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I n d i v i d u a l s  and groups who purchase and i n s t a l l  wind energy convers ion 

systems (WECS) f o r  e i t h e r  genera t ion  o f  e l e c t r i c i t y  o r  pumping water  have t o  

go through a process by which a s p e c i f i c  l o c a t i o n  i s  se lec ted  f o r  each WECS. 

The purpose o f  t h i s  s tudy  was t o  i d e n t i f y  and document methods and p r a c t i c e s  

used i n  s i t i n g  o f  WECS. The s tudy  covers t he  pe r i od  f rom t h e  e a r l y  1900s t o  
, t h e  present  day. 

The process o f  WECS s i t i n g  i s  n o t  e x c l u s i v e l y  a  n ie teoro log ica l  concern, 

b u t  represen ts  a  balance between t h e  economic and t e c h n i c a l  cons idera t ions  

and s o c i a l  va lues o f  t he  user .  S i t e  s e l e c t i o n  can be a c r i t i c a l  f a c t o r  i n  

de te rmin ing  t h e  economic v i a b i  1  i ty  o f  a  g iven wind system i n s t a l  1  a t i o n .  Th is  

i s  demonstrated by t h e  Smith-Putnam exper imenta l  wind t u r b i n e  b u i l t  i n  Vermont 

i n  1941. The mean wind speed a t  t he  s i t e  was over-est imated t o  such an e x t e n t  

t h a t  t h e  energy ob ta ined  was o n l y  1 /3  t h e  expected va lue.  ) The economics 

o f  t oday ' s  numerous energy sources a re  h i g h l y  compe t i t i ve  u n l i k e  t h e  h i s t o r i c a l  

a p p l i c a t i o n s  o f  wind energy. 

Tools employed i n  t he  s i t i n g  process t o  c a r e f u l l y  assess a g iven wind 

i n s t a l l  a t i o n  a r e  evo l v i ng  as a more complex technology than p r e v i o u s l y  employed. 

Th is  i s  i n  p a r t  due t o  an inc reased  understanding o f  t h e  v a r i a b l e s  i nvo l ved  i n  

s i t i n g  and r e c o g n i t i o n  o f  t h e  need t o  q u a n t i f y  t he  i n t u i t i v e  understanding 

gained i n  thousands o f  pas t  WECS i n s t a l l a t i o n s .  

The sys temat ic  development o f  s i t i n g  technology i n  p a r t ,  r e q u i r e s  an 

understanding o f  h i s t o r i c a l  s i t i n g  p rac t i ces .  

2 .  CONCLUSIONS AND RECOMMENDATICINS 

AWEA concludes t h a t :  

e WECS i n  general  were used where t h e r e  was an i n t u i t i v e l y  understood 

"minimal a v a i l a b i l i t y "  o f  wind energy. 

Water pumping systems were s i t e d  on t-he bas i s  o f  a v a i l a b i l i t y  o f  water .  

E l e c t r i c  genera t ing  systems were s i t e d  on t h e  bas i s  o f  rough " r u l e s  o f  

thumb," general  l y  a minimum h e i g h t  above obs tac les  w i t h i n  a  s p e c i f i e d  

rad ius .  



Current  d i s t r i b u t o r s  o f  WECS are  us ing  these h i s t o r i c a l  " r u l e s  o f  thumb" 

i n  a d d i t i o n  t o  inexpensive anemometry and s i m p l i f i e d  data reduc t i on  

techniques. 

Current  d i s t r i b u t o r s  a re  i n c l i n e d  t o  take advantage o f  advances i n  s i t i n g  

hardware and techniques. 

AWEA recommends t h a t  : 

A program be developed t h a t  more f u l l y  d isperses recen t  developments i n  

WECS s i t i n g  t o  t h e  end user. Elements of t h i s  program cou ld  i nc lude :  

- WECS dea le r  s i t i n g  seminars 

- Extension agent s i t i n g  seminars 

- S i t i n g  handbooks 

- Presentat ion o f  e x i s t i n g  wind data i n  a form app rop r i a te  f o r  

use by non- technica l  user groups. 

A program be developed t h a t  assesses a l l  present s i t i n g  techniques i n  

terms o f  WECS app l i ca t i ons .  These a p p l i c a t i o n s  vary i n  r e l a t i o n  t o :  

- WECS s i z e  

- End power use 

- Accuracy requ i red  

- Topography 

3. APPROACH 

Since s i t i n g  procedures u l t i m a t e l y  r e l a t e  t o  t h e  sa le  o f  a wind machine, 

answers t o  quest ions such as: 

How were wind machines so ld?  

