

In general, heat is not required when the 
m e a n  temperature is 65'F (19OC) or above. 
To determine heating degree-days for a given 
day, subtract the mean outdoor temperature 
from 65. For example, if on a given day the 
high = 40°F and the low = 20°F, then 

40+20 
2 HDD = 65 - (- 

= 6 5  - 30 
= 35 

In a similar manner, cooling is required 
whenever the mean outdoor temperature ex- 
ceeds 75OF (24OC). To determine cooling 
degree-days, use the formula 

) - 75 hi h + low C D D = (  

Total degree-days over a period of time 
can be found by adding the results for each 
day. Degree-day information can also be 
obtained from a local weather station, oil 
dealer, or utility company. 

Advance Planning 

Announce in advance of the activity that a 
notebook will be needed for keeping a daily 
journal. 

If possible, obtain a gas or electric meter to 
use as a classroom demonstrator. Contact 
your local utility companies. 

The data table, graphs, and practice work- 
sheet can be duplicated and handed out to 
students as the activity progresses. 

Suggested Time Allotment 

Introduction of the activity, including short 
lessons on journal keeping, fuel units, and 
heating or cooling degree-days should require 
1 to 2 class periods. 

U s e  of the practice worksheet on reading 
meters should require part of 2 class periods 
separated by 1 day. 

Part  of one class per week will be needed to 
work on the journal, to record data, and to 
work on converting energy units. 

One to two class periods wil l  be needed t o  
prepare graphs. (Some of these graphs could 
be done as homework assignments.) 

One to two class periods will be needed to 
describe and compare differences among stu- 
dent results, and to discuss energy conser- 
vation methods and their possible effects. 

Suggested Approach 

Vary the length of time devoted to journal- 
keeping according to the interest level of the 
students. 

Thoroughly introduce the concept of journal- 
keeping if students have not been exposed to  
i t  before. 

Demonstrate making energy conversions to 
Btu and allow for practice time in making 
conversions. 

Q 

Give students help in plotting data on graphs. 
Since some Btu values may be reported in 
millions, students may have difficulty se- 
lecting an appropriate scale for the Y axis. 
You may want them to develop a scale in 
tenths of millions; for example, 1.1 million, 
1.2 million. 

For career and consumer education infusion, 
representatives from the energy field may be 
invited into the classroom. 

Precautions 

Some students may not have access to  utility 
meters, especially if they live in apartment 
houses. 

Parents may regard this activity as an in- 
vasion of privacy. A statement of purpose, 
along with permission slips to  be signed by 
parents, is suggested. 

Not all utiZity meters are alike. Contact 
your utility company for the kind of meters 
used in your locality. 

Caution students against tampering with any 
electrical control which might be located 
near utility meters. If students are in- 
specting appliances to  determine their watt- 
ages, caution them to unplug the appliances - 
first. 

Student interest may lag during a long-term 
investigation such as this; therif  ore, a-week- 
Zy update session may be important. 
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Points  for Discussion 

Predict the seasonal changes in the relative 
amounts of the different fuels used in your 
home. 

What measures should you apply in your home 
to reduce energy consumption? When would 
each measure be most effective? 

How important will home energy conserva- 
tion be in addressing the crisis in energy 
supply and demand occurring in the United 
States? 

Typical Results 

Results will vary depending on geographic 
location and time of year. In different 
geographic locations either electricity, fuel 
oil, or natural gas will be used for space 
heating, while electricity will be used for 
cooling. 

Eva1 u at i o n 

Observe your students' ability to keep daily 
journals as the activity progresses. Check 
journals weekly. 

Ref e rences 

Enerev Conservation: Exaeriments You Can 
D o .  . .from Edison. 

(Thomas Alva Edison Foundation, Cam- 
bridge Office Plaza, Suite 143, 18280 W. 
Ten Mile Rd., Southfield, M I  48075, 1974.) 

Energy Conservation in the Home: An Ener- 
gy Education/Conservation Guide for Home 
Economics Teachers, Lil Clinard. 

(U.S. Department of Energy, Technical In- 
formation Center, P.O. Box 62, Oak Ridge, 
TN 37830, 1977, free.) 

547 Ways to Save Energy in Your Home, 
Roger Albright. 

(Garden Way Publishing Co., Charlotte, VT 
05445, 1978, $4.95/paper.) 

The Home Energy Guide: How to Cut Your 
Utility Bills, John Rothchild and Frank 
Tenney, Jr. 

 balla an tine^ Books, Inc., 400 Hahn Rd., 
Westminster, MD 21157, 1978, $1.95/ 
paper .I 

Collect and review the data gathered by each 
student. W a s  the data table carefully and 
correctly filled in? Were the graphs well 
organized and usable for data analysis? 

Are the answers to the questions requiring 
analysis of the graphs well  thought out? 

Are the suggested measures for home energy 
conservation appropriate and significant ? 

Modifications 

Parts of this activity may be used separately 
depending on the ability and interest levels of 
the students. 

To simplify the weather reports and journal 
keeping requirements, degree-days can be ob- 
tained and written on the chalkboard each 
day by the teacher or by a selected group of 
students as a project. 

"Energy Conservation: Homes and Buildings," 
NSTA Factsheet #9, John M. Fowler. 

(U.S. Department of Energy, Technical In- 
formation Center, P.O. Box 62, Oak Ridge, 
TN 37830, free.) 
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Winds a r e  caused  by t h e  movemen t  of a i r  masses  of d i f f e ren t  
t e m p e r a t u r e s  and densi t ies .  T h e  sun heatsL d i f f e r e  
ea r th ’ s  s u r f a c e  d i f fe ren t ly .  Those su r faces ,  in t u r  
above  t h e m  to d i f f e r e n t  t empera tu res .  Warmer  
less dense ,  and  IS buoyed up by surrounding coo le  
rushes  in  to r ep lace  i t .  This  c r e a t e s  wind, which i 
b e  a f o r m  of solar  energy .  

For  cen tu r i e s ,  wind power was  used to r 
last hundred yea r s  windmills w e r e  even  adap ted  
ty .  But soon power compan ies  wi th  l a rge ,  c 
fossi l  fue l s  put  t h e  wind gene ra to r s  o u t  of business. 

duce  e lec t r ic i -  

Now, because  of t h e  r is ing pr ice  of fossil fue ls ,  people  a r e  aga in  
consider ing wind as a source  of power for  homes,  f ac to r i e s ,  and  
e n t i r e  communi t ies .  In th i s  ac t iv i ty  you’ll d e t e r m i n e  whe the r  your 
home  could get i t s  e l e c t r i c i t y  f r o m  t h e  wind. 



objectives 
A t  t h e  comple t ion  of this  ac t iv i ty ,  you should be a b l e  to 

o c o n s t r u c t  a s imple  ins t rument  fo r  measur ing  wind speed ,  

0 , successfu l ly  use t h e  ins t rument  to  measu re  wind 'speed,  

0 

0 

d e t e r m i n e  t h e  e l ec t r i ca l  r equ i r emen t s  of your home  in  watts, and  

choose a size and  number of wind gene ra to r s  needed  to m e e t  t h e  e l ec t r i ca l  needs  of 
your home.  

skills and knowledge you need 
T h e  skill of reading  and  in t e rp re t ing  t ab le s  of data 

T h e  skill of per forming  s imple  a r i t h m e t i c  opera t ions  

The k n w l e d g e  of a v e r a g e  annual  wind speed  in  your 
a r e a  

materials _ _  - 

ping-pong ball 

30 c m  long p iece  of monof i lament  f ishing l ine  

p r o t r a c t  or 

bubble  leve l  

need le  (longer t h a n  t h e  d i a m e t e r  of t h e  ping-pong ball) 

red  m a g i c  m a r k e r  

g lue  

procedure 
1. C o n s t r u c t  t h e  wind-speed ind ica tor  as shown in 

t h e  d iagram.  

bubble level 

I I 
I 

protractor 

fishing line 

ping-pong ,all 

~ 
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2. 

a. Color t h e  fishing l ine with t h e  magic mark- 
er.  

b. Glue t h e  bubble level on t h e  protractor  as 
shown. 

c. Thread t h e  needle with t h e  colored fishing 
line and push i t  through t h e  ping-pong ball. 

d. Remove the  needle f rom t h e  fishing line. 
Knot t h e  end of t h e  fishing line and glue i t  
to t h e  ping-pong ball. 
Glue t h e  o the r  end of t h e  fishing line to the  
c e n t e r  of t h e  protractor  as shown. 

e. 

