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NOTICE 

This  uni.t w a s  p r e p a r e d  as a n  accoun t  of work sponsored  by t h e  United 
S t a t e s  Cavernment. N e i t h e r  t h e  United S t a t e s  n o r  t h e  United S t a t e s  
Department of Energy, n o r  any of t h e i r  employees, n o r  any of t h e i r  
c o n t r a c t o r s ,  s u b c o n t r a c t o r s  , o r  t h e i r  employees , makes any w a r r a n t y ,  
e x p r e s s  o r  i m p l i e d ,  o r  assumes any l e g a l  l i a b i l i t y  o r  r e s p o n s i b i l i t y  
f o r  t h e  accu racy ,  comple t eness ,  o r  u s e f u l n e s s  of any i n f o r m a t i o n ,  
a p p a r a t u s ,  p r o d u c t ,  o r  p r o c e s s  d i s c l o s e d ,  o r  r e p r e s e n t s  t h a t  i t s  u s e  
would n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s .  Re fe rence  h e r e i n  t o  any 
s p e c i f i c :  commercial  p r o d u c t ,  p r o c e s s ,  o r  s e r v i c e  by t r a d e  name, mark, 
manufact .urer ,  o r  o t h e r w i s e ,  does n o t  n e c e s s a r i l y  c o n s t i t u t e  o r  imply 
i t s  endorsement ,  recommendation, o r  f a v o r i n g  by t h e  United States 
Governme.nt o r  any agency t h e r e o f .  The views and o p i n i o n s  of a u t h o r s  
e x p r e s s e d  h e r e i n  do n o t  n e c e s s a r i l y  s t a t e  o r  r e f l e c t  t h o s e  of t h e  
United S t a t e s  Government o r  any agency t h e r e o f .  
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The Solar Energy Education Curriculum 
The b o o k l e t  i n  y o u r  h a n d s  is  j u s t  o n e  
p a r t  o f  a ser ies .  The S o l a r  Ene rgy  
E d u c a t i o n  ma te r i a l s  i n c l u d e  

a Solar Energy Text 

a Solar Energy Reader i n  f o u r  p a r t s  : 

1. fnergy, Society, .and the Sun ( g e n e r a l ) ,  

/I. Sun Story ( h i s t o r y  a n d  l i t e r a t u r e ) ,  

111. Sotar SO/utiOnS ( p r a c t i c a l  a p p l i c a t i o n s ) ,  a n d  

IV. Sun SChOO/ing I ( c l a s s r o o m - o r i e n t e d  r e a d i n g s ) .  

Solar Energy Education Activities f o r  

S c i e n c e ,  

I n d u s t r i a l  Arts, 

H o m e  E c o n o m i c s ,  

S o c i a l  S t u d i e s ,  and  

H u m a n i t i e s  ( A r t ,  Music ,  and  E n g l i s h ) ,  a n d  

Solar Energy Education Teacher’s Guides 
t o  accompany t h e  a b o v e  a c t i v i t y  b o o k l e t s .  

For more i n f o r m a t i o n  on  t h e  S o l a r  E n e r g y  
E d u c a t i o n  c u r r i c u l u m ,  c o n t a c t  

Solar Energy Project 
c/o Curriculum Services 

d ,/.-&-r-y New York State Education 
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Introduction 
For t h e  t e a c h e r  w i t h  a f u l l  workload and dozens of impor tan t  t o p i c s  

t o  cover  and s k i l l s  t o  t e a c h ,  t h e  q u e s t i o n  t h a t  may occur  i n  p i c k i n g  up 
t h i s  b o o k l e t  i s  

Why Teach About Energy? 
I f  you are a s k i n g  t h a t  q u e s t i o n ,  t r y  t o  t h i n k  of an  area of  human 

ex is tence  t h a t  i s  not affected by energy resources. Energy permeates 
o u r  l i v e s ;  i t  shapes  o u r  careers, our  l e i s u r e ,  and o u r  a s p i r a t i o n s  as 
w e l l  as p r o v i d i n g  f o o d ,  c l o t h i n g ,  and s h e l t e r .  

S t u d e n t s  are aware of t h i s  r e a l i t y  and t h e y  see t h a t ,  as a v a i l a b l e  
energy  r e s o u r c e s  change, t h e i r  l i v e s  w i l l  a l s o  change, i n  ways as y e t  
unknown. T h i s  i s  why s t u d e n t s  are deeply  i n t e r e s t e d  i n  e n e r g y ,  espe- 
c i a l l y  i n  s o l a r  and o t h e r  forms of  renewable energy.  They r e c o g n i z e  
energy  as a f a c t o r  t h a t  w i l l  have a n  impact on them p e r s o n a l l y ,  f o r  t h e  
rest of  t h e i r  l i v e s ,  and t h e y  want t o  unders tand  t h e i r  energy  o p t i o n s .  

Subject Skil lslhergy Content 
You can c a p i t a l i z e  on your s t u d e n t s '  s t r o n g  i n t e r e s t  i n  t h e  t o p i c  of  

energy .  With renewable energy  as  t h e  c o n t e n t  mat te r ,  t h e  f o l l o w i n g  
a c t i v i t i e s  are designed t o  g i v e  s t u d e n t s  p r a c t i c e  i n  t h e  s u b j e c t  s k i l l s  
t h a t  are h i g h  on your  t e a c h i n g  agenda. Whether i t ' s  musica l  improvisa-  
t i o n ,  r e a d i n g  f o r  comprehension, r e p o r t  w r i t i n g ,  photographic  t e c h n i q u e ,  
o r  group decis ion-making,  y o u ' l l  f i n d  h e r e  a renewable energy a c t i v i t y ,  
r e a d y  t o  u s e .  
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To Teachers 
The ye l low pages i n  t h e  f r o n t  and back of  t h i s  bookle t  are in t ended  

Y o u ' l l  a l s o  f i n d  a t e a c h e r  i n fo rma t ion  s e c t i o n  ( t h e  e s p e c i a l l y  f o r  you. 
grey-edged pages)$$$$$ i n  each  s t u d e n t  a c t i v i t y .  ..:::..*:.. .: 2.2: 

Energy Language 
I n  beginning  t o  unders tand  re- 

newable r e s o u r c e s ,  s t u d e n t s  need t o  
l e a r n  t h e  names of  t h o s e  r e s o u r c e s .  
New words a r e  in t roduced  i n  s e v e r a l  
o f  t h e  ac t iv i t i e s  i n  t h i s  book le t .  
For your convenience an  energy  
g l o s s a r y  i s  g iven  a t  t h e  back of  
the  book le t .  The g l o s s a r y  should 
prove  e s p e c i a l l y  u s e f u l  t o  s t u d e n t s  
who a r e  do ing  independent  r e a d i n g  o r  
r e s e a r c h .  

Finding Information 
The las t  few y e a r s  have w i t -  

nessed a f lood  of  energy  in fo rma t ion  
from p u b l i c  and p r i v a t e  s o u r c e s .  Un- 
f o r t u n a t e l y ,  mater ia l  has  been most 
abundant and a v a i l a b l e  on t o p i c s  about  which people  a l r e a d y  know a f a i r  
amount: f o s s i l  f u e l s  and n u c l e a r  power. The renewable forms of  energy  
have had a much lower p r o f i l e .  

The "Sources of  Informat ion"  
s e c t i o n  a t  t h e  back of  t h i s  book le t  
l i s ts  no t  o n l y  books and magazine 
a r t ic les  bu t  a l s o  newspapers,  audio- 
v i s u a l  s o u r c e s ,  c l e a r i n g h o u s e s ,  and 
o t h e r  w e l l s p r i n g s  of  renewable 
energy  in fo rma t ion .  You w i l l  a l s o  
f i n d  a list o f  s p e c i f i c  r e f e r e n c e s  
a t  t h e  end of  each  a c t i v i t y .  

Using Copyrighted Material 
I n  t h e  r a p i d l y  changing energy  

p i c t u r e ,  your b e s t  r e a d i n g  material 
f o r  s t u d e n t s  can o f t e n  be  found i n  
newspapers and magazines.  But what 
is your l e g a l  r i g h t  t o  copy t h e s e  

m a t e r i a l s  t o  p rov ide  your s t u d e n t s  w i t h  up-to-date in fo rma t ion?  
be s u r p r i s e d  t o  f i n d  how broad your r i g h t s  are. 
l i n e s  on c:opyright are inc luded  a t  t h e  end of t h i s  b o o k l e t .  
i n d i c a t e  s e c t i o n s  t h a t  claim your s p e c i a l  a t t e n t i o n .  

You may 
The Congress iona l  guide- 

A s t e r i s k s  
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How to Use the Activities 
The t e a c h e r s  who wro te  t h e s e  a c t i v i t i e s  were c o n s i d e r i n g  your con- 

ven ience .  Every a c t i v i t y  i s  complete and ready  t o  u s e ,  i n  two p a r t s :  

t h e  S tudent  A c t i v i t y  w i t h  

i n t r o d u c t i o n ,  
o b j e c t i v e s ,  
p r e r e q u i s i t e  s k i l l s  and knowledge, 
procedure  f o r  t h e  a c t i v i t y ,  
workshee ts  (d iagrams,  maps , r e a d i n g s  , etc .  ) , 
comprehension q u e s t i o n s ,  
summary ("Looking Back"), and 
enrichment a c t i v i t i e s  ("Going Further") ; and 

NOTE ESPECIALLY: .:............ .:.::i::.y: :: 
All workshee ts  have a g rey  t a b .  i$;ii<::;j These are t h e  e s s e n t i a l  p a r t s  
of t h e  a c t i v i t y  f o r  t h e  s t u d e n t ,  and t h e y  are keyed so t h a t  you may 
e x t r a c t  t h e s e  pages and d u p l i c a t e  them a t  your convenience.  
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Approaches to Teaching Energy 
The exc i tement  of a new l e a r n i n g  t o p i c  evo lves  i n  p a r t  from t h e  new 

t e a c h i n g  t echn iques  t h a t  i t  may encourage.  
ene rgy ,  cons ide r  t h e  fo l lowing  techniques :  

I f  you p l a n  t o  t e a c h  about  

F l e x i b l e  grouping: S u i t  t h e  group 
s i z e  t o  t h e  demands of  t h e  
a c t i v i t y  . 

I n d i v i d u a l i z a t i o n :  Give a whole 
a c t i v i t y ,  as i s ,  t o  a s e l e c t e d  
s t u d e n t .  

Mainstreaming: U s e  t h e  procedure  
t o  b reak  the  a c t i v i t y  i n t o  
smal.1 s t e p s .  

Teaching t h e  Gi f t ed  and Talen ted :  
Use ,the "Going Fur the r "  s e c t i o n  
f o r  enr ichment  i d e a s .  

Teaming: 

F i e l d  t r i p s :  Study l o c a l  energy  sites: u t i l i t i e s ,  homes, archi- 

Energy as a t o p i c  c r o s s e s  boundar ies ;  t r y  l i n k i n g  w i t h  
i n d u s t r i a l  a r t s ,  s c i e n c e ,  o r  home economics t e a c h e r s .  

t e c t u r a l  f i r m s ,  etc.  

Guest speakers :  I d e n t i f y  home- 
owners,  manufac tu re r s ,  consumer 
a d v i s o r s ,  and u t i l i t i e s  w i t h  
energy  messages.  

Outreach:  C a p i t a l i z e  on p u b l i c  
i n t e r e s t  i n  energy  w i t h  

a n  energy  f a i r  w i t h  s t u d e n t  
p r o j e c t s ,  media ,  etc. ;  

an  energy  workshop f o r  
p a r e n t s  o r  t h e  p u b l i c  i n  
g e n e r a l ;  

a r e s o u r c e  c e n t e r :  books,  
b rochures ,  and magazines 
d i s p l a y e d  a t  PTA meet ings , 
o r  i n  t h e  s c h o o l  o r  p u b l i c  
l i b r a r y .  

Using the Matrix 
Energy i s  e s s e n t i a l l y  an  i n t e r d i s c i p l i n a r y  t o p i c .  Each a c t i v i t y  was 

w r i t t e n  by a n  i n d i v i d u a l  t e a c h e r ,  b u t  w i t h  no s u b j e c t  b a r r i e r s  i n  mind. 
A g lance  a t  t h e  a c t i v i t y  m a t r i x  w i l l  show you t h e  r e l evance  of  each  ac t i -  
v i t y  t o  a v a r i e t y  of d i s c i p l i n e s .  The grade  level i n d i c a t o r s  are broad 
because each  a c t i v i t y  would appea l  t o  a range  o f  s t u d e n t s .  
t h a t  an a c t i v i t y  t a r g e t e d  a t  g rades  9-10 could be  used f o r  g i f t e d  e i g h t h  
g r a d e r s  or remedia l  s t u d e n t s  i n  g rades  11 and 12. 

Remember, t o o ,  

n 
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Energy -Information 
Sending for 14 

Introduction 
The  u s e  o f  s o l a r  e n e r g y  c o u l d  be o n e  s o l u t i o n  t o  o u r  

c o u n t r y ' s  e n e r g y  crisis.  
t o  look  t o  s o l a r  a n d  o the r  r e n e w a b l e  e n e r g y  s o u r c e s  i n s t e a d  
of  c o n t i n u i n g  t o  r e l y  on  n o n r e n e w a b l e  s o u r c e s  s u c h  as  o i l ,  
n a t u r a l  gas ,  o r  coa l .  One major problem i n  a c c o m p l i s h i n g  
t h i s  s h i f t  of e m p h a s i s  i s  t h a t  many p e o p l e  are s t i l l  i g n o r a n t  
a b o u t  a l t e r n a t i v e  e n e r g y  s o u r c e s .  They d o n ' t  e v e n  know w h e r e  
t o  l o o k  f o r  a c c u r a t e  and  u n d e r s t a n d a b l e  i n f o r m a t i o n .  

T h e s e  p r o b l e m s  n e e d  n o t  d e t e r  you  f r o m  becoming  i n f o r m e d  

I t  is t o  o u r  a d v a n t a g e  a s  a n a t i o n  

a b o u t  a l t e r n a t i v e  e n e r g y  s o u r c e s .  T h e r e  a re  many e x p e r t s ,  
p u b l i c a t i o n s ,  and  a g e n c i e s  p r e p a r e d  t o  s e r v e  you  i n  y o u r  
search f o r  i n f o r m a t i o n  a b o u t  these  new e n e r g y  t e c h n o l o g i e s .  
T h i s  a c t i v i t y  w i l l  e n a b l e  you  t o  w r i t e  l e t t e r s  r e q u e s t i n g  
i n f o r m a t i o n  a b o u t  a l t e r n a t i v e  e n e r g y .  

D R A F T  
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Q Objectives 
A t  t h e  c o m p l e t i o n  of t h i s  e x e r c i s e  you s h o u l d  b e  a b l e  t o  

o s e l ec t  i n f o r m a t i o n  t o  i n c l u d e  i n  t h e  body of a 

o p r o p e r l y  l a y  o u t  a n d  w r i t e  a b u s i n e s s  l e t t e r ,  a n d  
o name t h e  d i f f e r e n t  f o r m s  o f  r e n e w a b l e  e n e r g y .  

b u s i n e s s  l e t t e r ,  

Skills and Knowledge You Need 
W r i t i n g  complete s e n t e n c e s  
F o l l o w i n g  d i r e c t i o n s '  

( Materialls 
pe:n, p a p e r  ( s c rap  a n d  8j4 x 111, a l e g a l  e n v e l o p e ,  and  
a s t a m p  

Words You'll Learn 
- Renewab le  e n e r g y - - d e r i v e d  from r e s o u r c e s  t h a t  r e p l e n i s h  

- t h e m s e l v e s  w i t h i n  a human l i f e t i m e .  Direct s u n l i g h t ,  
w i n d ,  and  f a l l i n g  water are  e x a m p l e s .  

s o l a r  e n e r g y - - r a d i a n t  e n e r g y  
f r o m  t h e  s u n  f a l l i n g  upon t h e  
e a r t h ' s  s u r f a c e ,  w h i c h  c a n  b e  
u s e d  t o  h e a t ,  t o  c o o l ,  o r  t o  
g e n e r a t e  e l e c t r i c i t y .  

--active s o l a r  sys t em- -  
a s o l a r  h e a t i n g  o r  
c o o l i n g  s y s t e m  t h a t  
r e q u i r e s  e x t e r n a l  
m e c h a n i c a l  power  t o  
move t h e  c o l l e c t e d  
h e a t  

p a s s i v e  o r  d i r e c t  s o l a r  
sys t em- -a  s o l a r  
h e a t i n g  o r  c o o l i n g  
s y s t e m  t h a t  u s e s  no  

/ 

e x t e r n a l  m e c h a n i c a l  
power t o  move t h e  
co l lec ted  s o l a r  h e a t .  
S u n l i g h t  e n t e r s  a 
b u i l d i n g  t h r o u g h  a 
window a n d  is  a b s o r b e d  
and  s t o r e d  i n s i d e .  
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p h o t o v o l t a i c s - - s o l a r  
c e l l s  w h i c h  c o n v e r t  
s u n l i y h t  t o  e l e c t r i -  
c i t y  d i r e c t l y .  

w ind  power--moving a i r ,  con-  
t a i n i n g  e n e r g y  o f  m o t i o n  w h i c h  
d o e s  work .  

t - h y d r o p o w e r - - e n e r g y  c r e a t e d  b y  
f a l l i n g  o r  moving  water .  

b i o m a s s - - p l a n t  ma te r i a l s  i n  a n y  
f o r m  f r o m  algae t o  wood,  w h i c h  
c o n t a i n  e n e r g y  s t o r e d  i n  
c h e m i c a l  f o r m .  

Procedure 
1. 

2 .  
I 

3. 

S t u d y  t h e  w o r d s  f o r  t h e  d i f f e r e n t  k i n d s  o f  r e n e w a b l e  
e n e r g y  i n  t h e  l ist  a b o v e .  D e c i d e  w h i c h  f o r m  o f  e n e r g y  
you  wou ld  l i k e  t o  know more a b o u t .  Ask y o u r  t e a c h e r  f o r  
a n  a d d r e s s  you c a n  w r i t e  t o  t o  f i n d  o u t  about  t h e  f o r m  o f  
e n e r g y  you  are  i n t e r e s t e d  i n .  

B e f o r e  you  w r i t e  y o u r  l e t t e r  you w i l l  s t u d y  a model  b u s i -  
n e s s  l e t t e r .  On Workshee t  1 is a b u s i n e s s  l e t t e r  t h a t  
w a s  w r i t t e n  by a s t u d e n t  who w a s  t r y i n g  t o  o b t a i n  i n f o r -  
m a t i o n  about i n d u s t r i e s  i n  New York .  T h i s  i n f o r m a t i o n  
w a s  n e e d e d  f o r  a r e p o r t  t h a t  h e  w a s  w r i t i n g  a b o u t  g e o g r a -  
phy  a n d  i t s  e f f e c t s  on s e l e c t i n g  sites f o r  f a c t o r i e s .  
Read t h e  l e t t e r  c a r e f u l l y .  

Look a t  t h e  l e t t e r  a g a i n  a n d  see i f  you  c a n  f i n d  t h e  f o l -  
l o w i n g  i n f o r m a t i o n .  A s  you r e a d  t h e  l e t t e r ,  p l a c e  t h e  
number of each p a r t  below n e x t  t o  t h e  p r o p e r  p lace  i n  t h e  
l e t t e r  w h e r e  t h a t  i n f o r m a t i o n  can be f o u n d .  B r i n g  t h e  
l a b e l e d  l e t t e r  t o  t h e  t e a c h e r  when you f i n i s h .  

1. H e a d i n g  (Your  r e t u r n  address )  

2 .  I n s i d e  a d d r e s s  (The  address o f  t h e  p e r s o n  t o  
whom y o u  are w r i t i n g )  

3. S a l u t a t i o n  (Dear somebody)  

4 .  Body -- s h o u l d  c o n t a i n  a l l  o f  t h e  f o l l o w i n g  
LO 

i n f o r m a t i o n :  

a .  Who t h e  s t u d e n t  i s  
b .  Why t h e  s t u d e n t  w a n t s  a s s i s t a n c e  
c .  What i n f o r m a t i o n  is n e e d e d  
d .  An e x p r e s s i o n  o f  a p p r e c i a t i o n  



5. C l o s i n g  ( S i n c e r e l y  y o u r s ,  o r  Very  t r u l y  y o u r s , )  

6 .  L e g i b l e  s i g n a t u r e  

7 .  E n v e l o p e  (Your home a d d r e s s  i n  t h e  u p p e r  l e f t  
hand  c o r n e r )  

4 .  Now i t  is y o u r  t u r n .  Look a t  Workshee t  2 .  You are  g o i n g  
t o  :p l an  and  w r i t e  a b u s i n e s s  l e t t e r  a s k i n g  f o r  i n f o r m a -  
t i o n  a b o u t  s o l a r  e n e r g y .  Write e a c h  p a r t  o f  t h e  b u s i n e s s  
l e t t e r  on  t h e  w o r k s h e e t  t o  s u i t  y o u r  n e e d s .  Remember, 
you a re  t r y i n g  t o  f i n d  i n f o r m a t i o n  a b o u t  some f o r m  of  
s o l a r  energy .  When you are  f i n i s h e d  h a v e  y o u r  t e a c h e r  
c h e c k  y o u r  w o r k s h e e t .  

5. Now t h a t  y o u r  t e a c h e r  h a s  c h e c k e d  y o u r  b u s i n e s s  l e t t e r  
wor lkshee t ,  t a k e  a b l a n k  s h e e t  of s t a t i o n e r y  a n d  an  
e n v e l o p e  a n d  set  up  y o u r  b u s i n e s s  l e t t e r  l i k e  t h e  s a m p l e .  
T h i s  t i m e  u s e  t h e  i n f o r m a t i o n  t h a t  you h a v e  on y o u r  work- 
s h e e t .  I t  is a good i d e a  t o  w r i t e  a p e n c i l  copy f i r s t .  
Then w r i t e  y o u r  f i n a l  copy on t h e  s t a t i o n e r y ,  h a v e  y o u r  
t e a c h e r  c h e c k  i t ,  a d d r e s s  t h e  e n v e l o p e ,  s t a m p  i t ,  and  
m a i l  your letter. 

Q u es t i o i i  s 
1. What are t h e  p a r t s  o f  t h e  b u s i n e s s  l e t t e r ?  

2 .  When is  i t  a p p r o p r i a t e  t o  o b s e r v e  t h e  f o r m a l  conven-  
t i o n  of a b u s i n e s s  l e t t e r ?  

3 .  What q u a l i t i e s  of  t h e  w r i t e r  a p p e a r  i n  t h e  b u s i n e s s  
l e t t e r  ? 

4 .  Why m i g h t  you wan t  t o  s e n d  f o r  i n f o r m a t i o n  a b o u t  
so la r  e n e r g y ?  

Looking Back 
Wh'enever you w r i t e  s o m e t h i n g ,  you s h o u l d  c o n s i d e r  t h e  

a p p r o p r i a t e  way t o  w r i t e  i t .  A f t e r  a p l e a s a n t  d i n n e r ,  a 
" b r e a d - a n d - b u t t e r "  n o t e  i s  i n  o rder .  When o r d e r i n g  f r o m  a 
m a i l  o r d e r  c a t a l o g u e ,  t h e  o r d e r  f o r m  must  be a c c u r a t e  and  
l e g i b l e .  J u s t  as it is  u n l i k e l y  t h a t  a b r i d e  and  groom would  
e x p e c t  t h e i r  g u e s t s  t o  a r r i v e  i n  j e a n s ,  i t  is  u n a c c e p t a b l e  t o  
u s e  t h e  same s t y l e  o f  w r i t i n g  f o r  e a c h  w r i t i n g  p u r p o s e .  The 
b u s i n e s s  l e t t e r ,  p r o p e r l y  e x e c u t e d ,  is o f t e n  y o u r  i n t r o d u c t i o n  
t o  y o u r  a u d i e n c e .  How you p r e s e n t  y o u r s e l f  o n  t h a t  p a p e r  may 

. d e t e r m i n e  how w i l l i n g  t h e y  are t o  h e l p  you .  
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I f  you  d i d  a good j o b  on  y o u r  l e t t e r  you s h o u l d  s o o n  
r e c e i v e  i n f o r m a t i o n  t h r o u g h  t h e  mai l  as a r e s u l t  o f  y o u r  
e f f o r t s .  The ma te r i a l  you  r e c e i v e  a b o u t  s o l a r  e n e r g y  c a n  be 
s h a r e d  w i t h  f a m i l y  a n d  classmates.  

A c t i v e  p e o p l e  are c o n s t a n t l y  t a k i n g  i n  new i n f o r m a t i o n  
and  t r y i n g  t o  f i n d  ways  of s h a r i n g  wha t  t h e y  know. The b u s i -  
n e s s  l e t t e r  is  o n e  way o f  g a i n i n g  u s e f u l  i n f o r m a t i o n .  

Going Further 
G a t h e r  t h e  mater ia l s  t h e  c l a s s  r e c e i v e s  and  p l a n  a n d  
e x e c u t e  a b u l l e t i n  board a b o u t  a c t i v e  a n d  p a s s i v e  s o l a r  
e n e r g y ,  wind  e n e r g y ,  o r  some o t h e r  f o r m  o f  r e n e w a b l e  
e n e r g y .  

F i n d  a p a r t n e r  and  set  up a t a b l e  o f  i n f o r m a t i o n  i n  t h e  
ca fe t e r i a  t o  e n c o u r a g e  s t u d e n t  i n t e r e s t  i n  so l a r  e n e r g y  
u s e .  

Write t w o  more b u s i n e s s  l e t te rs  t o  e x p e r t s  i n  a l t e r n a -  
t i v e  e n e r g y  f i e l d s ,  s o l i c i t i n g  i n f o r m a t i o n  a b o u t  w i n d  
a n d  h y d r o e l e c t r i c  power .  

I n v i t e  a s p e a k e r  i n  t o  t a l k  t o  y o u r  c l a s s  a b o u t  i n s u l a -  
t i o n ,  new ways o f  t a p p i n g  t h e  e n e r g y  f r o m  t h e  s u n ,  o r  
c o n s t r u c t i o n  p r i n c i p l e s  w h i c h  are e m e r g i n g  a s  a r e s u l t  
o f  our new knowledge  a b o u t  d e p l e t a b l e  r e s o u r c e s .  



Sample Business letter 

22 Fa i rwood  P l a c e  
Latham,  N e w  York 12110  
May 1 9 ,  1981 

B e r n a r d  E .  Dempsey, Commiss ione r  
D e p a r t m e n t  o f  Commerce 
R o c k e f e l l e r  P l a z a  
A l b a n y ,  N e w  York 1 2 2 2 3  

Dear lllr. Dempsey: 

1 a m  an  e i g h t h  g r a d e  s t u d e n t  and  I a m  w r i t i n g  a r e p o r t  
a b o u t  t h e  e f f e c t  of g e o g r a p h y  on  t h e  s e l e c t i o n  o f  s i t e s  f o r  
f a c t o r i e s .  I am u s i n g  New York S t a t e  a s  an  e x a m p l e  b e c a u s e  
it h a s  so many d i f f e r e n t  t y p e s  o f  l a n d  f o r m s .  

I would  apprec ia te  a n y  i n f o r m a t i o n  t h a t  you  c o u l d  s e n d  
m e ,  f r e e  o f  c h a r g e ,  t h a t  you f e e l  would be o f  v a l u e  t o  m e  
i n  my r e s e a r c h  f o r  my r e p o r t .  

Thank you  f o r  y o u r  h e l p  i n  t h i s  p ro j ec t .  

S i n c e r e l y  y o u r s ,  

C h r i s  F o w l e r  

Sample Envelope 
C h r i s  F o w l e r  
22 Fa:irwood P l a c e  
Latharn,  New York 12110 

B e r n a r d  E .  Dempsey, Commiss ione r  
D e p a r t m e n t  o f  Commerce 
R o c k e f e l l e r  P l a z a  
A l b a n y ,  New York 1 2 2 2 3  

. 

j 



t i t  

Worksheet 2 

Practice Business letter Worksheet 
1. H e a d i n g  -- Write y o u r  

a d d r e s s  h e r e .  

2 .  I n s i d e  a d d r e s s  -- Write t h e  name a n d  a d d r e s s  o f  t h e  
p e r s o n  t o  whom you 
are w r i t i n g  h e r e .  

3 .  S a l u t a t i o n  -- Write y o u r  I'Dear Somebody" h e r e .  ( I f  you  
h a v e  t h e  p e r s o n ' s  name,  u s e  i t .  I f  n o t ,  u s e  "Dear S i r  
o r  Madam". 

4 .  Body -- I n c l u d e  a l l  o f  t h e  f o l l o w i n g  i n f o r m a t i o n :  
a .  Write a s e n t e n c e  t h a t  t e l l s  who you are .  

b .  Write o n e  o r  t w o  s e n t e n c e s  t h a t  t e l l  why you n e e d  
h e l p .  

c .  Write t w o  o r  t h r e e  s e n t e n c e s  t h a t  t e l l  wha t  i n f o r m a -  
t i o n  you  n e e d ,  ( C a u t i o n :  M e n t i o n  h e r e  t h a t  y o u  a r e  
w r i t i n g  for f ree  i n f o r m a t i o n )  and  how you i n t e n d  t o  
make u s e  of i t  (maybe m a k i n g  a d i c t i o n a r y  of terms, a 
q u i c k  r e p o r t  t o  y o u r  c l a s s  on  wha t  you l e a r n e d ,  e t c .  

~ 

d .  Write a s i m p l e  s e n t e n c e  t h a t  s a y s  t h a n k  y o u .  

5 .  & 6 .  Write y o u r  c l o s i n g  ( V e r y  t r u l y  y o u r s , )  a n d  y o u r  
s i g n a t u r e  h e r e .  
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Teacher Information 

Sending for Energy Info 
Suggested Grade Level and Discipline 

Grades 6 - 8 ,  a l l  s t u d e n t s  
Grades 9-12, remedia l  s t u d e n t s  
S o c i a l  S t u d i e s  and Eng l i sh  

F 

Skill Objectives 
S e l e c t i n g  t h e  k ind  o f  i n fo rma t ion  t o  i n c l u d e  i n  a b u s i n e s s  l e t t e r  

I d e n t i f y i n g  t h e  b a s i c  p a r t s  of a b u s i n e s s  l e t t e r  

P r o p e r l y  l a y i n g  o u t  a b u s i n e s s  l e t t e r  

Majo r U n derstand i n gs 
When w r i t i n g  any th ing  fo rma l ,  p r i o r  thought  and eLLJr t  must be  
d i r e c t e d  towards t h e  t y p e  of i n fo rma t ion  t o  be  inc luded .  

The b u s i n e s s  l e t t e r  opens up new sources  f o r  s t u d e n t  r e s e a r c h .  

Reading con ten t  m a t e r i a l s  i s  more en joyab le  when t h e  s t u d e n t s  have 
s o l i c i t e d  t h e  in fo rma t ion  themselves .  

There are several d i f f e r e n t  forms of renewable energy .  

Background 
The g a s o l i n e  l i n e s  of  1974 and 1979 should  have convinced u s  t h a t  

t h e  days of p l e n t i f u l  and cheap f o s s i l  f u e l s  are gone. W e  should  a l s o  
be  aware t h a t  a f a n t a s t i c  f i n d  of o i l  o r  n a t u r a l  g a s ,  t o  keep us  going 
f o r e v e r ,  w i l l  j u s t  no t  happen. A s  a n a t i o n  and a wor ld ,  w e  must beg in  
look ing  f o r  a l t e r n a t i v e  f u e l  s u p p l i e s .  Renewable energy can be  one m a j o r  
sou rce .  Th i s  a c t i v i t y  should  be  p a r t  of a p r o c e s s  of g e t t i n g  young peo- 
p l e  concerned about  and i n t e r e s t e d  i n  renewable energy .  Using a b u s i n e s s  
l e t t e r  t o  w r i t e  f o r  m a t e r i a l s  about  renewable energy  can b u i l d  s k i l l s  i n  
language a r t s ,  s o c i a l  s t u d i e s ,  and s c i e n c e .  

There i s  an  abundance of  f r e e  o r  ve ry  inexpens ive  material on 
renewable energy  p r e s e n t l y  a v a i l a b l e .  The problem i s  t h a t  i t  t a k e s  t i m e  
t o  f i n d  t h e  s o u r c e s  and t o  w r i t e  f o r  t h e  materials. Th i s  i s  where a s t u -  
d e n t  b u s i n e s s  l e t t e r  w r i t i n g  p r o j e c t  i s  h e l p f u l .  Th i s  a c t i v i t y  can be  
v e r y  m o t i v a t i n g .  S tuden t s  w i l l  be  more i n t e r e s t e d  i n  p r a c t i c i n g  t h e  
b u s i n e s s  l e t t e r  format  i f  t h e y  know t h a t  t h e  r e s u l t i n g  l e t t e r  i s  a c t u a l l y  
going t o  b e  s e n t .  
something t h a t  t hey  p e r s o n a l l y  r ece ived  through t h e  m a i l .  

I n  a d d i t i o n ,  t h e y  w i l l  b e  more i n t e r e s t e d  i n  r ead ing  



Advance Planning 
Check t o  see whether  your  s c h o o l  w i l l  pay t h e  pos t age  f o r  t h e  le t ters  
t h a t  your  c h i l d r e n  w i l l  be  w r i t i n g .  Most s choo l s  have schoo l  o r  
cu r r i cu lum department  funds  a v a i l a b l e  f o r  s m a l l  p r o j e c t s  t h a t  occur  
du r ing  t h e  y e a r .  I f  t h i s  i s  no t  t h e  case w i t h  your s c h o o l ,  p r e p a r e  
your s t u d e n t s  a week i n  advance by i n s t r u c t i n g  them t o  b r i n g  i n  
pos t age  s tamps.  

Paper  and envelopes  can b e  handled i n  t h e  same manner as t h e  s tamps.  
Blank s h e e t s  of s choo l  d u p l i c a t i n g  paper  make e x c e l l e n t  s h e e t s  fo r  
b u s i n e s s  le t ters .  P i c k  up some e x t r a  s h e e t s  from your  s c h o o l ' s  
workroom. Legal  envelopes  can be  ob ta ined  from your  schoo l  o f f i c e .  
Ask f o r  t h e  p l a i n  envelopes  wi thou t  t h e  schoo l  l e t t e r h e a d .  

The Reference  s e c t i o n  a t  t h e  end of t h i s  a c t i v i t y  l i s t s  s e v e r a l  c a t a -  
l o g s  c o n t a i n i n g  t h e  a d d r e s s e s  of numerous manufac turers  and agenc ie s  
involved  i n  renewable energy.  For l o c a l  s o u r c e s ,  l ook  i n  the Yellow 
Pages under " s o l a r "  and "energy." Cal l  your s t a t e  energy  o f f i c e .  
The b ib l iog raphy  a t  t h e  end of  t h i s  bookle t  l i s ts  o t h e r  agenc ie s  t o  
c o n t a c t .  

Suggested Time Allotment 
 allot^ approximate ly  3 days f o r  t h e  i n i t i a l  w r i t i n g  and ma i l ing .  
S tuden t s  may do a d d i t i o n a l  let ters as homework. 
should  b e  devoted t o  e x p l a i n i n g  t h e  t a s k  and de te rmin ing  t h e  con ten t  
of t h e  le t ters .  The nex t  two days  should be used f o r  t h e  a c t u a l  
l e t te r  w r i t i n g ,  e d i t i n g ,  and r e w r i t i n g .  

The f i r s t  day 

Suggested Approach 
Idea:; f o r  t h e  body of t h e  l e t t e r  should  be  gene ra t ed  by c lass  d i s -  
c u s s i o n  p r i o r  t o  r e c e i v i n g  t h e  b u s i n e s s  l e t t e r  forms. S tuden t s  
must f e e l  t h a t  t h e y  know enough about  t h e  t o p i c  t o  w r i t e  t h e  l e t t e r .  

P l a n  w i t h  t h e  class some use  of t h e  materials r e c e i v e d .  The r e sponse  
i t s e : l f  i s  a reward ,  bu t  more l e a r n i n g  is  l i k e l y  t o  ensue i f  t h e  
materials are used f o r  o r a l  r e p o r t s ,  a b u l l e t i n  boa rd ,  a class f i l e  
on energy ,  a t a b l e  o f  m a t e r i a l s  set up a t  a PTA meet ing ,  e t c .  

7 7 
P r ecau t i o n s 

Have only two students write t o  any  one agency t o  prevent i t s  being 
inundated with requests.  

Make sure tha t  your students mention tha t  they are requesting f r e e  
information i n  t h e i r  Zetters.  

Gather brochures, glossaries of solar terminology, some samples from 
agencies o f fer ing  free l i t e ra ture  i n  the event tha t  a student does 
not get a response t o  h i s  l e t t e r .  



Make sure tha t  you have postage stamps for  those students who can 
not buy them, or  check t o  see i f  your school w i l l  pay for the 
postage. 

Make sure tha t  your students use their home address as t h e i r  return 
address for  three reasons: 

a. they w i l l  stand a be t t e r  chance of receiving the ma ter iah ,  

b. t h e y  w i l l  learn the  proper use of t h e i r  own addresses i n  
wri t ing business l e t t e r s ,  and I 

e. they w i l l  be more l i k e l y  t o  share the information with 
t h e i r  parents. 

If each student wri tes  2 l e t t e r s ,  everyone should get a t  l eas t  
1 response. 

Points for Discuss ion 
What value does the business letter have in today’s informal 
society? 

Why not simply use the telephone to communicate more quickly? 

Can students make a list of people/agencies likely to be impressed 
by their ability to express themselves effectively in a business 
letter ? 

There may be students unconvinced that this reliance on renewable 
energy sources is the right path to take. A debate, even if some 
students were to argue against what they actually think, would 
inform and reinforce the learning. 

Typical Results 
The materials should spark some enthusiasm when received and some 
reading in the content area will be likely to ensue. Students are 
likely to feel more comfortable and competent about letter writing 
when they see that a real letter gets results. 

Eva1 u at i o n 
Have students unscramble a scrambled business letter. 

Ask them to list the parts of a business letter. 
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Mod if icaition s 
Have s t u d e n t s  fo l low up t h i s  a c t i v i t y  w i t h  a b u s i n e s s  let ter 
r e q u e s t i n g  in fo rma t ion  from an  agency about  a t o p i c  of e s p e c i a l  
i n t e r e s t  t o  them; a f a n  le t ter  might even b e  a p p r o p r i a t e .  

Bring i n  e x p e r t s  on windmi l l s ,  hydropower, o r  a l o c a l  cons t ruc -  
t i o n  company r e p r e s e n t a t i v e  t o  d i s c u s s  t h e  v a l u e  of a l t e r n a t i v e  
energy  sources .  Everyone l i k e s  t o  s e l l  h i s  p roduc t .  Perhaps 
s t u d e n t s  could w r i t e  t h e  i n v i t a t i o n s  and thank-you n o t e s .  

Ref e re nces 

Consumer Guide,  eds .  Energy Savers  Cata log  
( P u b l i c a t i o n s  I n t e r n a t i o n a l ,  L t d . ,  3841 West Oakton Street ,  
Skokie ,  I L  60076, 1977) .  

-- Rain ,  eds .  Rainbook: Resources  f o r  Appropr ia te  Technology 
(New York: Schocken Books, 1977).  

S o l a r  Age Magazine, eds .  The S o l a r  Age Resource Book 
(Everes t  House, 1133 Avenue of t h e  Americas, New York, NY 
10036 , 1979).  

S o l a r  Usage Now, Inc .  Peop les '  S o l a r  Sourcebook 
(So la r  Usage Now, I n c . ,  Box No. 306, 420 E a s t  T i f f i n  S t r e e t ,  
Bascom, OH 44809).  

U.S. P o s t a l  S e r v i c e  w i t h  t h e  N a t i o n a l  Counci l  of Teachers  of 
Eng l i sh .  A l l  About Letters (Na t iona l  Counci l  of Teachers  
of E n g l i s h ,  1111 Kenyon Road, Urbana, I L ,  1979).  

Wolfe, Ralph and P e t e r  Clegg. Home Energy f o r  t h e  E i g h t i e s  
( C h a r l o t t e ,  VT: Garden Way P u b l i s h i n g  Company, 1979).  
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The Energy 15 
Timeline Game 

Introduction 
All t h e  e n e r g y  t h a t  w e  u s e ,  w h e t h e r  f o r  h e a t i n g  o u r  

homes or  f o r  p l a y i n g  b a s e b a l l ,  comes f r o m  t h e  s u n  i n  o n e  way 
or a n o t h e r .  I t  w a s  t h e  rays of t h e  s u n ,  i n t e r a c t i n g  w i t h  
t h e  e l e m e n t s  o f  t h e  e a r t h ,  t h a t  c r e a t e d  t h e  coa l  a n d  o i l  i n  
t h e  g r o u n d ,  t h e  w i n d  t h a t  p u s h e s  t h e  w i n d m i l l ,  t h e  r a i n  t h a t  
f i l l s  o u r  r e s e r v o i r s ,  a n d  e v e n  t h e  e l e c t r i c i t y  w e  see as  
l i g h t n i n g .  E n e r g y  a n d  power come f r o m  n a t u r a l  r e s o u r c e s ,  
w h i c h  d e p e n d  on  t h e  s u n  a n d  i t s  r a y s  f o r  t h e i r  e x i s t e n c e .  
The p r o d u c t i o n  o f  t h e s e  e n e r g y  r e s o u r c e s  r e q u i r e s  v a r y i n g  
l e n g t h s  o f  t i m e ,  i f  you  s t a r t  c o u n t i n g  f r o m  t h e  t i m e  a t  
w h i c h  t h e  e n e r g y  o r i g i n a l l y  l e f t  t h e  s u n  as a r a y  o f  l i g h t .  

I n  t h i s  , a c t i v i t y  you  w i l l  e x a m i n e  a t i m e l i n e  w h i c h  
shows t h e  r e l a t i v e  l e n g t h s  of t i m e  r e q u i r e d  f o r  t h e  s u n  t o  
p r o d u c e  e n e r g y  r e s o u r c e s .  You w i l l  u s e  t h e  c o n c e p t s  a n d  
i n f o r m a t i o n  i n t r o d u c e d  o n  a t i m e l i n e  t o  d e s i g n  a game t o  
p l a y  w i t h  y o u r  g r o u p .  Through  s t u d y i n g  t h e  f a c t s  a b o u t  
e n e r g y  a n d  t i m e ,  a n d  therr  p l a y i n g  t h e  game, you  w i l l  l e a r n  
more a b o u t  a l t e r n a t i v e  s o u r c e s  o f  e n e r g y .  

D R A F T  
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Objectives 
A t  t h e  c o m p l e t i o n  o f  t h i s  a c t i v i t y  you  s h o u l d  be a b l e  t o  

o r e a d  a n d  i n t e r p r e t  a t i m e l i n e ,  
o work  w i t h  o t h e r s  t o  d e s i g n  a t i m e l i n e ,  
o p l a y  a game b a s e d  on  y o u r  u n d e r s t a n d i n g  o f  t h e  

o e x p l a i n  why some e n e r g y  sources are c o n s i d e r e d  t o  be 
e n e r g y  t i m e l i n e ,  and  

r e n e w a b l e  and  some are  c o n s i d e r e d  t o  be n o n r e n e w a b l e .  

Skills and Knowledge You Need 
Fo:Llowing r u l e s  f o r  a game 
Working  as a m e m b e r  of a team 

Materials 
long sheet of d u r a b l e  paper  ( 5  t o  6 m e t e r s ) ,  p r e f e r a b l y  

m a g i c  m a r k e r s  or c r a y o n s  
"Sunbeams": p o k e r  c h i p s ,  c h e c k e r s ,  p e n n i e s ,  e t c .  
E n e r g y  Time 1 i n e  Workshee t  

f r o m  a r o l l  

Words You'll Learn 
s o l a r  
p h o t  ovo  1 t a i c  
o c e a n  t h e r m a l  e n e r g y  
h y t i  r o po w e  r 

p h o t o s y n t h e s i s  
r e n e w a b l e  e n e r g y  
n o n r e n e w a b l e  e n e r g y  

Proced u re 
1. S t u d y  t h e  E n e r g y  T i m e l i n e  W o r k s h e e t .  U s i n g  t h e  i n f o r m a -  

t i o n  i n  t h e  d i a g r a m ,  f i l l  i n  t h e  b l a n k s  on  t h e  o t h e r  
s i d e  o f  t h e  w o r k s h e e t .  

2 .  Forrn t w o  teams. 

3 .  U n r o l l  y o u r  l o n g  r o l l  of p a p e r  b e t w e e n  t h e  t w o  teams. 

4 .  D i v i d e  t h e  r o l l  i n t o  e q u a l  s e c t i o n s  w i t h  p e n c i l  m a r k i n g s .  
S t a r t  w i t h  t h e  s u n .  Have a s e c t i o n  f o r  e a c h  k i n d  of 
e n e r g y ,  w i t h  t h e  k i n d s  t h a t  t a k e  t h e  s h o r t e s t  t i m e  c lose 
t o  t h e  s u n  and  t h e  k i n d s  t h a t  t a k e  t h e  l o n g e s t  t i m e  
f a r t h e s t  f r o m  t h e  s u n .  

A 
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5.  A p p o i n t  o n e  o r  t w o  p e o p l e  f r o m  e a c h  team t o  each s e c t i o n  
o f  t h e  r o l l .  Have them wri te  t h e  k i n d  o f  e n e r g y ,  a n d  
t h e  t i m e  r e q u i r e d  t o  p r o d u c e  i t  on  t h e  s e c t i o n  r e s e r v e d  
f o r  t h a t  f a r m  of e n e r g y .  Then h a v e  them d e c o r a t e  t h e i r  
s e c t i o n  o f  t h e  r o l l  w i t h  a p p r o p r i a t e  d e s i g n s  and  co lors .  

6.  When t h e  e n t i r e  two-tean e n e r g y  t i m e l i n e  game b o a r d  i s  
c o m p l e t e d  i t  s h o u l d  l o o k  s o m e t h i n g  l i k e  t h i s .  

The Game Board 

Now i t ' s  t i m e  t o  p l a y .  Here a re  t h e  r u l e s .  

1. 

2 .  

3. 

4. 

5 .  

E a c h  team h a s  t h e  same number o f  p l a y e r s .  If t h e r e  is  
an  e x t r a  p e r s o n ,  h e / s h e  i s  t h e  r e f e r e e .  

Each  team h a s  t h e  same number o f  "sunbeams":  p o k e r  
c h i p s ,  c h e c k e r s ,  p e n n i e s ,  o r  w h a t e v e r .  The l e a d e r  k e e p s  
t h e s e .  

The team l e a d e r s  s t a n d  s i d e  by s i d e  a t  " t h e  s u n , "  t h e  
b e g i n n i n g  o f  t h e  game b o a r d .  Each  p e r s o n  o r  p a i r  s t a n d s  
a t  t h e i r  s e c t i o n  o f  t h e  game b o a r d ,  w i t h  t h e  t w o  t e a m s  
on  o p p o s i t e  s i d e s  o f  t h e  game b o a r d .  

When t h e  r e f e r e e  s a y s  " g o , "  e a c h  l e a d e r  h a n d s  o n e  "sun-  
beam" t o  t h e  f i r s t  p l a y e r  on  h i s / h e r  team. H e / s h e  p u t s  
i t  on  h i s / h e r  s e c t i o n  o f  t h e  b o a r d  and  c a l l s  o u t  t h e  
name o f  t h e  f o r m  o f  e n e r g y .  Then t h e  l e a d e r  c a n  pas s  
h i m / h e r  a n o t h e r  sunbeam,  w h i c h  c a n  b e  p a s s e d  t o  t h e  n e x t  
p l a y e r .  Each  p l a y e r  h a s  t o  l e a v e  a "sunbeam" o n  h i s  / h e r  
s e c t i o n  o f  t h e  b o a r d  b e f o r e  h e / s h e  c a n  p a s s  o n e  t o  t h e  
n e x t  p l a y e r  on  t h e  team. The l e a d e r  may n o t  s t a r t  t h e  
n e x t  "sunbeam" u n t i l  t h e  o n e  b e f o r e  is  on  t h e  b o a r d  a n d  
t h e  name o f  t h e  f o r m  of e n e r g y  h a s  b e e n  c a l l e d  o u t .  

The ob jec t  o f  t h e  game is  t o  see w h i c h  t e a m  c a n  ge t  a 
sunbeam on  e v e r y  s e c t i o n  o f  t h e  b o a r d  f i r s t .  BUT, you 
must  s t a r t  w i t h  t h e  s e c t i o n s  c loses t  t o  t h e  s u n .  The 
s e c t i o n s  f a r t h e s t  f r o m  t h e  s u n  must g e t  t h e i r  sunbeams  
l a s t .  
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6. If you  h a v e  e x t r a  s u n b e a m s ,  c o n t i n u e  t h e  game by s t a r t i n g  
over  a g a i n  u n t i l  t h e y  are  a l l  u s e d  up .  

7.  Aft ;er  s a y i n g  " g o , "  t h e  r e f e r e e  s h o u l d  move t o  t h e  e n d  of 
t h e  game b o a r d  t o  see w h i c h  t e a m  f i n i s h e s  f i rs t .  

Q u est i o n s 
l., What d i d  t h e  game show a b o u t  e n e r g y  a n d  t i m e ?  

2 .  Why a re  t h e  " s l o w "  forms o f  e n e r g y  ( g a s ,  c o a l ,  a n d  
o i l )  so  p o p u l a r  t o d a y ?  What are  t h e  p r o b l e m s  w i t h  
t h e s e  f o r m s  o f  e n e r g y ?  

3 .  What are t h e  p r o b l e m s  w i t h  t h e  forms o f  e n e r g y  t h a t  
t h e  s u n  p r o d u c e s  q u i c k l y  ( l i k e  d i r e c t  s o l a r  h e a t  a n d  
w i n d ) ?  

4 .  I f  you h a d  t o  p l a n  t h e  best  c o m b i n a t i o n  o f  e n e r g y  
sources  f o r  t h e  w o r l d ,  wha t  wou ld  you  recommend? 

5.. Why i s n ' t  n u c l e a r  e n e r g y  shown on t h e  e n e r g y  t i m e l i n e ?  

7 \ 

Looking Back 
A l m o s t  e v e r y  f o r m  o f  e n e r g y  w e  know on  e a r t h  comes f r o m  

t h e  s u n ,  d i r e c t l y  o r  i n d i r e c t l y .  N o  f o r m  o f  e n e r g y  i s  "good" 
or  "bad" ;  e a c h  o n e  h a s  a d v a n t a g e s  a n d  d i s a d v a n t a g e s .  We h a v e  
t o  d e c i d e  w h a t  e n e r g y  i s  a v a i l a b l e  t o  u s ,  how w e  c a n  get i t ,  
and  wha t  w e  are w i l l i n g  t o  p a y  f o r  i t .  For some o f  u s  t h i s  
is  a moral,  o r  p r a c t i c a l ,  o r  p o l i t i c a l  d e c i s i o n .  But  a l l  o f  
u s  make d e c i s i o n s  a b o u t  e n e r g y  e v e r y  d a y ,  w h e t h e r  w e  know i t  
or  n o t .  

Going Further  
A n a l y z e  t h e  e n e r g y  d e c i s i o n s  you  make by 

wha t  you wear, 
wha t  you  e a t ,  
how you  t r a v e l ,  
wha t  you  d o  f o r  f u n ,  
what  you consume ( d i s p o s a b l e  i t e m s ) ,  a n d  
wha t  y o u r  home i s  l i k e .  

Kleep a n  e n e r g y  j o u r n a l .  Log t h e  e n e r g y  c o n s u m p t i o n  
phenomena you  o b s e r v e  e v e r y  d a y .  T r y  t o  make y o u r s e l f  
mlore c o n s c i o u s  o f  how you  and  y o u r  f r i e n d s  u s e  e n e r g y .  

Have a d i s c u s s i o n  w i t h  someone who l i v e s  q u i t e  d i f -  
f , e r e n t l y  f r o m  y o u .  S e e  how t h i s  p e r s o n ' s  l i f e s t y l e  
a f f e c t s  t h e  way h e / s h e  consumes  e n e r g y .  ( E x a m p l e s :  
c , o u n t r y  v s .  c i t y  d w e l l e r ;  young  p e r s o n  v s .  s e n i o r  
c i t i z e n ;  Amer ican  s t u d e n t  v s .  e x c h a n g e  s t u d e n t . )  
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The -. is t h e  o r i g i n a l  s o u r c e  of  a lmost  a l l  t h e  e n e r g y  on  
e a r t h .  Ene rgy  a p p e a r s  i n  many d i f f e r e n t  f o r m s ,  b u t  i f  y o u  t r ace  
i t  back f a r  enough you f i n d  t h a t  i t  a l l  s t a r t e d  a t  the  same place: 
t h e  

Some f o r m s  of  e n e r g y  e x i s t  i n  a lmost  u n l i m i t e d  s u p p l y .  A s  
s o o n  as w e  u s e  some, i t  i s  r e p l a c e d  by  more. For t h i s  r e a s o n ,  w e  
s a y  t h a t  t h e s e  f o r m s  o f  e n e r g y  are  

P e r h a p s  t h e  f a s t e s t  fo rm of e n e r g y  i s  
, w h i c h  i s  p r o d u c e d  

when s u n l i g h t  s t r i k e s  s o l a r  c e l l s .  T h e s e  
a re  t h e  r o u n d ,  b l u i s h  w a f e r s  t h a t  are mounte  
on  s p a c e  s a t e l l i t e s  t o  g i v e  them e l e c t r i c  
power  f rom s u n l i g h t  when t h e y  a re  i n  s p a c e .  

I t  o n l y  t a k e s  

. You c a n  f e e l  i t  i n  a 

W 

t h e  s u n  a few m i n u t e s  t o  g i v e  u s  

car  t h a t  s i ts  i n  t h e  s u n .  Houses a n d  
b u i l d i n g s  c a n  be d e s i g n e d  t o  co l l ec t  s u n -  
l i g h t  t h e  same way. You can a l s o  b u i l d  
s o l a r  c o l l e c t o r s  t o  t r a p  t h e  s u n ' s  h e a t .  

The s u n  h e a t s  t h e  e a r t h  a n d  t h e  e a r t h  w a r m s  
t h e  a i r  a b o v e  i t .  i I e a t e d  a i r  rises ( ; j u s t  l i k e  a 
h o t  a i r  b a l l o o n ) .  When coo le r  a i r  r u s h e s  i n  t o  

o f  e n e r g y  c a n  b e  u s e d  t o  s a i l  s h i p s  o r  d r i v e  
m a c h i n e s  t o  pump water o r  p r o d u c e  e l e c t r i c i t y .  

1- d i s p l a c e  t h e  h e a t e d  a i r ,  w e  h a v e  . T h i s  form 

'l'he s u n  a lso h e a t s  t h e  water t h a t  c o v e r s  75% o f  
t h e  e a r t h ' s  s u r f a c e .  The  w a r m  s u r f a c e  waters  t h e n  
c o n t a i n  e n e r g y ,  w h i c h  c a n  b e  u s e d  t o  

Some o f  t h e  water e v a p o r a t e s  
when i t  is h e a t e d .  Then i t  f o r m s  
c l o u d s ,  f a l l s  as r a i n ,  a n d  c o l l e c t s  
i n  l a k e s  a n d  r i v e r s .  A s  t h i s  water 

e 
, f l o w s  b a c k  t o  t h e  s ea  i t  p r o v i d e s  
t which  can  d r i v e  a t u r b i n e  t o  gen-  

d r i v e  m a c h i n e s .  

e r a t e  e l e c t r i c i t y .  

a- & The p l a n t s  o f  t h e  e a r t h  are  s o l a r  
co l l ec to r s .  By t h e  p r o c e s s  o f  
t h e y  u s e  s u : n l i g h t  t o  p r o d u c e  c h e m i c a l  
e n e r g y  t h a t  i s  u s e d  f o r  food  o r  f u e l .  

Some f 'orms o f  e n e r g y  t a k e  s o  l o n g  t o  p r o d u c e  t h a t  i f  w e  u s e  - are l i k e  t h a t  I t hem up  t h e y  c a n ' t  be r e p l a c e d .  -, , a n d  
Dead p l a n t s  a n d  a n i m a l s  mus t  d e c a y  f o r  h u n d r e d s  t o  m i l l i o n s  o f  
y e a r s  t o  p r o d u c e  t h e s e  f o s s i l  f u e l s .  T h a t  is  why w e  s a y  t h e y  are 



' ' Teacher Information 
The Energy Timeline Game 
Suggested Grade Level and Discipline 

Grades 6-8 
S o c i a l  S t u d i e s  
A r t  

Coordina t ion  o f  f i n e  and l a r g e  motor s k i l l s  

Reading and i n t e r p r e t i n g  a t i m e l i n e  

Developing teamwork 

Major Understandings 
Energy ( i n  l i g h t  waves) comes from t h e  sun  and is  conver ted  i n t o  
d i f f e r e n t  forms of energy  which r e q u i r e  d i f f e r e n t  amounts of t i m e  
t o  develop.  

There are advantages  and d i sadvan tages  t o  each  of t h e  v a r y i n g  forms 
of  energy .  

Background 
The e l e c t r o m a g n e t i c  r a d i a t i o n  of t h e  sun  i s  t h e  sou rce  of v i r t u a l l y  

eve ry  form of energy found on e a r t h .  That r a d i a t i o n  undergoes a number 
of  t r a n s f o r m a t i o n s  t o  produce v a r i o u s  forms of  ene rgy ,  and t h o s e  t r a n s -  
fo rma t ions  t a k e  d i f f e r e n t  l e n g t h s  of t i m e .  

I f  a s o l a r  energy t r a n s f o r m a t i o n  i s  f a i r l y  r a p i d ,  t h e n  w e  c a l l  t h a t  
form of energy  renewable,  because i t  i s  p a r t  of a c o n s t a n t l y  r e p e a t i n g  
c y c l e  and can be  r e p l a c e d  w i t h i n  a human l i f e t i m e  o r  less. 

Examples : 

E l e c t r i c i t y  from p h o t o v o l t a i c  ce l l s :  t h e  s i l i c o n  c e l l  t ransforms 

D i r e c t  s o l a r  h e a t :  s o l a r  c o l l e c t o r s  o r  p a s s i v e  s o l a r  houses  h e a t  

Wind: t h e  sun  h e a t i n g  t h e  e a r t h  warms t h e  a i r  above t h e  e a r t h ,  

s u n l i g h t  t o  e l e c t r i c i t y  i n  a f r a c t i o n  of a second. 

up i n  s u n l i g h t  i n  a m a t t e r  of minutes .  

s e t t i n g  up p r e s s u r e  d i f f e r e n c e s ,  convec t ion ,  and wind. Wind 
can be  used t o  d r i v e  machinery o r  g e n e r a t o r s .  

Ocean thermal  energy:  t h e  tempera ture  d i f f e r e n c e  between hea ted  
s u r f a c e  water and co ld  deep water i s  used t o  g e n e r a t e  e lec t r i -  
c i t y .  

o t h e r  p l a c e s .  It f a l l s  a s  r a i n  t o  f i l l  l a k e s  and rivers which 
f low back t o  t h e  s e a ,  d r i v i n g  hydropower p l a n t s .  

Hydropower: wa te r  evapora ted  by t h e  sun i s  moved by wind t o  

-7  
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Pho tosyn thes i s :  t h e  sun-fueled growth of  p l a n t s ,  over  months 
and y e a r s ,  produces food f o r  animal  l i f e ,  and v a r i o u s  f u e l s  
such  as a l c o h o l ,  methane, wood, and p e a t .  P l a n t  and animal  
remains a r e  t h e  b a s i s  f o r  f o s s i l  f u e l s .  

I f  an  energy t r a n s f o r m a t i o n  t a k e s  hundreds o r  m i l l i o n s  of y e a r s ,  w e  
c a l l  that: energy nonrenewable because  i t  cannot  be  r ep laced  w i t h i n  t h e  
human l i f e s p a n .  

Examples :: 

Natu ra l  g a s ,  c o a l ,  and o i l :  t h e s e  f o s s i l  f u e l s  r e s u l t  from 
t h e  b reak ing  down of  p l a n t  and animal  remains ,  under h e a t  
and p r e s s u r e ,  ove r  thousands and m i l l i o n s  of y e a r s .  

A few forms of  energy  are no t  cons idered  s p e c i f i c a l l y  “ s o l a r  ,I’ 
because t h e y  are thought  t o  d a t e  back t o  t h e  o r i g i n s  of t h e  s o l a r  sys tem,  
when t h e  e a r t h  and t h e  sun  came i n t o  e x i s t e n c e .  Nuclear  energy  i s  t h e  
product  of r a d i o a c t i v e  materials found i n  l i m i t e d  supply  on t h e  e a r t h .  
Because of t h i s  l i m i t e d  supply  i t  is  regarded  as nonrenewable i n  one 
s e n s e ,  al-though b reede r  r e a c t o r s  which can produce n u c l e a r  f u e l  may make 
i t  a renewable r e s o u r c e  i n  ano the r  s ense .  

Geothermal energy  i s  h e a t  drawn from t h e  hot  r e g i o n s  under t h e  
e a r t h ’ s  c r u s t .  It can b e  used f o r  h e a t i n g  o r  e l ec t r i c  g e n e r a t i o n ,  and ,  
because of t h e  v a s t  supply  t o  be  tapped ,  i s  cons idered  t o  b e  a renewable 
resource . ,  

Advance Planning 
I n v e s t i g a t e  t h e  forms of energy  shown on t h e  t i m e l i n e ,  so  as t o  be  
a b l e  t o  answer s t u d e n t  q u e s t i o n s .  Go over  vocabulary .  

Reproduce t h e  Energy Timel ine  and r ead ing  on t h e  back. 

Obta in  t h e  necessa ry  materials f o r  making and p l a y i n g  t h e  game. 

Suggested Time Allotment 
One c l a s s  pe r iod  f o r  i n t r o d u c t i o n  and d i s c u s s i o n  of energy t i m e l i n e  

One p e r i o d  t o  produce t h e  game board and p l a y  one round of t h e  game 

Suggested Approach 
I n t r o d u c e  t h e  t i m e l i n e  on t h e  blackboard o r  overhead p r o j e c t o r .  
Try t o  emphasize t h e  scale ( through t h e  use  of c a l c u l a t o r s ,  e t c . ) .  
For example: i f  one month i s  one f o o t ,  a m i l l i o n  y e a r s  is 2200 
m i l e s .  

Go over  t h e  procedure  f o r  p r e p a r i n g  t h e  game board.  



I n i t i a t e  d i s c u s s i o n  of symbols f o r  forms of energy Encourage f r e e  
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e x p r e s s i o n  on game board s e c t i o n s .  Mot iva te  s t u d e n t s  t o  t h i n k  of 
t h e  game board a s  a permanent a r t i f a c t  f o r  d i s p l a y  and schoolwide 
t e a c h i n g  . 

Poi n t s f o r D i sc u ss ion 
Where should s p e c i f i c  forms of energy such a$ muscle power, wood, 
methane, p e a t ,  geothermal  energy ,  gasohol ,  e t c .  be i n s e r t e d ?  

Was t h i s  r e a l l y  a game, o r  w a s  i t  a demonst ra t ion?  

How else could t h e  p o i n t  of t h i s  a c t i v i t y  b e  g o t t e n  a c r o s s  ( t o  
a d u l t s ,  sma l l  c h i l d r e n ,  e t c . ) ?  

Typical Results 
The d e c o r a t i n g  of t h e  board i s  an invo lv ing  a c t i v i t y ,  bu t  t h e  game 
goes f a s t ,  and s t u d e n t s  are .quick t o  see t h e  i m p l i c a t i o n s  of t h e  
a c t i v i t y  . 

Eva1 u at ion 
Use t h e  t i m e l i n e  as a tes t  i t e m ,  w i th  some of t h e  forms of energy 
o r  t h e  t i m e  p e r i o d s  l e f t  b lank .  

Encourage s t u d e n t s  t o  c r e a t e  an  energy t i m e l i n e  p o s t e r ,  poem, o r  
mus ica l  composi t ion.  

Have s t u d e n t s  l i s t  renewable and nonrenewable energy s o u r c e s ,  and 
e x p l a i n  t h e  d i f f e r e n c e  between them. 

Modifications 
In t roduce  and encourage m o d i f i c a t i o n s  of game r u l e s .  

Create more s o p h i s t i c a t e d  game r u l e s .  For example, have spaces  on 
each  s e c t i o n  of t h e  game board .  On each  s e c t i o n ,  t h e  number of 
spaces  doubles  t h e  number on t h e  p rev ious  s e c t i o n .  

Have s t u d e n t s  t each  t h e  game t o  s m a l l e r  c h i l d r e n ,  e x p l a i n i n g  each  
form of  energy.  

Crea te  an  i n d i v i d u a l i z e d  coun te r  f o r  each  s e c t i o n  of t h e  board .  
S tuden t s  must r ecogn ize  i t  and p l a c e  i t  a p p r o p r i a t e l y  t o  win. 
(Examples: photo c e l l ,  lump of c o a l ,  e t c . ) .  

Do a pa rk ing  l o t  energy t i m e l i n e  w i t h  permanent p a i n t  as a c lass  
p r o j e c t .  Have s t u d e n t s  r e s e a r c h  a n c i e n t  symbols and m o t i f s  f o r  
v a r i o u s  forms of energy.  
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I n t rod u ct i o n 
I t  f i l l s  t h e  h e a d l i n e s ,  d o m i n a t e s  t h e  TV n e w s ,  u p s e t s  

f a m i l y  b u d g e t s ;  i t  a f f e c t s  j obs  o f  f a m i l y  a n d  f r i e n d s ;  i t  
cas t s  a shadow o v e r  a l l  o u r  f u t u r e s ;  i t  is  t h e  i s s u e  o f  s u p -  
p l y i n g  a n d  p a y i n g  f o r  our e n e r g y  n e e d s .  How d i d  e n e r g y  
become s u c h  a d o m i n a n t  c o n c e r n ?  

A s  w e  i n d u s t r i a l i z e d  and  became a h i g h  c o n s u m p t i o n  
s o c i e t y ,  w e  b e t  o u r  f u t u r e  on  o i l .  I t  w a s  t h e  most con-  
v e n i e n t  f o r  t r a n s p o r t a t i o n  and  t h e  m o s t  v e r s a t i l e  of a l l  t h e  
f o s s i l  f u e l s .  S o  w e  d e v e l o p e d  an  economy a n d  l i f e  s t y l e  
d e p e n d e n t  on o i l .  I t  f u e l e d  o u r  a u t o s ,  h e a t e d  o u r  homes ,  
powered  o u r  f a c t o r i e s  and  w a s  t h e  r a w  m a t e r i a l  f o r  a v a s t  
p e t r o - c h e m i c a l  i n d u s t r y .  O i l  s u p p l i e d  a lmost  h a l f  o u r  e n e r g y  
n e e d s .  

But  e v e n t s  s u c h  a s  t h e  Arab  o i l  embargo  o f  1973, t h e  gas 
l i n e s  o f  1 9 7 3  a n d  1 9 7 9 ,  and  t h e  enormous  i n c r e a s e  i n  o i l  
p r i c e s  s e r v e d  t o  r e m i n d  Amer icans  t h a t  o u r  s u p p l y  o f  h y d r o -  
c a r b o n  f u e l s - - c o a l ,  g a s ,  and  o i l - - i s  l i m i t e d  and  o n c e  u s e d  is  
gone  f o r e v e r .  T h i s  d o e s  n o t  mean t h a t  w e  w i l l  r u n  o u t  of 
e n e r g y  a n d  h a v e  t o  s t a r v e  i n  t h e  c o l d  and  t h e  d a r k .  However ,  
i t  d o e s  mean t h a t  w e  w i l l  h a v e  t o  c h a n g e  t h e  way w e  ge t  a n d  
u s e  o u r  e n e r g y .  

D R A F T  



S i n c e  w e  l i v e  i n  a democracy  w h e r e  p u b l i c  o p i n i o n  h e l p s  
t o  mold n a t i o n a l  p o l i c y ,  it is  i m p o r t a n t  f o r  u s  t o  u n d e r s t a n d  
what  t h e  p u b l i c  knows a b o u t  t h e  p r o b l e m  and  what  i t  t h i n k s  
s h o u l d  b e  done  t o  s o l v e  i t .  I n  t h i s  a c t i v i t y  you w i l l  b e  
w o r k i n g  i n  s m a l l  g r o u p s  t o  d e v e l o p  a s u r v e y  t h a t  you w i l l  
t h e n  u s e  t o  d e t e r m i n e  p u b l i c  o p i n i o n .  T h i s  p o l l  w i l l  a d d r e s s  
t w o  key  q u e s t i o n s :  how much does t h e  p u b l i c  know a b o u t  t h e  
c a u s e s  of  o u r  c u r r e n t  e n e r g y  c r i s i s ,  and t o  what e x t e n t  d o e s  
t h e  p u b l i c  see s o l a r  e n e r g y  a s  p a r t  of t h e  s o l u t i o n  t o  t h i s  
p r o b l e m .  

Objectives 
A t  t h e  c o n c l u s i o n  o f  t h i s  a c t i v i t y  you s h o u l d  b e  ab le  t o  

o d e v e l o p  a s u r v e y ,  
o c o m p i l e  s t a t i s t i c s ,  
o a n a l y z e  t h e  p a r t s  and  r e s u l t s  o f  a good s u r v e y ,  
o u s e  a l t e r n a t i v e  e n e r g y  v o c a b u l a r y ,  and  
o explain the u s e f u l n e s s  and limitations o f  national 

p u b l i c  op in ion  p o l l s .  

Skills anld Knowledge You Need 
D e t e r m i n i n g  y o u r  s u r v e y  a u d i e n c e  
I d e n t i f y i n g  bas i c  q u e s t i o n s  t o  c o n s i d e r  
U s i n g  some s i m p l e  s t a t i s t i c s  
C o m p i l i n g  r e s u l t s  of  a s u r v e y  

Words You’ll Learn 
e n e r g y  cr is is ,  n u c l e a r  p o w e r ,  f o s s i l  f u e l s ,  f l a t  p l a t e  

c o l l e c t o r s ,  wind  p o w e r ,  wood s t o v e s ,  p h o t o v o l t a i c  
c e l l s ,  c o n s e r v a t i o n ,  a l t e r n a t i v e  e n e r g y ,  s o l a r  e n e r g y ,  
hydroe lec t r i c  p o w e r ,  p a s s i v e  s o l a r  h e a t i n g .  a c t i v e  
s o l a r  h e a t i n g ,  c o n v e n t i o n a l  o r  n o n r e n e w a b l e  e n e r g y ,  
biomass 

no te  p a p e r  
access t o  bas i c  t y p i n g  and  r e p r o d u c t i o n  s e r v i c e s  ( m i m e o  

access t o  a phone  ( o p t i o n a l )  
e n v e l o p e s  and p o s t a g e  ( o p t i o n a l )  

or X e r o x )  
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Procedu re 
You w i l l  be p a r t i c i p a t i n g  i n  t h e  d e v e l o p m e n t  a n d  u s e  o f  

a s u r v e y  a b o u t  t h e  p u b l i c ' s  knowledge  o f  o u r  c u r r e n t  e n e r g y  
c r i s i s  a n d  a l t e r n a t i v e  e n e r g y .  T h e r e f o r e  you  mus t  f i r s t  d o  
some b a c k g r o u n d  r e a d i n g  and  l e a r n  some i m p o r t a n t  e n e r g y  
terms. 

1. 

2 .  

3 .  

Read t h e  b a c k g r o u n d  m a t e r i a l ,  " S o l a r  E n e r g y :  What I s  I t ? "  
A s  you  r e a d ,  t h i n k  a b o u t  t h e  q u e s t i o n s  you s h o u l d  a s k  on 
y o u r  s u r v e y .  J o t  down t h e  w o r d s  and  p h r a s e s  you  are un- 
f a m i l i a r  w i t h ,  a n d  see if you c a n  f i g u r e  o u t  t h e  m e a n i n g s  
f r o m  c o n t e x t .  T h i s  is t h e  b e g i n n i n g  o f  y o u r  e n e r g y  
v o c a b u l a r y .  

F o l l o w  t h e  i n s t r u c t i o n s  on t h e  S o l a r  Words W o r k s h e e t .  
When you f i n i s h  t h a t  w o r k s h e e t  you  s h o u l d  h a v e  a good 
e n e r g y  v o c a b u l a r y .  

Now you w i l l  b e g i n  t o  d e v e l o p  y o u r  s u r v e y .  Form a g r o u p  
w i t h  t h r e e  o r  f o u r  o t h e r s ,  and  a p p o i n t  a r e c o r d e r .  D i s -  
c u s s  t h e  q u e s t i o n s  below; b r a i n s t o r m  a n s w e r s  a n d  r e c o r d  
them.  D o n ' t  t r y  t o  make d e c i s i o n s  y e t .  J u s t  g e n e r a t e  
i d e a s  a n d  s u g g e s t i o n s  f o r  how t o  d o  y o u r  s u r v e y .  

a .  What do w e  wan t  t o  know a b o u t  t h e  p u b l i c ' s  know- 
I 

l e d g e  o f  t h e  e n e r g y  c r i s i s  a n d  a l t e r n a t i v e  e n e r g y ?  

b .  Whom should .  w e  a s k ?  
(1) Adults--who a re  mak ing  t h e  e n e r g y  d e c i s i o n s  

now a n d  who s t i l l  consume t r a d i t i o n a l  e n e r g y  
s u p p l i e s .  

( 2 )  Studen t s - -who  w i l l  make f u t u r e  e n e r g y  d e c i s i o n s  
a n d  may u s e  n o n - c o n v e n t i o n a l  e n e r g y  s o u r c e s .  

c .  What s h o u l d  w e  a s k ?  

(1) G e n e r a l  q u e s t i o n s  s u c h  as :  Why d o  you  t h i n k  w e  

( 2 )  S p e c i f i c  q u e s t i o n s  s u c h  a s :  Can you  see a n y  
now h a v e  a n  e n e r g y  c r i s i s ?  

d i s a d v a n t a g e s  t o  t h e  U . S .  s w i t c h i n g  t o  alco- 
h o l  powered  c a r s ?  

d .  How s h o u l d  w e  a s k  t h e  q u e s t i o n s ?  
(1) S h o u l d  w e  a s k  q u e s t i o n s  t h a t  r e q u i r e  a w r i t t e n  

a n s w e r ?  
( 2 )  S h o u l d  o n l y  m u l t i p l e  c h o i c e  q u e s t i o n s  o r  a 

c h e c k - o f f  s h e e t  o f  some k i n d  be u s e d ?  
(3) S h o u l d  w e  a s k  t h e  q u e s t i o n s  i n  p e r s o n ,  b y  p h o n e ,  

by m a i l ,  o r  b y  a c o m b i n a t i o n  o f  a l l  t h e  above 
m e t h o d s ?  

e .  What s h o u l d  w e  do w i t h  t h e  r a w  s t a t i s t i c s ?  
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4 .  Now t h a t  e a c h  g r o u p  h a s  i t s  own l ist  of p o s s i b l e  a n s w e r s ,  
t h e  t e a c h e r  w i l l  c a l l  on  you  t o  d i c t a t e  y o u r  s u g g e s t i o n s  
so  t h e y  c a n  be w r i t t e n  on t h e  c h a l k b o a r d .  A f t e r  e a c h  
g r o u p  h a s  r e p o r t e d ,  se lect  t h e  most a p p r o p r i a t e  r e s p o n s e s  
t o  y o u r  n e e d s  i n  e a c h  c a t e g o r y  and  wr i t e  them on a c lean  
p i e c e  of p a p e r .  

5 .  N o w  t h a t  you know wha t  you w a n t  t o  f i n d  o u t ,  whom t o  a s k ,  
wha t  t o  a s k  a n d  how, you  are p r e p a r e d  t o  w r i t e  y o u r  s u r -  
vey .  Write y o u r  s u r v e y  f r o m  t h e  q u e s t i o n s  g e n e r a t e d  i n  
S t e p  4 .  I n  y o u r  g r o u p  select  t h e  20 q u e s t i o n s  you f e e l  
must  b e  a s k e d  t o  y i e l d  v a l i d  and  c o n c l u s i v e  r e s u l t s  f r o m  
y o u r  s u r v e y .  Once t h e y  are  w r i t t e n  g i v e  them t o  t h e  
t e a c h e r .  Write i n  p e n c i l  o r  b l a c k  i n k  o n l y .  

6.  Wi th  a l l  of  t h e  q u e s t i o n s  f r o m  e a c h  g r o u p  i n  f r o n t  of  
y o u ,  d e c i d e  as a c l a s s  w h i c h  20 q u e s t i o n s  w i l l  make up 
t h e  c lass  s u r v e y .  Have them t y p e d ,  d u p l i c a t e d ,  and  
d i s t r i b u t e d  t o  t h e  p o p u l a t i o n  s a m p l e  d e c i d e d  on by t h e  
c lass .  

7 .  D i s t r i b u t e  and  co l l ec t  t h e  s u r v e y .  

8.  Compi l e  t h e  r e s u l t s  a s  a c lass  w i t h  y o u r  t e a c h e r ' s  h e l p .  

9. D i s c u s s  a n d  a n a l y z e  t h e  r e s u l t s .  

Q u est i o n s 
1. What major i n f o r m a t i o n  d i d  y o u r  s u r v e y  y i e l d ?  What 

c o n c l u s i o n s  c a n  you d raw?  

2 .  How do y o u r  c o n c l u s i o n s  compare  w i t h  y o u r  e a r l i e r  
n o t i o n s  a b o u t  t h e  knowledge  and  log ic  of t h e  g r o u p  
t e s t e d ?  

3. How k n o w l e d g e a b l e  w a s  y o u r  s a m p l e  a b o u t  t h e  e n e r g y  
crisis? About a l t e r n a t i v e  e n e r g y ?  

4 .  What w a s  t h e  most s e r i o u s  f l a w  i n  y o u r  s u r v e y ?  Why? 

5. D o  you  t h i n k  y o u r  g r o u p  w i l l  do a n y t h i n g  a b o u t  t h e  
new knowledge  t h e y  were f o r c e d  t o  d e a l  w i t h  i n  y o u r  
s u r v e y - - e v e n  i f  t h a t  is o n l y  how l i t t l e  t h e y  know 
a b o u t  s o l a r  e n e r g y ?  

6 .  I n  what  way w a s  your  s u r v e y  u s e f u l ?  What were i t s  
l i m i t  a t  i o n s ?  

7 .  What d i d  t h i s  a c t i v i t y  t e a c h  you  a b o u t  n a t i o n a l  
o p i n i o n  p o l l s ?  



You h a v e  asked a p o p u l a t i o n  sample selected b y  you  a 
se r ies  of q u e s t i o n s  a b o u t  s o l a r  e n e r g y .  The  v o c a b u l a r y  a n d  
p r o b a b l y  some of t h e  i d e a s  were new t o  y o u .  Your q u e s t i o n s  
h a v e  f o c u s s e d  a t t e n t i o n ,  t h e  a u d i e n c e ' s  and  y o u r s ,  on  t h e  
e n e r g y  crisis and  s o l a r  e n e r g y  a s  a r e n e w a b l e  e n e r g y  s o u r c e .  
The i n f o r m e d  c i t i z e n  mus t  make new d e c i s i o n s  a b o u t  t h e  way 
w e  get  a n d  u s e  o u r  e n e r g y .  You h a v e  h e l p e d  t o  make p e o p l e  

Going Further 
T r y  t h e  s u r v e y  on  a s c h o o l  p o p u l a t i o n  o n l y :  t h e  k i d s  
i n  y o u r  l u n c h  g r o u p ,  a l l  t h e  f r e s h m e n ,  t h o s e  t a k i n g  
e c o n o m i c s ,  o r  e v e r y o n e  who is  g r a d u a t i n g .  

Make a p r e s e n t a t i o n  of y o u r  f i n d i n g s  t o  y o u r  s o c i a l  
s t u d i e s  c l a s s  o r  t h e  s t u d e n t  c o u n c i l  i n  y o u r  s c h o o l .  

S u g g e s t  t o  y o u r  i n d u s t r i a l  a r t s  o r  s o c i a l  s t u d i e s  
t e a c h e r  t h a t  a u n i t  o n  r e n e w a b l e  e n e r g y  s o u r c e s  b e  
added a s  a n  "ex t ra -cred i t "  a s s i g n m e n t .  

Graph t h e  r e s u l t s  o f  y o u r  s u r v e y  a n d  d i s c u s s  t h e  i m p l i -  
c a t i o n s  on  "Sun Day" i n  y o u r  classroom o r  school .  

D e s i g n  an  ad campa ign  addressed  t o  a p a r t i c u l a r  s e g m e n t  
of y o u r  p o p u l a t i o n  t o  s e l l  them o n  a l t e r n a t i v e  e n e r g y  
r e s o u r c e s .  



Solar Energy: What I s  It? 

Bac kg ro LI n d 
When t h e  t e r m  s o l a r  e n e r g y  i s  u s e d ,  w e  g e n e r a l l y  t h i n k  

o f  d i r ec t  h e a t i n g  f r o m  t h e  r a y s  of t h e  s u n .  But  s o l a r  
e n e r g y  r e f e r s  t o  more t h a n  t h e  h e a t  t h a t  w e  c a n  f e e l  when 
w e  s i t  i n  d i r e c t  s u n l i g h t .  A c t u a l l y ,  s o l a r  e n e r g y  c a n  be 
f o u n d  i n  any  e n e r g y  t h a t ,  a t  o n e  t i m e ,  w a s  p r o d u c e d  by  s u n -  
l i g h t .  T h i s  wou ld  i n c l u d e  wind  movement ,  water p a s s i n g  o v e r  
a dam, a n d  t h e  b u r n i n g  of wood, c o a l ,  a n d  o i l .  A l l  o f  our  
p r e s e n t  sources  of e n e r g y  owe t h e i r  o r i g i n  t o  s u n l i g h t .  