Choose an open s i t e  near your home. Holding 
your indicator so t h a t  t h e  bubble of t h e  level is 
cen te red ,  face into t h e  wind and record t h e  angle 
t h a t  t h e  fishing line makes with t h e  horizontal 
plane of t h e  protractor .  Take measurements  of 
this  angle at four different  times: 8:OO A.M., 12:OO 
Noon, 4:OO P.M., and 8:OO P.M. Record e a c h  
measurement  in D a t a  Table 1. Add these values 
and divide by four to de te rmine  t h e  average angle 
of t h e  fishing line. Record this  value. 

3 .  From D a t a  Table 2, choose t h e  angle closest  t o  
your average angle. Record t h e  wind speed 
determined by this angle on D a t a  Table 1. 

4. In D a t a  Table 3, t h e  ave rage  wa t t ages  of common 
home e l ec t r i ca l  appliances are given in Column 1. 
Determine which of these  appliances a r e  in use in 
your home at a t i m e  when t h e  f ewes t  number of 
appliances a r e  in operation. Copy their  wa t t ages  
in Column 2. This is known as your home's base 
load. Then determine t h e  appliances in use at a 
t i m e  when t h e  g rea t e s t  number of appliances a r e  
in operation and record their  wat tages  in Column 
3 .  This condition is known as your home's peak 
load. 

(If more  than one  of any appliance is in use at 
e i the r  t i m e ,  multiply t h e  w a t t a g e  by t h e  number 
in use before en te r ing  i t  in Columns 2 or 3.) 

Add each  column to d e t e r m h e  t h e  to t a l  wa t t age  
for  e a c h  condition of use. 

5. D a t a  Table 4 indicates t h e  wa t t ages  provided by 
propeller-type wind generators  of varying dia- 
m e t e r s  fo r  several  wind speeds. Se lec t  t h e  wind 
speed which is at or just below t h e  value found for  
your home site.  From t h e  wa t t ages  given under 
t h a t  wind speed, de t e rmine  t h e  number 'and dia- 
m e t e r  of wind generators  which would supply f i rs t  
t h e  base and then t h e  peak load requirement of 
your home. 

For example,  if your wind speed were  16 km/hr. 
and your home's base load requirement were  325 
wa t t s ,  t hen  you would need one  5.5 m diameter  
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wind gene ra to r ,  t w o  3.6 m d iame te r  wind gener-  
a t o r s ,  o r  t h r e e  3 m d i a m e t e r  wind gene ra to r s  to 
m e e t  your home's  requi rement .  

R e c o r d  your choices  in D a t a  Table  5. 

6. Find o u t  t h e  a v e r a g e  annual  wind speed  fo r  your 
a r e a .  Try  your loca l  wea the r  s t a t ion  or  univers i ty  
s c i e n c e  d e p a r t m e n t .  R e p e a t  S t e p  5 fo r  th i s  wind 
speed.  

quest ions 
1. 

2. 

3. 

4. 

5. 

6. 

7.  

8. 

For  t h e  wind speed  you de te rmined ,  how did t h e  number and  s i z e  of wind gene ra to r s  
needed  c o m p a r e  under  peak  and base  load  requi rements?  

How did t h e  a v e r a g e  annual  wind speed  d i f f e r  f r o m  t h e  va lue  you de te rmined?  
Explain. 

How did t h e  number  and  s i z e  of wind gene ra to r s  needed  c o m p a r e  fo r  t h e  a v e r a g e  
annual  wind speed  and  for  t he  value you  de te rmined?  

You found t h e  wind speed  on your h o m e  s i t e  fo r  only o n e  par t icu lar  day .  How could 
you c a r r y  o u t  a m o r e  valid wind site analysis?  

n 
Would t h e  a v e r a g e  annual  wind speed  fo r  your a r e a  necessar i ly  be a valid 
m e a s u r e m e n t  f o r  your home  s i t e ?  Why o r  why not? 

In genera l ,  e x p e r t s  a g r e e  t h a t  unless t h e  a v e r a g e  annual  wind speed  is at l e a s t  16-19 
km/hr .  wind g e n e r a t o r s  a r e  no t  economica l .  Accord ing  to t h e  d a t a  you co l l ec t ed ,  
a r e  t h e  winds s t r o n g  enough to m e r i t  se r ious  cons idera t ion  of wind gene ra to r s  as a n  
a l t e r n a t i v e  sou rce  of e l ec t r i c i ty?  

Wind gene ra to r s  capable of producing 6000 w a t t s  of power at windspeeds above  1 3  
km/hr .  cost approx ima te ly  $10,000 to instal l .  Would such  a sys t em m e e t  your 
home's  e l e c t r i c a l  needs? A t  which leve l  of use? Would it  s ave  your f ami ly  money 
ove r  t i m e ?  Explain. 

How could you r educe  t h e  peak  load  r equ i r emen t  f o r  your home? Would level ing th i s  
peak  demand  m a k e  t h e  economics  of instal l ing a wind gene ra to r  any  m o r e  
reasonable?  Why o r  why not?  

looking back 
While wind power o f f e r s  a solut ion to our  growing ene rgy  cr is is ,  

it should now be c l e a r  to  you t h a t  wind gene ra to r s  canno t  b e  
e x p e c t e d  to pe r fo rm economica l ly  and  e f f i c i en t ly  at eve ry  locat ion.  
Even in regions wi th  high a v e r a g e  wind veloci t ies ,  t h e  unforeseen  
changes  in  wind speed  m a k e  s y s t e m s  less  t han  rel iable .  In t h e  nea r  
f u t u r e ,  it is likely t h a t  wind gene ra to r s  will s e r v e  to supplement  
r a t h e r  t h a n  ful ly  r ep lace  e l e c t r i c i t y  f r o m  o t h e r  ene rgy  sources .  
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. . . . . . . . . . . . . . . . - . . . . . . . . . . 

going further 
C a r r y  o u t  t h e  wind s i t e  analysis  you proposed in answer  to  Ques t ion  4. 

You h a v e  probably not iced  t h a t  mos t  wind machines  a r e  a t t a c h e d  to tall towers .  
Resea rch  t h e  purpose of t h e s e  towers  and  p repa re  a r epor t  f o r  t h e  class. 

Newer  designs in wind gene ra to r s  a r e  being t e s t ed .  Inves t iga te  t h e  progress  being m a d e  
on  t h e  Savonius and  Dar r i eus  ro tors  and  c o m p a r e  the i r  e f f i c i enc ie s  to o n e  ano the r  and  to 
t h e  propel ler- t  ype  gene ra to r s .  

S t o r a g e  of ene rgy  g e n e r a t e d  f r o m  t h e  wind m a y  be  accompl ished  in seve ra l  ways: b a t t e r y  
s to rage ,  hydrogen s to rage ,  f lywheel  s to rage ,  compressed  a i r  s to rage ,  or h e a t  s to rage .  
D e t e r m i n e  t h e  d i f f e rences  and s imi la r i t i es  be tween  t h e s e  me thods  of s torage .  
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Data Table I I Data Table 3 

P 
I 
0. 

Ti me I Angle of Fishing Line I 
1 I 

8:OO A.M. 

1 2 0 0  Noon 

I i 
8:OO P.M. 

Average  ang le  of 
f ishing line: 

Wind speed  
ind ica t ed  by 
a v e r a g e  angle: km/hr .  

Data Table 2 
Angle Fishing Line 

Makes with Protractor 

9 0' 
8 5' 
80' 

70 
75: 

g;: 

;;: 
5 5O 

45O 
50' 

3 0' 

Wind Speed 
(km/ h r.) 

0 
9 . 3  

13.2 
16.3 
19.0 
21.6 
24.0 
26.4 
30.0 
31.5 
34.4 
37.7 
41.5 
46.2 
52.3 

I Average Wattages of Electrical Household Appliances 
1 - 

' I  Column 1 Column 2 Column 3 

Appliance Average Wattage Base Load Peak Load 

Air condi t ioner  
E lec t r i c  blanket  
C lock  
C l o t h e s  dryer  
Coffee maker  
Dishwasher  
F a n  ( a t t i c )  
Food f r e e z e r  
Food mixer  
Food w a s t e  disposer  
Fry ing  pan 
Hai r  dryer  
H e a t e r  (port  ab le )  
H o t  p l a t e  
Iron 
Light  bulbs 
Microwave  oven  
Radio  
Rad io /Record  player  
R a n g e  
Ref r ige ra to r  (12 c u .  f t . )  
Sewing machine  
Shaver  
Television (black/white)  
Television (color) 
Toas t e r  
Vacuum c leane r  
Washer ( au tomat i c )  
Water  pump 

86 0 
177 

2 
4,856 
1,200 
1,201 

37 0 
34 1 
127 
445 

1,196 
600 

1,322 
1,200 
1,100 

a s  labe led  
1,450 

71 
109 

12,200 
32 1 
75 
15 
45 
145 

1,146 
630 
512 
460 

Total Wattage Required 

Repr in ted  wi th  permission of Edison Elec t r ic  Ins t i tu te  f rom "Annual Energy Requi rements  
of Elec t r ic  Household Appliances." 



Data Table 4 

Available Power from the Wind in Watts 
(System efficiency of 30%) 

P rope1 le r 
Diameter 

(m 1 

1.2 
1.8 
2 .4  
3.0 
3.6 
4.2 
4.8 
5.5 
6.0 

2 
5 

10 
15 
21 
30 

19 
43 
76 

119 
170 
232 

64 
144 
256 
399 
575 
782 

Wind Speed (km/hr.) 
8 16 24 32 40 

152 296 
34 1 665 
605 1183 
947 1848 
363 266 1 
855 3623 

38 307 1022 2423 4731 
48 383 1293 3066 5988 
59 47 3 1597 3785 7393 

Repr in ted  f r o m  Elec t r ic  Power  f r o m  the Wind, by Henry  M. Clews,  Solar Wind Publications,  1972. 

Data Table 5 

Propeller-Type Wind Generators Needed to Supply 
Base Load Requirement 

I I Number I Diameter (m) I 
For the Wind Speed You Determined 

For the Average Annual Wind Speed 

Propeller-Type Wind Generators Needed to Supply 
Peak Load Requirement 

Diameter (m) Number 

For the Wind Speed You Determined 

For the Average Annual Wind Speed 
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Teacher information 

i Wind Powe-r for Your Home? 

Suggested Grade Level 
and Discipline 

Science, grades 8-9 
General Science 
Physical Science 

Skill Objectives 

Constructing a simple pendulum-type device 
for measuring wind velocity 

Using the device in taking reasonably accu- 
rate measurements of wind velocity 

Calculating the peak and base loads of power 
required by a home's electrical appliances 

Determining, by consulting a prepared table, 
the appropriate sizes and numbers of wind 
generators to meet the peak and base load 
requirements of a home 

Evaluati'ng the economic feasibility of in- 
stalling 'wind generators at  the student's 
home site 

Major Understandings 

As wind speed increases, the power available 
from the wind increases also. (Power is 
proportional to the cube of the wind speed.) 

As the diameter of a wind generator's propel- 
ler increases, the power available from the 
wind increases also. (Power is proportional 
to the square of the propeller diameter.) 

The number and adequate size of wind gener- 
ators for a given home will be determined by 
the home's peak power requirement. 

A home's peak power requirement can be 
reduced by leveling the electrical load, thus 
making wind power a more economical al- 
t ernat ive. 

Wind power is recommended as an alternative 
source of electrical energy only where the 
average wind speed is at least 16-19 km/hr. 

dos 

Background 

Human beings have long captured the 
kinetic energy of the winds to irrigate crops, 
propel sailing ships, and grind flour from 
grain. Originating in seventh century Persia, 
the windmill was  widely adopted 'throughout 
the world, perhaps reaching its ,greatest level 
of importance in seventeenth century Hol- 
land. In the United States, wind power 
became an important rural source of elec- 
tricity by the 1920's, but the establishment of 
the Rural Electrification Administration in 
1930 brought federally-supported, centrally- 
generated power to most farms in the subse- 
quent two decades. By 1950, f ew small-scale 
windmills were left in operation. 

Today, as the supplies of fossil fuels 
dwindle and energy costs rapidly increase, 
people are once again returning to the clean, 
renewable, and proven technology of wind 
energy. Modern wind turbines, or wind ma- 
chines, possess the higher rotational speeds 
necessary for electrical generation. These 
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machines may be scaled to provide sufficient 
power for individual homes, factories, or 
even entire communities. 

While a wind generator should theoreti- 
cally be able to capture about 59% of the 
kinetic energy of the wind which passes 
through its propellers, in practice blade in- 
efficiencies and mechanical losses reduce 
this value to about 35%. The power output of 
a given wind turbine depends upon both wind 
velocity and the diameter of its propellers. 
Wind power increases as the cube of the wind 
speed; double the wind's velocity and an 
eightfold increase in power is obtained. Wind 
power increases as the square of the propel- 
ler's diameter; double the diameter of the 
blades and a fourfold increase in power is 
obtained. Both these relationships are limit- 
ed by a third, known as Betz's Law, which 
s ta tes  that  a wind machine extracts maxi- 
mum power when the wind is slowed tb one 
third of its initial velocity. 



y, students become aware 
of these general rqlationships as they deter- 

ber of wind generators 
irag their homes' power 
&odd be reminded that 

adopting wind energy 
technology i s  thg hi@ cost per unit of power 
output, caused $y jpth the variable nature of 
the winds and th  d fQr electrical storage. 

Ad v a n ce P f a,n n'i n g 
Obtain supplies e pendulum-type ane- 
mom et er well f time. Bubble levels 
can be obtaine ardware stores. 

If desired, long 
can be obtained 

Duplicate class 
tables. 

s of appliance wattages 
local electric utilities. 

ities of the needed data 

, Suggested e Allotment 

One-half to o 
of pendulum- ice 

A two day in t eya l  for the out-of-class deter- 
mination of av&age wind velocity and home 
appliances' peak and base load requirements 

period for construction 

One-half to one class period for calculation 
of appropriate size and number of wind gen- 
erators and for follow-up class discussion 

' ,  

Suggested Approach 
Students should construct their pendulum- 
type anemometers during class time so that 
the teacher can check quality and give in- 
structions concerning their use. Give stu- 
dents the opportunity to test their instru- 
ments on school 

The collection I of - wind velocity and power 
requirement data could best be obtained at 
home over a weekepd. 

ts  to complete Data 
pportunity for students 

compare aqd discuss their selections of 
d generators, aq well as their responses to 

1 This activity might be followed up by a guest 
y involved in the man- eaker from a c 

acture of wiud ic generators. 

Precaution s 

I f  students are going to  inspect appliances for 
their power ratings, they should be reminded 
to  first unplug them. 

Stress that collection of wind data over only 
one day does not yield valid information on 
average annual wind speed or the suitability 
of wind power for  a particular site. 

Po i n t s f o r D i sc u ss io n 

How is an increase in wind velocity related to 
the ability of a wind generator to produce 
electrical power? 

How is an increase in the size of a wind 
generator's propeller related to its ability to 
produce electrical power? 

What characteristics should a wind generator 
system possess to provide electrical power to 
a small  community? 

What changes might you m a k e  in your house- 
hold's power requirements to make the use of 
wind generators more realistic in terms of 
cost and comfort? 

How important a source of energy will wind 
power become in the remainder of this centu- 
ry? Explain. 

Typica 

Student 

Results 

data and calculations will vary. 
However, except for students living in re- 
gions of persistent, high-speed winds, pupils 
will discover that many large, propeller- 
driven wind generators would be required in 
order to meet the peak power demands of 
their households. 

Eva I u at i o n 

Observe the construction and use of the pen- 
dulum-type anemometers. Did the students 
closely follow the directions of the activity? 

Inspect students' data sheets for reasonable- 
ness and accuracy. Would the size and num- 
ber of wind generators selected actually pro- 
vide sufficient power to meet the needs de- 
termined? 
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Review students' answers to questions. Do 
their responses indicate an understanding of 
the economic and technical limitations asso- 
ciated with wind electric generation? 

In the summary class discussion, ask students 
to use Data  Table 4 in determining the quan- 
t i tat ive effects that  the doubling of wind 
velocity and propeller size have on the power 
output of a wind generator. 

Modifications 
A more valid wind speed analysis, although 
more t ime consuming, would consist of meas- 
uring and recording wind velocities two times 
a day for two or three weeks. 

The use of the Beaufort Scale of Wind Speeds 
could, if necessary or desired, be substituted 
for the pendulum-type anemometer in deter- 
mining wind velocities. The scale can be 
found in most ear th  science texts. 

Some students may wish to construct and 
Cali brat  e mor e sophistic a t  ed ane m om e t  er  s. 

Students might be encouraged to  determine 
the peak power requirement of their school 
and to devise a p l a n  to meet this requirement 
through the use of wind machines. 

Ref e rences 
Catch the Wind: A Book of Windmills and 
Windpower, Landt Dennis. 

(Scholastic Book Services, Division of 
Scholastic Magazines, 906 Sylvan Ave., 
Englewood Cliffs, N J  07632, 1976, $8.95.) 

Electric Power from the Wind, Henry M. 
Clews. 

(Solar Wind Publications, P.O. Box 7, East 
Holden, ME 04429, 1972, $2.00.) 

Harnessing the Wind for Home Energy, Der- 
mot McGuigan. 

(Garden Way Publishing Co., Charlotte, VT 
05445, 1978, $4.95/paper.) 

Home Energy for the Eighties, Ralph Wolfe 
and Pe ter  Clegg. 

(Garden Way Publishing Co., Charlotte, VT 
05445, 1979, $10.95/paper.) 