The most common d i v i s i o n  b e t w e e n  wha t  w e  c a l l  "conven-  
t i o n a l "  o r  " n o n r e n e w a b l e "  a n d  "so lar"  o r  " r e n e w a b l e "  e n e r g y  
i s  t h e  a n s w e r  t o  a s imple q u e s t i o n .  Can t h e  e n e r g y  s o u r c e  
r e p l a c e  i t s e l f  i n  y o u r  l i f e t i m e ?  For e x a m p l e ,  i f  you  c u t  
down a t r ee  t o  u s e  i t  f o r  f i r e w o o d ,  you  c a n ,  i n  y o u r  l i f e -  
t i m e ,  grow a n o t h e r  t r ee .  I f  you  consume a l l  o f  t h e  o i l  
s t o r e d  b e n e a t h  y o u r  p r o p e r t y ,  n a t u r e  c a n n o t  r e p l a c e  i t  i n  
y o u r  l i f e t i m e ;  i t  w i l l  t a k e  m i l l i o n s  of y e a r s  t o  do t h a t  
job .  Wood is c o n s i d e r e d  a r e n e w a b l e  r e s o u r c e ;  o i l  is  n o t .  

Each  d a y ,  t h e  s u n  d e l i v e r s  t o  t h e  e a r t h  h u n d r e d s  o f  
t i m e s  more e n e r g y  t h a n  e a r t h ' s  p e o p l e  consume.  The s u p -  
p o r t e r s  of s o l a r  e n e r g y  b e l i e v e  t h a t  w e  c a n  c a p t u r e  enough  
of t h a t  e n e r g y  t o  s i g n i f i c a n t l y  h e l p  meet our  e n e r g y  n e e d s .  

For t h e  p u r p o s e  o f  t h i s  e x e r c i s e ,  s o l a r  e n e r g y  w i l l  
r e f e r  t o  t h o s e  r e a d i l y  r e n e w a b l e  s o u r c e s  s u c h  a s  d i r ec t  s u n -  
l i g h t  f o r  " p a s s i v e "  o r  " a c t i v e "  s o l a r  e n e r g y ,  b i o m a s s  ( c o r n ,  
wood,  e t c . ) ,  h y d r o e l e c t r i c  power f r o m  f a l l i n g  water ,  e n e r g y  
t h a t  can be p r o d u c e d  b y  h a r n e s s i n g  t h e  w i n d ,  a n d  e l e c t r i c i t y  
f r o m  p h o t o v o l t a i c  c e l l s .  Each  source w i l l  be d i s c u s s e d  
s e p a r a t e l y  . 
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Passive Solar Heat i n g 

One way t o  u s e  t h e  s u n  t o  heat r e s i d e n t i a l  a n d  c o m m e r -  
c i a l  b u i l d i n g s  is " p a s s i v e "  s o l a r  h e a t i n g .  I t  is  t h e  d i r e c t  
u s e  of t h e  h e a t  from t h e  s u n  t o  a s s i s t  i n  h e a t i n g  homes a n d  
f a c t o r i e s .  " P a s s i v e "  c o l l e c t i o n  of t h e  s u n ' s  e n e r g y  i n v o l v e s  
t h e  u s e  o f  windows o r  g r e e n h o u s e s  and  a h e a t  s torage  mass, 
l i k e  water o r  s t o n e .  The s u n  s h i n e s  t h r o u g h  t h e  g l a s s  and  
h e a t s  c o n t a i n e r s  o f  water o r  b r i c k  and  s t o n e  w a l l s  a n d  
f l o o r s .  T h e s e  s u b s t a n c e s  h e a t  u p ,  and  t h e n  g i v e  o f f  t h e i r  
h e a t  d u r i n g  t h e  n i g h t  when t h e  h o u s e  g e t s  cooler .  T h i s  is 

eas ies t  t o  do i n  a new h o u s e  
w h i c h  c a n  be s i t e d  so  t h a t  t h e  
g l a s s  f a c e s  s o u t h  i n t o  t h e  s u n .  
The mass t o  s t o r e  t h e  h e a t  is  
i n c o r p o r a t e d  i n t o  t h e  s t r u c t u r e  
a n d  t h e  h o u s e  is  i n s u l a t e d  and  
sealed t o  r e t a i n  h e a t .  

Active Solar Heating 

A c t i v e  s o l a r  u n i t s  r e p r e -  
s e n t  an  e f f o r t  t o  g a i n  more o f  
t h e  s u n ' s  h e a t  t h a n  c a n  be ob- 
t a i n e d  by  a p a s s i v e  u n i t .  I n  
g e n e r a l ,  f l a t  p l a t e  c o l l e c t o r s  
( f l a t  g l a s s - c o v e r e d  r e c t a n g u l a r  
b o x e s )  on  t h e  roof o r  a s u n -  
e x p o s e d  w a l l  c a r r y  t u b e s  con-  

t a i n i n g  a i r ,  water ,  o r  a n o t h e r  f l u i d .  A f t e r  t h i s  a i r  o r  
f l u i d  is h e a t e d ,  i t  is  pumped t o  a l a r g e  s torage  a r e a ;  
i t  is l a t e r  pumped or t r a n s f e r r e d  t o  t h e  area r e q u i r i n g  
h e a t .  E n t i r e  h o u s e s  c a n  be h e a t e d  i n  t h i s  manner .  A s i m i -  
l a r  s y s t e m  o f  s o l a r  c o l l e c t o r s  c a n  be u s e d  t o  meet a l l  o r  
p a r t  o f  a f a m i l y ' s  h o t  water n e e d s .  I n  many cases ,  t h e  most 
e c o n o m i c a l  a p p r o a c h  i s  t o  p a r t i a l l y  heat  t h e  water  w i t h  
s o l a r  e n e r g y  and  t h e n  u s e  a n o t h e r  e n e r g y  s o u r c e  t o  boost t h e  
t e m p e r a t u r e  of t h e  water t h e  l a s t  f ew degrees t o  t h e  des i red  
t e m p e r a t u r e .  T h i s  r e q u i r e s  l e s s  i n v e s t m e n t  i n  c o l l e c t o r  a n d  
s t o r a g e  e q u i p m e n t .  



Photovoltaics 

log sp l i t t e r s ,  and the  o ther  paraphernalia 
of wood burning. In places  where f o r e s t s  
a r e  p l e n t i f u l ,  such a s  the  Northeast ,  wood 
is  making a s i g n i f i c a n t  cont r ibu t ion .  

The s u n ' s  rays  can be con- 
ver ted d i r e c t l y  i n t o  e l e c t r i c  cur- 
ren t  by means of phozovoltaic 
ce l l s - -a l so  ca l l ed  s o l a r  c e l l s .  
Today's automatic cameras use s o l a r  
c e l l s  i n  t h e i r  l i g h t  meters. Solar 
c e l l s  a r e  a l so  used t o  power s a t e l -  
l i t e s  i n  space. Ordinary s u n l i g h t  
o r  l i g h t  from a small lamp provides 

enough energy t o  generate current  i n  one of these  c e l l s .  
Solar  c e l l s  make use of two inexpensive and pr imari ly  inex- 
haustib:Le raw ma te r i a l s ,  s u n l i g h t  t o  power the  c e l l s  and 
s i l i c o n  t o  construct  them. These c e l l s  can be used t o  pro-  
duce e l e c t r i c i t y  on a l a rge  s c a l e  by  a power company, on 
house roofs  t o  provide daytime power, o r  a s  an a l t e r n a t i v e  
t o  generators  and b a t t e r i e s  t h a t  a r e  now used t o  provide 
power i n  remote places .  Solar c e l l s  could extend the  l i f e  
of b a t t e r i e s  and a l so  be used t o  recharge them. T h i s  would 
decrease the  need fo r  f o s s i l  f u e l  energy. 

Biomass 

Another use of the  energy s tored  i n  p l an t s  is t o  con- 
ver t  thlose p l an t s  i n t o  alcohol which can be used d i r e c t l y  t o  
power i n t e r n a l  combustion engines o r  which can be mixed w i t h  

gasoline t o  make "gasohol. 
Wastes can a l so  be bac- 
t e r i a l l y  digested t o  pro- 
duce methane gas. These 
a re  j u s t  some of t h e  u s e s  
of biomass fo r  energy. 
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Hydroelectric Power 

Hydropower r e s u l t s  f r o m  
damming water o r  d i v e r t i n g  
water f r o m  w a t e r f a l l s ,  t h e n  
r u n n i n g  i t  t h r o u g h  t u r b i n e s  t o  
p r o d u c e  e l e c t r i c  power .  Hydro- 
e l e c t r i c  power c u r r e n t l y  s u p -  
p l i e s  a b o u t  3 p e r c e n t  o f  o u r  
n a t i o n ' s  e n e r g y  n e e d s .  I t  is 
a n  o l d ,  w e l l - t e s t e d  t e c h n o l o g y  
t h a t  p r o v i d e s  o n e  o f  t h e  

c l e a n e s t ,  c h e a p e s t ,  a n d  s a f e s t  s o u r c e s  of e l e c t r i c  power i n  
t h e  U . S .  Many o l d  dam sites and  h y d r o  p l a n t s  c o u l d  b e  
r e a c t i v a t e d  and  r u n  by  l o c a l  g o v e r n m e n t s  o r  cooperat ives .  

Wind Power 

Wind power i s  a n  a n c i e n t  power s o u r c e  u s e d  t o  t u r n  
w i n d m i l l s  a n d  p r o p e l  s a i l b o a t s .  E a r l y  i n  t h i s  c e n t u r y  
w i n d m i l l s  u s e d  t o  pump w a t e r  were hooked  t o  e l e c t r i c  g e n e r a -  
t o r s  t o  p r o v i d e  power t o  f a r m s  i n  r u r a l  America. I n  r e c e n t  
y e a r s ,  t h e r e  h a s  b e e n  an  i n c r e a s e d  i n t e r e s t  i n  b o t h  s m a l l -  
sca le  wind  g e n e r a t o r s  f o r  homes and  l a rge  w i n d  m a c h i n e s  
d e s i g n e d  t o  s e r v e  w h o l e  c o m m u n i t i e s .  I n  some p l a c e s ,  t h e  

l oca l  u t i l i t y  w i l l  buy wind-  
g e n e r a t e d  e l e c t r i c  power f r o m  i n d i -  
v i d u a l  o w n e r s ,  and  some u t i l i t i e s  
are  e x p e r i m e n t i n g  w i t h  l a rge  wind  
g e n e r a t o r s  t h e m s e l v e s .  Wind power 
g e n e r a l l y  is  c o m p e t i t i v e  w i t h  o t h e r  
f o r m s  o f  e n e r g y  i n  h i g h l y  remote 
a reas  t h a t  h a v e  a v e r a g e  w i n d  s p e e d s  
o f  15 k m / h r ,  o r  b e t t e r .  
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Solar Words Worksheet 

Listed below a re  some of t 'he  words o r  t e rms . tha t  you 
shou1.d be f ami l i a r  w i t h  a f t e r  you have read the  background 
mater ia l .  Look up d e f i n i t i o n s  f o r  these  words, f i l l  i n  t he  
s h e e t ,  and hand i t  t o  your teacher .  

1. 

2. 

3 .  

4 .  

5. 

6 .  

7. 

8 .  

9. 

10.  

11. 

1 2 .  

13. 

1 4 .  

15. 

energy c r i s i s  

nuclear power 

f o s s i l  f u e l s  

f l a t  p l a t e  c o l l e c t o r s  

wind power 

wood s toves  

photovoltaic c e l l s  

conservation 

a l t e r n a t i v e  energy 

s o l a r  energy 

hydroe lec t r ic  power 

passive s o l a r  heating 

a c t i v e  solar heat ing 

conventional o r  nonrenewable energy 

biomass 
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Teacher I n f o rmat ion 
Taking a Solar 
Suggested Grade Level 

Grades 7-12 
S o c i a l  S t u d i e s  
Eng l i sh  
Mathematics 

Survey 
and Discipline 

Skill Objectives 
Working i n  s m a l l  groups 

I d e n t i f y i n g  t h e  necessa ry  p a r t s  of a survey  

Learn ing  s imple  survey  sampling techniques  

Eva lua t ing  r e s u l t s  of a survey  

Bu i ld ing  a l t e r n a t i v e  energy vocabulary  

Major Understandings 
A su rvey  must ask  t h e  p rope r  peop le  t h e  c o r r e c t  q u e s t i o n s .  

Surveys a r e  u s e f u l  bu t  t hey  have l i m i t a t i o n s  and can b e  d e c e p t i v e .  

Surveys s e r v e  a s  a base  f o r  a c q u i r i n g  knowledge, drawing i n f e r e n c e s ,  
and making g e n e r a l i z a t i o n s .  

A l t e r n a t i v e  energy  t echno log ie s  must be  recognized  and de f ined  as a 
t o p i c  f o r  s tudy .  

\ 

Background 
The energy  crisis has  been blamed on many t h i n g s .  Some people  

b e l i e v e  t h a t  t h e  l a r g e  m u l t i n a t i o n a l  o i l  companies are a t  f a u l t .  Other  
people  blame t h e  greed of t h e  OPEC n a t i o n s .  S t i l l  o t h e r s  blame our  
c u r r e n t  energy  c r i s i s  on our  own misuse of what always were l i m i t e d  
q u a n t i t i e s  of v e r y  p r e c i o u s  subs t ances .  
s t i l l  doubt t h a t  t h e r e  r e a l l y  i s  an  energy  crisis.  

There are many Americans who 

The o t h e r  s i d e  of t h e  problem is  t h e  q u e s t i o n  of what should  be  
done t o  c o r r e c t  our  c u r r e n t  energy s i t u a t i o n .  
many Americans e q u a l l y  i g n o r a n t  of t h i s  a s p e c t  of t h e  problem. 

W e  would probably  f i n d  

Th i s  a c t i v i t y  i s  des igned  t o  g e t  a t  t h e s e  two s i d e s  of  t h e  energy  
crisis:  how much t h e  p u b l i c  knows about  our  c u r r e n t  energy  crisis and 
what t h e y  t h i n k  should  be done about  t h e  problem, w i t h  a f o c u s  on 
i n c r e a s i n g  awareness  of a l t e r n a t i v e  energy.  
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This  a c t i v i t y  w i l l  i nvo lve  your s t u d e n t s  i n  deve loping  t h e i r  own 
su rvey ,  p u t t i n g  i t  i n t o  o p e r a t i o n ,  and t h e n  ana lyz ing  t h e  r e s u l t s .  
Through t h i s  p r o c e s s  your s t u d e n t s  w i l l  g a i n  i n s i g h t s  i n t o  t h e  problem 
of t h e  energy  crisis and i n t o  what makes a survey  and what i t  can t e l l  
us .  

Advance Planning 
D u p l i c a t e  needed q u a n t i t i e s  of t h e  r ead ing  and worksheet .  

You w i l l  need typ ing  and d u p l i c a t i n g  f a c i l i t i e s  f o r  t h e  survey .  

F a m i l i a r i z e  y o u r s e l f  w i t h  survey  t echn iques .  

Suggested Time Allotment 
1 c l a s s  p e r i o d  t o  i n t r o d u c e  a c t i v i t y  and do r e a d i n g  

1 pe r iod  f o r  vocabulary  worksheet  

3 p e r i o d s  f o r  s m a l l  and l a r g e  group d iscuss ion;and  f i n a l i z a t i o n  
of  t h e  survey  

1-2 days ( o u t s i d e  of class t ime)  f o r  e d i t i n g  and t y p i n g  of t h e  
survey  

3-4 days ( o u t s i d e  of class t ime)  f o r  s t u d e n t s  t o  d i s t r i b u t e  and 
c o l l e c t  t h e  survey  

2-3 class p e r i o d s  t o  compi le ,  a n a l y z e ,  and d i s c u s s  r e s u l t s  

Suggested Approach 
In t roduce  survey- tak ing  t o  your s t u d e n t s  w i t h  care. 
caut ioned  t h a t  t h i s  i s  a ve ry  e lementary  r e s e a r c h  p r o j e c t  and 
r a t h e r  u n r e f i n e d .  I n  ana lyz ing  t h e  survey  q u e s t i o n s  s t u d e n t s  
should  no t  be e n t i c e d  i n t o  t h i n k i n g  t h a t  t h e i r  r e s u l t s  c a r r y  g r e a t  
v a l i d i t y .  
would be  a s u i t a b l e  conc lus ion  t o  t h e  compil ing of i n fo rma t ion .  

They must be  

Perhaps a s t a t i s t i c a l  a n a l y s i s  by a knowledgeable pe r son  

A u n i t  on propaganda might be  in t roduced  o r  concluded w i t h  t h i s  
a c t i v i t y .  Use of loaded  language and s t a t i s t i c s  t h a t  l i e  t o  t h e  
u n t r a i n e d  l i s t e n e r  i s  rampant i n  our  s t u d e n t s '  l ives .  
a c t i v i t y  can h e l p  them t o  clearer t h i n k i n g .  

Th i s  k ind  of 

Spend t i m e  d i s c u s s i n g  t h e  r e a d i n g  and vocabulary .  

A f t e r  t h e  s m a l l  groups g e n e r a t e  t h e i r  20 q u e s t i o n s ,  t h e s e  must be  
shared  i n  some way w i t h  t h e  l a r g e r  group. 
them, be  s u r e  s t u d e n t s  w r i t e  w i t h  p e n c i l  o r  b l a c k  i n k .  You could 
a l s o  have each group ' s  r e c o r d e r  write on a n  overhead t r anspa rency .  

I f  you p l a n  t o  d u p l i c a t e  



R e c r u i t  s t u d e n t s  t o  type  and c o l l a t e  t h e  s u r v e y ,  and t o  compile t h e  
r e s u l t s .  

Invo lve  t h e  f u l l  group i n  d i s c u s s i n g  t h e  r e s u l t s  and drawing con- 
c l u s i o n s .  

Assign a r e a s o n a b l e  b u t  l i m i t e d  t i m e  p e r i o d  f o r  d a t a  c o l l e c t i o n .  

An ad agency might be w i l l i n g  t o  make a c l a s s  p r e s e n t a t i o n  showing 
how su rveys  are used t o  d e f i n e  a market and t h e n  s e l l  a p roduc t .  
Perhaps t h e  r e p r e s e n t a t i v e  could g i v e  an "on-the-spot" p r o j e c t i o n ,  
based on t h e  s t u d e n t s '  own s u r v e y ,  of t h e  l i k e l i h o o d  of growing 
r e l i a n c e  on a l t e r n a t i v e  energy r e s o u r c e s .  

\ 

Precautions 
Check t o  see W h e t h e r  your school system allows student surveys t o  
be used. 

Make sure tha t  you provide guidance f o r  any off-campus use of your 
surveys. 

Point out tha t  the  nature of the  sample reached w i l l  have a bearing 
on r e s u l t s ,  and caution students about the v a l i d i t y  of r e s u l t s .  

If the  survey w i l l  be used wi th  the public,  make sure tha t  the 
qua l i t y  i s  high: 
reproduction qual i ty .  

no typos,  spe l l ing  or cqrmar mistakes, and good 

1 

Points for Discussion 
I n  what ways i s  s o l a r  energy " f r e e "  t o  t h e  consumer? 

What are some of t h e  d i s a d v a n t a g e s  of depending on wood as your 
energy s o u r c e ?  wind? t h e  sun?  a l c o h o l  f u e l s ?  

Typical Results 
R e s u l t s  w i l l  v a r y  depending on t h e  type  of  q u e s t i o n s  a sked ,  t h e  
p o l l i n g  sample used,  and t h e  method used t o  d i s s e m i n a t e  your su rvey .  
A l l  of t h e s e  a s p e c t s  of t h e  su rvey  should be reviewed w i t h  your 
s t u d e n t s  as a c o n c l u s i o n  t o  t h i s  a c t i v i t y  s o  t h a t  t h e y  w i l l  b e t t e r  
understand what works and what does n o t  work when t a k i n g  p u b l i c  
o p i n i o n  s u r v e y s .  

Eva1 u at i on 
The vocabu la ry  worksheet can be  checked by t h e  t e a c h e r .  

A g rade  could be a s s igned  t o  t h e  brainstormed l is t  i n  S tep  3 o r  t h e  
r e f i n e d  q u e s t i o n s  i n  Step 5 of t h e  s t u d e n t  p rocedure .  
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Perhaps a c o n t e n t  tes t  on r ead ing  f o r  i n fo rma t ion  could  be g iven  a t  
t h e  end of t h e  background r ead ings .  

Ask s t u d e n t s  t o  l i s t  and e x p l a i n  t h e i r  c o n c l u s i o n s ,  and t h e i r  i d e a s  
about  t h e  use  and l i m i t a t i o n s  of su rveys .  

Mod if i cat i o n s 
A l l  t h e  su rvey-c rea t ing  s t e p s  could be  done i n d i v i d u a l l y  o r  i n  p a i r s .  

Bra ins torming  could be  a l a r g e  group p rocess .  
l end  themselves  t o  t h i s  k ind  of b ra ins to rming ,  and l i s t i n g  on t r a n s -  
p a r e n c i e s  a l lows  eve ry th ing  t o  be kep t  u n t i l  s e l e c t i o n s  are made. 

Overhead p r o j e c t o r s  
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A Analyzing 17 
Energy Cartoons 

Introduction 
e v e r y  d a y  w i t h  The  p r i n t e d  a n d  s p o k e n  word bombards u s  

a d v i c e  o n - w h a t  t o  eat  or a v o i d ,  w h a t  e x e r c i s e  t o  do o r  how 
t o  r e l a x ,  wha t  w e  s h o u l d  be b u y i n g ,  whom w e  s h o u l d  v o t e  f o r ,  
and  w h e r e  o u r  money e a r n s  g rea t e s t  i n t e r e s t .  We are b e i n g  
t o l d  wha t  t o  r e a d ,  wha t  t o  wear,  and  wha t  t o  t h i n k .  

One way t o  communica te  a n  o p i n i o n  i s  t h r o u g h  t h e  u s e  
of c a r t o o n s .  A l t h o u g h  t h e y  may be s i m p l e  and  sometimes e v e n  
f u n n y ,  t h e i r  message i s  o f t e n  c l ea r  and  s h a r p .  Your j ob  
t o d a y  i n v o l v e s  i n t e r p r e t i n g  c a r t o o n s  about t h e  e n e r g y  cr is is  
i n  t h e  U n i t e d  S t a t e s .  A s  you  looK them ove r  a n d  a n s w e r  t h e  
q u e s t i o n s ,  t h i n k  a b o u t  y o u r  l i f e  1 0 ,  2 0 ,  a n d  30 y e a r s  from 
now and  how you hope  t o  be l i v i n g .  I f  t h e  message t h e  car- 
t o o n i s t s  a r e  c o n v e y i n g  i s  co r rec t ,  how c a n  you  work t o  
c r ea t e  a b e t t e r  e n e r g y  f u t u r e  f o r  y o u r s e l f  a n d  y o u r  c h i l d r e n ?  

D R A F T  
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0 bjectives 
A t  t h e  c o n c l u s i o n  of t h i s  a c t i v i t y  you s h o u l d  be able  t o  

o a n a l y z e  a n d  i n t e r p r e t  p o l i t i c a l  c a r t o o n s  a b o u t  

o s u g g e s t  a l t e r n a t i v e  e n e r g y  p a t h s  f o r  t h e  U.S. t o  
e n e r g y ,  a n d  

t a k e  t o  e n s u r e  a be t te r  f u t u r e .  

, Skills and Knowledge You Need 
G e n e r a l  knowledge  o f  t h e  e n e r g y  crisis and  a l t e r n a t i v e  
e n e r g y  s o u r c e s  

t h e  car toons a n d  q u e s t i o n s  t h a t  are p r o v i d e d  

Words You’ll Learn 
f o s s i l  f u e l s - - c o a l ,  p e t r o l e u m ,  a n d  n a t u r a l  gas;  t h i s  

t e r m  a p p l i e s  t o  any  f u e l s  formed f r o m  t h e  fossil 
r e m a i n s  o f  o r g a n i c  mater ia l s  ( p l a n t s  and  a n i m a l s )  
t h a t  h a v e  b e e n  b u r i e d  f o r  m i l l i o n s  o f  y e a r s .  

n u c l e a r  e n e r g y - - e n e r g y  f r o m  r a d i o a c t i v e  d e c a y  o r  f r o m  
f i s s i o n  or  f u s i o n  r e a c t i o n s .  

s o l a r  c o l l e c t o r  p a n e l - - a n  e n c l o s e d ,  g l a z e d  p a n e l  con-  
t a i n i n g  a d a r k  a b s o r b i n g  s u r f a c e  t h a t  c o n v e r t s  
s u n l i g h t  t o  h e a t  w i t h o u t  t h e  a i d  o f  a r e f l e c t i n g  
s u r f a c e  t o  c o n c e n t r a t e  t h e  r a y s .  

f o c u s  a large amount of s u n l i g h t  i n t o  a s m a l l  
a r e a , t h u s  i n c r e a s i n g  t h e  i n t e n s i t y  of t h e  e n e r g y  
c o l l e c t e d .  

by t h e  s u n .  

s o l a r  c o n c e n t r a t o r - - a  r e f l e c t o r  o r  l e n s  d e s i g n e d  t o  

solar e n e r g y - - t h e  e l e c t r o m a g n e t i c  r a d i a t i o n  e m i t t e d  

Proced u re 
1. S t u d y  t h e  word l ist  a b o v e .  

2 .  Examine e a c h  c a r t o o n  a n d  t h e n  a n s w e r  t h e  q u e s t i o n s  about  
t h e  c a r t o o n .  

3. S h a r e  y o u r  a n s w e r s  w i t h  y o u r  c lassmates ,  a n d  d i s c u s s  t h e  
i m p l - i c a t i o n s  o f  e a c h  c a r t o o n  f o r  t h e  f u t u r e .  

4 .  Write a o n e - p a r a g r a p h  s t a t e m e n t  t h a t  s u m m a r i z e s  y o u r  
o p i n i o n  o f  t h e  e n e r g y  d i r e c t i o n  t h e  U.S. a n d  t h e  world 
s h o u l d  f o l l o w  i n  t h e  f u t u r e .  
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Looking Back 
I n  s h a r p ,  s a t i r i c a l  i m a g e s ,  p o l i t i c a l  c a r t o o n i s t s  b r i n g  

i m p o r t a n t  i d e a s  t o  o u r  a t t e n t i o n .  I n  t h i s  a c t i v i t y  w e ' v e  
s e e n  c a r t o o n s  t h a t  h a v e  s u g g e s t e d  a number o f  i d e a s :  

(1) t h a t  gas  guzzl ing c a r s  no longer  f i t  i n t o  our  world-- 

( 2 )  t h a t  i n d i v i d u a l  r i g h t s  t o  t h e  s u n  must b e  p r o t e c t e d ,  

( 3 )  t h a t  r e s e a r c h  i n t o  new e n e r g y  s o u r c e s  c a n n o t  come t o  

l e t  a l o n e  i n t o  o u r  g a r a g e s ,  

a n d  

a s t a n d s t i l l .  

The  y e a r  2000 n e e d  n o t  be a b l e a k  p i c t u r e  i f  w e  r e s p o n d  t o  t h e  
c h a l l e n g e  t h a t  f a c e s  e v e r y  new g e n e r a t i o n :  t h e  c h a l l e n g e  t o  
s e e k  new a n s w e r s .  

1 

Going Further 
You may w i s h  t o  d o  o n e  o f  t h e  f o l l o w i n g  a c t i v i t i e s  t o  
become more i n v o l v e d  i n  u n d e r s t a n d i n g  t h e  e n e r g y  c r i s i s  

i n  c o m m u n i c a t i n g  t h e  i s s u e s  t o  o t h e r s :  

R e s e a r c h  o n e  o f  t h e  a l t e r n a t i v e  e n e r g y  s o u r c e s  
a v a i l a b l e  t o  t h e  U . S . - - s o l a r ,  n u c l e a r ,  g e o t h e r m a l ,  
w i n d ,  hydropower .  
Write a l e t t e r  t o  y o u r  l oca l  n e w s p a p e r  e n c o u r a g i n g  
p e o p l e  t o  become more aware o f  t h e  e n e r g y  c h o i c e s  
w e  h a v e  b e f o r e  u s .  
T r y  d r a w i n g  y o u r  own c a r t o o n  w i t h  a n  e n e r g y  m e s s a g e .  
Write a c a p t i o n  f o r  someone e l s e ' s  i l l u s t r a t i o n .  
Make a s h o w c a s e  p r e s e n t a t i o n  o f  an  e n e r g y  b u l l e t i n  
b o a r d  c o l l a g e  w i t h  o n e  t h e m e .  

F i n d  a n  e n e r g y  theme  o t h e r  t h a n  s o l a r ,  c o l l e c t  car- 
t o o n s  on  t h a t  t heme  i n  a b o o k l e t ,  a n d  p r e s e n t  t h e  
b o o k l e t  t o  t h e  l i b r a r y .  



* 
7 Energy Cartoons &Cartoon Questions 

C a r t o o n  #1 
reprinted from NESEC Update, Mar. 1980 

courtesy, o f  Northeast Solar Energy Center. 

1. What d o e s  " e n d a n g e r e d  s p e c i e s "  mean? 

2 .  Why do  you  s u p p o s e  t h e  s u b u r b a n  d w e l l e r  is  a n  e n d a n g e r e d  
s pe  c i e s ? 

3 .  How many o f  t h e  e n e r g y  u s e r s  p i c t u r e d  do you h a v e  i n  
y o u r  home? 

4 .  L i s t  f i v e  d i f f e r e n c e s  b e t w e e n  t h e  h o u s e  i n  t h e  f o r e g r o u n d  
and t h e  f o u r  t o  t h e  l e f t .  

5. What method d o e s  t h i s  c a r t o o n  r e l y  o n  t o  c a r r y  i t s  
m e  s $3 a g e  ? 

6. W h a t ' s  "wrong" w i t h  t h i s  p i c t u r e ?  a 



#2 

reprinted from Solar Util ization News, Mar. 1981 
with permission from Paul Weidig. 

C a r t o o n  #2 

1. E x p l a i n  what  is  h a p p e n i n g  i n  t h i s  c a r t o o n .  

2 .  What d o  you n o t i c e  a b o u t  t h e  " e n e r g y  s o u r c e "  f o r  t h e  
wagon? 

What w i l l  t h e  w h i p  s n a p p e r  f i n d  o u t  when h e  g e t s  t o  h i s  
d e s t i n a t i o n ?  

3. 

4 .  How d o e s  t h i s  c a r t o o n  compare  t o  t h e  o l d  a d a g e  a b o u t  
d i s c a r d i n g  t h e  baby w i t h  t h e  b a t h  w a t e r ?  



#3 
1 

i 

reprinted from Solar Utilization News, Jan. 1981 
with permlssion from Paul Weidig. 

C a r t o o n  # 3  

1. 

2 .  

Why h a s  t h e  s o l a r  s y s t e m  on  t h e  h o u s e  f a i l e d ?  

Which o f  t h e s e  b u i l d i n g s  do  you s u p p o s e  came f i r s t ?  
Any c l u e s ?  

What wou ld  you do as  t h e  homeowner? 
b u i l d i n g  owner?  

S h o u l d  laws b e  made on  t h e  f e d e r a l ,  s t a t e ,  o r  l o c a l  
l e ~ e l  t o  p r e v e n t  t h i s  f rom o c c u r r i n g ?  

Where d o e s  t h e  r i g h t  of t h e  i n d i v i d u a l  t o  s u n l i g h t  
come i n t o  c o n f l i c t  w i t h  t h e  r i g h t s  of o t h e r s ?  

3. A s  t h e  o f f i c e  

4. 

5. 
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r e p r i n t e d  from A.T.  Times, S p r i n g  1980 
w i t h  permiss ion  from Paul J .  O r i s c o l l .  

C a r t o o n  # 4  

1. 

2 .  How many e x t i n c t  s p e c i e s  do you  s e e ?  

What word play does the  cartoon contain? 

3. What i s  t h e  y o u n g s t e r  a s k i n g  t h e  grown-up? 

4 .  Does t h i s  s i t u a t i o n  e x i s t  t o d a y ?  

5 .  What is t h e  a r t i s t ' s  m e s s a g e ?  



#5 

"HOW a,e ft iose hamburgers doing, Marl l r l7"  

C a r t o o n  # 5  

1. Where a re  t h e  ham- 
b u r g e r s ?  Where is  
Mart i n ?  

2 .  Would you  buy a 
S o l r o s t r  i f  i t  were 
a v a i l a b l e ?  Why o r  
why n o t ?  

3 .  T e l l  wha t  is  hap-  
p e n i n g  i n  t h i s  car-  
t o o n .  

4 .  What is  t h e  car- 
t o o n i s t  i m p l y i n g  
a b o u t  t h e  power of 
t h e  s u n ?  

reprinted from NESEC Update, July 1980 
courtesy of Northeast Solar Energy Center. 

C a r t o o n  #6 

1. 

2 .  

3 .  

4.  

5 .  

What is i n  M s .  
L i b e r t y ' s  r i g h t  
h a n d ?  What d o e s  
t h a t  s u g g e s t ?  

What d o  you  s u p p o s e  
s h e ' s  l o o k i n g  a t ?  

Why is  s h e  w e a r i n g  
g l a s s e s ?  

What is  M s .  L i b e r t y ' s  
( a n d  t h e  a r t i s t ' s )  
m e s s  age ? 

D o  you  t h i n k  o u r  
n a t i o n  s h o u l d  h e e d  
MS.  L i b e r t y ' s  m e s -  
s a g e ?  Why o r  why n o t ?  

reprinted from NESEC U date, Dec.1979 
courtesy o f  Northea!t Solar Energy Center. 1 



Teacher Information 

Suggested Grade Level and Discipline 
Analyzing Energy Cartoons 

Grades 7-12 
American S t u d i e s  
Government/Civics 
Cur ren t  Events 

F 

Skill Objectives 
Reading and i n t e r p r e t i n g  p o l i t i c a l  c a r t o o n s  

Drawing conc lus ions  and making i n f e r e n c e s  

Making g e n e r a l i z a t i o n s  from c a r t o o n  ev idence  

Wr i t ing  a s t a t e m e n t  based on c a r t o o n  i n f o r m a t i o n  

Major Understandings 
Many f a c t o r s  have c o n t r i b u t e d  t o  America's  energy c r i s i s .  

C u l t u r a l  f a c t o r s  ( r e l i g i o n ,  e d u c a t i o n ,  s o c i a l  c l a s s )  have a n  impact 
on how peop le  view s i t u a t i o n s .  

A r t i s t s  draw p o l i t i c a l  c a r t o o n s  t o  convey a p o i n t  of view. 
L 

Background 
I n  o r d e r  t o  unde r s t and  t h e  p r e s e n t  energy crisis and t h e  p o s s i -  

b i l i t i e s  f o r  o u r  energy f u t u r e ,  s t u d e n t s  must be  s k i l l e d  i n  a n a l y z i n g  
and drawing conc lus ions  about what t hey  r ead .  I n t e r p r e t i n g  p o l i t i c a l  
c a r t o o n s  i s  an impor t an t  p a r t  of t h i s  s k i l l .  The p o l i t i c a l  c a r t o o n  
e x i s t s  t o  e n t e r t a i n ,  pe r suade ,  and inform. T h e  a u t h o r / a r t i s t  u s e s  the 
c a r t o o n  t o  express an o p i n i o n  which may o r  may n o t  be h i s  own. Car- 
t o o n i s t s  h e l p  us  d i s t i n g u i s h  between f a c t  and op in ion .  They r e l y  on 
d e v i c e s  l i k e  sa t i re ,  melodrama, e x a g g e r a t i o n ,  and r e f e r e n c e s  t o  people  
and e v e n t s  t h e  r e a d e r  i s  expected t o  r e c o g n i z e  and a p p r e c i a t e .  Carica-  
t u r e  i s  a p r i n c i p a l  t o o l  of p o l i t i c a l  c a r t o o n i s t s .  They want a t o t a l  
r e sponse  from t h e  r e a d e r h i e w e r  and must o f f e r  a l l  t h e  c l u e s  p o s s i b l e  
t o  convey t h e  in t ended  meaning. 

The United S ta t e s  i s  p r e s e n t l y  a t  a n  impor t an t  t u r n i n g  p o i n t  i n  i t s  
ene rgy  f u t u r e .  How much l o n g e r  we w i l l  be a b l e  t o  remain dependent upon 
imported o i l  t o  meet ou r  h i g h  energy demands i s  q u e s t i o n a b l e .  

There are energy a l t e r n a t i v e s ;  n u c l e a r ,  s o l a r ,  geo the rma l ,  and wind 
power are  o n l y  a f e w  of  t h e  s o u r c e s  a v a i l a b l e  t o  t h e  U.S. Turning ou r  
a t t e n t i o n  away from f o s s i l  f u e l s  t o  t h e s e  a l t e r n a t i v e  s o u r c e s  i s  a r i s k  
and a n  adven tu re .  
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The purpose of t h i s  a c t i v i t y  i s  t o  have s t u d e n t s  examine some cur-  
r e n t  a t t i - t u d e s  r ega rd ing  our  energy  crisis and energy a l t e r n a t i v e s ,  as 
t h e y  are expressed  i n  p o l i t i c a l  c a r t o o n s .  

Advance! Planning 
Dupl i ca t e  class sets of t h e  workshee ts .  

I f  d . e s i r ed ,  c o l l e c t  a d d i t i o n a l  ca r toons  f o r  class d i s c u s s i o n .  

Suggested Time Allotment 
2 class p e r i o d s  

Suggested Approach 
Begin w i t h  a c lass  d i s c u s s i o n  of t h e  energy  crisis,  and go over  t h e  
voca.bulary w i t h  t h e  group.  

I f  c u r r e n t  e v e n t s  are d e a l t  w i t h  on a r e g u l a r  b a s i s ,  t h e  s t u d e n t s  
might be  a s s igned  t o  do some p r e p a r a t o r y  r e a d i n g s  from Time  o r  
Newsweek on t h e  energy  crisis. -- 
P o i n t  ou t  t h e  v a r i o u s  t o o l s  a v a i l a b l e  t o  t h e  c a r t o o n i s t  ( c a r i c a t u r e ,  
e x a g g e r a t i o n ,  e t c . )  t o  mold h i s  message. Have s t u d e n t s  p i c k  from 
t h e  c o l l e c t i o n  of c a r t o o n s  t h o s e  which convey meaning t o  them and 
sugges t  a g iven  theme. 

You may wish t o  d i v i d e  t h e  class i n t o  s m a l l  groups t o  answer t h e  
q u e s t i o n s .  Allow t h e  s t u d e n t s  t o  ana lyze  and i n t e r p r e t  t h e  ca r toons .  
Move about  from group t o  group t o  be  s u r e  t h e y  a r e  working and 
unders tanding  what t hey  are do ing  (should t a k e  about  15-20 min . ) .  

A f t e r  t h e  s t u d e n t s  have had t h e  o p p o r t u n i t y  t o  d i s c u s s  t h e  c a r t o o n s  
and answer t h e  q u e s t i o n s ,  c a l l  t h e  class t o g e t h e r  and rev iew t h e  
v a r i o u s  answers peop le  a r r i v e d  a t .  Answers could be  w r i t t e n  on t h e  
blackboard by a s t u d e n t .  Overhead t r a n s p a r e n c i e s  of t h e  c a r t o o n s  
might f a c i l i t a t e  t h e  d i s c u s s i o n .  

A s  a. conc luding  a c t i v i t y  a s k  t h e  class t o  summarize i n  w r i t i n g  t h e  
f u t u r e  energy d i r e c t i o n  t h e  United States  should  t a k e .  

I f  students work i n  small groups they have a tendency t o  wander 
fron the discussion points ,  so be sure t o  walk around the room 
t o  keep them on the subject .  

T r y  t o  encourage discussion of energy a l ternat ives;  students seem 
t o  concentrate so le  l y  on conservation. 



Points for Discussion 
How r e l i a b l e  are c a r t o o n s  as a means of g a t h e r i n g  ev idence  about  
energy  ? 

How much i n f l u e n c e  do t h e  c i t i z e n s  of t h e  U.S. have i n  t h e  d e t e r -  
mina t ion  o f  energy d e c i s i o n s ?  

How much i n f l u e n c e  do newspapers and o t h e r  media have i n  shaping  
n a t i o n a l  energy p o l i c y ?  

Typical Results 
Studen t s  en joy  t h e  change of pace  and,depending on t h e  group,may 
come up w i t h  some c r e a t i v e  answers .  

Evaluation 
Inc luded  i n  t h i s  a c t i v i t y  are s i x  c a r t o o n s .  Use 3 o r  4 f o r  c l a s s  
d i s c u s s i o n .  On t h e  nex t  test  i n c l u d e  one o r  two of t h e  remaining 
c a r t o o n s  and have each s t u d e n t  i n t e r p r e t  t h e  message, o r  u se  one 
of t h e  c a r t o o n s  below and w r i t e  your own q u e s t i o n s .  

Eva lua te  t h e  w r i t t e n  s t a t emen t  f o r  r easonab leness  and cons i s t ency .  