Wind Power: A Turning Point, Worldwatch 
Paper 45, Christopher Flavin. 

( Wor ldw a t  ch Inst i t Ute, 17 7 6 Massachusetts 
Ave., N.W., Washington, D.C. 20036, 1981, 

"Annual Energy Requirements of Electric 
Hous.ehold Appliances. 'I 

(Edison Electric Institute, 1111 19th St., 
N.W., Washington, D.C. 20036, free.) 

"How to Make a Wind Site Analysis," Jeanne 
McD erm o t t . 

(Popular Science, July 1980, P.O. Box 2881, 
Boulder, CO 80321.) 

"Wind Power," NSTA Factsheet #3, John M. 
and Kathryn M. Fowler. 

(U.S. Department of Energy, Technical In- 
formation Center, P.O. Box 62, Oak Ridge, 
TN 37830, free.) 

$2.00.) 
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Becoming well in formed c a n  be e x c i t i n g . a n d  fun ,  bu t  i t  also 
m e a n s  work. Every t i m e  a new t o p i c  becomes  impor t an t ,  w e  see a 
flood of new books and  magaz ine  a r t i c l e s  a b o u t  t h a t  topic .  La te ly  
you have  probably not iced  a l a rge  number  of r e c e n t  books a n d  
a r t i c l e s  abou t  r enewab le  energy.  For someone  new to t h e  sub jec t ,  
t h e  big quest ion is, "Where do  I begin?" 

Some  of t h e  sea rch ing  and  s i f t i ng  is a l r eady  done  for you. The  
c a r d  c a t a l o g  in t h e  l ib rary  lists books by topic .  The  Reader 's  Guide  
to Per iodica l  L i t e r a t u r e  lists magaz ine  a r t i c l e s  by topic .  You will 
use  t h e s e  l ib rary  r e fe rences  to find a r t i c l e s  and  books on r enewab le  
energy .  With e a c h  s tuden t  reading  and rev iewing  a f e w  i t ems ,  t h e  
c l a s s  will soon have  a l a rge  r e f e r e n c e  f i le  on renewable  energy .  



objectives 
A t  t h e  comple t ion  of th i s  ac t iv i ty ,  you should b e  able to 

o l is t  s o m e  books and  magazine  a r t i c l e s  abou t  r enewab le  energy  ava i lab le  f r o m  your 
school  or  publ ic  l ibrary,  

s u m m a r i z e  t h e  main  ideas  of t h e s e  books and  a r t i c l e s ,  

con t r ibu te  to a renewable  ene rgy  r e f e r e n c e  f i l e  t h a t  will b e  used by your class and 
t e a c h e r ,  and 

desc r ibe  one  method t h a t  r e sea rche r s  o f t e n  use  to o rgan ize  and s t o r e  t h e  resu l t s  of 
the i r  research .  

o 

o 

o 

skills and knowledge you need 
Using l ib rary  r e f e r e n c e  ma te r i a l s  

Loca t ing  l ib rary  books and magaz ine  a r t i c l e s  

Summar iz ing  informat ion  which you've read  

materials 
l i b ra ry  r e fe rences ,  espec ia l ly  t h e  Reader ' s  Guide to Per iodica l  L i t e r a t u r e  

index  ca rds ,  7.6 x 12.8 c m  (3 x 5 inches)  

sc i ssors  

p a s t e  or  glue 

and  t h e  c a r d  c a t a l o g  

procedure 
Completing Data Table 1 

1. Use  t h e  Reader ' s  Guide,  t h e  ca rd  ca t a log ,  and 
o t h e r  l ib rary  r e f e r e n c e s  to find a r t i c l e s  and books 
on  renewable  energy .  List t h e s e  sou rce  ma te r i a l s  
under t h e  appropr i a t e  s ec t ion  (books o r  a r t i c l e s )  
of D a t a  Tab le  1,  a long  wi th  t h e  o t h e r  in format ion  
reques ted .  

2. Use  D a t a  Table  1 to help you find as many of 
t h e s e  books and a r t i c l e s  as possible. If any  
sources  a r e  not ava i lab le ,  n o t e  this  under t h e  l a s t  
column.  
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. . 

Completing Data Table 2 

C) 

d) 

e )  

f >  

3. Skim t h e  books and ar t ic les  to see what interests  
you, t hen  read -- at least  f ive of them. For e a c h  
one t h a t  you read, complete  Da ta  Tables 2 and 3 
as follows. 

a) Select t h e  main topic  of your a r t i c l e  or book 
from t h e  headings at t h e  top  of D a t a  Table 
2. Darken in t h e  square direct ly  above t h e  
appropriate  heading with pencil. In s o m e  
cases you may need to darken more than one  
square.  

b) Place the  t i t le ,  source (for art icles),  auth-  
o h ) ,  and d a t e  of publication in t h e  appro- 
p r i a t e  spaces. In some cases source or 
author  spaces will be  blank. 

Completing Data Table 3 

On Da ta  Table 3 ,  circle  what you think a r e  
t h e  appropriate descriptions of t h e  reading 
and interest  levels of t h e  book or ar t ic le .  
Since this is your opinion, don't worry about  
what  other  s tudents  may think t h e s e  levels 
are .  

Write a brief but  a c c u r a t e  summary of t h e  
main ideas of t h e  book or ar t ic le .  Keep in 
mind t h a t  other  s tudents  will decide wheth- 
e r  t h e  book or a r t i c l e  f i ts  their  needs based 
on your summary. 

Note any facts presented by t h e  book or 
a r t i c l e  which you found particularly inter-  
es t ing or helpful. . ,  

Finally, wr i t e  your name  in t h e  reviewer's 
space. 

4. When you have completed both D a t a  Tables 2 and 
3 for  each  book 'o r  ar t ic le ,  c u t  t h e  D a t a  Tables 
o u t  one set at a t ime.  Pas t e  D a t a  Table 2 on one 
side of an index ca rd  and D a t a  Table 3 on t h e  
other .  

5 .  Collect  all completed fi le ca rds  and group them 
according t o  t h e  darkened squares above t h e  
cards '  headings. Store  t h e  ca rds  in a fi le box in 
t h e  classroom, where they a r e  readily available 
for  future  reference.  
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quest ions 
1. 

2. 

3. 

4. 

5.  

6 .  

7. 

,o Which book or  a r t i c l e  did you think was  mos t  in te res t ing?  Why? 

Which books or a r t i c l e s  w e r e  too d i f f icu l t  fo r  you to read?  

Which r enewab le  energy  top ic s  appea r  to b e  most  popular w i th  magaz ine  wr i t e r s?  

Which magazines  s e e m  to have  t h e  most  a r t i c l e s  on renewable  energy?  

Where else might  you look for  books or  a r t i c l e s  you couldn't f ind?  

Descr ibe  t h e  method you used in th i s  a c t i v i t y  to o rgan ize  and s t o r e  t h e  resu l t s  of 
your research .  

Based on wha t  you h a v e  read, how impor t an t  d o  you think r enewab le  ene rgy  will b e  
as a f u t u r e  ene rgy  source?  Why? 

* 

J 

looking back 
With  t h e  comple t ion  of this a c t i v i t y  your class will have  a f i l e  

of perhaps  o n e  hundred or  m o r e  r e f e r e n c e s  on renewable  energy.  The  
in fo rma t ion  in th i s  f i l e  c a n  b e  used in many  ways: for  t e r m  papers  
and repor t s ,  discussions and  deba te s ,  read ing  ass ignments  and  bibli- 
ographies .  I t  will r ema in  useful  for  s eve ra l  years ,  and  c a n  b e  added  
to month ly  o r  annually. 

Today's l ib rar ies  m a y  f i l e  in format ion  e lec t ronica l ly ,  on micro-  
f i lm or  microf iche .  L ibrar ies  o f t e n  use c o m p u t e r s  to s e a r c h  f i les  
l oca t ed  f a r  away,  in  o t h e r  states or  even  o t h e r  count r ies .  But  a l l  
t h e s e  f i les  s t a r t  t h e  s a m e  way: someone  finds t h e  books and a r t i c l e s ,  
r e a d s  and rev iews  t h e m ,  and  f i les  t h e  informat ion  abou t  t h e m  for  
l a t e r  use. This  is t h e  bas i c  process  of a l l  l ib rary  research .  

going further 
Expand your l i t e r a t u r e  s e a r c h  to audio-visual m a t e r i a l s  such  as f i lmst r ips ,  audio  cassettes, 
f i lms ,  and mult i -media  kits. 

If possible, expand your l i t e r a t u r e  s e a r c h  to inc lude  compute r  s e a r c h e s  of d a t a  bases. 
Visit a l ib rary  wi th  compute r i zed  se rv ices  to learn  wha t  it has  avai lable .  

Consul t  t h e  class r e f e r e n c e  f i l e  to find addi t iona l  readings on a renewable  energy  top ic  
t h a t  i n t e r e s t s  you. 

S t a r t  a ve r t i ca l  f i l e  (a  r e f e r e n c e  f i l e  of shor t - t e rm informat ion)  of newspaper  clippings, 
pamphle ts ,  booklets ,  and brochures  on renewable  energy.  Wri te  to gove rnmen t  agencies ,  
your  state energy  o f f i ce ,  ut i l i t ies ,  industr ies ,  businesses, and  consumer  groups reques t ing  
f r e e  informat ion .  

Use  your class r e f e r e n c e  f i l e  to develop  a renewab le  ene rgy  bibliography. 
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Ln 
I 

I 

c 
Data Table 1 

Title 

I z 

Books 

Number of 
Pages 

cn 
Articles 

Author 
Magazine or Journal 

(including volume and issue) Date 

Library 
where Available 



Data Table 2 

Ti t le  

Source 

Aut hods) 

+Da te  

Data Table 3 

I 1 
Reading I 
Level I Easy Average  Diff icul t  

Interest Low Average  High 
Level 

Summary 

Interesting 
Facts 

Presented 

Reviewer 
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Teach e r I n f o r mat i o n 

Researching Renewable Energy Topics 

Suggested Grade Level 

and Discipline 

Science, grades 7-12 
Industrial Arts 
English 
Social Studies 
Reading 

Ski I I 0 bjectives 

Using the Reader's Guide to Periodical Liter- 
ature and library card catalogs to  locate 
sources of renewable energy information 

Selecting books and articles and evaluating 
their interest and reading levels 

Critiquing books and articles by writing brief 
summaries of their main ideas 

Major Understandings 

There exist systematic techniques for lo- 
cating books and periodical literature on spe- 
cific topics. 

Renewable energy is becoming an increasing- 
ly popular topic for books and magazine arti- 
cles. 

A classroom reference file allows students to 
pool their efforts and provides a wealth of 
information to individuals who are beginning 
research on a particular topic. 

Literature searches are commonly done by 
scientists and researchers. The reference 
file used here is one method for organizing 
the results. The file can be continually 
up da. t e d . 

Bac kgrou nd 

The ability to obtain accurate and up- 
to-date information is an important skill. 
Scientists and researchers commonly search 
books and journals (the literature) before 
starting a new experiment or opening a new 
area of investigation. These individuals also 
keep up with new information in their fields 
as i t  is reported. 

With the current explosion of journals 
and print materials, staying abreast of new 
information has become increasingly diffi- 
cult. An organized system for keeping tradk 
of sources of information is imperative. This- 
activity illustrates one simple method for 
organizing searched data. 

Computer data bases are the search 
modes of the future. But unless a researcher 
has unlimited access to these new data bases 
and is able to program his/her own data base 
for sources of specific interest, a simple and 
handy reference file is still needed. Increas- 
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ingly, this need is being met by microfiche 
files, but they still must be keyed and organ- 
ized. 

A classroom reference file is useful to 
both students and teachers. In this activity, 
students gather and organize information for 
you and for themselves. 

Advance Planning 

Check on the availability of books and arti- 
cles on renewable energy in the school li- 
brary. If availability seems limited, consider 
having the librarian subscribe to some of the 
magazines listed in the references, or borrow 
back issues from friends and colleagues in- 
terested in alternative energy. 

Coordinate use of the library facilities with 
the librarian. If students seem unfamiliar 
with library procedures, ask the librarian to 
give a short orientation lesson. 



Obtain a 3 x 5 card file. 

I f l o  0 v 0 0 0 0 0 0  

Duplicate several copies of Data Tables 2 and 
3 for each student. If possible, duplicate the 
tables directly onto the fronts and backs of 
the index cards. 

Suggested Time Allotment 

Variable, depending on the time you can de- 
vote to the activity 

Suggested Approach 

This activity can be used to introduce or end 
a unit on renewable energy, as an individual 
student project, as an introduction to writing 
a research paper, or as enrichment for gifted 
students. 

Make sure students know how to use the 
Reader's Guide and the card catalog. Remind 
students of library rules and procedures. 
Arrange for the librarian to work with stu- 
dents deficient in library skills. 

Help students to select books and articles 
appropriate to their reading and interest 
levels. 

Help students to identify the main topics of 
books and articles. Critique summaries and 
assist students in keeping summaries brief 
and accurate. 

Discuss the importance of literature searches 
to scientific activity. Explain the termi- 
nology: literature search, journal, abstract. 

Precautions 

Make sure there is an adequate number of 
Reader's Guides available. 

Remind students of library rules. 

Poi n t s  fo r Discuss ion 

Which magazines present renewable energy 
articles which are both interesting and easy 
to read? 

Why are some articles on renewable energy 
difficult to understand? 

To what other uses could you put this method 
for developing a reference file? 

Why is i t  important to have a reference file? 

Typical Results 

An extensive reference file will be developed 
by students. This file will serve as a useful 
resource for future students, who can also 
update i t  regularly. 

Eva1 u at i on 

Check students' data tables and their answers 
to the questions for completeness and degree 
of understanding. 

Ask students to describe how they would do a 
literature search. 

Ask students to describe how they would 
organize and store the results of a literature 
search. 

Monitor the level of use given to the refer- 
ence file once this activity is completed. 

Modifications 

Ask students to use their index cards to 
present oral reports on their readings. 

Punch all headings a t  the top of Data Table 
2. Then, rather than darkening the space, 
notch the punched hole. When a long, thin 
tool, such as a knitting needle, is inserted 
through a heading of interest, all cards on 
this topic will drop. This technique elimi- 
nates the need for grouping by topic. If 
desired, you can then organize the file alpha- 
betically or by some other useful system. 
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Renewab le  ene rgy  m a y  well b e  a major  p a r t  of our  ene rgy  
supply in t h e  21st  cen tury .  Even now much  expe r imen ta l  r e sea rch  in 
r enewab le  ene rgy  is being conducted ,  and cons t ruc t ion  and  pilot 
p ro j ec t s  a r e  springing up worldwide. All a r e  t e s t ing  r enewab le  
ene rgy  as a f u t u r e  r ep lacemen t  for  today 's  fossil fue l  industr ies .  
Renewable  ene rgy  technology could revolu t ion ize  t h e  ene rgy  field. 

But wha t  does  th i s  m e a n  for  f u t u r e  c a r e e r s  in t h e  f ie ld  of 
What kinds of c a r e e r s  a r e  ava i lab le  now, and wha t  kinds energy?  

migh t  b e  in demand  t w e n t y  yea r s  f r o m  now? 

In th i s  ac t iv i ty  you will e x a m i n e  c a r e e r s  in renewable  ene rgy  
and  t h e  effect t h e y  could have  on your own c a r e e r  choices .  



'RACT I CAL, ' ' HAN DS-0 N" 
JOB-RELATED 

SOLAR 
HEATING 

INSlALLATION 

MAINTENANCE 
COURSE 

AND 

LICENSED BY COMM. OF MASS., 
DEPT. OF EDUCATION 

Enroll now in the lirst comprehensive vocaiional 
trainlng course 01 its kind and extent to be pub- 
t~cly offered in the United States 
Thls  160-ho~rr (4 weeks day) program covers all 
phases 01 solar equipment installation - lrom 
preliminary s m g  Io installation techniques and 
tollowup procedures The use ol tools. equip- 
ment and methods that are essential to the 
solar industry are emphasized on the rnainte- 
nance level 

#I Course locuses on a wide variety of equlp~ 
ment lrom leadlng U S rnanulacturers 

#I lnstrucliori on both  air^ and water-medium 
solar systems 

8 Extensive hands-on laboratory experlence 

rn Special emphasis on solar heating equipment 
as an adjunct to exisling systems. especially 
oil-lired 

#I Low tuition lee includes working tools texts. 
and training aids 

rn Llving accommodations available within walk- 
1ng distance 01 classrooms tor Out~01-1Own 
enrollees 

This course provides excellent training for 
owner-managers of solar installation compa- 
nies and their service personnel. Highly rec- 
ommended for tho88 planning to enter the 
solar field. 

Inquire lo. 
NEW ENGLAND FUEL INSTITUTE 

Solar Education Division 
20 Summer St. 

Watertown, Mass. 02172 
Phone: (617) 924-1000 

Telex: 922-401 

CLASSES NOW FORMING 
WRITE, PHONE, OR TELEX 
FOR BROCHURE. TODAY! 