Mod if icat ion s 
Studen t s  could b e  asked t o  b r i n g  i n  newspaper o r  magazine a r t ic les  
t o  suppor t  o r  r e f u t e  t h e  c a r t o o n i s t s ’  messages.  

r e p r i n t e d  from NESEC Update, Oct. 1980 r e p r i n t e d  from NESEC U date ,  Feb. 1980 
courtesy o f  Northeast Solar Energy Center. courtesy o f  h l a r  Energy Center. 
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Introduction 
S o l a r  r a d i a t i o n  is  t h e  d r i v i n g  f o r c e  b e h i n d  a l l  t h e  

e n e r g y  and  l i f e  on  t h e  p l a n e t .  You a re  p r o b a b l y  aware of 
s u n l i g h t  a s  a f o r m  o f  e n e r g y .  But  d i d  you r e a l i z e  t h a t  w i n d  
i s  a l s o  e n e r g y ,  a n d  t h a t  t h e  s u n  causes t h e  w i n d ?  

When t h e  s u n  h e a t s  t h e  g r o u n d ,  t h e  g r o u n d  h e a t s  t h e  a i r  
a b o v e  i t .  T h a t  a i r  e x p a n d s  f rom t h e  heat  a n d  becomes less 
d e n s e  a n d  t h e r e f o r e  l i g h t e r .  Cooler ,  d e n s e r  a i r  f r o m  
a n o t h e r  area s l i d e s  u n d e r  i t ,  p u s h i n g  t h e  w a r m ,  l i g h t  a i r  
up .  T h e s e  movements  o f  w a r m  and  cool  a i r  masses c a u s e  w i n d .  
So w i n d  is  a n  i n d i r e c t  fo rm of s o l a r  e n e r g y .  

Bo th  s u n s h i n e  a n d  wind  h a v e  e n e r g y  p o t e n t i a l .  Bo th  c a n  
b e  u s e d  t o  g e n e r a t e  e l e c t r i c i t y ,  f o r  e x a m p l e .  Wind m a c h i n e s  
c a n  be u s e d  t o  d r i v e  e l e c t r i c a l  g e n e r a t o r s .  P h o t o v o l t a i c  
c e l l s ,  l i k e  t h o s e  u s e d  on space s a t e l l i t e s ,  c a n  b e  u s e d  t o  
t r a n s f o r m  s u n l i g h t  d i r e c t l y  t o  e l e c t r i c i t y .  But  s u n s h i n e  
a n d  w i n d  are  n o t  t h e  same e v e r y w h e r e .  Some r e g i o n s  h a v e  
p l e n t y  o f  s o l a r  r a d i a t i o n ,  o t h e r s  h a v e  more w i n d .  I n  t h i s  
a c t i v i t y  you w i l l  s t u d y  maps o f  t h e  U n i t e d  S t a t e s  t o  d e t e r -  
mine  wh ich  r e g i o n s  would  be ab le  t o  u s e  s o l a r  r a d i a t i o n  o r  
w i n d  t o  p r o d u c e  e l e c t r i c i t y .  

D R A F T  
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@ 0 b j ect ive s 
A t  t h e  c o m p l e t i o n  of t h i s  a c t i v i t y ,  you  s h o u l d  b e  ab le  t o  

o c o r r e c t l y  s t a t e  w h i c h  areas  o f  t h e  U n i t e d  S t a t e s  
h a v e  t h e  g r e a t e s t  w ind  e n e r g y  r e s o u r c e s ,  

o c o r r e c t l y  s t a t e  w h i c h  areas  o f  t h e  U n i t e d  S t a t e s  
r e c e i v e  t h e  g rea tes t  amount o f  r a d i a n t  so la r  
e n e r g y ,  a n d  

o d i s t i n g u i s h  b e t w e e n  a d i r e c t  f o r m  o f  s o l a r  e n e r g y  
and  an  i n d i r e c t  f o r m  o f  s o l a r  e n e r g y .  

Skills arid Knowledge You Need 
R e a d i n g  a map f o r  z o n e s  o f  e q u a l i t y  
I d e n t i f y i n g  t h e  r e g i o n s  o f  t h e  c o u n t r y :  N o r t h e a s t ,  

I ! Jor thwes t ,  C e n t r a l ,  S o u t h w e s t ,  S o u t h e a s t ,  A l a s k a ,  
H a w a i i ,  a n d  P u e r t o  Rico 

Est i m a t  i n g  a m o u n t s  
Color c o d i n g  r e g i o n s  on  a map 

Materials f- p a p e r  
p e n c i l  
r u l e r  

\ f e l t  p e n s ,  c r a y o n s ,  o r  c o l o r e d  p e n c i l s  1 
Words You’ll Learn 

i s o l i n e - - a  l i n e  on a map c o n n e c t i n g  z o n e s  o f  e q u a l i t y  
( e q u a l  a v e r a g e  a n n u a l  w i n d  s p e e d ,  f o r  
e x a m p l e ) .  

( e n o u g h  t o  power 10 100-watt  l i g h t  b u l b s ) .  

d i r e c t  a n d  c o n t i n u o u s  s u p p l y  o f  e l e c t r i c a l  
e n e r g y  wheneve r  i t  is  i l l u m i n a t e d  b y  l i g h t .  

s u n  w h i c h  i s  r e c e i v e d  b y  t h e  e a r t h  a n d  w h i c h  
c o u l d  be u s e d  f o r  h e a t  o r  e l e c t r i c a l  power .  

k i lowatt--a  u n i t  of power e q u a l i n g  o n e  t h o u s a n d  w a t t s  

p h o t o v o l t a i c  cel l - -a  s i l i c o n  c e l l  w h i c h  p r o d u c e s  a 

s o l a r  e n e r g y - - t h e  e l e c t r o m a g n e t i c  r a d i a t i o n  f r o m  t h e  

watt--a u n i t  of e l e c t r i c a l  power .  
wind  e n e r g y  c o n v e r s i o n  s y s t e m - - a  w i n d m i l l  w h i c h  c a n  

c a p t u r e  w i n d  e n e r g y  a n d  c o n v e r t  i t  t o  
e l e c t r i c a l  e n e r g y .  

n 
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Proced u re 

n 

P a r t  1. ELECTRICITY FROM SOLAR RADIATION: The s u n  h a s  a 
t r e m e n d o u s  power o u t p u t - - 1 7 0  b i l l i o n  megawatts. On 
e a r t h  t h e  a v e r a g e  r a d i a n t  e n e r g y  i s  a b o u t  1.365 
k i l o w a t t s  p e r  s q u a r e  meter. P h o t o v o l t a i c  c e l l s  c a n  
c o n v e r t  t h a t  r a d i a n t  e n e r g y  d i r e c t l y  t o  e l e c t r i c i t y ,  
b u t  t h e i r  e f f i c i e n c y  i s  o n l y  a b o u t  10%. 

1. Look a t  Map 1: S o l a r  R a d i a t i o n .  Each  l i n e  c o n n e c t s  
p o i n t s  t h a t  r e c e i v e  e q u a l  amoun t s  of s o l a r  e n e r g y .  
T h e s e  l i n e s  a re  s imilar  t o  l i n e s  on  a contour  map, 
and  are  c a l l e d  i s o l i n e s .  ( " I so"  means e q u a l . )  

2 .  Look a t  t h e  t a b l e  " E s t i m a t i n g  S o l a r  P o t e n t i a l . "  F i n d  
e a c h  o f  t h e  r e g i o n s  o r  s t a t e s  o n  t h e  map. U s i n g  t h e  
numbers  on  t h e  i s o l i n e s  ( k i l o w a t t  h o u r s  per  s q u a r e  
meter p e r  d a y )  .estimate t h e  s o l a r  r a d i a t i o n  f o r  e a c h  
r e g i o n ,  and  f i l l  i t  i n  on  t h e  t a b l e .  

3 .  P h o t o v o l t a i c  c e l l s  are  about  10% e f f i c i e n t ,  so  you must  
m u l t i p l y  e a c h  s o l a r  r a d i a t i o n  es t imate  by 0 .10.  T h i s  
w i l l  g i v e  you t h e  e l e c t r i c a l  p o t e n t i a l  f r o m  s u n s h i n e  
f o r  e a c h  r e g i o n .  

4 .  I d e n t i f y  and  co lor  t h e  areas  of y o u r  map t h a t  h a v e  t h e  
g r e a t e s t  s o l a r  e l e c t r i c a l  p o t e n t i a l .  Color c o d e  YOUR 
K E Y  w i t h  t h e  same co lor .  

5. I d e n t i f y  and  co lor  c o d e  t h e  a reas  t h a t  h a v e  t h e  l e a s t  
s o l a r  e l e c t r i c a l  p o t e n t i a l .  

6 .  What i s  t h e  s o l a r  e l e c t r i c a l  p o t e n t i a l  f o r  y o u r  r e g i o n ?  
Make a n  es t imate  u s i n g  t h e  d a t a  i n  Map 1. B e  c e r t a i n  
t o  e x p r e s s  y o u r  es t imate  i n  t h e  p r o p e r  u n i t s .  ( M u l t i -  
p l y  by  0 . 1 0 . )  F i l l  i n  t h i s  i n f o r m a t i o n  on y o u r  k e y .  

7 .  Choose  a s u i t a b l e  l o c a t i o n  f o r  a s o l a r  e l e c t r i c  
g e n e r a t i n g  s t a t i o n .  F i l l  i n  t h e  name o f  t h a t  a rea  
and  i t s  s o l a r  e l e c t r i c a l  p o t e n t i a l  on y o u r  k e y .  

A 
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P a r t  2 .  ELECTRICITY FROM THE WIND: W i n d m i l l s  u s e  t h e  power 
o f  t h e  s u n ,  too .  The s u n ' s  power h e a t s  t h e  a i r  
c a u s i n g  a i r  movement ( w i n d ) .  The r o t o r s  on  t h e  
w i n d m i l l  are  t u r n e d  by  t h e  w i n d  a n d  e l e c t r i c i t y  is 
p r o d u c e d .  However ,  t h e  r o t o r s  a n d  g e n e r a t o r s  a re  
i n e f f i c i e n t ;  t h e  best  w i n d m i l l  o n l y  c o n v e r t s  a b o u t  
30% o f  t h e  a v a i l a b l e  e n e r g y  i n t o  e l e c t r i c i t y .  

1. 

2 .  

3. 

4 .  

5.  

6 .  

7. 

Look a t  Map 2 :  Avai lable  Wind Power .  The l i n e s  on  t h e  
map ind ica t e  loca t ions  i n  the  U n i t e d  S t a t e s  t h a t  have 
t h e  same q u a n t i t y  o f  w i n d  power .  

Look a t  t h e  t a b l e  " E s t i m a t i n g  Wind P o t e n t i a l . "  F i n d  
e a c h  of t h e  r e g i o n s  o r  s t a t e s  on  t h e  map. U s i n g  t h e  
numbers  on  t h e  i s o l i n e s  ( k i l o w a t t  h o u r s  p e r  s q u a r e  
m e t e r  per  d a y )  es t imate  t h e  w i n d  e n e r g y  f o r  e a c h  r e g i o n ,  
a n d  f i l l  i t  i n  on  t h e  t a b l e .  

Wind m a c h i n e s  are a b o u t  30% e f f i c i e n t  ( a t  b e s t ) ,  so you 
must m u l t i p l y  y o u r  wind  e n e r g y  estimate b y  0.30. T h i s  
w i l : L  g i v e  you  t h e  e l e c t r i c a l  p o t e n t i a l  f r o m  w i n d  f o r  
each region. 

I d e n t i f y  a n d  co lor  t h e  areas o f  y o u r  m a p  t h a t  h a v e  t h e  
g r e a t e s t  w ind  e l e c t r i c a l  p o t e n t i a l .  
KEY w i t h  t h e  same color .  

Color c o d e  YOUR 

I d e n t i f y  a n d  co lor  code t h e  areas w i t h  t h e  least  w i n d  
e l e c t r i c a l  p o t e n t i a l .  

What is  t h e  wind  e l ec t r i ca l  p o t e n t i a l  f o r  y o u r  r e g i o n ?  
Make a n  estimate u s i n g  Map 2.  F i l l  i n  t h i s  i n f o r m a t i o n  
on  y o u r  k e y .  

Choose  a s u i t a b l e  l o c a t i o n  t o  d e v e l o p  a w i n d  f a r m ,  a n  
area w h e r e  many w i n d m i l l s  c a n  be l o c a t e d  t o g e t h e r  t o  
g e n e r a t e  e l e c t r i c i t y .  F i l l  i n  t h e  i n f o r m a t i o n  a b o u t  
t h a t  a rea  on y o u r  k e y .  

Q 
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Q u estions 
1. Why d o  some a reas  h a v e  more s u n s h i n e  on a d a i l y  

a v e r a g e  t h a n  o t h e r s ?  Why d o  some h a v e  more wind 
t h a n  o t h e r s ?  

2 .  Which area o f  t h e  U n i t e d  S t a t e s  h a s  t h e  g rea t e s t  
p o t e n t i a l  f o r  d e v e l o p i n g  wind  r e s o u r c e s ?  

3. Which area h a s  t h e  g r e a t e s t  p o t e n t i a l  f o r  d e v e l o p i n g  
e l e c t r i c  power t h r o u g h  t h e  d i r ec t  c o n v e r s i o n  o f  
s o l a r  e n e r g y  u s i n g  p h o t o v o l t a i c  c e l l s ?  

4 .  Are t h e r e  l a rge  p o p u l a t i o n  c e n t e r s  n e a r  t h e  a reas  
you named i n  2 t 3? What d i f f e r e n c e  d o e s  i t  make 
i f  t h e  a reas  p r o d u c i n g  t h e  e l e c t r i c i t y  a re  n e a r  o r  
f a r  f r o m  t h e  p o p u l a t i o n  c e n t e r s ?  

5 .  Rank t h e  g e o g r a p h i c  areas  i n  o r d e r  o f  t h e i r  p o t e n t i a l  
f o r  w i n d - g e n e r a t e d  e l e c t r i c i t y  a n d  for solar cell- 
g e n e r a t e d  e l e c t r i c i t y .  

6 .  B a s e d  on  y o u r  knowledge  o f  p h y s i c a l  f a c t o r s  l i k e  
m o u n t a i n s ,  o c e a n  c u r r e n t s ,  a n d  s o  f o r t h ,  d e v e l o p  a 
h y p o t h e s i s  f o r  t h e  d i s t r i b u t i o n  o f  w i n d  e n e r g y  i n  
t h e  U n i t e d  S t a t e s .  

A 

7 .  I s  p h o t o v o l t a i c  e n e r g y  a d i r e c t  o r  i n d i r e c t  f o r m  o f  
so l a r  e n e r g y ?  What a b o u t  w i n d  e n e r g y ?  How d o  you  
know? 

/ 
Looking Back 

You f o u n d  t h a t  w h i l e  w i n d  e n e r g y  a n d  s o l a r  r a d i a n t  
e n e r g y  are w i d e l y  d i s t r i b u t e d  o v e r  t h e  U n i t e d  S t a t e s ,  t h e  
a m o u n t s  of e n e r g y  v a r y  a grea t  dea l .  Some g e o g r a p h i c  
r e g i o n s  of t h e  U.S. a r e  much more s u i t e d  f o r  w i n d  e n e r g y  
d e v e l o p m e n t  t h a n  f o r  u s i n g  p h o t o v o l t a i c s  t o  g e n e r a t e  
e l e c t r i c i t y .  

I n  y o u r  a r e a ,  wh ich  o p t i o n  would  be m o s t  p r o d u c t i v e :  
a w i n d m i l l ,  p h o t o v o l t a i c  c e l l s ,  o r  a c o m b i n a t i o n ?  

\ 

Going Further 
Wind e n e r g y  w a s  a n  i m p o r t a n t  resource p r i o r  t o  a n d  
d u r i n g  t h e  e a r l y  p a r t s  of t h e  i n d u s t r i a l  r e v o l u t i o n .  
I d e n t i f y  t h e  l o c a t i o n s  a n d  f u n c t i o n s  o f  w i n d m i l l s  i n  
p r e - c i v i l  w a r  America. 
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Many p e o p l e  b e l i e v e  so l a r  c e l l s  w i l l  make dramatic 
c h a n g e s  i n  o u r  soc i a l  s t r u c t u r e  when t h e y  become common 
on i n d i v i d u a l  h o u s e  roofs .  I d e n t i f y  some s o c i a l  
c h a n g e s  t h a t  are l i k e l y  t o  o c c u r  when homes become 
e n e r g y  p r o d u c e r s  as  w e l l  as  e n e r g y  c o n s u m e r s .  

D e v e l o p  a n  " e n e r g y  map" of t h e  U . S .  or t h e  world 
w h i c h  i d e n t i f i e s  a p p r o p r i a t e  e n e r g y  r e s o u r c e s  f o r  
e a c h  r e g i o n  or c o u n t r y .  



Map I 1 

Most s o l a r  rad ia t ion  (color)O 
Least s o l a r  rad ia t ion  ( c o l o r  >o 

I Solar Radiation I 
Total Horizontal 

Annual Average-Day Values 

in 
kwh /m2 I d  a y 

Your a rea  

Your choice for a 
s o l a r  generating s t a t i o n  

- 

Your Key E l e c t r i c a l  
Po ten t i a l  Name 



L o c a t e  e a c h  r e g i o n  o n  Map 1. E s t i m a t e  t h e  a v e r -  
age so l a r  e l e c t r i c a l  p o t e n t i a l  f o r  e a c h  r e g i o n .  

U.S. Regioln 
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Estimating Wind Potential 

L,ocate e a c h  r e g i o n  o n  Map 2.  E s t i m a t e  t h e  a v e r -  
a g e  wind  e l e c t r i c a l  p o t e n t i a l  f o r  e a c h  r e g i o n .  

U.S. Region 

NORT HE A B T 

SOUTHEAST 

CENTRAL 

SOUTHWEST 

NORTH W E ST 

ALASKA 

H A W A I I  

~~ ~ 

PUERTO FlICO 

Conversion Factor Electrical 
Pot en t ial Wind Energy 1 for Wind Machines 

I 
I 

I 
I 

NOTE: Your wind  map shows o n l y  b r o a d  g e n e r a l  a v e r -  
a g e s  f o r  areas .  W i t h i n  a n  a r ea ,  however ,  t h e r e  may 
be h i g h - a - l t i t u d e  l o c a t i o n s  s u c h  as h i g h  p l a t e a u s  and 
m o u n t a i n  t o p s  t h a t  h a v e  more wind  e l e c t r i c a l  p o t e n -  
t i a l  t h a n  t h e  s u r r o u n d i n g  area.  

. *  

A 



Background 
S o l a r  energy i s  r a t h e r  d i f f u s e  and i s  t h e r e f o r e  p r a c t i c a l  f o r  low- 

i n t e n s i t y  u s e s  l i k e  space  and water h e a t i n g .  But Americans have become 
v e r y  dependent upon a h i g h - i n t e n s i t y  form of  energy:  e l e c t r i c i t y .  
F o r t u n a t e l y ,  t h e r e  are two renewable energy t e c h n o l o g i e s  which may soon 
e n a b l e  people  t o  produce e l e c t r i c i t y  l o c a l l y :  p h o t o v o l t a i c  ce l l s  and 
wind energy conve r s ion  systems.  

8-11 

Reading maps and i s o l i n e s  

C o l l e c t i n g  and i n t e r p r e t i n g  d a t a  

Es t ima t ing  q u a n t i t i e s  

Drawing conc lus ions  

Major Understandings 
S o l a r  energy i s  a v a i l a b l e  i n  b o t h  d i r e c t  and i n d i r e c t  forms. 

People  are  a t t e m p t i n g  t o  c o n v e r t  d i r e c t  and i n d i r e c t  s o l a r  energy 
i n t o  e l e c t r i c i t y  w i t h  v a r y i n g  degrees  of s u c c e s s .  

The amounts of s o l a r  and wind energy a v a i l a b l e  v a r y  c o n s i d e r a b l y  
throughout  t h e  United S t a t e s .  

\ 

Although s t i l l  expens ive ,  b o t h  t e c h n o l o g i e s  are becoming more c o s t -  
c o m p e t i t i v e ,  and are a t t r a c t i n g  t h e  a t t e n t i o n  of major i n d u s t r i e s ,  
u t i l i t i e s ,  and m u n i c i p a l i t i e s ,  as w e l l  as  i n d i v i d u a l  homeowners. Each, 
however, h a s  t o  b e  e v a l u a t e d  i n  terms of l o c a l  climate. F o r t u n a t e l y ,  
r e g i o n s  t h a t  are w o r s t  s u i t e d  f o r  p h o t o v o l t a i c s  are  o f t e n  b e s t  s u i t e d  
f o r  wind power, and v i c e  v e r s a .  

I n  t h e  p h o t o v o l t a i c  e f f e c t ,  s u n l i g h t  excites e l e c t r o n s  i n  a t h i n  
l a y e r  of s i l i c o n ,  producing a n  e l e c t r i c  c u r r e n t ,  s o  p h o t o v o l t a i c  ce l l s  
conve r t  s u n l i g h t  d i r e c t l y  t o  e l e c t r i c i t y .  They need b r i g h t ,  d i r e c t  
s u n l i g h t  f o r  t h e  most e f f i c i e n t  o p e r a t i o n ,  b u t  w i l l  g e n e r a t e  some 
c u r r e n t  even on a n  o v e r c a s t  day. 



Wind systems use  a wind d r i v e n  r o t o r  t o  t u r n  t h e  s h a f t  of  an  
e l e c t r i c  g e n e r a t o r .  
v e l o c i t i e s ,  and are most e f f i c i e n t  a t  15 t o  20 m.p.h. 

Most wind machines won’t o p e r a t e  a t  ve ry  low wind 

Some r e g i o n s  are more s u i t e d  f o r  p h o t o v o l t a i c s  and some f o r  wind 
power, s i n c e  t h e  s u p p l i e s  of d i r e c t  s u n l i g h t  and s t r o n g  wind va ry  from 
r e g i o n  t o  r e g i o n .  The purpose of t h e  workshee ts  i s  t o  a l low s t u d e n t s  
t o  compare r e g i o n s  and de termine  how a p p r o p r i a t e - p h o t o v o l t a i c  and wind 
power are f o r  a given r e g i o n .  

Advance PI an n i n g 
Dupl i ca t e  maps and t a b l e s .  

Obta in  f e l t  pens ,  c r ayons ,  o r  co lo red  p e n c i l s .  

Suggested Time Allotment 
2 - 3 class  p e r i o d s  

Suggested Approach 
Before beginning  t h e  a c t i v i t y ,  go over  t h e  vocabulary  and d i s c u s s  
t h e  concept  of i s o l i n e s .  Exp la in  how t o  estimate average  quan t i -  
t i e s  f o r  an area. 

Discuss  how p h o t o v o l t a i c  ce l l s  and wind machines o p e r a t e ,  and how 
wind comes from s o l a r  energy. 

You may wish t o  team s t u d e n t s  f o r  t h e  e s t i m a t i n g  p a r t .  

( t i o n s  
No precise answers Can be determined fy>om the charts, so reasonable 
estimates are acceptable. 

Poi n t s  i o  r Di scu ss io n 
Why a r e  people  c o n s i d e r i n g  t h e  use  of  s o l a r  r a d i a n t  energy and wind 
energy  t o  produce e l e c t r i c i t y ?  

What changes might occur  i n  ou r  s o c i e t a l  systems i f  each household 
produced most of i t s  own energy  and d i d  n o t  have t o  depend on a 
c e n t r a l  power company? 

Why are  most peop le  n o t  now b u i l d i n g  windmi l l s  o r  p u t t i n g  photo- 
v o l t a i c  ce l l s  on t h e i r  p r o p e r t y ?  

What are some p o t e n t i a l  d i sadvan tages  of l a r g e  wind o r  p h o t o v o l t a i c  
i n s t a l l a t i o n s ?  How do t h e s e  weigh a g a i n s t  t h e  advantages?  

n 

n 

\ 



Typical Results 

U.S. 

U.S. 

Some s t u d e n t s  w i l l  n o t  l ook  c l o s e l y  enough a t  t h e  maps  t o  f i n d  t h o s e  
s m a l l  areas of  h i g h e s t  and lowes t  p o t e n t i a l .  
farms on t h e  ocean,  which cou ld  be a p o s s i b i l i t y  f o r  t h e  f u t u r e .  

Some may l o c a t e  wind 

Eva1 u at i o n 
Check t h e  c o l o r  coding on t h e  maps t o  see i f  each s t u d e n t  l o c a t e d  
t h e  areas r e q u e s t e d .  

The t a b l e s  produced by t h e  s t u d e n t s  w i l l  n o t  be i d e n t i c a l  because 
estimates made cannot  b e  p r e c i s e .  However, t h e  t a b l e s  should 
approximate a s t a n d a r d  t o  b e  a c c e p t a b l e .  

Modifications 
Discuss  o t h e r  s o l a r  t echno log ie s - - ac t ive  s o l a r  systems,  p a s s i v e  
s o l a r  d e s i g n ,  c o n c e n t r a t o r  c o l l e c t o r s ,  hydropower, wood, methane, 
e t h a n o l ,  etc.--and e v a l u a t e  them f o r  r e g i o n a l  a p p r o p r i a t e n e s s .  
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63 A Sun Rights Dilemma I9 

I nt rod uction 
E v e r y o n e  h a s  h e a r d  of  t h e  e n e r g y  crisis.  Whenever w e  

s t o p  a t  a g a s  s t a t i o n  i t  seems t h a t  t h e  p r i c e  o f  gas h a s  
gone  u p .  Our d e p e n d e n c e  on  o i l  i m p o r t s  c o n t i n u e s  a n d  t h e  
p e o p l e  of t h e  U . S .  c o n t i n u e  t o  pay d e a r l y  f o r  i t .  

The e n e r g y  crisis h a s  f o r c e d  u s  t o  l o o k  i n t o  a l t e r n a -  
t i v e  e n e r g y  s o u r c e s ;  a n d  a l t h o u g h  w e  know t h a t  t h e r e  i s  n o  
o n e  e n e r g y  s o u r c e  t h a t  w i l l  s a t i s f y  a l l  t h e  e n e r g y  n e e d s  of 
t h e  U . S . ,  p e o p l e  are coming  t o  r ea l i ze  t h e  i m p o r t a n c e  of 
e x p e r i m e n t i n g  w i t h  p o s s i b l e  a l t e r n a t i v e s .  An e n e r g y  s o u r c e  
t h a t  h a s  b e e n  w i t h  u s  s i n c e  c r e a t i o n ,  b u t  h a s  b e e n  s e v e r e l y  
u n d e r - u t i l i z e d ,  i s  t h e  s u n .  Today more a n d  more p e o p l e  a r e  
i n t e r e s t e d  i n  h a r n e s s i n g  t h e  s u n ' s  e n e r g y  t o  p r o v i d e  f o r  
some of o u r  e n e r g y  n e e d s .  

D R A F T  
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I n  t h i s  a c t i v i t y  y o u  w i l l  r e a d  a b o u t  a town i n  t h e  U . S .  
t h a t  h a s  a d i lemma.  Some r e s i d e n t s  w a n t  t o  use  s o l a r  and 
wind  e n e r g y  f o r  t h e i r  homes ,  b u t  b e c a u s e  t h e  t o w n  is  con-  
s i d e r e d  a h i s t o r i c  s i t e ,  z o n i n g  l a w s  P r e V e h t  t h i s  k i n d  of 
c h a n g e .  Some c i t i z e n s  wan t  t o  k e e p  t h i n g s  j u s t  t h e  way t h e y  
a r e .  A t h i r d  group o f  r e s i d e n t s  f e e l  v e r y  s t r o n g l y  t h a t  t h e  
e n e r g y  p r o b l e m s  of t h e  U . S .  c a n  b e s t  be s o l v e d  b y  s t r i c t e r  
c o n s e r v a t i o n  m e t h o d s .  

A s  you  r e a d  t h e  d i l e m m a , c o n s i d e r  t h e  n e e d  t o  p r o t e c t  
t h e  r i g h t s  o f  a l l  c i t i z e n s :  t h o s e  who w i s h  t o  d e v e l o p  
a l t e r n a t i v e  sources  of e n e r g y ,  t h o s e  who w i s h  t o  p r e s e r v e  a 
h i s t o r i c  s i t e ,  a n d  t h o s e  who f a v o r  c o n s e r v a t i o n .  

0 bjectives 
A t  t h e  c o m p l e t i o n  of t h i s  a c t i v i t y  you s h o u l d  b e  ab le  t o  

o l ist  5 p o s s i b l e  o p t i o n s  t h a t  t h e  town s h o u l d  con-  

o d e t e r m i n e  t h e  impact o f  a s p e c i f i c  d e c i s i o n .  
s i d e r  t o  s o l v e  t h e  problem, and  

Skills arid Knowledge You Need 
L i s t e n i n g ,  s p e a k i n g ,  r e a d i n g ,  a n d  w r i t i n g  a s  a means  
o f  c o m m u n i c a t i o n  
An u n d e r s t a n d i n g  o f  t h e  B i l l  of R i g h t s  
C l a r i f y i n g  d i f f e r e n c e s  i n  b e h a v i o r s  a n d  i d e a s  
Making d e c i s i o n s  a n d  a s s e s s i n g  t h e i r  i m p a c t  

[ Materials 
a c o p y  o f  t h e  d i lemma 
an  o v e r h e a d  t r a n s p a r e n c y  

/ Words You'll Learn 
A c t i v e  s o l a r  co l lec tor - -  

a box  w i t h  o n e  g l a s s  s i d e  
s p e c i a l l y  d e s i g n e d  t o  col-  
l e c t  t h e  s u n ' s  e n e r g y  f o r  
s p a c e  o r  water h e a t i n g .  
C o l l e c t o r s  are  o f t e n  
mounted  on t h e  r o o f s  o f  
h o u s e s .  

A 

n 
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P a s s i v e  s o l a r - - r e f e r s  t o  a 
h o u s e  or  b u i l d i n g  t h a t  is  
b u i l t  i n  s u c h  a manner  a s  
t o  c a p t u r e  t h e  maximum 
amount of s u n l i g h t - - w h i c h  
i n  t u r n  n a t u r a l l y  w a r m s  
t h e  h o u s e .  Such  s t r u c -  
t u r e s  u s u a l l y  h a v e  l a rge  
window areas o n  t h e  s o u t h  
s i d e .  

Wind-powered g e n e r a t o r - -  
a modern type of windmill 
u s e d  t o  g e n e r a t e  elec- 
t r i c i t y .  

Procedure 
1. 

2 .  

3. 

4.  

5.  

6 .  

D i v i d e  i n t o  g r o u p s  o f  4 o r  5 and  c h o o s e  a l e a d e r  f o r  t h e  
g r o u p .  

Read t h e  d i l emma.  

A p p o i n t  a r e c o r d e r  t o  w r i t e  y o u r  s o l u t i o n s  on a n  o v e r -  
h e a d  t r a n s p a r e n c y  t o  be s h a r e d  w i t h  t h e  c l a s s .  

D i s c u s s  t h e  " P r o s "  a n d  "Cons" of i n t r o d u c i n g  s o l a r  
e n e r g y  i n t o  t h e  town--some h a v e  b e e n  g i v e n  t o  you--and  add 
t o  t h e  l ist  u n t i l  you  h a v e  7 o f  e a c h .  

D i s c u s s  t h e  p o s s i b i l i t y  o f  i n t r o d u c i n g  l a w s  t h a t  m i g h t  
p r o t e c t  c i t i z e n s  w i s h i n g  t o  u s e  s o l a r  e n e r g y .  

C o m e  u p  w i t h  5 p o s s i b l e  s o l u t i o n s  t o  t h e  d i lemma a n d  
h a v e  y o u r  r e c o r d e r  r e p o r t  t hem t o  t h e  c l a s s .  

Questions 
1. S h o u l d  S w i f t  a n d  J o h n s o n  h a v e  t h e  r i g h t  t o  i n s t a l l  

s o l a r  c o l l e c t o r s  and  wind  m a c h i n e s  on t h e i r  p r o p e r t y ?  
D o  t h e y  a l r e a d y  h a v e  t h e  r i g h t ?  

2 .  Does M r .  J o n e s  s t i l l  h a v e  t h e  r i g h t  t o  p l a n t  h i s  
p o p l a r  t r e e s ,  when h e  knows t h a t  e v e n t u a l l y  t h e y  w i l l  
cast  a shadow on  h l r .  S w i f t ' s  s o l a r  c o l l e c t o r ?  

3 .  Where s h o u l d  t h e  r e s p o n s i b i l i t y  f o r  p r o t e c t i n g  t h e  
u s e r s  o f  s o l a r  e n e r g y  l i e - - w i t h  t h e  t o w n ,  t h e  s t a t e ,  
o r  t h e  f e d e r a l  g o v e r n m e n t ?  Why? 

4 .  I f  a compromise  w i t h  t h e  h i s t o r i c a l  s o c i e t y  c o u l d  be 
r e a c h e d ,  d o  you t h i n k  a c t i v e  o r  p a s s i v e  u s e  o f  s o l a r  
wou ld  be more b e n e f i c i a l ?  Why? 
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Looking Back 
Coming t o  u n d e r s t a n d  t h e  e n e r g y  crisis a n d  how it  

a f f ec t s  each of u s  i s n ' t  s i m p l e .  P e o p l e  d o n ' t  a l w a y s  agree 
on  t h e  s o l u t i o n s ,  b u t  i t  is  i m p o r t a n t  t o  u n d e r s t a n d  a l l  
poss ib l e  o p t i o n s  a n d  be o p e n  t o  c h a n g e .  

T h e  s i t u a t i o n s  f a c e d  by S w i f t  a n d  J o h n s o n  are n o t  
u n u s u a l .  They a re  t y p i c a l  o f  t o w n s  w h e r e  people a re  t r y i n g  
new t h i n g s .  I n  a t t e m p t i n g  t o  r e l y  on  r e n e w a b l e  e n e r g y  
s o u r c e s  s u c h  p e o p l e  a re  c h a l l e n g i n g  wha t  o t h e r  c i t i z e n s  h a v e  
come t o  c o n s i d e r  as t h e i r  r i g h t s .  How f a r  t h e  i n d i v i d u a l  
rnaves i n  t h e  d i r e c t i o n  of m e e t i n g  o t h e r s '  demands is  some- 
t i m e s  a matter of p r e f e r e n c e ,  sometimes of n e g o t i a t i o n ,  a n d  
s o m e t i m e s  of l a w .  
L 1 

Going Further  
D e v e l o p  a S o l a r  E n e r g y  B i l l  of R i g h t s  t h a t  c o u l d  be 
added t o  t h e  C o n s t i t u t i o n  of t h e  U . S .  t o  p ro tec t  c i t i -  
zens who w i s h  t o  u s e  s o l a r  as  a n  a l t e r n a t i v e  s o u r c e  o f  
enaergy . 
Cons ide r  t h e  z o n i n g  r e g u l a t i o n s  i n  y o u r  own l o c a l i t y .  
D o  t h e y  e n c o u r a g e  o r  d i s c o u r a g e  s o l a r  a n d  wind  d e v e l o p -  
m e n t ?  

D o  r e s e a r c h  t o  d e t e r m i n e  w h e r e  t h e  r e s p o n s i b i l i t y  f o r  
p r o t e c t i n g  s o l a r  access c u r r e n t l y  l i e s .  

D o e s  t h e  U . S .  h a v e  a body of l a w  p r o t e c t i n g  "sun  r i g h t s "  
o r  "solar  a c c e s s " ?  



The Sun Rights Dilemma 1 

The y e a r  is  1986; t h e  U n i t e d  S t a t e s '  e n e r g y  cr is is  h a s  
d e e p e n e d .  G a s o l i n e  now c o s t s  $3.29 p e r  g a l l o n  a n d  p r o s p e c t s  
a re  t h a t  i t  w i l l  h i t  $4 .00  by 1 9 8 7 .  The p r i c e s  o f  home 
h e a t i n g  o i l  a n d  n a t u r a l  gas c o n t i n u e  t o  r ise.  The e n e r g y  
p i c t u r e  is  n o t  b r i g h t .  A l t h o u g h  a number o f  n u c l e a r  p l a n t s  
are s t i l l  i n  o p e r a t i o n ,  p e o p l e  h a v e  n o t  y e t  f o r g o t t e n  t h e  
i n c i d e n t  a t  T h r e e  Mile I s l a n d ,  and  few new p l a n t s  h a v e  g o n e  
i n t o  o p e r a t i o n  s i n c e  1 9 8 0 .  

Anytown, U.S.A. 
I n  a s m a l l  town 

i n  t h e  U . S . ,  Anytown, 
t h e  p e o p l e  are  v e r y  
much aware of t h e  
e n e r g y  crisis t h a t  
h a s  r e a c h e d  i n t o  
e v e r y  home a n d  b u s i -  
n e s s  across  t h e  
c o u n t r y .  Anytown is  
a f a m i l i a r  s p o t  t o  
many p e o p l e .  I t s  
h i s t o r y  goes b a c k  t o  
t h e  1 7 t h  c e n t u r y  when 
America w a s  f i r s t  
b e i n g  s e t t l e d .  The  
c i t i z e n s  of t h e  town 
are  p r o u d  of t h e i r  
h e r i t a g e  a n d  h a v e  
p r o m o t e d  t h e  town a s  
a h i s t o r i c  s i t e .  
They h a v e  p r e s e r v e d  t h e  h i s t o r i c  c h a r a c t e r  of a l l  t h e  
b u i l d i n g s  o f  t h e  town .  The town i s  a t o u r i s t  a t t r a c t i o n  
a n d  d u r i n g  t h e  summer many f a m i l i e s  come t o  e n j o y  t h e  r i c h  
p a s t  t h a t  is  p r e s e r v e d  h e r e .  

t o  b e  d o n e  a b o u t  t h e  e n e r g y  c r i s i s .  Some s t r o n g l y  b e l i e v e  
t h a t  t h e  way t o  e n d  U.S. e n e r g y  d e p e n d e n c e  on  o i l  ( a  p r o b l e m  
t h e  U . S .  h a s  b e e n  t r y i n g  t o  d e a l  w i t h  s i n c e  1973)  i s  t o  e n f o r c e  
s t r i c t e r  c o n s e r v a t i o n  m e t h o d s .  O t h e r s  f e e l  t h e r e  is  a n e e d  t o  
d e v e l o p  a n d  e m p h a s i z e  more u s e  of coa l  a n d  n u c l e a r  power .  
However ,  a n o t h e r  g r o u p  of c i t i z e n s  i n  t h e  town h a s  b e e n  d o i n g  
some i n v e s t i g a t i o n  r e g a r d i n g  a l t e r n a t i v e  e n e r g y  s o u r c e s - -  
p a r t i c u l a r l y  t h e  u s e  o f  s o l a r  a n d  wind  e n e r g y .  One i n d u s t r i o u s  
i n d i v i d u a l ,  Mr. S w i f t ,  h a s  e v e n  g o n e  s o  f a r  as  t o  c o n s t r u c t  
a s m a l l  b a n k  o f  s o l a r  c o l l e c t o r s  on h i s  p r o p e r t y  t o  show h i s  
f r i e n d s  a n d  n e i g h b o r s  how t h e  w h o l e  town c o u l d  b e n e f i t  f r o m  
t h e  u s e  o f  s o l a r  e n e r g y .  A t  t h e  p r e s e n t  t i m e ,  M r .  S w i f t  u s e s  
h i s  a c t i v e  s o l a r  c o l l e c t o r s  t o  h e a t  t h e  h o t  water i n  h i s  home; 
b u t  h e  h a s  t o l d  h i s  f r i e n d s  t h a t  it is a l s o  p o s s i b l e  t o  con-  
s t r u c t  a p a s s i v e  s o l a r  home w h i c h  c o u l d  s a v e  t h o u s a n d s  o f  
d o l l a r s  i n  h e a t i n g  b i l l s .  

The p e o p l e  of  Anytown a re  c o n s c i o u s  t h a t  s o m e t h i n g  n e e d s  



A t  t h e  same t i m e ,  h l r .  J o h n s o n  i s  h a v i n g  p r o b l e m s  
w i t h  e n e r g y  cos t s  a t  h i s  f a r m  o n  t h e  e d g e  of town .  I n  o r d e r  
t o  make h i m s e l f  more e n e r g y  i n d e p e n d e n t ,  J o h n s o n  i n t e n d s  t o  
i n s t a l l  a wind-powered g e n e r a t o r  on  a 30-meter tower t o  meet 
most of  h i s  e n e r g y  n e e d s .  H e  p l a n s  t o  c o n t r i b u t e  any  e x c e s s  
t o  t h e  town e l e c t r i c  s e r v i c e .  