NAME 

COMPANY 

ADDRESS 

CITY 

STATE, ZIP 

PHONE 

objectives 
A t  t h e  comple t ion  of th i s  ac t iv i ty ,  you should be  a b l e  to n 
o ident i fy  t h e  d i f f e ren t  a r e a s  of renewable  ene rgy  

in which people  work,  

o l is t  s eve ra l  jobs and c a r e e r s  in t h e  renewable  
ene rgy  f ie ld ,  

o record  t h e  resu l t s  of a l i t e r a tu re ,  c o m p u t e r ,  o r  
newspaper  employmen t  sec t ion  s e a r c h  on c a r e e r s  
in renewable  ene rgy ,  and  

d e t e r m i n e  t h e  skills and educa t ion  required f o r  a 
par t icu lar  renewable  ene rgy  job. 

o 

skills and knowledge you need 
Using l ibrary r e f e r e n c e  m a t e r i a l s  

Analyzing words and t e r m s  for  meaning  

Matching  job skills to educa t iona l  skills 

materials 
a notebook 

l ibrary  r e f e r e n c e  ma te r i a l s ,  espec ia l ly  t h e  Reade r ' s  
Guide  to  Per iodica l  L i t e r a t u r e  

t h e  employmen t  sec t ions  of l a r g e  c i rcu la t ion  news- 
papers  

magaz ines  

a d ic t ionary  

a glossary of solar  t e r m s  

a glossary of c a r e e r  t e r m s  

c a r e e r  r e f e r e n c e  books and  pamphle ts  

procedure 
1. Lis ted  below a r e  s o m e  renewable  energy  t ech -  

nologies and appl icat ions.  People  wi th  jobs in 
r enewab le  energy  will mos t  o f t e n  work in one  of 
t h e s e  a reas .  

solar  s p a c e  hea t ing  and cool ing 
solar  w a t e r  hea t ing  biomass conversion 
industr ia l  process  h e a t  geo the rma l  ene rgy  
hydropower 
o c e a n  t h e r m a l  ene rgy  
photovol ta ics  

wind ene rgy  

6-2 

. 

.' 



Caution: The ads displayed here 
are not current offers.  D o  not 
sendapplications or resumes to the 
agencies or organizations men- 
t ioned. 1 

Working wi th  a sma l l  group of t w o  or  t h r e e  c lass  
members ,  look up t h e s e  t e r m s  in a d ic t ionary  o r  
so l a r  glossary and t h e n  def ine  t h e m  in  your note-  
book. Discuss e a c h  t e r m  as a group to m a k e  s u r e  
e a c h  m e m b e r  unders tands  i t .  

2. L is ted  below a r e  s o m e  of t h e  kinds of work  done  
by people  in  t h e  renewable  ene rgy  field. These  
kinds of work c a n  be  done  in any  of t h e  a r e a s  
l i s ted  i n  S t e p  1. 

r e sea rch  and  development  
manufac tu r ing  
marke t ing  and dis t r ibut ion 
cons t ruc t ion  
ins ta l la t ion  and ma in tenance  
design and analysis  
engineer ing  and  consul t ing se rv ices  

Look up t h e s e  t e r m s  in a c a r e e r  glossary and  t h e n  
de f ine  t h e m  in your notebook. Again discuss e a c h  
t e r m  as a group to m a k e  s u r e  e a c h  m e m b e r  
unders tands  it.  

3. Using t h e  t e r m s  you def ined  in S teps  1 and  2 as a 
guide, conduc t  a l i t e r a t u r e  s e a r c h  fo r  books, a r t i -  
c l e s ,  and  informat ion  on renewable  ene rgy  jobs 
and  ca ree r s .  Consul t  any  o r  a l l  of t h e s e  sources:  

t h e  Reader 's  Guide to Periodical L i t e ra tu re ,  

c a r e e r  c e n t e r  ma te r i a l s ,  and  
guidance o f f i c e  mater ia l s .  

Lis t  in your notebook a l l  books, a r t i c l e s ,  and  
pamphle t s  you f ind and read.  

4. If your  school  subscr ibes  to a compute r i zed  c a r e e r  
gu idance  sys t em,  conduc t  a s e a r c h  of t h e  s y s t e m  
for renewable  ene rgy  c a r e e r s  in format ion .  P l a c e  
t h e  resu l t s  in your notebook.  

5. Search  t h e  employmen t  sec t ions  of s e v e r a l  d i f fe r -  
e n t  newspapers  for  open  posi t ions in t h e  renew-  
a b l e  ene rgy  field. Also sea rch  spec ia l ized  maga-  
z ines  and journals, such  as Solar Age, fo r  job 
openings. If permissible ,  c u t  t h e s e  o u t  and p l ace  
t h e m  in  your notebook. 

TVA 
The Solar Applications Branch 
Tennessee Valley Authority has 
managerial and  technical 
employment opportunities in 
Chattanooga Tennessee 
Experience in managing business 
or governmental solar wind or 
biomass projects is required 
For further information contact 

Solar 
Appl ications 

Branch (SA0182) 

TENNESSEE 1m VALLEY 1m . .  
AUTHORITY 

C hattanccga. 
Tennessee 37401 

N A  may consider for 
appointments only U S citizens 
and others eligible for payments 
under section 602 Pub L 94-363 
and section 750 Pub L 94-419 
An Equal Opportunity Employer 

POSITIONS AVAILABLE 
Solar Matketing Manager: Energy Design 
Corporation is a small, technologically 
oriented solar equipment firm which manufac- 
tures and markets high performance, 
premium quality solar collectors. We are seek- 
ing a proficient person to manage marketing 
in the US. and abroad. Experience in 
engineering, HVAC and solar preferred. This is 
a key position with good salary and benefits, 
with a sound, growing company. Energy 
Design Corporation, P.O. Box 34294, Mem- 
phis, TN 38134 (901)382-3000. 

Expanding distribution requires addition of 
salesman in the New York-New England 
area. Applicants should have sales experi- 
ence and good knowlede of solar, building, 
and energy conservation field. Send resume 
to Warehouse 7,1863 Central Ave., Albany, 
NY 12205. 

MechanlcaUSolar Engineers Permanent PO 
sitions available in our New York City and 
Hartford, CT, offices for engineers and design- 
ers with experience in the design of HVAC, 
plumbing, piping, electrical and energy con- 
servation systems for commercial and institu- 
tional projects. Engineers with experience in 
solar design also required. Send complete 
resume, availability, salary requirements to: 
Dubln-Bloome Associates, P.C. Consulting 
Engineers, 42 W. 39th St., New York, NY 
10018. 
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Architectural Draftspersons Licensed Ar- 
chitect: Experience in Passive Solar Con- 
struction essential. Residential and light corn- 
mercial work in vicinity of Allentown and 
Reading Pennsylvania. Thirty plus hours per 
week, allowing time for second pursuit. 
$1 2,000 per year projected. Raises cornmen- 
surate with growth of business. Send sample 
working drawing and perspective rendering 
with resume to: Shelter Design Group, 
Stony Run, PA 19557. 

Associate Editor, Solar Engineering. Solar Age is 
looking for a writededitor to solicit. prepare, edit, 
and coordinate, under the direction of the editor- 
in-chief, feature and news coverage of solar en- 
gineering and solar energy systems design. Pref- 
erence will be given to applicants who have three to 
five years experience in solar engineering and who 
have demonstrated magazine writing abilities. 
Knowledge of magazine composition and produc- 
tion is an asset. The position requires the ability to 
initiate ideas and to produce accurate copy, to work 
under deadline pressure, and to analyze planned or 
built solar residential and commercial structures. 
Working familiarity with solar design tools is also 
required. Qualified candidates should provide a d e  
tailed resume, including salary requirements, rep  
resentative samples of published material, and ma- 
terials describing solar projects worked on within 
the last three years. Apply to: Bill DAlessandm, 
Editor, Solar Age, Church Hill, Hanisville, NH 
03450. No phone inquiries will be accepted. 

6 .  

7.  

8.  

Using t h e  resu l t s  of your searches ,  deve lop  in your 
notebook a list of jobs and c a r e e r s  in t h e  renew-  
a b l e  ene rgy  field. For e a c h  job o r  c a r e e r ,  d e t e r -  
mine  n 

t h e  required leve l  of educa t ion ,  

t h e  requi red  ski l ls  and  abi l i t ies ,  and  

t h e  working condi t ions and locat ion.  

Your employmen t  ads  and c a r e e r  l ibrary m a t e r i a l s  
will b e  especial ly  helpful  in de te rmining  t h e s e  
i t ems .  

Work wi th  your group to develop a l is t  of jobs and  
c a r e e r s  which will be a f f e c t e d  as t h e  f ie ld  of 
r enewab le  ene rgy  develops. Enter  th i s  l is t  in  your 
notebook.  

Brainstorm wi th  your group a list of r enewab le  
ene rgy  jobs and c a r e e r s  which m a y  b e  in demand  
t e n  to t w e n t y  yea r s  f r o m  now. (This m a y  requi re  
s o m e  c r e a t i v e  thinking.) Enter  t h i s  list in your 
notebook also. 

questions 
1. How many  c u r r e n t  jobs and  c a r e e r s  did you l is t  in  t h e  r enewab le  ene rgy  f i e ld?  

2. Make a l is t  of r enewab le  ene rgy  jobs and  c a r e e r s  which requi re  e a c h  of t h e  fol lowing 
educa t iona l  levels. 

a)  no high school  d ip loma 
b) high school  d ip loma 
c) 
d)  fou r  yea r s  of co l l ege  
e) 

Where a r e  t h e  bes t  p l aces  to look for  r enewab le  ene rgy  job and  c a r e e r  in format ion?  

t w o  years  of college or  voca t iona l  t r a in ing  

advanced  d e g r e e  (Master ' s  or  Ph.D.) 

3. 

4. Are t h e r e  a n y  new,  unusual, o r  i n t e re s t ing  job oppor tuni t ies  in  r enewab le  ene rgy?  If 
so, wha t  a r e  t h e y ?  

In which a r e a s  of r enewab le  ene rgy  (S tep  1) and in wha t  kinds of work (S tep  2) do  
mos t  of t h e  r enewab le  ene rgy  jobs s e e m  to be?  T h e  f e w e s t ?  

5. 

looking back 
Were  you surpr ised to discover  how many oppor tuni t ies  ex is t  fo r  

working in t h e  renewable  ene rgy  field? You probably found t h a t  
many  people  wi th  d i f f e r e n t  leve ls  of educa t ion  and  d i f f e r e n t  skills 
a r e  needed  fo r  var ious t y p e s  of ene rgy  jobs o r  ca ree r s .  
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Most needed  a r e  engineers ,  sc ien t i s t s ,  sys t ems  ana lys t s ,  and  
ins t ruc tors ,  but  people  who c a n  m a n u f a c t u r e  and  ins ta l l  solar  equip- 
m e n t  will also find positions. W e  should a l so  no t  f o r g e t  t h e  
oppor tuni t ies  ava i lab le  f o r  salespeople ,  especial ly  as solar  appl ica-  
t ions  b e c o m e  m o r e  a f fo rdab le  and  widespread.  

Fo r  a person t ru ly  in t e re s t ed  in t h e  f ie ld  of renewable  energy ,  
t h e r e  is a n  exce l l en t  c h a n c e  of f inding a chal lenging job or c a r e e r  in 
o n e  of i t s  r e l a t e d  work a reas .  

going further 
In te rv iew someone  working in  t h e  f ie ld  of r enewab le  energy .  This m a y  be  a businessman,  
a sa l e sman ,  a n  engineer ,  a cons t ruc t ion  worker ,  or  a r ep resen ta t ive  f r o m  a state, f ede ra l ,  
or loca l  agency .  Find o u t  espec ia l ly  abou t  t h e  
possibi l i t ies  f o r  employmen t  in t h i s  person's a r e a  of spec ia l iza t ion .  

P r e p a r e  your ques t ions  ahead  of t ime .  

Invi te  your  guidance  counselor  o r  a spec ia l i s t  in c a r e e r  gu idance  to speak  to t h e  c lass  
a b o u t  c a r e e r  se lec t ion .  Ask th i s  person to br ing in fo rma t ion  on  renewable  ene rgy  ca ree r s .  

Wri te  to solar  manufac tu re r s  and state and f e d e r a l  agenc ie s  involved in ene rgy  fo r  
i n fo rma t ion  abou t  so la r  ca ree r s .  

List satellite ( ind i rec t )  jobs and  c a r e e r s  which will b e  a f f e c t e d  by a growing r enewab le  
e n e r g y  industry.  

Upda te  your c a r e e r  list periodically. 
i n t e r e s t  you. 

Add informat ion  on c a r e e r s  in o t h e r  a r e a s  which 

Choose  o n e  renewable  ene rgy  c a r e e r  which par t icu lar ly  i n t e r e s t s  you. 
a b o u t  t h i s  c a r e e r  as you c a n  and e n t e r  i t  in your notebook.  

Find o u t  as much 
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Xeac her Info rrn at io n 

newable Energy 

Suggested G a d e  Level 
and Disciplhe 

Science, grades 6-12 
Social Studies 
Industrial Arts 
Home Economics 

Skill 0bjectiv.es 

Using library reference .materials 

Conducting a literature or computer search 

Organizing and recording information gath- 
ered 

Identifying career areas ,and specific jobs in 
renewable energy 

Brainstorming potential renewable energy 
careers 

Major Understandings 

There are numerous career opportunities in 
the field of renewable energy. 

A search of newspaper employment sections, 
career data  bases, magazine articles and em- 
ployment ads, books, and career materials 
will turn up a large number of career oppor- 
tunities. 

Renewable energy jobs and careers include 
all possible combinations of educational lev- 
els, job skills, and working conditions. 

As the renewable energy field develops, new 
and unexpected jobs and careers will open up. 

Background 

Career education strives to {provide an 
active relationship between the world of ed- 
ucation and the world of work. Most students 
have only a minimal knowledge of the .career 
opportunities open to 4hem. 'Two major >rea- 
sons are the sheer number *of 
of thousands) and the ,rate at .which ?this 
number increases. SAnotGherrreason is*-the-;rate 
a t  which career topportunit-ies . change. -An 
excellent example is- the manner in :.which-&he 
energy crisis is .expected to - 
major and rapid change in occup 

Solar development, especially, -has'-*ex- 
perienced many peaks and valleys ,over -<*he 
last 100 years. N o  doubt &his pattern-;will 
continue as federal funds -allocated ' t o  -re- 
search and development fluctuate, but over- 
all the  trend is upward. The total financial 
outlay in solar research and development now 
tops one billion dollars per year. Sales of 
solar devices will soon reach billions per 
year. Right now over 2,000 establishments, 

6-7 

with approximately 25,000 workers, are en- 
gaged in solar activities. Solar employment 
is expected to be triple this number in 1983. 

Seventy-five percent of all solar work- 
.iers &e engaged in some aspect of space and 
mater ,heating. A breakdown of solar jobs by 
awor-k-area is given in the chart below. 

Manufacturing (collectors and other products) 31% 
:Research and development 23% 
-Architectural and energy services 18% 
'Installation 12% 
Other 16% 

Solar opportunities are most prevalent 
in the states of California, New York, Massa- 
chusetts, Texas, and Colorado. Engineers are 
engaged primarily in research and develop- 
ment, skilled labor in installation, and un- 
skilled labor in commercial areas. Engineers 
are the largest occupational group. Most- 



needed personnel include atmospheric scien- 
tists, engineers, systems researchers, and 
college instructors. Personnel least difficult 
to hire include clerical staff and skilled and 
unskilled labor. Individuals with special de- 
sign, analysis, or installation skills are es- 
pecially sought after.  

Colleges and universities, technical and 
vocational schools, and companies and unions 
provide training programs in renewable ener- 
gy with an emphasis on solar. One major 
concern of renewable energy professionals is 
that  rapid development and implementation 
of new technologies could result in a lack of 
trained manpower, which in turn would con- 
strain renewable energy development and ac- 
ceptance. 

Advance Planning 

Find out what resources your school has 
available for career planning. If your district 
has a career center, visit i t  and talk to a 
career specialist. Check on the availability 
of computerized career guidance systems. 

Include your guidance counselor, librarian, 
and vocational adviser in the planning of this 
activity. 

Look over the references listed at the end of 
the teacher section for additional informa- 
tion on careers in general and renewable 
energy careers in particular. 

Contact solar organizations and firms for 
information on solar careers. 

Announce that a notebook will be needed for 
this activity. 

Obtain glossaries. Renewable energy glos- 
saries are available from many sources, in- 
cluding the text that accompanies this book. 
Obtain career glossaries from your career 
center or career reference books. 

Obtain back issues of large circulation news- 
papers and of alternative energy magazines. 

Suggested Time Allotment 

Variable, depending on the time you have 
available for the activity 

At  least one period for defining terms 

At least one period for the search 

At  least one period for developing lists and 
discussing results 

Suggested Approach 

If students are unfamiliar with the concept of 
career education, discuss the importance of 
career exploration and planning. 

Discuss the renew able energy technologies, 
applications, and work areas mentioned in 
Steps 1 and 2. Help students to define terms. 
We suggest that  this activity be used near the 
end of a unit on renewable energy, so that  
students are already familiar with renewable 
energy concepts. 

Explain what a literature or computer search 
involves. 

Specific articles on renewable energy careers 
may be difficult to locate. Don't forget that  
general articles on renewable energy may 
often offer good clues to possible careers and 
jobs. 

If some students need review of library pro- 
cedures, have the librarian present a short 
review lesson for them. 

Invite a speaker from a local college, voca- 
tional program, or institute to give a presen- 
tation to the class. 