U n f o r t u n a t e l y ,  t h e  d e s i r e  on  t h e  p a r t  o f  some o f  t h e  
p e o p l e  t o  u s e  s o l a r  e n e r g y  h a s  b r o u g h t  a b o u t  a l e g a l  b a t t l e  
w i t h i n  t h e  town.  T h e r e  are  a f ew p r o b l e m s  t h a t  h a v e  t o  be 
d e a l t  w i t h  a n d  t h e  town c o u n c i l  is  a b o u t  t o  h e a r  t h e  a r g u -  
m e n t s  o f  t h e  p e o p l e  i n v o l v e d .  F i r s t  o f  a l l ,  t h e r e  e x i s t  some 
s t r ic t  z o n i n g  o r d i n a n c e s  i n  t h e  town r e g a r d i n g  wha t  c a n  b e  
b u i l t .  S i n c e  t h i s  town i s  a p r e s e r v e d  h i s t o r i c  s i t e ,  l a w s  
h a v e  b e e n  p a s s e d  t h a t  p r e v e n t  a d d i t i o n s  t o  a l r e a d y  e x i s t i n g  
h o u s e s  (or t h e  b u i l d i n g  o f  new h o u s e s  t h a t  a p p e a r  t o  be o u t  o f  
k e e p i n g  w i t h  t h e  h i s t o r y  o f  t h e  town.  The Anytown H i s t o r i c a l  
S o c i e t y  s t r o n g l y  opposes b u i l d i n g  p a s s i v e  s o l a r  houses  o r  
p u t t i n g  s o l a r  c o l l e c t o r s  on t h e  r o o f s  o f  p e o p l e s '  h o u s e s ,  as  
w e l l  as t h e  i n s t a l l i n g  of w i n d m i l l s .  They m a i n t a i n  t h a t  
t h e  l a w  f o r b i d s  s u c h  t h i n g s  a n d  p l a n  t o  see t h a t  t h e  l a w  is 
enfo rce td .  

I n  a d d i t i o n  t o  t h i s ,  a 
s e c o n d  s e t  of problems h a s  
a r i s e n .  A f t e r  Mr. S w i f t  b u i l t  
h i s  s o l a r  c o l l e c t o r  on  h i s  
p r o p e r t y , ' M r .  J o n e s ,  v i c e -  
p r e s i d e n t  o f  t h e  h i s t o r i c a l  
s o c i e t y ,  who l i v e s  n e x t  t o  
h l r .  S w i f t ,  p r o m p t l y  p l a n t e d  
f i v e  p o p l a r  t r ee s .  P o p l a r  
t r ee s  t a k e  o n l y  a c o u p l e  of 
y e a r s  t o  grow and  p r o v i d e  a 
great  d e a l  o f  s h a d e .  The re- 
s u l t  i s  t h a t  M r .  S w i f t ' s  s o l a r  
c o l l e c t o r  w i l l  s o o n  be u s e l e s s  
b e c a u s e  of t h e  p o p l a r  t rees  
w h i c h  m i l l  s h a d e  t h e  c o l l e c t o r  
f r o m  t h e  s u n .  T h i s  m i g h t  
f o r c e  Nr. S w i f t  t o  abandon  h i s  
p r o j e c t  a l t o g e t h e r .  

Mr. F a g e l ,  J o h n s o n ' s  
n e i g h b o r ,  s a y s  t h a t  a w i n d m i l l  
c a n  make enough  n o i s e  t o  
b o t h e r  him on h i s  p e a c e f u l  
f a r m ,  a s  w e l l  a s  i n t e r f e r e  
w i t h  r e c e p t i o n  on  h i s  t e le -  
v i s i o n .  H e  w a n t s  J o h n s o n  t o  
p a y  h ie ;  b i l l s  l i k e  e v e r y o n e  
e l se  a n d  f o r g e t  a b o u t  a l t e r n a -  
t i v e  e n e r g y  s o u r c e s .  

E 



a i .  ... 

The  n e x t  town m e e t i n g  w i l l  b e  t h e  a r e n a  f o r  d i s c u s s i n g  

1. t h e  h i s t o r i c a l  committee w a n t s  s t r i c t e r  e n f o r c e m e n t  
o f  t h e  z o n i n g  l a w s  i n  t h e  town t o  p r e v e n t  t h e  i n t r o -  
d u c t i o n  o f  s o l a r  c o l l e c t o r s  a n d  o t h e r  i n n o v a t i o n s  
t o  t h e  town .  They wan t  p r e s e n t  c o l l e c t o r s  d i s -  
m a n t l e d .  

2 .  M r .  S w i f t  h a s  d e c i d e d  t o  c o n f r o n t  t h e  town w i t h  h i s  
b e l i e f  t h a t  h e  h a s  a c o n s t i t u t i o n a l  r i g h t  t o  t h e  
s u n ,  a n d  i f  someone p r e v e n t s  him access t o  t h e  
s u n ,  i t  is wrong .  H e  w a n t s  M r .  J o n e s  t o  t a k e  o u t  
t h e  p o p l a r  t rees  w h i c h  w i l l  s h a d e  h i s  c o l l e c t o r .  

t h e  f o l l o w i n g  i s s u e s :  

3 .  M r .  J o h n s o n  w a n t s  t o  e s t a b l i s h  j u s t  wha t  h i s  r i g h t s  
are as a p r o p e r t y  h o l d e r  i n  h i s  t own .  Does some 
g r o u p  s i t t i n g  i n  town o f f i c e - - e l e c t e d  by  him--have 
t h e  r i g h t  t o  t e l l  h i m  w h a t  h e  c a n  a n d  c a n  n o t  b u i l d  
o n  h i s  p r o p e r t y ?  

Now t h e  p e o p l e  i n  t h e  town a re  d i v i d e d  i n t o  t w o  camps-- 
t h o s e  w i s h i n g  t o  p r e s e r v e  h i s t o r i c  t r a d i t i o n  a n d  t h e  f i n a n -  
c i a l  g a i n  t h a t  comes from t o u r i s m ,  a n d  t h o s e  who w i s h  t o  
i n t r o d u c e  s o l a r  and  w i n d  e n e r g y  i n t o  t h e i r  homes a n d  c h a n g e  
e x i s t i n g  l a w s  so  t h a t  t h e y  w i l l  be p r o t e c t e d .  

Now a d d  more Pros  and  Cons t o  t h i s  l i s t .  

Pro-Solar Anti-Solar 
1. w i l l  c u t  down on  d e p e n d e n c e  1. d i s t u r b s  t h e  h i s t o r i c  

on  o i l  and  e l e c t r i c i t y  b e a u t y  o f  t h e  town 
2 .  w i l l  u l t i m a t e l y  be l e s s  2 .  p e o p l e  w i l l  s t o p  coming 

c o s t l y  to the town--will mean 
a l o s s  o f  r e v e n u e  

3. 3. 

4 .  4 .  

5 .  5 .  

6 .  6 .  

7 .  7 .  

............ ................ ... .. ......;..7...*: : .:; :;:.:. ... :::.. ..>.?‘ .:: 
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Teach e r I n f o rmat i o n I 

Suggested Grade Level and Discipline 
Grades 11 and 12 
American Studies 
Government and Civics 

Understanding and applying constitutional rights to solar energy 
issues 

Developing a number of possible options that could be followed to 
solve the dilemma 

Making a decision and assessing its impact 

Major Understandings 
An alert citizen identifies different positions regarding energy 
alternatives. 

A good decision-maker will analyze and evaluate the positions, 
weighing the advantages and disadvantages of using solar energy, 
and will attempt to predict the impact of a specific decision. n 

Background 
We are all acutely aware of the need to conserve energy. More re- 

cently Americans are beginning to realize that conservation alone is not 
the answer to solving our energy crisis. Today we know that alternative 
energy sources  such as s o l a r ,  wind, o r  geothermal power do exist as viable 
energy alternatives. The potential of these sources must be investigated. 

I n  this activity the students are asked to reflect upon two impor- 
tant issues: 1. the value of using solar energy to reduce U.S. dependence 

on oil 

2. the importance of considering the rights of individuals 
who wish to experiment with solar energy, and of those 
who don't. 

We must realize that some laws may have to be rewritten in order to pro- 
tect individuals who wish to solve our energy problems in a more creative 
manner. 

Finally, this activity boils down to having the students negotiate 
between two values positions: 
oil and ultimately save money vs. preserving a historical town that 
brings in additional funds to the town because it is a tourist attraction. 

using solar energy to reduce dependence on 



* .  * *  
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Advance Planning 
DupILicate needed q u a n t i t i e s  o f  t h e  dilemma. 

Obta in  an  overhead p r o j e c t o r  t r a n s p a r e n c i e s  and marking pens.  

Suggested Time Allotment 
2 cl-ass p e r i o d s  

S u gge s t ed A p p roach 
Studen t s  should  be  f a m i l i a r  w i t h  a l t e r n a t i v e  energy  sources ;  t he re -  
f o r e  i t  is  recommended t h a t  t h e y  do some r e a d i n g  i n  t h i s  area. (However, 
t h e  t e a c h e r  may a l s o  g ive  a b r i e f  summary of  c u r r e n t  developments) .  

S tuden t s  should  a l s o  be  f a m i l i a r  w i t h  t h e  B i l l  o f  R igh t s  i n  o r d e r  
t o  app ly  t h e  concepts  t o  t h i s  a c t i v i t y .  

B r i e f l y  review the  r e l e v a n t  s e c t i o n s  of the  B i l l  of  R igh t s .  

Divi.de t h e  class i n t o  s m a l l  groups ( 4  o r  5) and g i v e  them each  a 
copy of t h e  dilemma. Have them read  t h e  dilemma and t h e n  d i s c u s s  
t h e  p ros  and cons of i n t r o d u c i n g  s o l a r  energy  i n t o  t h e  town. (A 
p a r t i a l  l i s t  i s  g iven;  t h e y  should  add t o  i t . )  

Afte.r each  group h a s  had t h e  t i m e  t o  d i s c u s s  t h e  problems and i s s u e s  
i n v o l v e d ,  t h e y  should  come up w i t h  a minimum of 5 p o s s i b l e  s o l u t i o n s  
t o  s o l v e  t h e  dilemma. 

When t h e  c l a s s  has  completed t h e i r  b r a i n s t o r m i n g ,  a spokesperson  from 
each. group could show t h e  s o l u t i o n s  on t h e  blackboard o r  overhead 
f o r  t h e  e n t i r e  c l a s s  t o  review. The t e a c h e r  could then  lead a d i s -  
c u s s i o n  t o  develop t h e  d i r e c t i o n  t h e  class i s  moving i n .  I f  t i m e  
p e r m i t s  a s imple  v o t e  may be taken .  

n 

Move around from group t o  group making sure the students are mare  
of the legal i s sues  involved. 

Don't l e t  them get bogged down on any one i ssue .  

push  them t o  use t h e i r  c r e a t i v i t y  when they brainstorm-brainstorming 
should be a f r ee ,  creative exercise.  

Encourage the idea of compromising as a means of sa t i s f y ing  the needs 
of all involved. 
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Poi n ts for D i sc u s s io n 
How do peop le  de te rmine  t h e i r  p r i o r i t i e s ?  

I n  t h i s  case what l e v e l s  of government might become involved  i n  
t h e  i s s u e ?  Would t h e  problem remain on t h e  l o c a l  l e v e l  o r  might 
t h e  s t a t e  o r  perhaps  even t h e  f e d e r a l  government s t e p  i n  t o  l e g i s -  
l a t e  h e r e ?  

When t h e r e  i s  no q u e s t i o n  of r i g h t  o r  wrong, on what b a s i s  does a 
r e s p o n s i b l e  pe r son  make d e c i s i o n s ?  

How a b s o l u t e  should  a p r o p e r t y  owner 's  r i g h t  t o  do whatever  he / she  
l i k e s  on h i s / h e r  p r o p e r t y  be? 

I 

Eva1 u at i o n 
Studen t s  could be eva lua ted  on t h e i r  nex t  tes t  w i t h  an  e s s a y  q u e s t i o n  
i n  which they  must e x p l a i n  how c i t i z e n s  l i v i n g  i n  a democracy a r e  
p r o t e c t e d  by c o n s t i t u t i o n a l  r i g h t s  and y e t  must a b i d e  by t h e  w i l l  of 
t h e  m a j o r i t y .  

Modifications 
n Studen t s  could b e  a s s igned  t o  r e p r e s e n t  t h e  two opposing groups i n  

t h e  town and t h e n  could deba te  t h e  i s s u e  o f  i n t r o d u c i n g  s o l a r  energy 
v s .  p r e s e r v i n g  a h i s t o r i c  town. 

S tuden t s  could r o l e  p l a y  t h e  people  involved  i n  t h e  dilemma i n  a 
s imula ted  town meet ing.  
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A 

Introduction 
The e n e r g y  crisis is  n o t  j u s t  a p r o b l e m  f o r  t h e  U n i t e d  

S t a t e s .  A l l  n a t i o n s  o f  t h e  w o r l d ,  p a r t i c u l a r l y  d e v e l o p i n g  
n a t i o n s ,  are e x p e r i e n c i n g  s i m i l a r  p r o b l e m s - - h a v i n g  t o  p a y  
f o r  t h e  h i g h  cos t  of u s i n g  p e t r o l e u m .  F o r  d e v e l o p i n g  n a t i o n s ,  
h o w e v e r ,  t h e  p r o b l e m  i s  more burdensome .  They wan t  t o  become 
i n d u s t r i a l i z e d  and  r a i se  t h e i r  s t a n d a r d  o f  l i v i n g ,  b u t  v e r y  
o f t e n  t h e  v e r y  ma te r i a l s  t h e y  n e e d - - t r a c t o r s ,  c a r s ,  mach ine ry - -  
r e l y  on  e x p e n s i v e  p e t r o l e u m .  

T h i s  a c t i v i t y  i s  d e s i g n e d  t o  d o  t w o  t h i n g s .  F i r s t ,  you  
w i l l  r e a d  a b o u t  how d e v e l o p i n g  n a t i o n s  m i g h t  u n d e r t a k e  t o  u s e  
s o l a r  e n e r g y  t o  h e l p  s u p p l y  t h e i r  e n e r g y  n e e d s .  S e c o n d ,  you  
w i l l  be a s k e d  t o  t h i n k  a b o u t  w a y s  i n  w h i c h  i n d u s t r i a l i z e d  
n a t i o n s  s u c h  as  t h e  U . S .  m i g h t  a i d  these  t h i r d  w o r l d  n a t i o n s  
i n  d e v e l o p i n g  t h e  u s e  o f  s o l a r  e n e r g y  i n  t h e i r  c o u n t r i e s .  

D R A F T  
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Objectives 
A t  t h e  c o m p l e t i o n  of t h i s  a c t i v i t y  you  s h o u l d  b e  a b l e  t o  

o i d e n t i f y  5 r e n e w a b l e  e n e r g y  t e c h n o l o g i e s ,  
o l ist  a t  l ea s t  10 f a c t s  a b o u t  r e n e w a b l e  e n e r g y  and  

o g i v e  5 r e a s o n s  why t h e  U . S .  s h o u l d  o r  s h o u l d  n o t  
t h e  d e v e l o p i n g  n a t i o n s ,  

g i v e  a s s i s t a n c e  t o  n a t i o n s  w a n t i n g  t o  d e v e l o p  
r e n e w a b l e  e n e r g y ,  a n d  

o s t a t e  t h e  p u r p o s e  a n d  p o i n t  of v i e w  o f  t h e  a r t i c l e  
you h a v e  r e a d .  

Skills and Knowledge You Need 
The a b i l i t y  t o  r e a d  a n d  summar ize  a m a g a z i n e  a r t i c l e  

( Material:s 
t h e  a r t i c l e  "Solar Energy:  t h e  T h i r d  World F i r s t ? "  

t h e  Renewable  E n e r g y  G l o s s a r y  

Proced u re 
1. 

2. 

3. 

4 .  

5 .  

6 .  

7 .  

8 .  

Read l  t h e  a r t i c l e  on  s o l a r  e n e r g y  a n d  t h e  T h i r d  World. 
Look f o r  a n y  r e n e w a b l e  e n e r g y  t e r m s  you d o n ' t  u n d e r s t a n d  
on  t h e  g l o s s a r y  s h e e t .  

Answer t h e  q u e s t i o n s  a b o u t  t h e  a r t i c l e  p r o v i d e d  i n  t h e  
g u i d ! e s h e e t s .  

Be  p r e p a r e d  t o  d i s c u s s  t h e s e  a n s w e r s  w i t h i n  sma l l  a n d  
large g r o u p s .  

Summarize t h e  main  p o i n t s  o f  t h e  a r t i c l e  i n  y o u r  n o t e b o o k .  

Form sma l l  g r o u p s  o f  4 o r  5 .  

Make a l i s t  o f  10 f a c t s  a b o u t  s o l a r  e n e r g y  and  d e v e l o p i n g  
n a t i o n s  t h a t  t h e  g r o u p  l e a r n e d  as  a r e s u l t  o f  r e a d i n g  t h e  
a r t  i c l e  . 
T h i n k  a b o u t  t h e  p o s s i b i l i t y  o f  t h e  U . S .  g i v i n g  a i d  t o  a 
T h i r d  World n a t i o n  t o  d e v e l o p  s o l a r  e n e r g y .  I m a g i n e  y o u r  
g r o u p  r e p r e s e n t s  some d e v e l o p i n g  n a t i o n ,  a n d  g i v e  5 rea- 
s o n s  why y o u r  c o u n t r y  s h o u l d  o r  s h o u l d  n o t  a s k  f o r  money 
t o  d .eve lop  s o l a r  e n e r g y ,  a n d  why t h e  U . S .  s h o u l d  o r  
s h o u l d  n o t  g i v e  t h e  a i d .  

S h a r e  y o u r  r e s p o n s e s  w i t h  t h e  rest of t h e  c lass .  
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Questions 
1. What w a s  t h e  a u t h o r ' s  p u r p o s e  i n  w r i t i n g  t h e  a r t i c l e ?  

What w a s  h i s  p o i n t  o f  v i e w  a b o u t  r e n e w a b l e  e n e r g y  i n  
d e v e l o p i n g  n a t i o n s ?  

2 .  For t h e  most p a r t  wha t  t y p e s  o f  s o l a r  e n e r g y  would  
be most b e n e f i c i a l  t o  d e v e l o p i n g  n a t i o n s ?  

3 .  What i m p l i c a t i o n s  d o e s  t h e  d e v e l o p m e n t  o f  s o l a r  
e n e r g y  h a v e  f o r  t h e  f u t u r e  o f  t h e s e  n a t i o n s ?  

4 .  Is  it  more i m p o r t a n t  f o r  d e v e l o p e d  n a t i o n s  o r  
d e v e l o p i n g  n a t i o n s  t o  s t a r t  u s i n g  s o l a r  e n e r g y ?  
Why? 

5.  I n  what  ways  wou ld  t h e  U.S. p r o f i t  f r o m  u s i n g  s o l a r  
e n e r g y  s o u r c e s ?  H o w  c o u l d  o u r  economy a d a p t  t o  t h e s e  
c h a n g e s ?  

6 .  What d a n g e r s  c a n  you list w h i c h  f l o w  f r o m  c o n t i n u e d  
r e l i a n c e  on f o s s i l  f u e l s ?  

7 .  What p o s s i b l e  reasons  e x i s t  f o r  t h e  a b s e n c e  o f  mass 
p r o d u c t i o n  o f  s o l a r  e n e r g y  s y s t e m s ?  

r ~~~~~ ~ 

~ 

Looking Back 
Renewab le  e n e r g y  i n  a l l  i t s  fo rms- - sun ,  w i n d ,  g e o t h e r m a l ,  

b i o m a s s ,  and  h y d r o p o w e r - - i s  a s o u r c e  o f  e n e r g y  a v a i l a b l e  i n  
v a r y i n g  d e g r e e s  t o  a n y  n a t i o n .  Development  o f  t h e s e  a l t e r n a -  
t i v e  f o r m s  o f  e n e r g y  h a s  b e e n  s l o w ,  u n f o r t u n a t e l y .  I n  some 
c o u n t r i e s  t h e  p r o f i t  m o t i v e  i n t e r f e r e s  w i t h  d e v e l o p i n g  s o l a r  
e n e r g y  sources ;  i n  o t h e r  n a t i o n s  l a c k  o f  t e c h n i c a l  e x p e r t i s e  
p r e v e n t s  d e v e l o p m e n t  of r e n e w a b l e  resources .  B o t h  of t h e s e  
f a c t o r s  c a n  be ove rcome  i n  a n  e f f o r t  t o  become i n d e p e n d e n t  
o f  f o s s i l  f u e l s .  I s r a e l ,  J a p a n ,  a n d  C h i l e  are  s u c c e s s f u l l y  
d e v e l o p i n g  r e n e w a b l e  r e s o u r c e s  a n d  o the r  n a t i o n s  c a n  d o  t h e  
same. 

/ 

Going Further 
Choose  a p a r t i c u l a r  d e v e l o p i n g  n a t i o n  and  i n v e s t i g a t e  
more s p e c i f i c a l l y  how t h a t  n a t i o n  i s  a t t e m p t i n g  t o  
meet i t s  e n e r g y  n e e d s .  

Make a c h a r t  s h o w i n g  w h i c h  f o r m s  o f  e n e r g y  wou ld  be 
bes t  f o r  w h i c h  n a t i o n s .  G i v e  r e a s o n s  f o r  y o u r  c h o i c e s .  

P l a n  a p r o g r a m  f o r  i m p l e m e n t i n g  r e n e w a b l e  e n e r g y  d e v e l o p -  
ment  i n  a T h i r d  World n a t i o n .  
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Write a n  a r t i c l e  j u s t i f y i n g  t h e  d e v e l o p m e n t  o f  a l t e r n a -  
t i v e  e n e r g y  s o u r c e s  i n  some s t a t e  o r  c o u n t r y  i n  t h e  
N o r t h e r n  Hemisphe re .  

.. .? 

Role p l a y  a s i t u a t i o n  w h e r e i n  a c i t i z e n  of a c o u n t r y  
a l r e a d y  u s i n g  s o l a r  r e s o u r c e s  debates  w i t h  a p e r s o n  
f rom a c o u n t r y  s t i l l  d e p e n d i n g  on  f o s s i l  f u e l s .  
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Guide Questions 

Solar Energy: The Third World F i rs t?  
for 

A .  

B. 

C .  

9. 

E .  

F. 

G .  

A c c o r d i n g  t o  t h e  a u t h o r ,  t h r e e  p r o b l e m s  f a c e  u s  i f  w e  
c o n t i n u e  t o  r e l y  on  o u r  p r e s e n t  f u e l s ,  b e c a u s e  t h e s e  
s o u r c e s  of e n e r g y  a r e  
1. 9 

- 9 z .  

a n d  3 .  

S o l a r  e n e r g y  s o u r c e s  h a v e  s e v e r a l  a d v a n t a g e s  o v e r  n u c l e a r  
and  f o s s i l  f u e l s .  Among t h e s e  a d v a n t a g e s  are  t h e  f o l -  
l o w i n g :  
4.  9 

a n d  5. 

T h e r e  is  a d i r e c t  c o r r e l a t i o n  b e t w e e n  t h e  q u a l i t y  of 
e n e r g y  s o u g h t  f r o m  t h e  s u n  and  t h e  cos t s  of c o l l e c t i n g ,  
c o n v e r t i n g ,  a n d  s t o r i n g  t h a t  e n e r g y .  "Direct correla-  
t i o n , "  i n  t h i s  case ,  means  
6. 

P e o p l e  t e n d  t o  t h i n k  o f  s o l a r  h e a t i n s  a s  i m p r a c t i c a l  a n d  
i n e f f i c i e n t .  T h i s  is d i s p r o v e d  by  t h e  f a c t  t h a t  
7 .  

S o l a r  c o l l e c t o r s  c a n  be made o f  
8. 9 

9. 9 

10.  - 
a n d  e v e n  11. 

S u n s h i n e  c a n  b e  e a s i l y  u s e d  t o  h e a t  
1 2 .  9 

and 13 .  

S p a c e  h e a t i n g  c a n  b e  d o n e  u s i n g  
1 4 .  9 

15. Y 

or  16.  Y 

or a c o m b i n a t i o n  of t h e  t h r e e .  
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H .  

I. 

J .  

K .  

L .  

M. 

N .  

0 .  

P.  

S u n l i g h t  cools  a s  w e l l  a s  w a r m s .  S o l a r  a b s o r p t i o n  
c o o l i n g  s y s t e m s  work m o s t  e f f e c t i v e l y  when 

17.  - 

S o l a r  e n e r g y  c a n  h e l p  s o l v e  t h e  p r o b l e m  of p o o r  water 
q u a l i t y  t h r o u g h  t h e  u s e  of 
18. 

Food a n d  lumber d r y i n g  w i t h  t h e  s u n  c a n  be d o n e  more 
q u i c l s l y  and  s a f e l y  u s i n g  
19. - 

Even jobs  r e q u i r i n g  m a c h i n e  power c a n  b e  done  w i t h  
2 0 .  

The - t e c h n o l o g y  ca l led  
21 .  
is n o t  y e t  v e r y  e f f i c i e n t  b u t  c a n  be u s e f u l  w h e r e  t h e  
u n u s e d  h e a t  co l l ec t ed  c a n  be a p p l i e d  t o  s p a c e  h e a t i n g  
o r  i n d u s t r i a l  p u r p o s e s .  

The p r i n c i p a l  power s o u r c e  of t h e  t e l e c o m m u n i c a t i o n s  
t r a f . € i c  is 
2 2 .  
S i x  a d v a n t a g e s  o f  t h i s  so la r -e lec t r ica l  d e v i c e  a re  t h a t  i t  
23 .  9 

24.  9 

25. 9 

26 .  - 9 

2 7 .  9 

and  28. 

So la ]?  e n e r g y  c a n  a l s o  be h a r v e s t e d  i n d i r e c t l y  i n  
29. 9 

30. 9 

a n d  :31 .  

T h e r e  are  t w o  ma in  r e a s o n s  why small-scale hydropower  
h o l d s  g rea t  p o t e n t i a l  i n  t h e  T h i r d  Wor ld .  They are  

3 2 .  9 

a n d  :33. 

Two k i n d s  of m a c h i n e s  c a n  t a p  t h e  w i n d ,  
3 4 .  9 

and  :35. * A  
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Q. 

R .  

S .  

T .  

U .  

v .  

W .  

X .  

Y .  

Z. 

I n  terms of how much w i n d  e n e r g y  i s  h a r n e s s e d  p e r  d o l l a r  
of i n v e s t m e n t ,  
36. 
p r o d u c e  power i n  slower wind-s and  o p e r a t e  a h i g h e r  p e r -  
c e n t a g e  o f  t h e  t i m e .  

Coconu t  h u s k s ,  s u g a r  c a n e ,  a n d  f i r e w o o d  a l l  c o n t a i n  s o l a r  
e n e r g y  a n d  c a n  b e  u s e d  f o r  
37. 

The c h e m i c a l  e q u i v a l e n t  o f  n a t u r a l  g a s ,  

38. 

i s  e a s i l y  p r o d u c e d  by biogas t e c h n o l o g y .  

E i g h t y  p e r c e n t  of t h e  w o r l d ' s  o i l  s u p p l y  w i l l  h a v e  b e e n  
consumed d u r i n g  t h e  l i f e t i m e  of 

39. 

I n s t e a d  o f  f o l l o w i n g  t h e  e x a m p l e  o f  t h e  i n d u s t r i a l i z e d  
c o u n t r i e s  wh ich  d e p e n d  on  cars  f u e l e d  by p e t r o l e u m ,  
T h i r d  World c o u n t r i e s  m i g h t  be wiser  t o  a c c e p t  o n l y  
40. 

a n d  i n v e s t  i n  c o m m u n i c a t i o n s  s y s t e m s  r a t h e r  t h a n  
4 1 .  

A h i d d e n  a d v a n t a g e  o f  s o l a r  t e c h n o l o g i e s  f o r  d e v e l o p i n g  
c o u n t r i e s  is 
42.  

I f  d e v e l o p i n g  n a t i o n s  u s e  s o l a r  t e c h n o l o g i e s  i n  a d e c e n -  
t r a l i z e d  way,  i t  w i l l  h e l p  ove rcome  a n  a l r e a d y  s e r i o u s  
problem, 

43. 

Compared t o  s e t t i n g  up  a n a t i o n a l  power g r i d ,  
4 4 .  
o u t  o f  t h e  f i v e  ma in  r e n e w a b l e  t e c h n o l o g T e s  a re  a l r e a d y  
e c o n o m i c a l l y  a s  good o r  b e t t e r .  

Bet ter  p l a n n i n g  and  c a r e f u l  m e c h a n i z a t i o n  of a g r i c u l t u r e  
w i l l  h e l p  t o  c r ea t e  new 
4 5 .  

I f  t h e  T h i r d  Wor ld  b e g a n  w i d e s p r e a d  u s e  o f  s o l a r  e q u i p -  
ment it would  be good f o r  t h e  i n d u s t r i a l i z e d  n a t i o n s  
b e c a u s e  
46.  



...... .. ...... ...." .. .... :...::. 
,. . .... ::. . ..:... . . :::, . .. . , .;;. . 
. . . . . . . . ..:. . 
,..;:::..,.;: : ::: 
:::::::.:::::. 
?.:..::.. 2c .. 

AA . 

BB . 

cc . 

T h e r e  may be some p r o b l e m s  w i t h  u s i n g  s o l a r  e n e r g y  i n  
t h e  T h i r d  World: f o r  example, 
47. 

and 48 .  

To  h a v e  a s u c c e s s f u l  solar t r a n s i t i o n  people mus t  know 
a b o u t  
49 .  

A c c o r d i n g  t o  t h e  a u t h o r ,  o n l y  

50. 
is s u s t a i n a b l e .  



Solar Energy: The Third World First? 
By t h i n k i n g  s m a l l  , Developing 
Coun t r i e s  can  h a r n e s s  t h e  s u n ' s  

power--even now 

by Denis Hayes 

This  a r t i c l e  i s  exce rp ted  and condensed 
from Worldwatch Paper  15, "Energy f o r  
Development: Thi rd  World Options ,I! 
i s s u e d  by t h e  Worldwatch I n s t i t u t e ,  
a n  independent ,  non-p ro f i t  r e s e a r c h  
o r g a n i z a t i o n  c r e a t e d  t o  ana lyze  and  
focus  a t t e n t i o n  on g l o b a l  problems. 

Every home i s  a s o l a r  home. Peop le  t h i n k  
they  h e a t  t h e i r  homes wi th  f i rewood,  o i l ,  o r  
o t h e r  f u e l ,  bu t  95% of t h e i r  warmth comes from 
s u n l i g h t .  "Solar  p ioneers"  s imply squeeze  a 
few more deg rees  from t h e  sun  than  t h e i r  ne igh-  
b o r s  do. 

Every e s s e n t i a l  t e c h n o l o g i c a l  i n g r e d i e n t  
f o r  a commercial s o l a r  energy system h a s  e x i s t e d  
f o r  more than  a decade ,  a l though  many have n o t  
y e t  b e n e f i t t e d  from economies of  mass p r o d u c t i o n .  

The i s s u e  today is  whether w e  w i l l  deve lop  
t h e s e  r e s o u r c e s ,  o r  whether vested interests  
w i l l  coe rce  ou r  cont inued  r e l i a n c e  on s o u r c e s  
t h a t  a r e  dangerous ,  v u l n e r a b l e  t o  d i s r u p t i o n ,  
and u l t i m a t e l y  u n s u s t a i n a b l e .  

S o l a r  energy sources  produce no bomb-grade 
m a t e r i a l s  o r  r a d i o a c t i v e  was te s .  They do n o t  
p o l l u t e ,  explode ,  o r  c a u s e  cance r .  D i s p e r s e d  
nea r  t h e  p o i n t s  of end use ,  t hey  a r e  n o t  e a s i l y  
d i s r u p t e d  by acts  of God o r  man. Had i n d u s t r i a l  
c i v i l i z a t i o n  been b u i l t  upon such forms of energy 
i n s t e a d  of on t h e  energy  s t o r e d  i n  c o n v e n t i o n a l  
f u e l s ,  any p roposa l  t o  t u r n  t o  c o a l  o r  uranium 
f o r  t h e  w o r l d ' s  f u t u r e  energy would d o u b t l e s s  be  

viewed w i t h  i n c r e d u l o u s  h o r r o r .  The c u r r e n t  
p r o s p e c t ,  however ,  i s  t h e  reverse--a s h i f t  from 
t roub le - r idden  s o u r c e s  t o  s a f e ,  s u s t a i n a b l e  ones .  

Many d e c e n t r a l i z e d  s o l a r  t e c h n o l o g i e s  
a l r e a d y  e x i s t  f o r  b o t h  u rban  and r u r a l  a p p l i c a -  
t i o n .  These can p r o v i d e  energy  a s  h e a t ,  l i q u i d  
o r  gaseous  f u e l ,  mechanica l  work o r  e l e c t r i c i t y .  
The q u a l i t y  of ene rgy  sough t  from t h e  sun  and 
t h e  c o s t s  of c o l l e c t i n g ,  c o n v e r t i n g ,  and s t o r i n g  
t h a t  energy  u s u a l l y  c o r r e l a t e  d i r e c t l y :  t h e  
h i g h e r  t h e  d e s i r e d  q u a l i t y ,  t h e  h i g h e r  t h e  c o s t .  
Sources  and u s e s  must t h e r e f o r e  be  c a r e f u l l y  
matched so t h a t  expens ive ,  h igh -qua l i ty  energy  
( e .g . ,  e l e c t r i c i t y )  is  n o t  wasted on j o b s  t h a t  
do n o t  r e q u i r e  i t .  

The s i m p l e s t  t a s k  t o  accomplish wi th  sun- 
l i g h t  is  t o  p r o v i d e  h e a t .  Sunshine can warm 
homes and work p l a c e s ,  d r y  g r a i n ,  o r  p rov ide  
i n d u s t r i a l  p r o c e s s  h e a t .  S o l a r  h e a t i n g  i s  o f t e n  
d i spa raged  a s  a technology of  l i t t l e  consequence ,  
bu t  t h e  f a c t s  p rove  o the rwise :  Yost of t h e  f u e l  
burned around t h e  world p r o v i d e s  h e a t  a t  t e m -  
p e r a t u r e s  a c h i e v a b l e  w i t h  s o l a r  c o l l e c t o r s .  

h) 
0 
'0 
I S o l a r  w a t e r  h e a t e r s  can b e  manufactured 

r a t h e r  e a s i l y  w i t h  materials t h a t  are  e i t h e r  in- 
digenous t o  t h e  Th i rd  World o r  else r e c y c l e d .  



C o l l e c t o r s  made of  o l d  window panes ,  s c r a p  m e t a l ,  
wood, and bamboo have worked e f f e c t i v e l y  i n  some 
p l a c e s .  More s o p h i s t i c a t e d  c o l l e c t o r s  can b e  
mass produced f a i r l y  inexpens ive ly .  Japan ,  
I s r a e l ,  A u s t r a l i a  and t h e  United S t a t e s  a l l  have 
l a r g e  and growing manufac tur ing  c a p a c i t i e s .  
About 20% of Israel 's homes now have s o l a r  w a t e r  
h e a t e r s .  I n  A u s t r a l i a ,  t h e  technology i s  now 
r e q u i r e d  by law on new b u i l d i n g s  i n  t h e  Nor thern  
T e r r i t o r y .  Japan today h a s  about  two m i l l i o n  
u n i t s  i n s t a l l e d ,  and annual  sales amount t o  
several hundred thousand.  Niger  makes commer- 
c i a l  s o l a r  wa te r  h e a t e r s ,  b u t  because  they  are 
c o s t l y ,  t h e  d e v i c e s  are used mainly t o  meet t h e  
needs of t o u r i s t s .  

The United S t a t e s  h a s  the w o r l d ' s  most ex- 
pens ive  s o l a r  w a t e r  h e a t i n g  systems (wi th  c o s t s  
ranging  from $10 t o  more than  $30 pe r  squa re  
f o o t  of commercial c o l l e c t o r )  and compara t ive ly  
inexpens ive  e l e c t r i c i t y .  Y e t  r e c e n t  U.S. s t u d i e s  
have found s o l a r  w a t e r  h e a t e r s  t o  have a n  eco- 
nomic edge ove r  e l e c t r i c  water h e a t e r s .  I f  water 
t empera tu res  no h i g h e r  t h a n  50 degrees  C e l s i u s  
(about  120 F a h r e n h e i t )  are r e q u i r e d ,  much cheaper  
systems w i l l  s u f f i c e .  Where h o t t e r  water i s  
needed,  i t  may make more s e n s e  today t o  p r e h e a t  
t h e  w a t e r  w i t h  a s imple  s o l a r  c o l l e c t o r ,  and then  
use  combust ib le  f u e l  t o  p rov ide  t h e  a d d i t i o n a l  
h e a t .  

Q 

Sunshine  can a l s o  be used t o  h e a t  b u i l d i n g s .  
Bu i ld ings  i n  t h e  Andes, t h e  Himalayas,  n o r t h e r n  
China and most Th i rd  World a r e a s  sou th  of t h e  
Trop ic  of Capr icorn  have s i g n i f i c a n t  space  
h e a t i n g  r equ i r emen t s .  These can b e  m e t  u s i n g  
any o f  several s o l a r  o p t i o n s .  

P a s s i v e "  s o l a r  h e a t i n g  sys tems s t o r e  
energy  r i g h t  where s u n l i g h t  impinges on t h e  
b u i l d i n g ' s  w a l l s  and f l o o r s ;  such systems s h i e l d  
the  strncture f r n x  1Jnwanted s1~mer heat ~ .~hi lp_  
c a p t u r i n g  and r e t a i n i n g  t h e  sun ' s  warmth d u r i n g  
t h e  w i n t e r .  
f a c i n g  t h e  e q u a t o r ,  c a r e f u l l y  p l aced  ove rhangs ,  
and reliance upon p r e v a i l i n g  winds,  are p a r t  of 
t h e  a r c h i t e c t u r a l  h e r i t a g e  of many deve lop ing  
c o u n t r i e s .  Fue l  s a v i n g s  of 50% and i n c r e a s e d  
comfort  are common where such d e s i g n s  are used .  

II 

Such d e s i g n ,  w i t h  most windows 

"Active" systems , i n  c o n t r a s t ,  u se  s o l a r  
c o l l e c t o r s  t o  c a p t u r e  s u n l i g h t  and t h e n  t r a n s -  
p o r t  i t  (us ing  air o r  w a t e r  as t h e  medium) t o  a 
s t o r a g e  area, where i t  i s  la te r  tapped a s  
needed. Active sys tems are more expens ive ,  and 
most Th i rd  World r e s i d e n t s  w i l l  f i n d  i t  c h e a p e r  
t o  f i l l  t h e i r  remain ing  h e a t i n g  needs ( a f t e r  
employing p a s s i v e  s o l a r  des igns )  w i t h  f i rewood 
o r  o t h e r  combus t ib l e  f u e l s .  

S o l a r  c o o k e r s ,  most of which are p a r a b o l i c  
m i r r o r s  t h a t  r e f l e c t  and c o n c e n t r a t e  s u n l i g h t  
on to  a g r i d  o r  a p o t ,  are s i m p l e  and r e l a t i v e l y  
cheap t o  b u i l d .  Aimed toward t h e  u n o b s t r u c t e d  

8 



s u n ,  t hey  cannot  f a i l  t o  work. Y e t ,  f o r  s e v e r a l  
r e a s o n s ,  t hey  have never  been s u c c e s s f u l l y  em- 
ployed i n  t h e  Thi rd  World. The u s e  of s o l a r  
cooke r s  r e q u i r e s  new methods of m e a l  p r e p a r a t i o n  
and restricts cooking t o  d a y l i g h t  h o u r s .  So i t  
i s  no t  e n t i r e l y  s u r p r i s i n g  t h a t  i n  Mexico and 
I n d i a  t h e  cookers  f a i l e d  t o  win a c c e p t a n c e  even 
when they  were g iven  away. 

S l i g h t l y  more s o p h i s t i c a t e d  approaches  t h a t  
r e q u i r e  fewer s a c r i f i c e s  o r  ad jus tmen t s  on t h e  
p a r t  of t h e  u s e r s  are now under development .  
Vo lun tee r s  i n  Technica l  Ass i s t ance ,  a U . S .  group 
i n t e r e s t e d  i n  deve loping  and promoting appro- 
p r i a t e  technology,  i s  working on a n  uncompli-  
c a t e d  a c i d  s t o r a g e - b a t t e r y .  When h e a t e d  w i t h  a 
s imple  F r e s n e l  l e n s ,  wa te r  evapora t e s  f rom t h e  
a c i d  t o  a s e p a r a t e  compartment. A t  meal -pre-  
p a r a t i o n  t i m e ,  t h e  d e v i c e  i s  turned  u p s i d e  down, 
t h e  water i s  g r a d u a l l y  recombined w i t h  t h e  a c i d ,  
and g r e a t  amounts of h e a t  a r e  given o f f .  Other  
approaches r e c e i v i n g  a t t e n t i o n  a r e  s low r e f l e c -  
t i v e  cooke r s ,  baking ovens ,  and s t e w  p o t s .  

S u n l i g h t  can b e  used t o  coo l  t h i n g s  as 
w e l l  as t o  w a r m  them. Evapora t ive  c o o l i n g  f o r  
food s t o r a g e  and f o r  p e r s o n a l  comfort  c o s t s  
r e l a t i v e l y  l i t t l e .  It i s  p a r t i c u l a r l y  p r a c t i -  
cal  i n  h o t ,  d ry  c l i m a t e s .  More s o p h i s t i c a t e d  
t e c h n o l o g i e s  t h a t  produce lower t e m p e r a t u r e s  
are s o l d  commercially i n  t h e  United States and 
Japan .  These s o l a r  a b s o r p t i o n  c o o l i n g  sys tems 
are be ing  employed i n  many new s o l a r  houses  i n  
i n d u s t r i a l  c o u n t r i e s ,  and s m a l l  v e r s i o n s  could 
p rov ide  c o s t - e f f e c t i v e  r e f r i g e r a t i o n  i n  
developing  l a n d s ,  where keeping p e r i s h a b l e  
f o o d s t u f f s  and medic ines  i s  as d i f f i c u l t  a s  i t  
i s  impor t an t .  Such systems have t h e  advan tage  
of working most e f f e c t i v e l y  when t h e  s u n  i s  
b r i g h t e s t  and coo l ing  needs a r e  g r e a t e s t .  