If students have not already taken a career 
interest inventory or vocational preference 
test ,  plan for them to take one. 

Once students have started listing possible 
careers, introduce the career clusters devel- 
oped by the former U.S. Office of Education. 

Construction 
Manufacturing 
Agribusiness and 

Marine Science 
Environment 
Business and Office 
Transport at ion 

Natural Resources 

Consumer and Homemaking 
Marketing and Distribution 
Communication and Media 
Hospitality and Recreation 
Personal Service 
Public Service 
Health 
Fine Arts and Humanities 

Ask students to assign the careers on their 
list to the career clusters. 

Introduce the concept of brainstorming if 
students have not brainstormed ideas before. 
6-8 
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Consider using this activity as enrichment for  
gifted and talented students, vocationally- 
oriented students, or students with a partic- 
ular interest  in renewable energy. 

Precautions 

I f  students are using the library or career 
center, make sure they know the rules. 

Keep career expzoration open-ended. Do not 
require students t o  make possible career se- 
lections. 

Make sure sufficient copies of needed ma- 
terials are on hand. 

Points for Discussion 

What factors will influence how many jobs 
and careers become available in renewable 
energy in the future? 

What effect  has the energy crisis had on 
renewable energy career opportunities? 

How impoFtant a source of energy will solar 
and other renewable energies become? HOW 
will this affect  career opportunities in the 
energy field? 

How will educational requirements, skill re- 
quirements, and working conditions affect 
your choice of a career or job? 

Typical Results 

A computer search of one career guidance 
da ta  base turned up the following careers. 
The descriptors used were  limited to  solar 
engineer, solar components installer, and so- 
lar components assembler. 

civil engineer refrigerationlair-con- 
architect ditioning. m echanic 
mechanical engineer electrician 
heat transfer technician furnace installer 
plum ber/pipe fi t t er production assembler 
sheet metal worker bench assembler 
roofer electronics assembler 
urb an/regi onal planner 

Other careers and jobs students may list will 
include: 

insulation installer 
auxiliary system installer 
fabrication worker 
prefabrication worker 
lawyer 
salesperson 
real estate broker 
appraiser 
assessor 
zoning agent 
consumer protection agent 
home construction laborer 
standards developer 
scient is t 
insurance agent 
invest or 
solar dealer 
solar builder 
trainer - educator 
li censer 
construction worker 

Eva1 u at i on 

maintenance person 
repair person 
bill collector 
inspec tor 
invent or 
carpenter 
mason 
glazier 
factory worker 
crane operator 
contractor 
legislator 
consult ant 
engineer 
designer 
developer 
banker 
estimator 
re searcher 
landscaper 

Ask students to list some of the different 
areas of renewable energy in which people 
work. 

Ask students to list renewable energy jobs 
and careers which interest  them and t o  give 
the skill and education requirements for 
each. 

Check notebooks for neatness, accuracy, and 
extent of research. 

Evaluate student lists for understanding of 
car e er opp or t uni t i es. 

Evaluate each student's participation in the 
small group discussions. 

Modification's 

If you do not have much class t ime available 
for this activity, consider using only sections 
of it. Some sections can easily be dropped or 
assigned for hom ework. 

Ref e rences 

Career  Education: A Handbook for Implemen- 
tation. ' t .  

(Superintendent of Documents, U.S. Gov- 
ernm ent Printing Office, Washington, D .C. 
20402, 1972, contact GPO for price.) 

Careers in the Energy Industry, B. H. Kraft. 
(Franklin Watts Publishers, 845 Third Ave., 
N e w  York, NY 10022, contact publisher 
for price.) 
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Careers in Energy-Related Occupations. 
(PEM Press, Pathescope Educational 
Media, Department 883, Wayman Ave., 
New Rochelle, NY 10802, $3.50/paper.) 

Meeting Energy Workforce Needs: Determin- 
ing Education and Training Requirements. 

(Information Dynamics, Inc., 11 1 Claybrook 
Drive, Silver Spring, MD 20902, 1980, 
contact publisher for price.) 

National Solar Energy Education Directory, 
George Corcoleotes e t  al. 

(Superintendent of Documents, U.S. Gov- 
ernment Printing Office, Washington, D.C. 
20402, 1980, contact GPO for price.) 

Occupational Outlook Handbook, U.S. Bureau 
of Labor Statistics. 

(Superintendent of Documents, U.S Gov- 
ernment Printing Office, Washington, D.C. 
20402, 1980, contact GPO for price.) 

Solar Energy Employment and Requirements, 
1979-1983, Girard W. Levy and Jennifer 
Field. 

(National Technical Inform a t  ion Service, 
U.S. Department of Commerce, 5285 Port 
Royal Rd., Springfield, VA 22161, 1980, 
print copy or microfiche, contact NTIS for 
prices.) 

The Solar Jobs Book, Kay Ericson. 
(Brick House Publishing Co., 34 Essex St., 
Andover, MA 01810, 1980, $7.95.) 

Your Career  in Energy-Related Occupations, 
George Davis. 

(Arco Publishing, Inc., Division of Pren- 
tice-Hall, Inc., 219 Park Ave. S., New 
York, NY 10003, 1980, $3.50/paper, for 
student reading.) 

"Careers in' Energy, Ecology, and the Envi- 
ronment," Current Energy and Ecology, De- 
cember 1979. 

(Curriculum Innovations, Inc., 3500 West -  
ern Ave., Highland Park, IL 60035, for 
student reading.) 

Career World Magazine. 
(Curriculum Innovations, Inc., 3500 West-  
ern Ave., Highland Park, IL 60035, for 
student reading.) 
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-. . 
Metric Conversion Table 

I 
Uni t  of Measure  English Unit  

Length  inches 
feet 

~ feet 
yards  
mi les  

A r e a  squa re  inches  
square  feet 
squa re  yards  

Mass (Weight) ounces  
pounds 

Volume gallons 
cub ic  feet 

T e m p e r a t u r e  deg rees  
Fahrenhe i t  

H e a t  B tu  

Speed I miles  per  hour 

Multiply By w 

4 Divide By 

2.54 
30.0 

0.3 
0.9 1 
1.61 

6.5 
0.09 
0.8 

28 
0.45 

3.8 
0.03 

5/9 ( a f t e r  sub- 

5/9 plus 32 
t r a c t i n g  32) 

252 

1.61 

) Symbol  

c e n t  im et e r  s c m  
c e n t i m e t e r s  c m  
m e t e r s  m 
m e t e r s  m 
k i lometers  km 

C Y 2  
squa re  c e n t i m e t e r s  
squa re  m e t e r s  m 
squa re  m e t e r s  m 

g rams  g 

2 

kilograms kg 

l i t e r s  
cub ic  m e t e r s  

degrees  
Cels ius  

ca lor ies  , kilorneters/hour km/hr  

Energy Units 
barrel: a liquid volume equal  to 42 gallons or  159 l i t e rs .  O n e  bar re l  of c ude oil 
has  abou t  t e s a m e  hea t  ene lgy  as 350 pounds of bituminous coal, 5.8 x 10 joules  
o r  5.5 x 10 Btu  or  1.39 x 10 kcal. 

- Btu: Br i t i sh  the rma l  uni t ,  a uni t  for measur ing  hea t ;  a B tu  is t h e  quan t i ty  of heat  
necessary  to ra i se  t h e  t e m p e r a t u r e  of one  pound of w a t e r  one  d e g r e e  Fahrenhe i t ,  
a b o u t  one-fourth of a ki localor ie  (252 calor ies) .  

5 .  6 

ca lor ie  (also: g ram calorie): a m e t r i c  uni t  of h e a t  energy;  t h e  amoun t  of h e a t  
needed to ra i se  t h e  t e m p e r a t u r e  of one  g r a m  of w a t e r  one  d e g r e e  Celsius. I t  
equa ls  0.0039 Btu. O n e  thousand ca lor ies  m a k e  one  ki localor ie  (kcal), s o m e t i m e s  
cal led a Ca lo r i e  or  food Calor ie .  

ki lowatt :  a measu re  of power ,  usually e l ec t r i ca l  power or  h e a t  flow; equal  to 1,000 
w a t t s  or  3,413 Btu per  hour. 

kilowatt-hour: 
used f o r  one  hour; equals  3,413 Btu,  or a b o u t  860 kcal. 

wat t :  a uni t  of measu re  for  e l ec t r i ca l  power equal  to t h e  t r ans fe r  of one  joule of 
energy  p e r  second. T h e  w a t t  is t h e  unit of power  mos t  o f t e n  assoc ia ted  wi th  
e l e c t r i c i t y  and is de t e rmined  by mult iplying required volts by required amperes .  
O n e  horsepower = 746 wat t s .  

t h e  amount  of energy  equivalent  to o n e ,  ki lowatt  of power being 
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