Poor water  q u a l i t y  i s  a common problem i n  
t h e  Th i rd  World, and f i n d i n g  f r e s h  w a t e r  i s  
p e r e n n i a l l y  a major problem i n  t h e  w o r l d ’ s  
d e s e r t  r e g i o n s .  The technology of s o l a r  s t i l l s  

i s  e lementary :  s u n l i g h t  e v a p o r a t e s  w a t e r ,  t h e n  
t h e  condensa te  i s  c o l l e c t e d .  Such a s t i l l  
ope ra t ed  s u c c e s s f u l l y  i n  C h i l e  f rom 1892 f o r  
about  t h r e e  decades.  Although maintenance c o s t s  
are low and f u e l  c o s t s  are z e r o ,  t h e  i n i t i a l  
inves tment  i s  ve ry  h i g h .  

Small s o l a r  s t i l l s  are a l r e a d y  compe t i t i ve .  
The U n i v e r s i t y  of t h e  P h i l i p p i n e s  i s  conduct ing  
i n n o v a t i v e  r e s e a r c h  on low-cost s t i l l s ,  and 
s e v e r a l  i n d u s t r i a l  c o u n t r i e s  are exper iment ing  
w i t h  more advanced d e s i g n s .  

For thousands of y e a r s ,  p e o p l e  have been 
us ing  t h e  sun t o  d r y  g r a i n ,  f r u i t ,  and t imber .  
But t r a d i t i o n a l  open-a i r  methods are s low and 
sometimes conducive t o  decay.  Simple s o l a r  co l -  
l e c t o r s  speed up t h e  d r y i n g  p r o c e s s  and a l l o w  i t  
t o  t a k e  p l a c e  i n  c o n f i n e d  s t r u c t u r e s  where t h e f t  
by r o d e n t s  i s  minimized and r a i n  is  kep t  o u t .  

S o l a r  c o l l e c t o r s  and s o l a r  ponds can  pro- 
v i d e  a power sou rce  f o r  v a r i o u s  h e a t  eng ines  
t h a t  c a n ,  i n  t u r n ,  c o n v e r t  t h i s  energy i n t o  use- 
f u l  work--such as pumping w a t e r  o r  g e n e r a t i n g  
e l e c t r i c i t y .  A 37-ki lowat t  (50-horsepower) 
i r r i g a t i o n  pump was b u i l t  and ope ra t ed  i n  Egypt 

0 h) i n  1912. An American company now se l l s  10-kilo- -1. 
w a t t  pumps f o r  $4,000 p e r  k i l o w a t t ,  and e x p e c t s  - 
t h e  p r i c e  t o  f a l l  t o  $1,250 p e r  k i l o w a t t  w i t h  
mass p roduc t ion .  



Decen t ra l i zed  so la r - the rma l  dev ices  can 
be used t o  g e n e r a t e  e l e c t r i c i t y ,  bu t  convers ion  
e f f i c i e n c i e s  a r e  low. Th i s  technology appea r s  
t o  b e  most promising i n  a p p l i c a t i o n s  where t h e  
unused h e a t  c o l l e c t e d  can b e  p r o d u c t i v e l y  em- 
p loyed ,  a s  f o r  space  h e a t i n g  o r  i n d u s t r i a l  pur- 
poses .  

The most e x c i t i n g  s o l a r - e l e c t r i c  d e v i c e  i s  
t h e  p h o t o v o l t a i c  ( o r  s o l a r )  c e l l ,  now t h e  p r i n -  
c i p a l  power s o u r c e  of t h e  te lecommunicat ions 
t r a f f i c .  Such c e l l s  g e n e r a t e  e l e c t r i c i t y  
d i r e c t l y  when s t r u c k  by s u n l i g h t .  They have no 
moving p a r t s ,  consume no f u e l ,  produce no po l lu -  
t i o n ,  o p e r a t e  a t  ambient t empera tu res ,  have long  
l i f e t i m e s ,  r e q u i r e  l i t t l e  maintenance,  and can 
b e  f a sh ioned  from s i l i c o n ,  t h e  e a r t h ' s  second 
most abundant e lement .  

S o l a r  c e l l s  are economical today on ly  f o r  
remote a p p l i c a t i o n s ,  such  as d r i l l i n g  r i g s ,  
p i p e l i n e s ,  s i g n a l  buoys,  f o r e s t r y  s t a t i o n s ,  and 
Thi rd  World v i l l a g e s .  They have been success-  
f u l l y  employed t o  power e d u c a t i o n a l  t e l e v i s i o n  
sets i n  I n d i a  and Nige r ,  r a d i o  t r a n s m i t t e r s  i n  
t h e  Andes, wa te r  pumps i n  Upper V o l t a ,  and re- 
f r i g e r a t o r s  f o r  medica l  s u p p l i e s  on an  Arizona 
I n d i a n  r e s e r v a t i o n .  

P h o t o v o l t a i c  ce l l s  are most s e n s i b l y  a p p l i e d  
i n  a d e c e n t r a l i z e d  fashion--perhaps inco rpora t ed  
i n  t h e  r o o f s  o f  bu i ld ings - - so  t h a t  t r a n s m i s s i o n  
and s t o r a g e  problems can b e  minimized. With de- 
c e n t r a l i z e d  u s e ,  t h e  f o u r - f i f t h s  o r  more of sun- 
l i g h t  h i t t i n g  them t h a t  such c e l l s  c u r r e n t l y  
cannot  conve r t  i n t o  e l e c t r i c i t y  can  b e  harnessed  
f o r  space  h e a t i n g  and c o o l i n g ,  w a t e r  h e a t i n g ,  
and r e f r i g e r a t i o n .  

The manufac ture  of p h o t o v o l t a i c  ce l l s  i s  
r a t h e r  expens ive .  But c o s t s  f e l l  from an  a s t r o -  
nomical  $500 p e r  peak w a t t  a few y e a r s  ago t o  as 
low as $13.50 i n  1977. The U.S. Department of 
Energy e x p e c t s  p r i c e  r e d u c t i o n  t o  $1-2 p e r  peak 
w a t t  by 1980, 50c by 1986, and 10-3Oc by 1990; 

a t  t h e  1990 p r i c e  they  could c a p t u r e  t h e  l i o n ' s  
sha re  of t h e  i n t e r n a t i o n a l  e lec t r ica l  g e n e r a t i n g  
market . 

S o l a r  energy  can  a l s o  be  h a r v e s t e d  i n d i -  
r e c t l y  i n  f a l l i n g  water ,  t h e  wind, and p l a n t s  
grown as f u e l .  Waterwheels have been used f o r  
m i l l e n n i a .  Water t u r b i n e s  s p i n  much f a s t e r  t han  
water  wheels  and are used most ly  t o  g e n e r a t e  
e l e c t r i c i t y .  Un i t s  smaller t h a n  100 k i l o w a t t s  
may a c c o u n t  f o r  one - th i rd  of a l l  h y d r o e l e c t r i c i t y  
i n  China.  

The p o t e n t i a l  of small-scale hydropower 
t e c h n o l o g i e s  h a s  neve r  been  thoroughly  s t u d i e d .  
Most r e s e a r c h  h a s  focussed  on huge dams and 
s t o r a g e  r e s e r v o i r s .  But now t h a t  t h e s e  l a r g e  
f a c i l i t i e s  are running  up a g a i n s t  major pro- 
blems--the f l o o d i n g  of good a g r i c u l t u r a l  l a n d s ,  
t h e  d i sp lacemen t  of v a s t  numbers of people ,  and 
t h e  s p r e a d  of  schis tosomiasis--new a t t e n t i o n  i s  
being p a i d  t o  a l t e r n a t i v e s  of less e l e p h a n t i n e  
dimensions.  

E s p e c i a l l y  i n  t h e  mountainous t r i b u t a r y  
r e g i o n s  of t h e  Th i rd  World, sma l l - sca l e  hydro- 
power a p p e a r s  t o  ho ld  g r e a t  p o t e n t i a l .  The 
u n i t s  a r e  r e l a t i v e l y  inexpens ive ,  w h i l e  l o c a l  
l abo r  can b u i l d  t h e  needed dams and d i v e r t  
s e l e c t e d  streams. 
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Machines t o  t a p  t h e  energy  i n  t h e  wind, 
l i k e  those  t h a t  ha rness  water  power, are of two 
b a s i c  types :  m i l l s  and t u r b i n e s .  Windmills 
t u r n  s lowly  and are used f o r  high-torque work, 
l i k e  pumping water. Wind t u r b i n e s  t u r n  much 
f a s t e r  and are o r d i n a r i l y  used t o  g e n e r a t e  
e l e c t r i c i t y .  Wind p roduc t ion  i n c r e a s e s  w i t h  t h e  
s q u a r e  of a p r o p e l l e r ' s  s i z e ,  s o  l a r g e  wind 
machines produce f a r  more energy t h a n  do s m a l l  
ones .  Moreover, wind power i n c r e a s e s  w i t h  t h e  
cube of v e l o c i t y ;  t hus  t w i c e  as f a s t  a wind p ro -  
duces  e i g h t  t i m e s  as much power. Some wind 
power e n t h u s i a s t s  t h e r e f o r e  l i m i t  t h e i r  dreams 
t o  huge t u r b i n e s  on v e r y  windy si tes.  But t h e  
c r u c i a l  q u e s t i o n  is: how much energy i s  h a r n e s s e d  
p e r  d o l l a r  of inves tment?  S m a l l e r  w indmi l l s  
would l e n d  themselves  more e a s i l y  t h a n  l a r g e  o n e s  
t o  mass p roduc t ion  o r  t o  l o c a l  c o n s t r u c t i o n  f rom 
a v a i l a b l e  materials. They a l s o  produce power i n  
much s lower winds ,  and t h u s  can  o p e r a t e  a h i g h e r  
pe rcen tage  of t h e  t i m e .  

Because of poor maintenance and s h o r t a g e s  of 
p a r t s ,  w indmi l l s  have been abandoned i n  Mali and 
Uganda. I n  Tanzania ,  t h e  s e l e c t i o n  of w i n d m i l l s  
unsu i t ed  f o r  l o c a l  wind c o n d i t i o n s  l e d  t o  c h r o n i c  
problems,  and most of t h o s e  i n  i s o l a t e d  r e g i o n s  
appear  t o  have broken down. On t h e  o t h e r  hand ,  
a n o t h e r  Tanzanian program appears  t o  have worked 
q u i t e  w e l l ,  and success  s t o r i e s  have a l s o  b e e n  
r e p o r t e d  ou t  of Zambia and Argent ina .  The Geleb  
peop le  i n  t h e  Om0 River r e g i o n  of E t h i o p i a  have  
begun b u i l d i n g  a sa i l -wing  windmil l  t o  pump 
water, adopt ing  a des ign  i n  u s e  f o r  hundreds of  
y e a r s  on Crete. 

Small-scale  wind t u r b i n e s  t o  produce elec- 
t r i c i t y  c o s t  as l i t t l e  a s  $500 per k i l o w a t t  f o r  
15-k i lowat t  g e n e r a t o r s .  
power a s  a backup, i n t e rmed ia t e - s i zed  wind ma- 
c h i n e s  are a n  economical sou rce  of e l e c t r i c i t y  , 
even i n  t h e  i n d u s t r i a l  wor ld ,  today.  

When coupled w i t h  hydro-  

A f i n a l  o p t i o n  i s  t o  the s o l a r  energy  
s t o r e d  i n  g reen  p l a n t s .  Firewood a l r e a d y  con- 
t r i b u t e s  about  15% as much commercial  energy  each 
y e a r  as f o s s i l  f u e l s .  B r a z i l  hopes  t o  grow sugar  
cane  and cas sava  f o r  t h e i r  e n e r g y  c o n t e n t  and t o  
conve r t  them i n t o  e thano l .  By t h e  y e a r  2000, i t  
hopes t o  s u b s t i t u t e  t h e  r e s u l t i n g  a l c o h o l  f o r  a l l  
i t s  imported g a s o l i n e .  The P h i l i p p i n e s  p l a n s  t o  
u s e  coconut  husks  as f u e l  f o r  e l e c t r i c a l  power 
p l a n t s .  

Biogas t echno log ie s  employ a n a e r o b i c  bac-  
t e r i a  t o  d i g e s t  animal  dung, human e x c r e t a ,  and 
o t h e r  o r g a n i c  wastes, p roduc ing  methane, t h e  
chemical  e q u i v a l e n t  o f  n a t u r a l  g a s .  The r e s i d u e  
of t h e  p r o c e s s  i s  a h igh  q u a l i t y  f e r t i l i z e r .  

Biogas development h a s  been c a r r i e d  f a r t h e s t  
i n  China.  I n  1970-72, a f ew hundred b i o g a s  
p l a n t s  i n  Szechwan were so s u c c e s s f u l  t h a t  a na- 
t i o n a l  program t r a i n e d  100,000 b i o g a s  t e c h n i c i a n s  
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by mid-1975, and l a s t  May the New China News 
Agency r e p o r t e d  4 .3  m i l l i o n  working units--many 
of them communal p l a n t s  a b l e  t o  m e e t  t h e  needs of W 
50 Chinese p e a s a n t s .  Xecent  r e p o r t s  i n d i c a t e  
t h a t  17 m i l l i o n  people  use  b i o g a s  f o r  cooking and 



l i g h t i n g  i n  Szechwan p rov ince  a lone .  The c a p i t a l  
c o s t  of a 10-cubic-meter t ank  t o  s e r v e  a f i v e -  
person  f ami ly  i s  $15-20. 

Direct s u n l i g h t ,  wind, water,  and b i o l o g i c a l  
sou rces  a l l  ho ld  g r e a t  promise as Thi rd  World 
energy s o u r c e s .  A l l  t h a t  i s  needed today i s  t h e  
p o l i t i c a l  and economic commitment t o  b u i l d  a sus-  
t a i n a b l e  energy  system. 

mL- m L 2 - d  T . T - . - l d  --.. t h n  "-1-v  07- L l l C  1 1 1 1 1 1 1  W U L l U  Illor C L I L C L  L L X C  .3"ILIL L L U  

b e f o r e  t h e  i n d u s t r i a l  world does .  Seve ra l  f ea -  
t u r e s  common t o  deve loping  c o u n t r i e s  make such a 
p rospec t  s e e m  l i k e l y :  

o Developing n a t i o n s ,  by and l a r g e ,  are 
r i c h l y  endowed w i t h  s u n l i g h t .  

o The i r  p o p u l a t i o n s  are d i s p e r s e d  enough t o  
make easier u s e  of d e c e n t r a l i z e d  energy r e s o u r c e s .  

o I n  t h e  Th i rd  World, t h e  c u r r e n t  h i g h  c o s t  
of conven t iona l  ene rgy ,  e s p e c i a l l y  e l e c t r i c i t y ,  
has  a l r e a d y  made s o l a r  o p t i o n s  economical ly  com- 
p e t i t i v e .  Many s imple  and p r a c t i c a l  s o l a r  d e v i c e s  
have a l r e a d y  proven themselves .  

A Thi rd  World d e c i s i o n  t o  l e a d  i n  h a r n e s s i n g  
t h e  sun  would b e  w i s e .  Although t h e  world i s  n o t  
running  o u t  of ene rgy ,  i t  is  running  o u t  of o i l .  
World o i l  p roduc t ion  i s  expec ted  t o  t u r n  downward 
w i t h i n  10 t o  18 y e a r s ,  and severe r e g i o n a l  
s h o r t a g e s  are l i k e l y  t o  deve lop  w e l l  b e f o r e  then .  
E igh ty  p e r c e n t  of t h e  w o r l d ' s  o i l  supply  w i l l  
have been consumed dur ing  t h e  l i f e t i m e  of t h e  
c u r r e n t  g e n e r a t i o n .  

Consequent ly ,  i t  i s  c r i t i c a l  (and mora l ly  
o b l i g a t o r y )  f o r  a l l  c o u n t r i e s ,  r i c h  and poor ,  t o  
i n v e s t  a l a r g e  f r a c t i o n  of t h e  remaining o i l  i n  
b u i l d i n g  an energy  sys tem t h a t  can b e  s u s t a i n e d  
when t h e  o i l  w e l l s  r u n  d ry .  
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The i n d u s t r i a l  wor ld  is des igned  t o  r u n  on 
o i l .  Road b u i l d i n g  dwarfs  a l l  o t h e r  p u b l i c  
works; au tomobi le  p roduc t ion  h a s  become c e n t r a l  
t o  t h e  economic wel l -be ing  o f  whole n a t i o n s .  I f  
t h e  deve lop ing  c o u n t r i e s  i n v e s t  vast sums of 
s c a r c e  c a p i t a l  copying t o d a y ' s  i n d u s t r i a l  powers,  
t he  pe t ro leum era w i l l  have passed  b e f o r e  t h e i r  
inves tments  b e a r  f r u i t .  I f  i n s t e a d  they  assess 
t h e  p r o s p e c t s  and make t h e i r  i nves tmen t s  ac- 
co rd ing ly  , the'y may be  s p a r e d  major commitments 
t o  the pe t ro l eum era i n  i t s  dying  phase.  

Rather  t h a n  g i v i n g  f o r e i g n  i n t e r e s t s  tax 
breaks  t o  se t  up  au tomobi le  p l a n t s  on t h e i r  s o i l ,  
Third World c o u n t r i e s  might ,  f o r  example, a c c e p t  
only f a c t o r i e s  t h a t  produce v e h i c l e s  t h a t  run  on 
f u e l s  o t h e r  t h a n  o i l .  Ra the r  t h a n  devo te  l a r g e  
p o r t i o n s  of t h e i r  budgets  t o  highways,  t h e y  might 
b e t t e r  i n v e s t  i n  communications sys tems and rail- 
roads .  Rather  t h a n  l a y i n g  o u t  huge c i t ies  f o r  
t h e  t o r r e n t  of m i g r a n t s  f l e e i n g  t h e  c o u n t r y s i d e ,  
they might spend t h e  same money making r u r a l  v i l -  
l a g e s  more l i v a b l e .  



Tomorrow, both  t h e  i n d u s t r i a l  world and  t h e  
a g r a r i a n  world are l i k e l y  t o  be  t u r n i n g  t o  s o l a r  
r e sources - - sun l igh t ,  wind,  hydro-power, and  b io -  
mass--for t h e i r  commercial energy.  The T h i r d  
World, however, has  an advantage: i t  can  t a k e  a 
s h o r t c u t  p a s t  f o s s i l  f u e l s .  

U n t i l  r e c e n t l y ,  t h e  s t r o n g e s t  impediment t o  
s o l a r  power i n  t h e  Third World was p r o b a b l y  t h e  
i n d u s t r i a l  w o r l d ' s  p u r s u i t  of a d i f f e r e n t  cour se .  
Most Thi rd  World policy-makers looked t o  t h e  
advanced i n d u s t r i a l  s ta tes  a s  models, and t h e y  
found no solar-powered s o c i e t i e s  t o  emula t e .  

Development t h e o r y  h a s  undergone profound 
changes i n  t h e  l a s t  decade ,  and few Th i rd  World 
c o u n t r i e s  s t i l l  seek  t o  i m i t a t e  t h e  Un i t ed  States  
o r  t h e  Sov ie t  Union. It i s  now commonly r ecog-  
n i zed  t h a t  more t h a n  one p a t h  l e a d s  from "under- 
developed" t o  "developing" t o  "developed. '' That  
t h e  West does no t  u se  b iogas  as a n  energy  s o u r c e  
h a s  n o t ,  f o r  example, d e t e r r e d  China from 
b u i l d i n g  an  e s t ima ted  4.3 m i l l i o n  b i o g a s  p l a n t s  
i n  t h e  l a s t  t h r e e  y e a r s .  

S o l a r  t echno log ie s  ho ld  many a t t r a c t i o n s  
f o r  deve loping  c o u n t r i e s .  A p a r t i c u l a r l y  impor- 
t a n t  s o c i a l  advantage  i s  t h e i r  p o t e n t i a l  f o r  
promoting development i n  p r e v i o u s l y  i g n o r e d  r u r a l  
areas, which w i l l  p robably  b e  t h e  sou rce  o f  most 
s u r p l u s  l a b o r  i n  t h e  n e x t  f e w  decades.  Without  
s t r o n g  r u r a l  development programs based on decen- 
t r a l i z e d  energy s o u r c e s ,  u rban  m i g r a t i o n  w i l l  
become to r r en t i a l - - and  urban problems are a l r e a d y  
d i r e .  

Many s o l a r  t echno log ie s  w i l l  make economic 
s e n s e  f o r  t h e  Thi rd  World be fo re  t h e y  do f o r  t h e  
i n d u s t r i a l  world.  E l e c t r i c i t y  produced from 
s o l a r  energy i s  a good c a s e  i n  p o i n t .  
areas of poor c o u n t r i e s  no t r ansmiss ion  and  d i s -  
t r i b u t i o n  system e x i s t s ,  s o  power from cen- 
t r a l i z e d  p l a n t s  i s  n o t  a v a i l a b l e .  

I n  r u r a l  

I n  August,  1977, a team from t h e  United 
S t a t e s  Na t iona l  Academy o f  S c i e n c e s  conducted a 
j o i n t  workshop on s o l a r  power w i t h  t h e  Tanzanian 
Na t iona l  S c i e n t i f i c  Research  Counc i l .  The c o s t  
of v i l l a g e  e l e c t r i c i t y  from d i e s e l  g e n e r a t o r s  
and f r o n  t h e  n a t i o n a l  power g r i d  was compared 
w i t h  t h e  c o s t  of power from f i v e  d e c e n t r a l i z e d ,  
renewable sou rces :  wind power, small-scale hydro- 
power, b i o g a s ,  s o l a r  r e f r i g e r a t i o n ,  and photo- 
v o l  t a i c s  . 
b l e  t echno log ie s  had an economic advantage  over  
b o t h  t h e  n a t i o n a l  g r i d  and d i e s e l  g e n e r a t i o n .  
Three of t h e  f i v e  were economica l ly  c o m p e t i t i v e  
under a l l  c i rcumstances ;  f o u r  o u t  of f i v e  were 
compe t i t i ve  f o r  u s e s  i n  which t h e  b i o g a s  could  
be burned d i r e c t l y  r a t h e r  t h a n  conve r t ed  f i r s t  
i n t o  e l e c t r i c i t y .  And even the l e a s t  competi-  
t i v e  technology--photovol ta ics - -wi l l  ho ld  an  
economic advantage  over  c o n v e n t i o n a l  s o u r c e s  of 
e l e c t r i c i t y  by 1983, i f  t h e i r  c o s t s  drop  i n  
accordance w i t h  most r e c e n t  f o r e c a s t s .  

For some purposes ,  each  of t h e  f i v e  renewa- 
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One  of t h e  major f u n c t i o n s  served  by develop- 
ment must be t h e  c r e a t i o n  of new j o b s .  A t  p re -  
s e n t ,  energy i s  o f t e n  s u b s t i t u t e d  f o r  l a b o r .  A t  
c u r r e n t  U.S. p r i c e s ,  2 . 5 ~  worth of g a s o l i n e  can 
perform as much work as a h e a l t h y  a d u l t  working 
from dawn t o  dusk.  One l i t e r  of g a s o l i n e  burned 
i n  a one-horse-power eng ine  w i l l  p rov ide  as much 
work a s  a human be ing  can  produce i n  seven days 
of h a r d ,  p h y s i c a l  l a b o r .  Gasol ine-der ived  power 
i s  n o t  on ly  cheape r ,  b u t  a l s o  f a s t e r  and more 
r e l i a b l e  t h a n  muscle power. Hence, t h e  p o i n t  i s  
sometimes made t h a t  major  i n c r e a s e s  i n  Thi rd  
World energy  may l e a d  t o  mounting unemployment. 

It needn ' t .  The a l t e r n a t i v e  i s  t o  view f u l l  
employment as a c e n t r a l  g o a l  of development,  
r a t h e r  t h a n  as j u s t  one of  the v a r i a b l e s  t o  b e  
mixed i n  p u r s u i t  o f  some o t h e r ,  more impor tan t  
goa l  ( l i k e  a growing GNP) .  I f  f u l l  employment 
i s  pursued i n t e l l i g e n t l y ,  energy  growth can be  
absorbed i n  ways t h a t  i n c r e a s e ,  r a t h e r  t h a n  re- 
s t r ic t ,  t o t a l  employment. 

For example, i n  most deve loping  c o u n t r i e s  
a g r i c u l t u r e  i s  by f a r  t h e  l a r g e s t  s o u r c e  of em- 
ployment,  sometimes accoun t ing  f o r  70-80% of a l l  
j o b s .  But a g r i c u l t u r a l  l a b o r  requi rements  peak 
s h a r p l y  du r ing  plowing,  p l a n t i n g ,  and h a r v e s t i n g .  
Most l a b o r e r s  are i d l e  t h e  rest of t h e  y e a r ;  
hence,  annual  p r o d u c t i v i t y  and wages are low. 
Arjun Makhijani  and Alan Poo le  sugges t  t h a t  t h e  
c a r e f u l  mechaniza t ion  of plowing,  p l a n t i n g ,  and 

-ha rves t ing  could r educe  t h e  d u r a t i o n  of t h e s e  
b o t t l e n e c k s  s u f f i c i e n t l y  t o  a l l o w  m u l t i p l e  
c ropping .  Demand f o r  l a b o r  would even o u t ,  
a g r i c u l t u r a l  p roduc t ion  would i n c r e a s e  g r e a t l y ,  
and j o b s  could  b e  c r e a t e d  t o  hand le  t h i s  i n -  
c r eased  p roduc t ion ,  as w e l l  as t h e  f e r t i l i z e r  
and i r r i g a t i o n  i t  would r e q u i r e .  Without a n  
i n c r e a s e  i n  t h e  a v a i l a b l e  energy  a t  t i m e s  of 
peak demand f o r  work, t h i s  would n o t  b e  p o s s i b l e .  

Widespread u s e  of s o l a r  equipment i n  t h e  
Thi rd  World, where it i s  a l r e a d y  c o s t - e f f e c t i v e ,  
would have p o s i t i v e  e f f e c t s  i n  t h e  i n d u s t r i a l  

n a t i o n s .  With t h e  r a p i d  r e d u c t i o n s  i n  c o s t  t h a t  
assembly l i n e s  could  b r i n g ,  s o l a r  dev ices  would 
f i n d  e v e r  more a p p l i c a t i o n s  i n  r i c h  l a n d s  and 
poor a l i k e .  Such a s ta te  of economic a f f a i r s  i s  ? 
s o  m a n i f e s t l y  i n  t h e  i n t e r e s t  of t h e  i n d u s t r i a l  g 
world t h a t  it w a r r a n t s  g r a n t i n g  Thi rd  World 
customers  s u b s i d i e s  on e a r l y  o r d e r s .  France , 
aware of t h i s  f a c t  and e a g e r  t o  a t t r a c t  l a r g e  
o r d e r s ,  i s  now marke t ing  a subs id i zed  s o l a r  
i r r i g a t i o n  pump throughout  t h e  Thi rd  World. 
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The i n t e r n a t i o n a l  r e s e a r c h  and development 
community h a s  f i n a l l y  begun t o  app ly  i t s  gen ius  
t o  s o l a r  e n e r g y  use .  Annual expend i tu re s  on 
s o l a r  energy  r e s e a r c h  by t h e  U.S. Government 
have s h o t  up from about  $5 m i l l i o n  t o  more t h a n  
$300 m i l l i o n  i n  f i v e  y e a r s .  Third World r e s e a r c h  
and development i n  t h i s  area has  been improving 
s t e a d i l y ,  and  e x c e l l e n t  programs now e x i s t  i n  
B r a z i l ,  Mexico, I n d i a  and o t h e r s .  The United 
Nat ions Environment Program is  a l s o  promoting 
t h e  u s e  of renewable  energy  r e s o u r c e s  i n  poor 
c o u n t r i e s  by fund ing  model v i l l a g e s  t h a t  employ 
s e v e r a l  d i f f e r e n t  s u s t a i n a b l e  energy sources .  

The T h i r d  World 's  t r a n s i t i o n  t o  s o l a r  tech-  
no log ie s  w i l l  n o t  b e  t r o u b l e - f r e e .  Many a t t e m p t s  
have been made i n  the las t  h a l f  cen tu ry  t o  i n t r o -  
duce s o l a r  t e c h n o l o g i e s  i n  t h e  Thi rd  World. At 
t i m e s ,  t h e  t echno logy  h a s  been perce ived  as 
i r r e l e v a n t  t o  p e o p l e ' s  r e a l  needs (example: s o l a r  
powered pumps t h a t  d i s p l a c e d  water  carriers f o r  
whom no o t h e r  j o b s  e x i s t e d ) .  I n  o t h e r  cases, 
maintenance p e r s o n n e l  have  been inadequa te ly  
t r a i n e d  o r  c r u c i a l  rep lacement  p a r t s  have n o t  
been p rov ided .  Sometimes t h e  r e c i p i e n t s  of t h e  
technology h a v e  s imply  n o t  l i k e d  t h e  s o l a r  gad- 
g e t s  o r  have n o t  ca red  t o  a d j u s t  t h e i r  d a i l y  
a c t i v i t i e s  t o  take advantage  of t h e  a v a i l a b i l i t y  
of sun .  And i n  s t i l l  o t h e r  cases, t h e  technolo-  
g i e s  have b e e n  used and have worked p e r f e c t l y ,  
bu t  t h e y  have  c o n c e n t r a t e d  a d d i t i o n a l  w e a l t h  i n  
the  hands of  t h e  e l i t e .  



A s u c c e s s f u l  s o l a r  t r a n s i t i o n  w i l l  r e q u i r e  
d e t a i l e d  knowledge about  energy a v a i l a b i l i t y  and 
needs i n  t h e  Th i rd  World: How much ene rgy  of each  
k ind  i s  used f o r  what pu rposes?  How would any 
a d d i t i o n a l  energy be  s p e n t ?  What l eve ls  of sun- 
l i g h t ,  wind, and b i o l o g i c a l  p r o d u c t i v i t y  are 
a v a i l a b l e  a t  v a r i o u s  s i t e s ?  What ene rgy  o p t i o n s  
are open t o  each  l o c a l i t y ?  F i n a l l y ,  c a n  
p o l i t i c a l  w i l l  and t e c h n i c a l  competence b e  mus- 
t e r e d  t o  b u i l d  o r  a c q u i r e  t h e  n e c e s s a r y  equip-  
ment and t o  keep i t  runn ing?  

The c h a l l e n g e  of a s o l a r  t r a n s i t i o n  i s  
formidable .  But t h e  rewards of s u c c e s s  make it 
a g o a l  worth pursuing.  U l t i m a t e l y ,  o n l y  solar 
c i v i l i z a t i o n  i s  s u s t a i n a b l e .  

rep r in ted  from Agenda (Agency f o r  I n te rna t i ona l  Development) 
Jan. 1978, w i t h  permission from the Worldwatch I n s t i t u t e .  

h, 
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Renewable Energy Glossary 

active cooling--use of s o l a r  c o l l e c t o r s  t o  d r i v e  

a c t i v e  s o l a r - - c o l l e c t i o n  of s o l a r  energy  us ing  

a n  a i r  c o n d i t i o n i n g  system. 

s o l a r  c o l l e c t o r s  and a mechanical  system t o  
c i r c u l a t e  and s t o r e  t h e  energy.  

agrar ian--having t o  do w i t h  fa rming .  

ambient--surrounding. 

biogas--gas produced by t h e  breakdown of o r g a n i c  
materials, c o n t a i n i n g  methane and o t h e r  
gases .  

combust ible--capable  of bu rn ing .  

hydropower--energy c r e a t e d  by f a l l i n g  o r  moving 

p a s s i v e  cool ing--using t h e  d e s i g n  of a b u i l d i n g  
t o  produce c o o l i n g  by means of n a t u r a l  
f o r c e s  such as a i r  c i r c u l a t i o n .  

p a s s i v e  s o l a r - - c o l l e c t i o n  of s o l a r  energy  i n t o  
t h e  house o r  b u i l d i n g  i t s e l f ,  w i thou t  
mechanical  a i d s .  

p h o t o v o l t a i c  cell--a d e v i c e  which c o n v e r t s  s o l a r  
energy d i r e c t l y  t o  e l e c t r i c i t y .  

renewable energy--energy de r ived  from r e s o u r c e s  
t h a t  r e p l e n i s h  themselves  i n  a s h o r t  t i m e .  
Examples are s o l a r  energy  , wind, hydropower , 
and wood. 

water. 

solar  co l l ec to r - - an  enc losed ,  g lazed  pane l  
c o n t a i n i n g  a d a r k  abso rb ing  s u r f a c e  t h a t  
c o n v e r t s  s u n l i g h t  t o  h e a t .  

sol-ar  energy-- rad ian t  energy from t h e  sun .  

s o l a r  pond--a sha l low pond of l a y e r e d  w a t e r ,  
w i t h  concen t r a t ed  s a l t  water on t h e  bottom 
and f r e s h  water on t o p ,  used t o  c o l l e c t  
s o l a r  h e a t .  

s o l a r  s t i l l - - a  dev ice  t h a t  u ses  s o l a r  h e a t  t o  
evapora t e  w a t e r ,  t h u s  removing i m p u r i t i e s .  

s o l a r  energy t o  produce h i g h  t empera tu res  
f o r  e l ec t r i c  g e n e r a t i o n  o r  i n d u s t r i a l  
p r o c e s s e s .  

t echnologica l - -having  t o  do w i t h  machines.  

v e s t e d  i n t e r e s t - - a  group t h a t  has  s p e c i a l  concern 
about  something,  i n  hope of p r i v a t e  b e n e f i t .  

wind turb ine- -a  wind machine which c o n v e r t s  

s o l a r  thermal  device--a sys tem f o r  c o n c e n t r a t i n g  

mechanical  energy  from t h e  wind t o  elec- A 
t r i c i t y .  L 



.. 

A 

Teacher I n f o r mat ion 
Solar Energy 
in Developing Nations 
Suggested Grade Level and Discipline 

Grades 9-12 
S o c i a l  S t u d i e s  
Asian ,  A f r i c a n ,  and L a t i n  American s t u d i e s  

F 

Skill Objectives 
Reading and i n t e r p r e t i n g  materiel. r e l a t i n g  t o  s o l a r  energy 

Determining an  a u t h o r ' s  purpose and p o i n t  oE view 

I d e n t i f y i n g  d i f f e r e n t  t y p e s  of renewable energy 

I d e n t i f y i n g  and summarizing f a c t u a l  con ten t  i n  r ead ing  

Major Understandings 
The energy  problem is  a worldwide concern.  

Energy t echno log ie s  should  be t a i l o r e d  t o  needs ,  c o n d i t i o n s ,  and 
end use .  

Geography has  a f f e c t e d  t h e  development of Thi rd  World n a t i o n s .  

There are economic, p o l i t i c a l ,  and s o c i a l  impacts  of a l t e r n a t i v e  
energy  use  i n  emerging n a t i o n s .  

An informed c i t i z e n  can  develop an  unde r s t and ing  of Thi rd  World 
n a t i o n s ,  e s p e c i a l l y  t h e i r  energy needs ,  and of t h e  r o l e  of t h e  U . S .  
r e g a r d i n g  t h e  energy  needs of  t h e  Third World. 

Background 
The i n c r e a s e  i n  t h e  c o s t  of energy  i n  r e c e n t  y e a r s  h a s  brought  w i t h  

i t  t h e  r e a l i z a t i o n  of t h e  need t o  deve lop  a l t e r n a t i v e  s o u r c e s  of energy .  
The United S t a t e s  and o t h e r  i n d u s t r i a l i z e d  n a t i o n s  have begun t o  look  a t  
a l t e r n a t i v e  sou rces  bu t  con t inue  t o  m a i n t a i n  t h e i r  dependence on o i l .  

Although r i c h e r  i n d u s t r i a l i z e d  n a t i o n s  may s t i l l  be a b l e  t o  a f f o r d  
h ighe r  f u e l  p r i c e s ,  deve loping  c o u n t r i e s  have a much more d i f f i c u l t  t i m e  
of i t .  Thi rd  World c o u n t r i e s  want t o  i n d u s t r i a l i z e  b u t  cannot  a lways 
a f f o r d  t o  keep up w i t h  t h e  h igh  c o s t  of pe t ro leum on which i n d u s t r i a l  
development depends.  

According t o  a paper  pub l i shed  by t h e  World Bank, deve loping  n a t i o n s  
must l ook  t o  a l t e r n a t i v e  energy s o u r c e s .  One p o s s i b i l i t y  i s  t h e  d i r e c t  
use  of t h e  sun .  The World Bank m a i n t a i n s  t h a t  a f i r m  t e c h n i c a l  b a s i s  
e x i s t s  f o r  t h e  i n t r o d u c t i o n  of s o l a r  power, a l though  g r e a t e r  e x p l o r a t i o n  
i s  needed t o  assess i t s  f u l l  p o t e n t i a l .  They ma in ta in ,  however, t h a t  

19 
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water h e a t i n g  w i t h  s o l a r  c o l l e c t o r s  i s  t h e  s o l a r  technology most ready-- 
t e c h n i c a l l y ,  economica l ly ,  and commercially--for widespread a p p l i c a t i o n s .  
F l a t  p l a t e  s o l a r  c o l l e c t o r s  can b e  a n  economical sou rce  of h o t  water f o r  
r e s i d e n c e s  and i n d u s t r y ;  t hey  can a l s o  p rov ide  h e a t  f o r  d r y i n g  c rops  and 
f o r  c e r t a i n  o t h e r  a g r i c u l t u r a l  u ses .  Water, wind, and geothermal  sou rces  
of energy  a l s o  have p o t e n t i a l  f o r  deve loping  n a t i o n s .  

However, s t u d e n t s  should a l s o  be  encouraged t o  cons ide r  ano the r  
p o i n t  of view. S ince  t h e  developed n a t i o n s  have a l r e a d y  consumed a h igh  
pe rcen tage  of t h e  wor ld ' s  f o s s i l  f u e l s ,  i t  can b e  argued t h a t  t hey  should  
now t u r n  t o  renewable energy ,  l e a v i n g  t h e  wor ld ' s  remaining f o s s i l  f u e l  
r e s o u r c e s  t o  t h e  deve loping  n a t i o n s  f o r  f u e l i n g  t h e i r  growth. 

The purpose of t h i s  a c t i v i t y  i s  two-fold.  F i r s t ,  a n  a r t i c l e  on 
s o l a r  energy  and t h e  deve loping  n a t i o n s  i s  p resen ted  t o  a c q u a i n t  s t u d e n t s  
w i t h  t h e  p o s s i b i l i t y  of s o l a r  technology f o r  deve loping  n a t i o n s .  Second, 
s t u d e n t s  b ra ins to rm and sugges t  r easons  why t h e  United States should o r  
should  n o t  g i v e  a s s i s t a n c e  t o  n a t i o n s  want ing  t o  develop t h e i r  s o l a r  
po ten t i a l . .  

Advance Planning 
Study the  a t t a c h e d  g l o s s a r y .  

Dupl-icate t h e  a r t i c l e ,  g l o s s a r y ,  and gu ideshee t s .  

'. .. 

Suggested Time Allotment 
Part: of one class p e r i o d  t o  i n t r o d u c e  new vocabulary  and e x p l a i n  t h e  
as s i gnmen t 

Two days f o r  r e a d i n g ,  answering gu ideshee t  q u e s t i o n s ,  and summarizing 
t h e  r e a d i n g  

One o r  two class p e r i o d s  f o r  d i s c u s s i o n  

Suggested Approach 
In t roduce  energy  as a concern  of a l l  n a t i o n s ,  n o t  j u s t  t h e  United 
Stat :es .  

D i scuss  t h e  concept  of renewable ene rgy ,  and go over  terms t h a t  may 
be u n f a m i l i a r  from t h e  g l o s s a r y .  

Dis t : r ibu te  t h e  a r t i c l e  and gu ideshee t s .  Give t h e  assignment  t o  read  
t h e  a r t i c l e ,  answer t h e  gu ideshee t  q u e s t i o n s ,  and w r i t e  a b r i e f  
summary of  t h e  a r t i c l e .  

A f t e r  t h e  s t u d e n t s  have r ead  t h e  a r t i c l e ,  beg in  t h e  class by making 
a l i s t  on t h e  blackboard of a l l  new vocabulary  they  have l e a r n e d .  



n 
A f t e r  t h e  s t u d e n t s  have completed t h e i r  d i s c u s s i o n  i n  small groups ,  
t h e y  should  come t o g e t h e r  as a c l a s s  and s h a r e  t h e i r  r e s u l t s .  

f Precautions 
The teacher should make sure tha t  the students understand the basic 
vocabulary connected with solar energy before discussion begins. 

Points for Discussion 
Why h a v e n ' t  i n d u s t r i a l i z e d  n a t i o n s  t aken  more t i m e  t o  develop s o l a r  
energy?  Why h a v e n ' t  t hey  g iven  more a i d  t o  deve loping  n a t i o n s  f o r  
t h i s  purpose?  

What i m p l i c a t i o n s  does t h e  i n t r o d u c t i o n  of s o l a r  energy  t o  t h e  
Thi rd  World have f o r  i t s  f u t u r e ?  W i l l  development of  a l t e r n a t i v e  
energy  sources  a i d  i n  t h e  o v e r a l l  development of t h e s e  n a t i o n s ,  
t he reby  r educ ing  pove r ty  i n  t h e  wor ld?  

Some peop le  say  t h a t  t h e  Third World i s  be ing  pushed toward 
renewable energy  s o  t h a t  t h e  i n d u s t r i a l i z e d  world can keep f o s s i l  
f u e l  r e s o u r c e s  f o r  themselves .  What do you t h i n k ?  

Typical Results 
Studen t s  have l i t t l e  d i f f i c u l t y  i n  unde r s t and ing  t h e  a r t i c l e .  
b e l i e v e  i t  i s  i n  t h e  b e s t  i n t e r e s t s  of t h e  United States t o  g i v e  a i d  
f o r  t h e  development of s o l a r  and o t h e r  forms of renewable energy .  

Most 

Eva1 u at i o n 
Eva lua te  t h e  gu ideshee t s  and w r i t t e n  summary f o r  c o r r e c t n e s s  and 
comprehension. 

A f t e r  t h e  c l e s s  d i s c u s s i o n ,  s t u d e n t s  could be e v a l u a t e d  by means of  
an e s s a y  i n  which they  would defend o r  r e f u t e  t h e  v a l u e  of deve loping  
s o l a r  energy  i n  t h e  Thi rd  World, c i t i n g  s p e c i f i c  f a c t s  from t h e  
a r t i c l e  t o  suppor t  t h e i r  s t a n d .  

Modifications 
Have t h e  s t u d e n t s  engage i n  a d e b a t e ,  t a k i n g  p o s i t i o n s  f o r  o r  
a g a i n s t  f o r e i g n  a i d  of t h i s  t ype .  

Have each s t u d e n t  r e s e a r c h  t h e  needs and energy  p o t e n t i a l  of a 
d i f f e r e n t  deve loping  n a t i o n .  Then p r e s e n t  p a n e l s  of "expe r t s "  
t o  d i s c u s s  t h e  i s s u e  of s o l a r  energy  uses  i n  emerging n a t i o n s .  

n 
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Mapping a Meal 21 

I nt roduction 
A l l  food is  made u p  o f  

n u t r i e n t s - - p r o t e i n s ,  c a r b o h y -  
drates  ( s u g a r  and  s t a r c h ) ,  
f a t s ,  v i t a m i n s ,  and  m i n e r a l s - -  
t h a t  n o u r i s h  y o u r  body t o  g i v e  
you  e n e r g y  a n d  t o  h e l p  you  
grow.  Your body n e e d s  over 40 
d i f f e r e n t  n u t r i e n t s  t o  s t a y  
h e a l t h y .  I t  is  i m p o r t a n t  t h a t  
you e a t  a w i d e  v a r i e t y  of 
f o o d s  t o  get t h e s e  n u t r i e n t s .  

T h i n k  a b o u t  t h e  f o o d s  
t h a t  you m i g h t  choose a s  your  
f a v o r i t e  meal. P e r h a p s  i t  
w o u l d  be p i z z a ,  m i l k ,  a n d  a 
s a l a d ,  o r  f r i e d  c h i c k e n ,  
mashed  p o t a t o e s ,  g r e e n  b e a n s ,  
cheese, a n d  a p p l e  p i e .  B e f o r e  
t h e y  e n d e d  up  on  y o u r  p l a t e ,  
w h a t e v e r  f o o d s  you  c h o s e  h a d  
t o  go f i rs t  t h r o u g h  a cornpli- 
cated se r i e s  o f  s teps  ( p r o d u c -  
t i o n ,  p r o c e s s i n g ,  d i s t r i b u t i o n ,  
and  p r e p a r a t i o n ) .  If  y o u ' r e  
l i k e  a n  a v e r a g e  A m e r i c a n ,  t h e  
f o o d s  you  c h o s e  may h a v e  
t r a v e l e d  h u n d r e d s  o r  e v e n  
t h o u s a n d s  o f  mi les  b e f o r e  t h e y  
got  t o  y o u .  A l l  t h a t  t r a v e l i n g  
u s e s  e n e r g y !  I n  t h i s  a c t i v i t y ,  
you are g o i n g  t o  p l a n  a w e l l -  
b a l a n c e d  meal, f i n d  o u t  w h e r e  
e a c h  f o o d  i t e m  i n  t h i s  meal w a s  
p r o d u c e d ,  m e a s u r e  t h e  d i s t a n c e  
e a c h  f o o d  i t e m  t r a v e l e d  t o  y o u r  
home, a n d  c a l c u l a t e  t h e  t o t a l  
d i s t a n c e  t r a v e l e d  b y  y o u r  
i m a g i n e d  meal. 
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Objectives 
A t ,  t h e  c o m p l e t i o n  o f  t h i s  a c t i v i t y  you s h o u l d  b e  a b l e  t o  

o p l a n  a w e l l - b a l a n c e d  meal, 
o u s e  a map a n d  sca le  o f  m i l e s  o r  k i l o m e t e r s ,  
o d i s c u s s  t h e  p r o b l e m s  and  p r o m i s e  o f  your  f o o d  

o e v a l u a t e  t h e  f o o d  p r o d u c t i o n  p o t e n t i a l  o f  y o u r  
f u t u r e ,  a n d  

own area.  

Skills and Knowledge You Need 
Ma,pping and  m e a s u r i n g  s k i l l s  
P l - a n n i n g  s k i l l s  
B a s i c  a r i t h m e t i c  s k i l l s  
A knowledge  o f  t h e  Basic Food Groups  

pa.per 
p e n c i l  o r  pen  
r u l e r  
a map o f  t h e  U n i t e d  S t a t e s  o r  t h e  w o r l d  
access t o  b o o k s  g i v i n g  o r i g i n s  o f  f o o d s  ( e n c y c l o p e d i a s  

w o r k s h e e t  "Mapping Your Meal" 

I 
w o r l d  a l m a n a c s ,  c o o k b o o k s ,  b o o k s  a b o u t  f o o d )  

Words You'll Learn 
c a. 1 o r  i e 
g e o g r a p h i c  o r i g i n  
map 

menu 
n u t r i e n t  
s p i c e  

Proced u re 
1. On t h e  "Mapping Your Meal" w o r k s h e e t ,  l ist  t h e  f o o d  i t e m s  

t h a t  wou ld  be i n c l u d e d  i n  y o u r  f a v o r i t e  w e l l - b a l a n c e d  
d i n n e r  meal. T r y  t o  make s u r e  t h a t  y o u r  meal c o n t a i n s  
t h i n g s  f r o m  s e v e r a l  of t h e  s e v e n  b a s i c  f o o d  g r o u p s ,  wh ich  
a r e  

Meat, F i s h ,  E g g s ,  N u t s ,  a n d  Beans  
L e a f y ,  G r e e n ,  a n d  Y e l l o w  V e g e t a b l e s  
C i t r u s  F r u i t ,  Tomatoes, and  S a l a d  G r e e n s  



A 

2. 

3. 

4. 

5 .  

6 .  

P o t a t o e s ,  O t h e r  Vegetables,  a n d  F r u i t s  
B r e a d  a n d  Cereal 
B u t t e r  and  M a r g a r i n e  
M i l k ,  C h e e s e ,  a n d  Ice C r e a m  

Check y o u r  l i s t .  I f  you h a v e  c h o s e n  a f o o d  t h a t  is  a 
c o m b i n a t i o n  o f  i t e m s ,  l is t  t h e  ma in  i t e m  and  t h e n  l ist  
t h e  major items t h a t  go i n t o  making i t .  

F o r  example: P i z z a  
a )  c h e e s e  
b )  b r e a d  dough f r o m  w h e a t  
c )  tomato s a u c e  

R e s e a r c h  w h e r e  e a c h  o f  y o u r  f o o d  items w a s  grown o r  p r o -  
d u c e d .  The World Almanac ,  f o o d  p a c k a g i n g ,  c o o k b o o k s ,  
and  e n c y c l o p e d i a s  a r e  good p l a c e s  t o  s t a r t .  

L o c a t e  on a map t h e  g e o g r a p h i c  o r i g i n  of e a c h  o f  y o u r  
l i s t e d  f o o d s .  Then wr i t e  t h e  o r i g i n  n e x t  t o  e a c h  f o o d  
o n  y o u r  l i s t ,  i n  t h e  column h e a d e d  " S o u r c e . "  Is  more 
t h a n  o n e  s t a t e  or  c o u n t r y  l i s t e d  f o r  a f o o d  i tem?--Look 
a t  t h e  map and choose the  closest s t a t e  or  c o u n t r y .  

U s i n g  a r u l e r  o r  piece o f  p a p e r ,  m e a s u r e  t h e  d i s t a n c e  
o n  t h e  map from t h e  c e n t e r  o f  e a c h  s t a t e  o r  c o u n t r y  o f  
o r i g i n  t o  y o u r  hometown. U s e  t h i s  m e a s u r e d  d i s t a n c e  a n d  
t h e  map scale o f  m i l e s  o r  k i l o m e t e r s  t o  f i n d  o u t  t h e  
a c t u a l  d i s t a n c e  t h e  f o o d  may h a v e  t r a v e l e d .  Write t h e  
d i s t a n c e  t r a v e l e d  by  e a c h  f o o d  i t e m  i n  t h e  t h i r d  c o l u m n ,  
" D i s t a n c e  , n e x t  t o  t h e  s o u r c e .  

When you h a v e  f i n i s h e d  l o c a t i n g  t h e  g e o g r a p h i c  o r i g i n  o f  
e a c h  f o o d  and  h a v e  c a l c u l a t e d  a l l  d i s t a n c e s ,  t o t a l  a l l  
of y o u r  d i s t a n c e  f i g u r e s  t o  come up  w i t h  il t o t a l  f i g u r e  
f o r  t h e  d i s t a n c e  t r a v e l e d  by  y o u r  meal. 

Questions 
1. 

2.  

3. 

4 .  

5.  

6 .  

How f a r  d i d  t h e  f o o d s  mak ing  up y o u r  f a v o r i t e  meal 
t r a v e l  t o  r e a c h  you?  H o w  d i d  t h i s  d i s t a n c e  compare  
w i t h  t h o s e  of  y o u r  c lassmates '  f a v o r i t e  m e a l s ?  

How w a s  t o t a l  d i s t a n c e  a f f e c t e d  by  y o u r  menu c h o i c e ?  

What c o u l d  you  d o  t o  s h o r t e n  t h e  t o t a l  d i s t a n c e ?  

What a r e  some o f  t h e  f o r m s  o f  t r a n s p o r t a t i o n  u s e d  
t o  t r a n s p o r t  f o o d ?  

H o w  m i g h t  an  e n e r g y - s h o r t  f u t u r e  c h a n g e  y o u r  d i e t ?  

What are  some f o o d s  t h a t  you ea t  t h a t  come o n l y  f r o m  
f o r e i g n  c o u n t r i e s ?  
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7.  Would t h e  t o t a l  d i s t a n c e  f o r  y o u r  f a v o r i t e  meal b e  
d i f f e r e n t  i n  d i f f e r e n t  s e a s o n s ?  Why? 

8. How many of t h e  f o o d s  on  y o u r  menu c o u l d  h a v e  b e e n  
grown o r  p r o d u c e d  c loser  t o  home? How much wou ld  
t h a t  c u t  t h e  d i s t a n c e  o f  y o u r  m e a l ?  

9 .  What are some of t h e  p r o b l e m s  you  see i n  y o u r  f o o d  
f u t u r e ?  What m i g h t  be some p r o m i s i n g  d e v e l o p m e n t s  
i n  f o o d  i n  t h e  f u t u r e ?  

( Looking Back 
You h a v e  s e e n  t h a t  many o f  t h e  f o o d s  you  ea t  t r a v e l  a 

great  d i s t a n c e  b e f o r e  t h e y  come t o  y o u r  t ab l e .  You may a l s o  
h a v e  l eamned  d u r i n g  y o u r  r e s e a r c h  & b o u t  some o f  t h e  c o m p l i -  
c a t e d  s t eps  o f  p r o d u c t i o n ,  p r o c e s s i n g ,  t r a n s p o r t a t i o n ,  a n d  
p r e p a r a t i o n  t h a t  were n e e d e d  b e f o r e  t h e  f o o d s  c o u l d  be e a t e n .  
P e r h a p s  now t h a t  you  know s o m e t h i n g  a b o u t  w h e r e  y o u r  f o o d s  
come f r o m ,  y o u ' l l  e n j o y  a n d  a p p r e c i a t e  y o u r  meals e v e n  more. 
You m i g h t  a l s o  c o n s i d e r  wha t  f o o d s  you  l i k e  t h a t  grow c loser  
t o  h o m e .  Maybe you'll e v e n  try " g r o w i n g  your  own." 

Going Fur ther  
P r e p a r e  a c h a r t  c o m p a r i n g  y o u r  meal a n d  d i s t a n c e  w i t h  
tha . t  of o t h e r  s t u d e n t s .  

Keep a d i a r y  o f  t h e  f o o d s  t h a t  you  h a v e  a c t u a l l y  eaten 
d u r i n g  a meal ,  a d a y ,  o r  a week.  C a l c u l a t e  t h e  d i s -  
t a n c e  o f  t h e s e  f o o d s  o r  s i m p l y  p l o t  o u t  how many s t a t e s  
and c o u n t r i e s  you  h a v e  e a t e n  f o o d s  f rom.  

Look a t  y o u r  f a m i l y ' s  t o t a l  d i e t .  Check t o  see t h a t  
y o u r  meals are  w e l l - b a l a n c e d .  T r y  t o  t h i n k  o f  w a y s  t o  
mak.e them b e t t e r  b a l a n c e d  a n d  more e n e r g y  e f f i c i e n t .  
( H i n t :  s e a s o n a l  f o o d s ,  less p r o c e s s e d  f o o d ,  a c loser  
source o f  f o o d s ,  a n d  meat s u b s t i t u t e s  may be some w a y s . )  

P1a.n a c l a s s  meal t h a t  wou ld  u s e  o n l y  f o o d s  p r o d u c e d  i n  
y o u r  s t a t e  o r  n e a r b y  s t a t e s .  

Have a c lass  c o m p e t i t i o n  f o r  t h e  b e s t  b a l a n c e d  meal w i t h  
t h e  s h o r t e s t  t o t a l  d i s t a n c e  t r a v e l e d .  P r e p a r e  a n d  ea t  
t h e  w i n n i n g  meal. 

n 

'1 

Mak.e a i  l i s t  o f  t h e  s p i c e s  t h a t  y o u r  f a m i l y  u s e s  w h i l e  
c o o k i n g .  I n v e s t i g a t e  t o  f i n d  o u t  w h e r e  t h e s e  spices a re  
f r o m  a n d  what  t h e y  a r e .  ( D i d  you  know t h a t  c innamon 
comes f r o m  t h e  b a r k  o f  a s p e c i a l  t r e e  f r o m  A s i a ? )  
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n O r g a n i z e  a n d  t a k e  p a r t  i n  a d i s c u s s i o n  o f  i m p o r t a n t  
t o p i c s  s u c h  as  "World Hunger  , I '  " F u t u r e  Foods  , I 1  "Making 
Our D i e t  More E n e r g y  E f f i c i e n t  ," e t c .  

F i n d  o u t  more a b o u t  t h e  h u n d r e d s  o f  j o b s  t h a t  are  open  
t o  you i n  t h e  f i e l d  of a g r i c u l t u r e  o r  i n  t h e  food  
s e r v i c e  i n d u s t r y .  

V i s i t  a l o c a l  f a r m ,  p r o c e s s i n g  p l a n t ,  o r  s tore  a n d  f i n d  
o u t  more a b o u t  how i t  w o r k s  t o  s e r v e  you .  

I n v e s t i g a t e  a t y p i c a l  meal f r o m  a n o t h e r  r e g i o n ,  c o u n t r y ,  
or h i s t o r i c a l  p e r i o d  a n d  make c o m p a r i s o n s  w i t h  y o u r  
f o o d s  i n  terms o f  v a r i e t y ,  s e a s o n s  a v a i l a b l e ,  d i s t a n c e ,  
n u t r i t i o n ,  e t c .  

T h i n k  o f  new o r  f u t u r e  d e v e l o p m e n t s  t h a t  c o u l d  r e p l a c e  
c u r r e n t  ways  o f  s u p p l y i n g  o u r  f o o d s .  Some e x a m p l e s  
m i g h t  be community o r  f a m i l y  g r e e n h o u s e s ,  new c r o p s ,  
s o l a r  c o o k i n g  a n d  d r y i n g ,  e t c .  

D u p l i c a t e  some o f  t h e  p r o c e s s e s  t h a t  t u r n  raw f a r m  p r o -  
d u c e  i n t o  t a b l e  f o o d .  Make b u t t e r  f r o m  cream, j e l l y  o r  
j a m  f r o m  f r u i t ,  o r  p e a n u t  b u t t e r  f r o m  p e a n u t s ,  a n d  ea t  
i t  on  homemade b r e a d !  

A 
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. 7 I 
Teacher Information 
Mapping a Meal 

Q 

Suggested Grade Level and Discipline 
Grades 6-12 
S o c i a l  S t u d i e s  
Geography 
World Problems 
Home Economics 

F 

Skill Objectives 
Mapping and measuring d i s t a n c e s  

Researching  and r e c o r d i n g  d a t a  

P lann ing  a wel l -balanced m e a l  

Comparing and s h a r i n g  in fo rma t ion  

Eva lua t ing  p o t e n t i a l  food p roduc t ion  

Major U nders tand i ngs 
A v a r i e t y  of  foods  go i n t o  a wel l -balanced meal.  

A meal i s  t h e  r e s u l t  of a complex, energy-consuming series of 
n a t i o n a l  and i n t e r n a t i o n a l  a c t i v i t i e s .  

Many foods  t h a t  a r e  now t r a n s p o r t e d  long  d i s t a n c e s  t o  t h e  consumer 
could be produced l o c a l l y .  

Background 
Only p l a n t s  have t h e  a b i l i t y  t o  use  t h e  s u n ' s  energy t o  manufacture  

Although we c a l l  t h i s  p r o c e s s  photosynthes is - -manufac tur ing  w i t h  food .  
l ight--we r e a l l y  do n o t  know how a p l a n t  abso rbs  s o l a r  energy and p u t s  
i t  t o  work. We do know, however, t h a t  w i thou t  t h i s  p r o c e s s  l i f e  a s  w e  
know i t  would n o t  be p o s s i b l e .  

Food is  t h e  sou rce  of energy  f o r  our  b o d i e s ,  p rov id ing  us  w i t h  t h e  
Food energy i s  measured i n  u n i t s  energy  t o  s t a y  a l i v e  and t o  f u n c t i o n .  

ca l led  c a l o r i e s .  An ave rage  a d u l t  needs about  16 t o  18 c a l o r i e s  pe r  day 
p e r  pound of  body weight .  To g e t  t h i s  energy ,  t h e  average  American eats 
almost  f o u r  pounds of food each  day. I n  a y e a r ' s  t i m e ,  a n  average  pe r son  
w i l l  e a t  348 l b s .  of  d a i r y  p r o d u c t s ,  156 l b s .  of v e g e t a b l e s ,  153 l b s .  of 
f r u i t  and j u i c e ,  81 l b s .  of p o t a t o e s ,  155 l b s .  of meat ,  51 l b s .  of 
p o u l t r y ,  and 16 l b s .  of  f i s h .  

Foods f o r  t h e  American t a b l e  are produced na t ionwide  and worldwide,  
and Americans have become accustomed t o  g r e a t  v a r i e t y  i n  t h e i r  d i e t .  To 
a g r e a t  e x t e n t ,  t h i s  v a r i e d  d i e t  i s  t h e  product  of f o s s i l  f u e l s .  F o s s i l  
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f u e l s  p rov ide  t h e  f e r t i l i z e r ,  r u n  t h e  f a r m  machinery,  d r i v e  t h e  p r o c e s s i n g  
p l a n t s ,  y i e l d  t h e  p l a s t i c  packaging ,  and t r a n s p o r t  t h e  food p roduc t s  t o  
market .  Today, a g r e a t  d e a l  of thought  i s  be ing  devoted t o  how w e  can 
s a v e  f o s s i l  f u e l s  and s t i l l  p rov ide  a n u t r i t i o u s . d i e t  f o r  a l l  people .  

Advance Planning 
B e  s u r e  t h a t  a s u f f i c i e n t  number of r e s o u r c e  materials such a s  world 
almanacs,  encyc loped ia s ,  o r  books about  food are a v a i l a b l e  f o r  re- 
s e a r c h .  

En la rge  t h e  a t t a c h e d  p o s t e r  t o  encourage s t u d e n t  i n t e r e s t .  

Give s t u d e n t s  some background in fo rma t ion  about  t h e  seven Bas ic  Food 
Groups. An encyclopedia  can b e  h e l p f u l .  Look under "Nut r i t i on . "  
Cookbooks such as t h e  new Fannie  Farmer Cookbook can h e l p  you w i t h  
s e a s o n a l  a v a i l a b i l i t y  of f r u i t s  and v e g e t a b l e s .  

Read o r  examine a l l  materials i n  t h i s  a c t i v i t y .  

D u p l i c a t e  t h e  worksheet .  

Suggested Time Allotment 
Depending on how you choose t o  conduct  t h i s  a c t i v i t y ,  i t  can b e  as 
s imple  as a one-period l e c t u r e / d i s c u s s i o n  o r  can  b e  as complex as a 
week o r  two of r e s e a r c h ,  p l ann ing ,  d i s c u s s i o n ,  and s h a r i n g .  

Suggested Approach 
Spark s t u d e n t  i n t e r e s t  by g i v i n g  them new in fo rma t ion  Pbout food 
(sele t h e  food f a c t s  p o s t e r ) ,  by q u e s t i o n i n g  them about  food i t e m s  
such  as s p i c e s  and season ings  (what they  are ,  where they  come from 
g e o g r a p h i c a l l y ) ,  o r  by having them look  a t  foods  d i f f e r e n t l y .  
t h e  s t u d e n t s  t o  name a v e g e t a b l e  they  eat t h a t  is  one of t h e  f o l -  
lowing p l a n t  pa r t s - - roo t ,  t u b e r ,  stem, l e a f ,  bud, s e e d ,  pod,  o r  
f r u i t . )  

(Ask 

Continue t o  s t i m u l a t e  i n t e r e s t  by a sk ing  them t o  name o t h e r  foods  
and t o  guess  where they  come from geograph ica l ly .  
long  d i s t a n c e s  some foods  t r a v e l .  

When s t u d e n t s  b e g i n  t h e  workshee t ,  encourage t h e  p l ann ing  of w e l l -  
ba lanced  meals. Help them w i t h  t h e  map scale i f  necessa ry .  

Emphasize t h e  

When worksheets  a r e  completed,  u se  t h e  Ques t ions  and P o i n t s  f o r  
D i scuss ion  t o  s t i m u l a t e  f u r t h e r  t hough t .  
food may become impor tan t  t o  our  food f u t u r e .  

Discuss  why l o c a l l y  grown 

fpr.... ions 
For ease o f  measuring and comparing: 
1) e s t a b l i s h  the guidelines fo r  where t o  begin and end measurements: 

for  example, i n  the center o f  each s t a t e ,  a t  the s t a t e  cap i ta l ,  
i o r  on the border. 

.. 
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A 
2) have students measure s t ra ight  l ine  distance from geographic 

or ig in  t o  home s t a t e .  
3 )  point out tha t  distance f igures  are the very minimwn--only farm 

t o  table--and that  they do not include side t r i p s  for  processing 
and d is t r ibu t ion .  

Points fo r Discuss io n 
What measures would be needed to deal with the following contin- 
gencies : 

1) a multi-year drought in food supply areas, 

2) wide-spread labor disputes in the food service or transporta- 
tion industries, 

3 )  an extraordinary rise in food prices, and 

4 )  an energy shortage or cut-off? 

What changes do you expect in your food future in terms of 

1) new f o o d s ,  

2) new technologies, and 

3)  world population pressures? 

Typical Results 
Students will find that the foods comprising a typical well-balanced 
meal will have traveled great distances to reach their tables. They 
will also find that many of these foods could be produced locally, 
at least seasonally. 

Eva1 u at i on 

A s k  students to indicate the components of a well-balanced meal. 

Ask each student to indicate on a map where one food originates and 
to state approximately how far it had to travel to reach him/her. 

Have students list some of the problems foreseeable in our food 
future and some of the new developments which may help solve these 
problems. 

A s k  students to evaluate the food production potential of their own 
areas. 
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An Energy Glossary 
a 

a c t i v e  s o l a r  energy  sys tem:  a system which r e q u i r e s  e x t e r n a l  mechanical  
power (motors ,  pumps, v a l v e s ,  e t c . )  t o  o p e r a t e  t h e  system and t o  
t r a n s f e r  t h e  c o l l e c t e d  s o l a r  energy from t h e  c o l l e c t o r  t o  s t o r a g e  o r  
t o  d i s t r i b u t e  i t  throughout  t h e  l i v i n g  u n i t s .  
p rov ide  space  h e a t i n g  and c o o l i n g ,  domest ic  ho t  water ,  and/or  steam 
f o r  i n d u s t r i a l  u se .  

Active sys tems can 

a i r  p o l l u t i o n :  t h e  p re sence  of contaminants  ( n a t u r a l  o r  manmade) i n  
t h e  a i r  t o  such  a degree  t h a t  t h e  normal s e l f - c l e a n i n g  o r  d i s p e r s i v e  
a b i l i t y  of t h e  atmosphere cannot cope w i t h  them. 

a l c o h o l  f u e l s :  p r i m a r i l y  g r a i n  a l c o h o l  ( e thano l )  and wood a l c o h o l  
(methanol) which have been used f o r  decades i n  some European cars and 
i n  race cars. Cheap and easy  a v a i l a b i l i t y  of g a s o l i n e  i n  t h e  p a s t  
made them uneconomical. Engine m o d i f i c a t i o n s  w i l l  be  necessa ry  i f  
t h e s e  l i q u i d  f u e l s  are t o  b e  p u t  i n t o  widespread u s e ,  b u t  small 
amounts of e t h a n o l  (up t o  10% mixture  w i t h  g a s o l i n e ,  as i n  gasohol )  
can be  used i n  most cars wi thou t  a l t e r a t i o n s .  Alcohol  f u e l s  can b e  
made from a v a r i e t y  of materials i n c l u d i n g  crop  s u r p l u s e s ,  lumber 
wastes, munic ipa l  sewage, and garbage .  

b 
backup energy  system: 

p l y  a l l  t h e  h e a t i n g  
s o l a r  energy  system 

a n  energy  system us ing  convent iona l  f u e l s  t o  sup- 
and domest ic  h o t  water du r ing  any p e r i o d  when t h e  
i s  n o t  o p e r a t i n g .  

b a r r e l :  a l i q u i d  volume equa l  t o  42 g a l l o n s  o r  159 l i t e r s .  One b a r r e l  
of c rude  o i l  has  about  t h e  same h e a t  ene r  y as 350 pounds of b i t u -  
minous coa l ,  5.8 x lo9 j o u l e s  o r  5.5 x log Btu o r  1 .39 x lo6 k c a l .  

b ioconver s ion :  a g e n e r a l  t e r m  d e s c r i b i n g  t h e  convers ion  of one form of 
energy i n t o  ano the r  by l i v i n g  organisms.  Examples are p roduc t ion  of 
wood and suga r s  by g reen  p l a n t s ,  p roduc t ion  of a l c o h o l s  and n a t u r a l  
gases  by microorganisms a c t i n g  on o r g a n i c  mater ia l s ,  and t r a n s f e r  of 
energy i n  food cha ins .  

b i o f u e l s :  renewable energy s o u r c e s  produced by o r  from g reen  p l a n t s .  
Examples are g r a i n  a l c o h o l ,  wood, methane from anae rob ic  d i g e s t e r s ,  
and a l l  foods.  

biomass: a volume o r  amount of p l a n t  material i n  any form: a l g a e ,  wood, 
p l a n t s  , c rop  r e s i d u e  , animal  manure, e tc .  
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breede r  r e a c t o r :  a more complex n u c l e a r  r e a c t o r  t h a n  ones now i n  commer- 
c i a l  u s e ,  a b reede r  c o n v e r t s  non- f i s s ionab le  uranium o r  thorium t o  
n u c l e a r  f u e l .  Convent ional  n u c l e a r  r e a c t o r s  depend on f i s s i o n  of a n  
uncommon form of uranium, U235, which comprises  less than  1% of uranium 
o r e .  'To ex tend  t h e  use  of uranium, b reede r  r e a c t o r s  may be  a b l e  t o  
change more abundant forms of uradium i n t o  f i s s i o n a b l e  elements. 
Higher o p e r a t i n g  r i s k s ,  e n g i n e e t i n g  problems,  and waste d i s p o s a l  cod- 
s i d e r a t i o n s  have been f a c t o r s  i n  SLOW development of b reede r  technology.  

C 
c o a l :  s o l i d  f u e l  formkd by t h e  decomposi t ion of p l a a t s  bur ied  deep under 

t h e  e a r t h ' s  s u r f a c e .  A group of  n a t u r a l l y  occury ing ,  carbon and 
hydrogen-r ich subs t ances  are c a l l e d  "coal".  
by t h e  pe rcen tage  of carbon i n  d r i e d  samples o r  by t h e z c a l o r i c  v a l u e  
of moi.st ones .  From least  t o  most carbon-r ich ,  t h e  c o a l  group i n c l u d e s  
p e a t ,  l i g n i t e ,  sub-bituminous and bi tuminous c o a l s ,  and a n t h r a c i t e .  

Various t y p e s  are ranked 

c o l l e c t o r :  any of a wide v a r i e t y  of dev ices  ( f l a t - p l a t e ,  c o n c e n t r a t i n g ,  
vacuum t u b e ,  greenhouse,  e t c . )  which c o l l e c t  s o l a r  r a d i a t i o n  and con- 
v e r t  i . t  t o  h e a t .  

compost: a mix tu re  of decomposing p l a h t  r e f u s e ,  manure, e tc .  used f o r  
f e r t i l i z i n g  and c o n d i t i o n i n g  t h e  s o i l .  

concent ra . tor :  a r e f l e c t o r  o r  l e n s  des igned  t o  focus  a l a r g e  amount of 
s u n l i g l n t i n t o  a s m a l l  area t h u s  i n c r e a s i n g  t h e  i n t e n s i t y  of t h e  energy 
co l l ec . t ed .  I n  wind te rminology,  a dev ice  o r  s t r u c t u r e  t h a t  i n c r e a s e s  
t h e  speed of t h e  wind. 

c o n s e r v a t : e :  making t h e  b e s t  u se  of  n a t u r a l  r e s o u r c e s  by reducing  was te ,  
improv:ing e f f i c i e n c y ,  and s lowing  t h e  r a t e  of consumption. 

d 
deciduous:  d e s c r i b e s  trees and shrubbery  t h a t  l o s e  t h e i r  l e a v e s  du r ing  

t h e  f a l l  s eason  of each yea r  and produce new f o l i a g e  i n  t h e  s p r i n g .  

d i r e c t  s o l a r  ga in :  a type  of  p a s s i v e  s o l a r  h e a t i n g  system i n  which s o l a r  
r a d i a t i o n  p a s s e s  through t h e  sou th - fac ing  l i v i n g  space  b e f o r e  be ing  
s t o r e d  i n  t h e  thermal  mass. 

energy:  t h e  a b i l i t y  t o  do work o r  make t h i n g s  move; t h e  a p p l i c a t i o n  of 
a f o r c e  through a d i s t a n c e .  Energy e x i s t s  i n  a v a r i e t y  of  forms 
( e l e c t - r i c a l ,  k i n e t i c  o r  motion,  g r a v i t a t i o n a l ,  l i g h t ,  a tomic ,  chemi- 
c a l ,  h e a t )  and can b e  conver ted  from one t o  ano the r .  Common u n i t s  
are ca . lo r i e s  , j o u l e s  , Btu,  and k i lowa t t -hour s .  
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A 

Q 

energy  t r a n s i t i o n :  a t i m e  i n  h i s t o r y  when t h e r e  i s  a s i g n i f i c a n t  change 
i n  t h e  mix of  energy r e s o u r c e s  on which people  depend. An example i s  
t h e  t r a n s i t i o n  i n  t h e  U.S. from use  of c o a l  and wood p r i m a r i l y  ( a s  i n  
1900) t o  widespread use  of  gas  and pe t ro leum,  i n  a d d i t i o n  t o  c o a l ,  by 
1950. Another example is  t h e  e n t r y  of  n u c l e a r  power g e n e r a t i o n  on 
t h e  commercial scene  and i t s  inc reased  c o n t r i b u t i o n  t o  t o t a l  energy 
needs ,  up from 1% i n  1973 t o  4% i n  1979. 
r e l i a n c e  on renewable r e s o u r c e s  and less dependency on f o s s i l  f u e l s ,  
OR i f  f i s s i o n / f u s i o n  p rocesses  g e n e r a t e  t h e  major s h a r e  of commercial 
e l e c t r i c i t y ,  e i t h e r  of t h e s e  s c e n a r i o s  would be ano the r  "energy 
t r a n s i t  ion". 

I f  t h e  f u t u r e  b r i n g s  g r e a t e r  

environment:  t h e  sum of a l l  e x t e r n a l  c o n d i t i o n s  and i n f l u e n c e s  a f f e c t i n g  
t h e  l i f e ,  development,  and u l t i m a t e l y  t h e  s u r v i v a l  of an organism.  

evapora t ion :  t h e  change from l i q u i d  t o  gas  which r e q u i r e s  e x t r a o r d i n a r y  
a b s o r p t i o n  of h e a t  by t h e  m a t e r i a l  undergoing t h i s  phase  change. 
Liquid  wa te r ,  f o r  example,  abso rbs  540 e x t r a  c a l o r i e s  p e r  gram a t  
100" C as i s  v a p o r i z e s .  Th i s  h e a t  w i l l  be released a g a i n  i f  t h e  wa te r  
vapor  condenses .  

f 
f l a t  p l a t e  c o l l e c t o r :  an  enc losed ,  g lazed  pane l  c o n t a i n i n g  a d a r k  

abso rb ing  s u r f a c e  t h a t  conve r t s  s u n l i g h t  t o  h e a t  w i thou t  t h e  a i d  of a 
r e f l e c t i n g  s u r f a c e  t o  c o n c e n t r a t e  t h e  r a y s .  The c o l l e c t o r  t r a n s f e r s  
i t s  h e a t  t o  a c i r c u l a t i n g  f l u i d .  

f o s s i l  f u e l s :  c o a l ,  pe t ro leum,  and n a t u r a l  gas ;  t h i s  t e r m  a p p l i e s  t o  
any f u e l s  formed from t h e  f o s s i l  remains of o r g a n i c  m a t e r i a l s  ( p l a n t s  
and an imals )  t h a t  have been b u r i e d  f o r  m i l l i o n s  of y e a r s .  The u l t i -  
mate sou rce  of energy  f o r  t h o s e  p l a n t s  and an imals  w a s  t h e  sun .  

gasohol :  a f u e l  mix ture  composed of 90% unleaded g a s o l i n e  and 10% e t h a n o l  
( e t h y l  o r  g r a i n  a l c o h o l ) .  

g e n e r a t o r :  a dev ice  t h a t  conve r t s  h e a t  o r  mechanical  energy  i n t o  elec- 
t r i c a l  energy .  

geothermal  energy:  h e a t  t rapped  i n  t h e  i n t e r i o r  of t h e  e a r t h  i s  c a l l e d  
geothermal  energy.  Boreholes  i n t o  t h e  c r u s t  show an average  tempera- 
t u r e  i n c r e a s e  of 1" C f o r  eve ry  30 meters of d e p t h ,  o r  about  100" F 
p e r  m i l e .  
r a d i o a c t i v e  m a t e r i a l s  deep i n  t h e  e a r t h  a s  w e l l  as from f r i c t i o n  of 
rock  movements, t i d a l  f o r c e s ,  and perhaps  o t h e r  sou rces .  Th i s  h e a t  
keeps g r e a t  q u a n t i t i e s  of bu r i ed  rock  molten and h o t .  Some of t h i s  
energy  e scapes  a t  t h e  s u r f a c e  a s  h o t  w a t e r .  
a v a i l a b l e  i n  f o u r  forms: d r y  s team,  w e t  steam, h o t  r o c k s ,  and h o t  
w a t e r .  

Geothermal h e a t  i s  be l i eved  t o  come from t h e  decay of 

Geothermal energy i s  
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h e a t :  energy  t h a t  f lows between a system and i t s  sur roundings  because 
of  a tempera ture  d i f f e r e n c e  between them. Heat t e s u l t s  from t h e  
motion of molecules  of matter. A l s o ,  t h e  word h e a t  i s  o f t e n  used t o  
r e f e r  t o  t h e  energy conta ined  i n  a sample of matter ( f o r  example, 
k i l o c a l o r i e s  pe r  u n i t  of food) .  

h y d r o e l e c t r i c  p l a n t :  an  e l ec t r i c  povet  p l a n t  i n  which the  energy of 
f a l l i n g  water  i s  conver ted  i n t o  e lec t r ica l  energy by a t u r b i n e  
genera.tor . 

i n s o l a t i o n :  t h e  energy r ece ived  by e a r t h  from t h e  sun ,  a c o n t r a c t i o n  of  
t h e  ttFee words: incoming - s o l a r  r a d i a t i o n .  
i s  t h e  e q u i v a l e n t o f  about  4 .2  q u a d r i l l i o n  k i lowa t t -hour s .  Local  
i n so la . t i on  depends on t h e  p o s i t i o n  of t h e  e a r t h  i n  i t s  o r b i t ,  t h e  
t h i c k n e s s  and t r anspa rency  of t h e  atmosphere,  t h e  i n c l i n a t i o n  of t h e  
in t e rc : ep t ing  s u r f a c e  t o  t h e  s u n ' s  r a y s ,  and t h e  s o l a r  c o n s t a n t .  
Weather bureaus  now keep i n s o l a t i o n  d a t a  o r  ' ' sunshine s t a t i s t i c s . "  

The t o t a l  d a i l y  i n s o l a t i o n  

insu la t ic ln :  material w i t h  h igh  r e s i s t a n c e  (R-value) t o  h e a t  f low. Some 
commorxy used materials f o r  home i n s u l a t i o n  are f i b e r g l a s s  , c e l l u l o s e ,  
rock  wool, and Styrofoam. 

m 
methane E=: a c o l o r l e s s ,  f lammable,  gaseous hydrocarbon,  emi t t ed  by 

marshes and by dumps undergoing decomposi t ion;  can a l s o  be  manu- 
f a c t u r e d  from c rude  pe t ro leum o r  o t h e r  o r g a n i c  m a t e r i a l s .  

n a t u r a l  €e: a mixture  o f  gaseous hydrocarbons o c c u r r i n g  n a t u r a l l y  i n  
c e r t a i n  rocks .  There are s e v e r a l  k inds  of gas  t rapped  i n  porous 
rocks  underground. 
a commercial f u e l .  Petroleum d e p o s i t s  always i n c l u d e  some methane, 
bu t  n a t u r a l  gas  d e p o s i t s  are no t  always accompanied by petroleum. 
N a t u r a l  gas  i s  commonly s o l d  t o  i n d i v i d u a l s  i n  hundreds of cub ic  f e e t  
(CCF) . ,  t h e  u n i t  appea r ing  on household u t i l i t y  b i l l s .  One CCF of 
comnercial  methane has  about  25,000 k i l o c a l o r i e s ,  t h e  e q u i v a l e n t  of 
8 pounds of c o a l  o r  0 .7  g a l l o n s  of c rude  o i l .  (See a l s o :  methane.)  

One of  t h e s e  " n a t u r a l  gases"  i s  methane, used a s  

nonrenewable r e sources :  energy  r e s o u r c e s  t h a t  are n o t  be ing  r ep laced  
du r ing  t h e  t i m e  span of human h i s t o r y .  Examples are c o a l ,  o i l ,  
n a t u r a l  g a s ,  and uranium. 

n u c l e a r  energy:  
r e a c t i o n s .  I n  a c o n t r o l l e d  s i t u a t i o n  i t  can  b e  used t o  produce 
e l e c t  r i c i t y  . 

energy from r a d i o a c t i v e  decay o r  from f i s s i o n  o r  f u s i o n  
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n u c l e a r  r e a c t o r :  a d e v i c e  i n  which a f i s s i o n  c h a i n  r e a c t i o n  can  b e  
i n i t i a t e d ,  ma in ta ined ,  and c o n t r o l l e d .  

0 
ocean the rma l  energy conve r s ion  (OTEC):  an energy technology i n  which 

t h e  t empera tu re  d i f f e r e n c e  (between co ld  deep water and t h e  w a r m  
s u r f a c e  water 2,000 f e e t  above i t )  i n  t r o p i c a l  oceans i s  used t o  
g e n e r a t e  e l e c t r i c i t y .  

o i l  s h a l e :  a sedimentary rock  c o n t a i n i n g  s o l i d  o r g a n i c  matter (kerogen) 
t h a t  y i e l d s  s u b s t a n t i a l  amounts of o i l  when hea ted  t o  h i g h  tempera- 
t u r e s .  

p a s s i v e  s o l a r  energy system: a n  assembly of n a t u r a l  and a r c h i t e c t u r a l  
components which c o n v e r t s  s o l a r  energy i n t o  u s a b l e  o r  s t o r a b l e  
the rma l  energy ( h e a t )  w i thou t  mechanical power. Cur ren t  p a s s i v e  
s o l a r  energy systems o f t e n  i n c l u d e  f a n s ,  however. 

A 

p e a t :  accumulated p l a n t  remains t h a t  decayed i n  a swamp, becoming a 
l o o s e l y  packed mass of ca rbon- r i ch  materials. It i s  u s u a l l y  brown, 
po rous ,  and f i b r o u s ;  h a s  a h i g h  water c o n t e n t ;  and l e a v e s  much a s h  
when burned. N e v e r t h e l e s s  i t  i s  a v a l u a b l e  f u e l .  The U.S.S.R. has  
gene ra t ed  e l e c t r i c i t y  from p e a t  s i n c e  1914 and now h a s  many pea t -  
f u e l e d  power s t a t i o n s .  

p e t r o c h e m i c a l s :  chemicals  removed from c rude  o i l  a t  t h e  r e f i n e r y  and 
used t o  make a wide r ange  of p r o d u c t s  such as p l a s t i c s ,  s y n t h e t i c  
f i b e r s ,  d e t e r g e n t s ,  and d rugs .  

petroleum: a n  o i l y ,  flammable l i q u i d  t h a t  may v a r y  from almost  c o l o r l e s s  
t o  b lack  and tha t  occurs i n  many places  i n  t h e  upper  s t r a t a  of t h e  
e a r t h .  It i s  a complex mix tu re  of hydrocarbons and i s  t h e  r a w  
mater ia l  f o r  many p roduc t s  i n c l u d i n g  g a s o l i n e ,  ke rosene ,  l u b r i c a n t s ,  
and waxes. 

p h o t o s y n t h e s i s :  g reen  p l a n t s '  p r o c e s s  of u s ing  s o l a r  energy t o  conve r t  
s imp le  molecules  i n t o  complex ones w i t h  h igh  p o t e n t i a l  energy.  Carbon 
d i o x i d e  and water are combined, i n  t h e  p re sence  of s u n l i g h t  and 
c h l o r o p h y l l ,  i n t o  ca rbohydra t e s  such as s u g a r s ,  s t a r c h e s ,  o i l s ,  and 
c e l l u l o s e .  

p h o t o v o l t a i c  ce l l :  a d e v i c e  which c o n v e r t s  s o l a r  energy d i r e c t l y  i n t o  
e l e c t r i c i t y .  S u n l i g h t  s t r i k i n g  c e r t a i n  materials ( s i l i c o n  is  most 
common) causes  t h e  release of e l e c t r o n s .  The m i g r a t i o n  of t h e s e  
r e l e a s e d  e l e c t r o n s  produces an e l e c t r i c a l  c u r r e n t .  The conve r s ion  
p r o c e s s  i s  c a l l e d  t h e  p h o t o v o l t a i c  e f f e c t .  

power: t h e  r a t e  a t  which work i s  performed. It  i s  measured as u n i t s  of 
energy p e r  u n i t  of t i m e ,  f o r  example: c a l o r i e s  p e r  second,  w a t t s  
( j o u l e s  p e r  s e c o n d ) ,  o r  horsepower (foot-pounds p e r  second) .  
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r a d i a t i o n :  t h e  method by which h e a t  
About -60% of t h e  h e a t  t r a n s f e r r e d  

i s  t r a n s f e r r e d  through open space .  
t o  a room from a wood s t o v e  i s  by 

r ad ia t : i on .  Sun l igh t  t r a v e l s  t o  u s  by r a d i a t i o n  through space  a t  
" the  speed of l i g h t  ," 299,728 k i l o m e t e r s  p e r  second. 

r e c l a m a t i E :  t h e  p rocess  of r e p l a c i n g  t h e  s o i l ,  c l a y ,  and rocks  removed 
ear l ie r  t o  expose c o a l  o r  o i l  s h a l e  f o r  s t r i p  mining;  compacting and 
con tour ing  t h e  s i t e ;  and r e p l a n t i n g  i t  t o  r e s t o r e  i t s  appearance and 
reduce  e r o s i o n  and d ra inage  of  waste m a t e r i a l s .  

renewable resource? :  m a t e r i a l s  t h a t  are recyc led  by n a t u r a l  p rocesses  
w i t h i n  a r e l a t i v e l y  L r i e f  span  of t i m e  ( a  human l i f e t i m e ) .  Fresh  
w a t e r ,  wind, sunsh ine ,  and trees are some examples of r e s o u r c e s  t h a t  
rep1ac:e o r  r e c y c l e  themselves  w i t h i n  human t i m e  f rames.  

r e t r o f i t :  t o  modify an  e x i s t i n g  b u i l d i n g  by adding  a s o l a r  h e a t i n g  o r  
c o o l i n g  system o r  i n s u l a t i o n  t o  improve i t s  energy e f f i c i e n c y .  

R-value: t h e  r e s i s t a n c e  t o  h e a t  f low,  r e c i p r o c a l  of U-value. The h i g h e r  
t h e  R-value, t h e  g r e a t e r  t h e  i n s u l a t i n g  e f f i c i e n c y  of t h e  m a t e r i a l .  
R - v a l u e s  are c o m m o n l y  s t a t ed  p e r  inch of b u i l d i n g  mater ia l . .  R-values  
are ad .d i t ive- - th icker  m a t e r i a l  o r  a combinat ion of materials means 
inc reased  r e s i s t a n c e  t o  h e a t  f low.  Some t y p i c a l  R-values p e r  i nch  of 
m a t e r i a l  are 6.25 € o r  po lyu re thane  foam, 3.17 f o r  f i b e r g l a s s  b a t t s ,  
1.25 f o r  f i r  and p i n e  wood, 0.18 f o r  p l a s t e r ,  and 0.08 f o r  c o n c r e t e .  

S 
s o l a r  a c c e s s  o r  s o l a r  r i g h t s :  t h e  r i g h t  t o  r e c e i v e  d i r e c t  s u n l i g h t  

w i thou t  i n t e r f e r e n c e .  The p r o t e c t i o n  of s o l a r  a c c e s s  i s  a l e g a l  
i s s u e .  

s o l a r  cel.1: - see p h o t o v o l t a i c  ce l l .  

s o l a r  e n e x :  t h e  e l e c t r o m a g n e t i c  r a d i a t i o n  emi t t ed  by t h e  sun .  The 
e a r t h  r e c e i v e s  about  4,200 x 1015 k i lowat t -hours  of s o l a r  r a d i a t i o n  
p e r  day. 

- .  s o l a r  f u r n a c e :  a ~ e v i c r e  u s i n g  m i r r o r  r e f l e c t o r s  o r  l e n s e s  t o  produce 
ve ry  h igh  tempera tures  a t  a f o c a l  p o i n t  o r  "hot s p o t . "  
furnac:es g e n e r a t e  t empera tu res  as h igh  as 1,100 degrees  C e l s i u s ;  t h e  
l a r g e s t  s o l a r  fu rnace  i n  t h e  world r eaches  3,100 degrees  C e l s i u s .  

S m a l l  backyard 

s t o r a g e :  t h e  dev ice  o r  medium t h a t  abso rbs  c o l l e c t e d  h e a t  and s t o r e s  i t  
f o r  l a t e r  use .  

sunspace :  a l i v i n g  space  enc losed  by g l a z i n g ;  a sunroom o r  greenhouse.  
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t he rma l  s t o r a g e :  a system which u s e s  b r i c k ,  r o c k s ,  c o n c r e t e ,  wa te r  
w a l l s ,  s a l t  ponds,  e u t e c t i c  sa l ts ,  o r  o t h e r  materials t o  s t o r e  h e a t  
energy .  
homes. 

Thermal s t o r a g e  i s  e s p e c i a l l y  d e s i r a b l e  f o r  so l a r -hea ted  

w a t t :  a u n i t  of measure f o r  e l e c t r i c a l  power e q u a l  t o  t h e  t r a n s f e r  of 
The w a t t  i s  t h e  u n i t  of power most 

One horsepower = 746 w a t t s .  

one j o u l e  of energy pe r  second.  
o f t e n  a s s o c i a t e d  w i t h  e l e c t r i c i t y  and i s  determined by m u l t i p l y i n g  
r e q u i r e d  v o l t s  by r e q u i r e d  amperes. 

WECS (wind energy convers ion  sys tem):  a system which c o n v e r t s  mechanical  
energy  from t h e  wind t o  e l e c t r i c i t y ,  h e a t ,  o r  f u e l  which i s  used 
d i r e c t l y  o r  s t o r e d .  

windbreak: a dense  row of t rees ,  o r  a f ence  o r  o t h e r  b a r r i e r  t h a t  i n t e r -  
r u p t s  and changes t h e  l o c a l  p a t h  of t h e  wind. 

windmi l l :  a machine run  on energy genera ted  by wind blowing a g a i n s t  
b l a d e s  o r  s l a t s .  

wind t u r b i n e  g e n e r a t o r :  see WECS. 
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Agreement on Guidelines for Classroom Copying 
in Not-for-Profit Educational Institutions 
with Respect to Books and Periodicals 

The purpose of t h e  fo l lowing  g u i d e l i n e s  i s  t o  s ta te  t h e  minimum and n o t  
t h e  maximum s t a n d a r d s  of e d u c a t i o n a l  f a i r  use  under S e c t i o n  107 of H.R .  2223. The 
p a r t i e s  a g r e e  t h a t  t h e  c o n d i t i o n s  de t e rmin ing  t h e  e x t e n t  of p e r m i s s i b l e  copying f o r  
e d u c a t i o n a l  purposes  may change i n  t h e  f u t u r e ;  t h a t  c e r t a i n  t y p e s  of copying p e r m i t -  
t e d  under these  g u i d e l i n e s  may n o t  be  p e r m i s s i b l e  i n  t h e  f u t u r e ;  and conversely t h a t  
i n  t h e  f u t u r e  o t h e r  t y p e s  of copying n o t  p e r m i t t e d  under t h e s e  g u i d e l i n e s  may be  
p e r m i s s i b l e  under r e v i s e d  g u i d e l i n e s .  

t h e  types  of  copying p e r m i t t e d  under t h e  s t a n d a r d s  of  f a i r  use under j u d i c i a l  dec i -  
s i o n  and which are s t a t e d  i n  S e c t i o n  107  o f  t h e  Copyright Revis ion B i l l .  There may 
be i n s t a n c e s  i n  which copying which does n o t  f a l l  w i t h i n  t h e  g u i d e l i n e s  s t a t e d  below 
may n o n e t h e l e s s  be p e r m i t t e d  under t h e  c r i t e r i a  of f a i r  use.  

. 
Moreover, t h e  fo l lowing  s t a t e m e n t  of g u i d e l i n e s  i s  n o t  i n t e n d e d  t o  l i m i t  

Guidelines 

I. Single Copying f o r  Teachers 

A s i n g l e  copy may be made o f  any of  t h e  fo l lowing  by o r  f o r  a t e a c h e r  a t  h i s  
o r  h e r  i n d i v i d u a l  r e q u e s t  f o r  h i s  o r  h e r  s c h o l a r l y  r e s e a r c h  o r  u s e  i n  t e a c h i n g  o r  
p r e p a r a t i o n  t o  t e a c h  a c l a s s :  

A. A c h a p t e r  from a book; 
B. An a r t i c l e  from a p e r i o d i c a l  o r  newspaper; 
C. A s h o r t  s t o r y ,  s h o r t  e s s a y  o r  s h o r t  poem, whether o r  n o t  from a c o l l e c t i v e  

D. A c h a r t ,  graph, diagram, drawing, c a r t o o n  o r  p i c t u r e  from a book, p e r i o d i c a l ,  
work; 

o r  newspaper; 

11. Multiple Copies for Classroom Use 

M u l t i p l e  cop ie s  ( n o t  t o  exceed i n  any even t  more than  one copy p e r  p u p i l  i n  a 
course)  may be made by o r  f o r  t h e  t e a c h e r  g i v i n g  t h e  cour se  f o r  c lassroom use  o r  
d i s c u s s i o n ;  provided t h a t :  

A. The copying meets t h e  t es t s  of  b r e v i t y  and s p o n t a n e i t y  as de f ined  below; 

B. Meets t h e  cumulat ive e f f e c t  t e s t  as d e f i n e d  below; and, 
C.  Each c.opy i n c l u d e s  a n o t i c e  of copyr igh t  

and, 

De f i n i t i o n s  
Brevity 
(i) Poe t ry :  ( a )  A complete poem i f  less t h a n  250 words and i f  p r i n t e d  on n o t  

more than  two pages o r ,  

words, o r  (b) a n  e x c e r p t  from any p r o s e  work of n o t  more t h a n  1,000 words o r  10% of 
t h e  work. which.ever i s  less.  b u t  i n  any e v e n t  a minimum o i  500 words. 

(b) from a longe r  poem, an e x c e r p t  of n o t  more than  250 words. 

Jx (ii) Prose :  (a)  Ei ther  a complete a r t i c l e ,  s t o r y  o r  e s s a y  of less than  2,500 
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c 

Each of t h e  numer i ca l  l i m i t s  s t a t e d  i n  "it' and "ii" above may be  expanded 
t o  pe rmi t  t h e  completion of an u n f i n i s h e d  l i n e  o f  a poem o r  of a n  u n f i n i s h e d  p r o s e  
paragraph.  

(iii) I l l u s t r a t i o n :  One c h a r t ,  graph, diagram, drawing, c a r t o o n  o r  p i c t u r e  
p e r  book o r  p e r  p e r i o d i c a l  i s s u e .  

(iv) "Special"  works: C e r t a i n  works i n  p o e t r y ,  p r o s e  o r  i n  " p o e t i c  prosell 
which o f t e n  combine language w i t h  i l l u s t r a t i o n s  and wnich are i n t e n d e d  sometimes 
f o r  c h i l d r e n  and a t  o t h e r  t i m e s  f o r  a more g e n e r a l  audience f a l l  s h o r t  of 2,500 
words i n  t h e i r  e n t i r e t y .  
works'' may n o t  be reproduced i n  t h e i r  e n t i r e t y ;  however, an e x c e r p t  compris ing 
n o t  more t h a n  two of  t n e  pub l i shed  pages o f  such s p e c i a l  work and c o n t a i n i n g  n o t  
more than  10% of t h e  words found i n  t h e  text  t h e r e o f ,  may be  reproduced. 

Paragraph "ii" above n o t w i t h s t a n d i n g  such " s p e c i a l  

Spontaneity 
(i) The copying i s  a t  t h e  i n s t a n c e  and i n s p i r a t i o n  of  t h e  i n d i v i d u a l  t e a c h e r ,  

and, 

f o r  maximum t e a c h i n g  e f f e c t i v e n e s s  are so  c l o s e  i n  t i m e  t h a t  i t  would be  unreason- 
a b l e  t o  expec t  a t ime ly  r e p l y  t o  a r e q u e s t  f o r  pe rmis s ion .  

;k (ii) The i n s p i r a t i o n  and d e c i s i o n  t o  use t h e  work and t h e  moment of i t s  use  

Cumulative E f f e c t  
;k (i) The copying of t h e  material i s  f o r  only one c o u r s e  i n  t h e  s c h o o l  i n  which 

t h e  c o p i e s  are made. 

% (ii) Not more than  one s h o r t  poem, a r t i c l e ,  s t o r y ,  .essay o r  two e x c e r p t s  may 
be copied from t h e  same a u t h o r ,  no r  more than  t h r e e  from t h e  same c o l l e c t i v e  work 
o r  p e r i o d i c a l  volume d u r i n g  one class term. 

* (iii) There s h a l l  n o t  be  more t h a n  n i n e  i n s t a n c e s  of such  m u l t i p l e  copying 
f o r  one cour se  d u r i n g  one class term. 

* The l i m i t a t i o n s  s t a t e d  i n  "ii" and "iii" above s h a l l  n o t  apply t o  c u r r e n t  
news p e r i o d i c a l s  and newspapers and c u r r e n t  news s e c t i o n s  of  o t h e r  p e r i o d i c a l s .  

n 

111. Prohibitions as t o  I and II Above 
Notwithstanding any of t h e  above, t h e  fo l lowing  s h a l l  b e  p r o h i b i t e d :  

A (A)  Copying s h a l l  n o t  be used t o  create o r  t o  r e p l a c e  o r  s u b s t i t u t e  f o r  
a n t h o l o g i e s ,  compi l a t ions  o r  c o l l e c t i v e  works. Such replacement  o r  s u b s t i t u t i o n  
may occur  whether cop ie s  of v a r i o u s  works o r  e x c e r p t s  t he re f rom are accumulated o r  
reproduced and used s e p a r a t e l y .  

i n  t h e  cour se  o f  s t u d y  o r  of  t each ing .  These i n c l u d e  workbooks, e x e r c i s e s ,  
s t a n d a r d i z e d  tes ts  and tes t  b o o k l e t s  and answer s h e e t s  and l i k e  consumable material. 

;k ( B )  There s h a l l  be  no copying of  o r  from works i n t e n d e d  t o  be  "consumable" 

(C) Copying s h a l l  n o t :  

( a )  s u b s t i t u t e  f o r  t h e  purchase of books, p u b l i s h e r s '  r e p r i n t s  o r  

(b) be  d i r e c t e d  by h i g h e r  a u t h o r i t y ;  
(c)  be r e p e a t e d  w i t h  r e s p e c t  t o  t h e  same i t e m  by t h e  s a m e  t e a c h e r  from 

No charge s h a l l  be made t o  t h e  s t u d e n t  beyond t h e  a c t u a l  c o s t  of t h e  

p e r i o d i c a l s ;  

t e r m  t o  t e r m .  
(D) 

photocopying. 
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----c Multiply By 

t- Divide By 
English Unit 

i n c h e s  2.54 
f e e t  30.0 
f e e t  0 .3  
y a r d s  0 .91 
m i l e s  1.61 

squa re  i n c h e s  6.5 
s q u a r e  f e e t  0.09 
square yards 0.8 

Metric Conversion Table 

Metric Unit 

c e n t i m e t e r s  
c e n t i m e t e r s  
meters 
meters 
k i l o m e t e r s  

s q u a r e  c e n t i m e t e r s  
s q u a r e  meters 
square meters 

unit of Measure 

- 
Length 

g a l l o n s  3. 8 
c u b i c  f e e t  1 0 .03  

1 Mass (Weight1 

l i t e rs  
c u b i c  meters 

Volume 

- F- Temperature degrees  
Fahrenhe i t  

I- 

-519 ( a f t e r  
s u b t r a c t i n g  32) deg rees  

+ 5 / 9  plus 32 C e l s i u s  

Speed E: miles p e r  
hour 

1.61 k i l o m e t e r s  
p e r  hour 

ounces 
pounds 

28 1 0.45 
grams 
ki lograms 

I 1 

Btu 1 252 I c a l o r i e s  

____ 

Symbol 

c m  
c m  
m 
m 
km 

1 
m3 

OC 

C 

km/hr 

Energy Units 
b a r r e l :  a l i q u i d  volume e q u a l  t o  4 2  g a l l o n s  o r  159 l i t e r s .  One b a r r e l  of  
crude o i l  has  about t h e  same h e a t  energy as 350 pounds of bituminous c o a l ,  
5 .8  x l o 9  j o u l e s  o r  5 . 5  x l o 6  Btu o r  1.39 x l o 6  k c a l .  

__ Btu: B r i t i s h  the rma l  u n i t ,  a u n i t  f o r  measuring h e a t ;  a Btu i s  t h e  q u a n t i t y  
of  h e a t  necessa ry  t o  raise t h e  t empera tu re  o f  one pound of water one degree 
Fahrenhe i t ,  about one-fourth of  a k i l o c a l o r i e  (252 c a l o r i e s ) .  

c a l o r i e ( a 1 s o :  gram c a l o r i e ) :  a m e t r i c  u n i t  of h e a t  energy;  t h e  amount of h e a t  
needed t o  ra i se  t h e  t empera tu re  of one gram of water one degree  C e l s i u s .  I t  
e q u a l s  0,0039 Btu. One thousand c a l o r i e s  make one k i l o c a l o r i e  ( k c a l ) ,  some- 
t i m e s  c a l l e d  a C a l o r i e  o r  food C a l o r i e .  

k i l o w a t t :  a measure of  power, u s u a l l y  e l e c t r i c a l  power o r  h e a t  f low; e q u a l  
t o  1 ,000 w a t t s  o r  3,413 Btu p e r  hour.  

k i lowa t t -hour :  t h e  amount o f  energy e q u i v a l e n t  t o  one k i l o w a t t  of power b e i n g  
used f o r  one h o u r ;  e q u a l s  3 ,413 Btu,  o r  about 860 k c a l .  

w a t t :  a u n i t  of measure f o r  e l e c t r i c a l  power e q u a l  t o  t h e  t r a n s f e r  o f  one 
j o u l e  of energy p e r  second. The w a t t  i s  t h e  u n i t  of  power most o f t e n  a s s o c i a t e c  
w i t h  e l e c t r i c i t y  and i s  determiend by m u l t i p l y i n g  r e q u i r e d  v o l t s  by r e q u i r e d  
amperes. One horsepower = 746 w a t t s .  

. 

. 

a 
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Sources of Energy Information 
General Reference 
C h r i s t i a n  Sc ience  Monitor.  "Energy '80" 

( R e p r i n t s  S e r v i c e ,  C h r i s t i a n  Science Monitor ,  P.O. Box 527, Back Bay 
S t a t i o n ,  Boston, MA 02117).  

(New York: New American L i b r a r y ,  1972). 

I n  t h e  C i t y  (San F r a n c i s c o :  S i e r r a  Club Books, 1979).  

L i v i n g  (San F ranc i sco :  S i e r r a  Club Books, 1975).  

(Na t iona l  Geographic,  February 1981).  

( D . O . E .  Techn ica l  In fo rma t ion  C e n t e r ,  P .O.  Box 62 ,  Oak Ridge ,  TN 37830). 

( P h i l a d e l p h i a :  Running P r e s s ,  1977).  

(New York: Schocken Books, 1977).  

The E c o l o g i s t  s t a f f ,  ed .  B l u e p r i n t  f o r  S u r v i v a l  

F a r a l l o n e s  I n s t i t u t e .  The I n t e g r a l  Urban House: S e l f  R e l i a n t  L i v i n g  

Leck ie ,  J i m  e t  a l .  Other Homes and Garbage: Designs f o r  S e l f - s u f f i c i e n t  

N a t i o n a l  Geographic S o c i e t y .  Energy: A S p e c i a l  Report  

Na t iona l  Sc ience  Teachers  A s s o c i a t i o n .  F a c t s h e e t s  

P r e n i s ,  John ,  ed.  Energy Book I and I1 

Rain s t a f f ,  ed.  Rainbook: Resources f o r  Appropr i a t e  Technology 

Rosenfe ld ,  A l b e r t .  " S t a r  of S t a r s ' '  
(Saturday Review, October 30,  1976).  

Smithsonian E x h i b i t i o n  Books. F i r e  of L i f e :  The Smithsonian Book of t h e  
Sun (New York: W . W .  Norton & Co., 1981).  - 

Wolfe, Ralph and Peter  Clegg. Home Energy f o r  t h e  E i g h t i e s  
( C h a r l o t t e ,  VT: Garden Way P u b l i s h i n g  Co., 1979).  

Especially for Students 

Adams, F lo rence .  Catch a Sunbeam: A Book of Solar  Study and Experiments 
(New York: Harcourt  Brace Jovanovich,  1978). 

"Behold, my Brothers ' '  

Borgeson, L i l l i a n .  

Branley,  Franklyn. 

(Curious N a t u r a l i s t ,  A p r i l  1975). 

( I n t e r n a t i o n a l  W i l d l i f e ,  July/August  1980). 

(New York: Thomas Crowell ,  1975).  

"The Star  t h a t  C o n t r o l s  Our Lives" 

Buckley, Shawn. Sun Up t o  Sun Down 
(New York: McGraw H i l l  Book Co., 1979). 

Halacy,  D.S. The Coming Age of S o l a r  Energy 
(New York: Harper and Row, 1973).  

(Ranger R i c k ' s  Nature  Magazine, A p r i l  1974 and May/June 1974).  
Houck, Oliver A .  "The Best P r e s e n t  of  All" 
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Knight ,  David. Harness ing  t h e  Sun: The S to ry  of  So la r  Energy. 
(New York: W i l l i a m  Morrow, 1976).  

"Ocean Energy: Sc ra t ch ing  t h e  Surface"  

Oxenhorn,, Joseph M. Energy and Our Future  

(C u r r e n t  Energy and Ecology , January  1980) . 
(New York: Globe Book Co. , Inc.  , 1979) .  

R i c c i u t i , ,  Edward R.  "The Energy of t h e  Suntt 
(The Curious N a t u r a l i s t ,  January  1975).  

R i c c i u t i , ,  Edward R.  "Mighty Methane" 
(The Curious N a t u r a l i s t  , March 1975).  

Z i m ,  Herber t  S.  Waves 
(New York: W i l l i a m  Morrow, 1967) .  

Energy and Society 

Brown, L e s t e r  R .  Bu i ld ing  a S u s t a i n a b l e  S o c i e t y  
(New York: W.W. Norton & Co., 1981).  

C l a r k ,  WFlson. Energy f o r  Surv iva l :  The A l t e r n a t i v e  t o  E x t i n c t i o n  
(Garden C i t y ,  NY: Doubleday & Co., 1974).  

Counci l  on Environmental  Q u a l i t y  and t h e  Department of S ta te .  The Global  
2000 Report  t o  t h e  P r e s i d e n t ,  Volume 1 (Super in tendent  of Documents, 
U.S. Government P r i n t i n g  O f f i c e ,  Washington, DC 20402, 1980).  

Hayes, Denis .  Rays of  Hope 
(New 'Jlork: W.W.  Norton & Co., 1977).  

Hayes , Denis .  

Schumacher, E.F. S m a l l  i s  B e a u t i f u l :  Economics A s  I f  People  Mattered 

"The T r a n s i t i o n  t o  a Post-Petroleum World" 
( J o u r n a l  of  Home Economics , May 1978).  

(New York: Harper and Row, 1975).  

Harvard Bus iness  School  Energy P r o j e c t  (New York: Random House, 1979).  
Stobaugh,, Roger and Danie l  Yergin.  Energy Future :  The Report  of t h e  

Energy History 

B u t t i ,  Ken and John P e r l i n .  A Golden Thread 
(Palo A l t o ,  CA: Cheshi re  Books, 1980).  

(The Sc ience  Teacher , March 1972).  

( S c i e n t i f i c  American, November 1977).  

Kranzberg,  Melvin.  "Energy, Technology, and t h e  S t o r y  of Man" 

Nef ,  John U. "An Ear ly  Energy Crisis and i t s  Consequences" 

Co n s e mat i o n 

A l b r i g h t ,  Roger. 547 Easy Ways t o  Save Energy i n  Your Home 
( C h a r l o t t e ,  VT: Gardenway P u b l i s h i n g ,  1978) 

t '.? 
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Blandy, Thomas and Denis Lamoureaux. A l l  Through t h e  House: A Guide t o  
Home Wea the r i za t ion  (New York: M c G r a w - H i l l  Book Co.. 1980). 

Clegg,  P e t e r .  New Low Cost Sources  of  Energy f o r  t h e  Home 
( C h a r l o t t e ,  VT: Garden Way P u b l i s h i n g  Co., 1975) .  

Consumer Guide s t a f f ,  e d .  Energy Savers  Cata log  
(New York: G.P. Putnam's Sons,  1977) .  

O f f i c e  o f  Energy Conserva t ion .  100 Ways t o  Save Energy & Money i n  t h e  Home 
(Conserva t ion  Books, P.O. Box 3500, S t a t i o n  C y  O t t a w a ,  O n t a r i o ,  Canada 

K1Y 4G1, 1979).  

R o t h c h i l d ,  John.  Stop Burning Your Money: The I n t e l l i g e n t  Homeowner's 
Guide t o  Household Energy Savings (New York: Random House, Pubs. ,  
1981).  

U.S. Department of A g r i c u l t u r e .  C u t t i n g  Energy Costs :  The 1980 Yearbook 
of A g r i c u l t u r e  ( S u p ' t  of  Documents, U.S. Government P r i n t i n g  O f f i c e ,  
Washington, DC 20402,  1980).  

Solar Heating and Cooling 

Anderson, Bruce and Michael Riordan.  The S o l a r  Home Book 
(Andover, MA: B r i c k  House P u b l i s h i n g  Co., 1976).  

Baer, S teve .  Sunspots  
(Zomeworks Corp.,  P.O. Box 712, Albuquerque, NM 87103, 1977).  

Hand, Jackson .  Home Guide t o  S o l a r  Heat ing  and Cooling 

Kidder ,  Tracy.  "Tinkering With Sunshine' '  

(New York: Harper and Row, Pubs . ,  1978). 

(The A t l a n t i c  Monthly,  October 1977).  

Mazria ,  Edward. The P a s s i v e  S o l a r  Energy Book 

S c u l l y ,  Dan e t  a l .  The Fuel  Savers: A K i t  o f  S o l a r  I d e a s  f o r  E x i s t i n g  

S h u r c l i f f ,  W i l l i a m  A. New I n v e n t i o n s  i n  Low Cost S o l a r  Heat ing  

S o l a r  Age s t a f f ,  e d .  S o l a r  Age Resource Book 

(Emmaus, PA: Rodale P r e s s ,  1979) .  

Homes (Andover, MA: B r i c k  House P u b l i s h i n g  Co., 1978).  

(Andover, MA: Br ick  House P u b l i s h i n g  Co., 1979).  

(New York: Everest House, 1979).  

Photovoltaics 

B e a t t y ,  J .  Kel ly .  "Solar  Sa t e l l i t e s :  The T r i l l i o n  D o l l a r  Quest ion" 

D '  Alessandro  , B i l l .  "Milestones P a s s e d ,  Miles Ahead'' 

F r e e ,  John. "Sunshine i n t o  E l e c t r i c i t y "  

(Sc ience  8 0 ,  December 1980).  

( S o l a r  Age , December 1979).  

(Popular  Sc ience ,  A p r i l  1981).  

. 

S e l t z - P e t r a s h ,  Ann. "Energy from Space" 
( C i v i l  E n g i n e e r i n g ,  J u l y  1979).  
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Wind 

B e e d e l l ,  Suzanne. Windmills 
(New 'fork: Char les  Sc r ibne r  ' s  Sons , 1975).  

(New 'fork: Four Winds P r e s s ,  1976).  
Dennis ,  Landt .  Catch t h e  Wind 

F l a v i n ,  Chr i s tophe r .  Wind Power: A Turning P o i n t ,  Worldwatch Paper  4 5  
(Worldwatch I n s t i t u t e ,  1776 Massachuse t t s  Ave., N . W . ,  Washington, DC 
20036, 1981).  

Reynolds,  John. Windmills and Watermills 
(New 'fork: Praeger  Pubs. ,"1975).  

B io m as si 
Brown, Lester R. Food o r  Fuel :  New Competi t ion f o r  t h e  World's  Cropland,  

Worldwatch Paper  35 (Worldwatch I n s t i t u t e ,  1776 Massachuse t t s  Ave., 
N.W.,  Washington, DC 20036, 1980).  

Hanna , Thomas. "Thought Snacks" 

Lockere tz ,  W i l l i a m .  "Biomass Energy: The Promise and t h e  Problems" 

(Human Ecology Forum, Winter 1978).  

( S i e r r a  , January /February  1979) . 
-s 

Smith,  N ige l .  Wood: An Ancient  Fuel  w i t h  a New Fu tu re ,  Worldwatch 
Paper  42 (Worldwatch I n s t i t u t e ,  1776 Massachuse t t s  Ave., N . W . ,  
Washington, DC 20036, 1981).  

Washington S ta t e  O f f i c e  of P u b l i c  I n s t r u c t i o n .  Energy, Food, and You, 
(K-6) (Shore l ine  School D i s t r i c t  Admin. Bldg. ,  NE 158th  and 20th  
Ave. , N E ,  Sea t t le ,  WA 98155, 1978-1979). 

-- 

Washington S ta t e  O f f i c e  of  P u b l i c  I n s t r u c t i o n .  Energy, Food, and You, 
(Secondary) (Shore l ine  School D i s t r i c t  Admin. Bldg. ,  NE 158th  and 
20th  Avenue N E ,  S e a t t l e ,  WA 98155, 1978-1979). 

Hyd ropowe r 

Deudney, Dan ie l .  R ive r s  of Energy: The Hydropower P o t e n t i a l ,  Worldwatch 
Paper 44 (Worldwatch I n s t i t u t e ,  1776 Massachuse t t s  Ave., N.W.,  
Washington, DC 20036).  

Look Better Every Day" (Na t iona l  J o u r n a l ,  A p r i l  26,  1980).  

-- 

Lanoue t t e ,  Wil l iam J. "Rising O i l  and G a s  P r i c e s  A r e  Making Hydropower 

McGuigan, Dermot. Harness ing  Water Power f o r  Home Energy 
( C h a r l o t t e ,  VT: Garden Way Pub l i sh ing  Co., 1978).  

Other Forms of Renewable Energy 

Michaelson,  David R.  Oceans i n  Tomorrow's World: How Can We Use and 
P r o t e c t  Them? (New York: J u l i a n  Messner, 1972).  

Oregon I n s t i t u t e  o f  Technology. Geo-heat U t i l i z a t i o n  Center  Q u a r t e r l y  
-- B u l l e t i n  (Oregon I n s t i t u t e  of Technology, Klamath F a l l s ,  OR 97601). 
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Q S c h i e f e l b e i n ,  Susan. "Teaching Poseidon t o  Turn a P r o f i t "  

Swann, Mark. "Power From t h e  Sea" 

(Sa turday  R e v i e w ,  January  6 ,  1979) .  

(Environment,  May 1976).  

(Technica l  In fo rma t ion  Cen te r ,  P.O. Box 62,  Oak Ridge,  T N  37830).  
U.S. Department of Energy. Geothermal Energy 

Magazines and Newsletters 

A l t e r n a t i v e  Sources  of Energy 
(107 South C e n t r a l  Avenue, Mi laca ,  MN 56353).  

A. T .  T i m e s  
(Na t iona l  Center  f o r  Appropr ia te  Technology, P.O. Box 3838, B u t t e ,  MT 
59702).  

(Country J o u r n a l  P u b l i s h i n g  C O . ,  P.O. Box 1225, B r a t t l e b o r o ,  VT 05301). 
B l a i r  & Ketchum's Country J o u r n a l  

C h r i s t i a n  Sc ience  Monitor 
(Box 125, As tor  S t a t i o n ,  Boston, MA 02123).  

Curren t  Energy & Ecology 
(Curr iculum I n n o v a t i o n s ,  I n c . ,  3500 Western Avenue, Highland Pa rk ,  I L  
60035 , f o r  s t u d e n t s ) .  

Energy Consumer 
(D.O.E. O f f i c e  of Consumer A f f a i r s ,  Room 8G082, Washington, DC 20585). 

Energy & Educat ion  
(Na t iona l  Sc ience  Teachers  A s s o c i a t i o n ,  1742 Connect icu t  Avenue, 
Washington, DC 20009). 

(Camden House P u b l i s h e r s ,  Camden E a s t ,  O n t a r i o ,  Canada KOK 1JO). 
Harrowsmith 

Roda le ' s  New S h e l t e r  
(Rodale Press,  33 Eas t  Minor S t r e e t ,  Emmaus, PA 18049).  

S o l a r  Age 
(So la rVis ion ,  I n c .  , P.O.  Box 4934, Manchester ,  NH 03108).  

So la r  U t i l i z a t i o n  News 
( A l t e r n a t e  Energy I n s t i t u t e ,  P .O .  Box 3100, Estes Pa rk ,  CO 80517) .  

Audio-Visual Materials 

A s s o c i a t i o n  F i lms ,  I n c .  
866 Thi rd  Avenue, New York, NY 10022 
(Lends 16mm movies f r e e  of cha rge )  

Your l o c a l  gas  o r  e l e c t r i c  u t i l i t y  

L i b r a r y  F i l m s t r i p  Center  
3033 Aloma, Wichi ta ,  KS 67211 
(Color and sound f i l m s t r i p s  w i t h  c a s s e t t e s  on s o l a r  energy)  
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Modern Ta lk ing  P i c t u r e  S e r v i c e  
200 L Street  NW, Washington, DC 20036; 16 Spear Street ,  San F ranc i sco ,  
CA 94105 (A s e l e c t i o n  of f r e e  f i l m s  on energy-re la ted  t o p i c s  produced 
by major i n d u s t r i e s )  

New York S t a t e  A l l i a n c e  t o  Save Energy, Inc .  
36 West 44 th  S t r e e t ,  Room 709, New York, NY 10036 
Energy On Film 
a v a i l a b l e  from v a r i o u s  sou rces )  

( a  convenient  d i g e s t  of over  160 ene rgy- re l a t ed  f i l m s  

S o l a r  Energy I n s t i t u t e  of America 
P.O. 13ox 6068, Washington, DC 20005 
(35m s l i d e s  on a l l  a s p e c t s  of s o l a r  energy  C! $1.00 each)  

1001 Connect icu t  Avenue, N.W., S u i t e  510, Washington, DC 20036 
-_- S o l a r  Energy Educat ion  B ib l iog raphy  

S o l a r  Lobby 

(comprehensive energy A-V l i s t i n g )  

Your S t a t e  Energy O f f i c e  

3-M Company 
Visua11 P roduc t s  D i v i s i o n ,  3-M Cen te r ,  S t .  P a u l ,  MN 55101 
(Energy f i l m s )  

Church H i l l  , H a r r i s v i l l e ,  NH 03450 
(So la r  s l i d e s )  

U.S. Department of Energy Fi lm L i b r a r y  
P.O. 13ox 62,  Oak Ridge,  TN 37830 
(Provides  t e a c h e r s  w i t h  an  anno ta t ed  brochure  on f r e e  energy  f i l m s )  

Zomeworks Corp. 

T o t a l  Environmental  Act ion  

Box 7 l 2 ,  Albuquerque, NM 87103 
(So la r  s l i d e s )  

Organizations and Agencies 
American F o r e s t  I n s t i t u t e  

1619 Massachuse t t s  Avenue, N . W . ,  Washington, DC 20036 

American S e c t i o n  o f  t h e  I n t e r n a t i o n a l  So la r  Energy Soc ie ty  
American Technologica l  U n i v e r s i t y ,  P.O. Box 1416, K i l l e e n ,  TX 76541 

1001 Connect icu t  Avenue, NW, S u i t e  510, Washington, DC 20036 

1110 6 t h  Street ,  N . W . ,  #300, Washington, DC 20001 

Center  f o r  Renewable Resources  

C i t i z e n s '  Energy P r o j e c t  

Consumer Act ion  Now 
355 Lexington Avenue, 16 th  F l o o r ,  New York, NY 10017 

Your l o c a l  Coopera t ive  Extens ion  O f f i c e  

League of  Women Voters  of t h e  United States  

The N a t i o n a l  Center  f o r  Appropr ia te  Technology 

1730 14 Street  , N . W . ,  Washington, DC 20036 

Box 31338, B u t t e ,  NT 59701 

? 

e 
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N a t i o n a l  W i l d l i f e  Fede ra t ion  
1412 16 th  S t ree t ,  N . W . ,  Washington, DC 20036 

36 West 44th  S t r e e t ,  Room 709, New York, NY 10036 
New York A l l i a n c e  t o  Save Energy 

P u b l i c  I n t e r e s t  Research Group 
P.O.  Box 19312, Washington, DC 20036 

P.O. Box 1607, R o c k v i l l e ,  MD 20850 

1755 Massachuse t t s  Avenue, N . W . ,  Washington, DC 20036 

In fo rma t ion  S e r v i c e s ,  1050 Mills Tower, San F ranc i sco ,  CA 94104 

1001 Connect icu t  Avenue, S.W., S u i t e  510, Washington, DC 20036 

Renewable Energy Informat ion  

Resources  f o r  t h e  Future  

Sierra Club 

S o l a r  Lobby 

Your State  Energy O f f i c e  

Super in tendent  of Documents 

U.S.  Department of Energy 

V I T A  (Volunteers  i n  Techn ica l  Ass i s t ance )  

U.S. Government P r i n t i n g  O f f i c e ,  Washington, DC 20402 

Techn ica l  Informat ion  Cen te r ,  P.O. Box 62 ,  Oak Ridge,  TN 37830 

3706 Rhode I s l a n d  Avenue, Mount R a i n i e r ,  MD 20822 

1776 Massachuse t t s  Avenue, N . W . ,  Washington, DC 20036 
Worldwatch I n s t i t u t e  
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