Haw were wind machines s i t e d ?  

How were wind machines i n s t a l l e d ?  

What was the  c o r r e l a t i o n  between sales statements made from s i t i n g  s tud ies  

and t h e  ac tua l  experience a f t e r  i n s t a l  1 a t i o n ?  (How accurate were per- 

formance p red i c t i ons? )  

o f f e r  i n s i g h t  i n t o  t h e  technology used. This  study has been conducted t o  

c o l l e c t  and compi le i n fo rma t i on  which w i l l  prov ide answers t o  these and o t h e r  

s i t i n g  r e l a t e d  quest ions. 



The American Wind Eneray Assoc ia t i on  (AWEA) conducted t h e  s tudy th rough  

ques t ionna i res ,  i n t e r v i e w s  and a  l i t e r a t u r e  search. Ads seek ing sources o f  

i n f o r m a t i o n  on WECS s i t i n g  were p laced i n  l o c a l  newspapers i n  geographic r eg ions  

where WECS were w i d e l y  used. (See Appendix A f o r  a  1  i s t  of papers i n  which ads 

were placed. ) Respondeec were ma i l ed  an i n t e r v i e w  ques t i onna i r e .  A t o t a l  o f  

600 ques t i onna i r es  were ma i led  o u t  and 175 were re tu rned .  The r e t u r n  r a t e  f o r  

t h i s  p o r t i o n  was 29%. A t o t a l  c f  158 re tu rned  ques t i onna i r es  were v a l i d a t e d  

us i ng  da ta  on ownership o f  WECS. Those ques t i onna i r es  n o t  v a l i d a t e d  were 

re tu rned  by i n t e r e s t e d  p a r t i e s  who had n o t  owned a  WECS. The ques t i onna i r e  

used i s  presented i n  Appendix B. Responses t o  t h e  ques t ions  a re  t abu la ted  i n  

t h e  Appendix by bo th  number and as a  percentage o f  t o t a l  responses. 

Personal i n t e r v i e w s  were conducted i n  t h e  west, midwest, and mountain 

r eg ions  o f  known p a s t  h i g h  popu la t i ons  o f  WECS t o  g a i n  a d d i t i o n a l  i n f o r m a t i o n .  

I n s t i t u t i o n a l  buyers o f  o l d  WECS were con tac ted  t o  i d e n t i f y  areas i n  which they  

found machines, and where p o s s i b l e  t o  i d e n t i f y  s p e c i f i c  pas t  owners. Where 

wind machine towers were seen w h i l e  d r i v i n g ,  a  s t op  was made and an i n t e r v i e w  

was at tempted. Genera l l y ,  i t  was found t h s t  p resen t  owners o f  WECS i n s t a l l -  

a t i o n s  a re  two, sometimes t h r e e  owners removed f rom t h e  o r i g i n a l  owner. I n t e r -  

views were found t o  be t ime  consuming, b u t  o f t e n  ve r y  va luab le .  Th i s  was 

p a r t i c u l a r l y  t r u e  when p a s t  dea le r s  o f  WECS and ranchers  w i t h  l a r g e  numbers o f  

klECS were w i l l i n g  t o  d iscuss  t h e i r  exper iences. 

Many pr ime resources f o r  i n t e r v i e w s  and d iscuss ions  o f  p a s t  techniques 

have r e c e n t l y  passed away, and l i t e r a t u r e  on t h e  s p e c i f i c  s u b j e c t  o f  h i s t o r i -  

c a l  WECS s i t i n g  techniques was n o t  ex tens ive .  Thus, t h e  personal  i n t e r v i e w s  

have been impor tan t .  It i s  surmised t h a t  t h i s  study, i f  conducted a few years  

hence, would have y i e l d e d  1  i ttl e  d i r e c t  data.  

I n t e r v i e w s  were a l s o  conducted w i t h  academic and i n s t i t u t i o n a l  researchers  

c u r r e n t l y  i n v o l v e d  w i t h  atmospher ic sc iences and s i t i n g  technolcgy.  It i s  

c l e a r  t h a t  c o r r e l a t i o n s  e x i s t  between p a s t  and p resen t  t h i n k i n g .  

S i t i n g  i n f o r m a t i o n  was sought f rom p a s t  and p resen t  d i s t r i b u t o r s  o f  WECS. 

Appendix C presents  a  l i s t  o f  t h e  d i s t r i b u t o r s  contacted.  I n  a d d i t i o n ,  

F igure  1  shows t h e  reg ions  o f  t h e  U.S. which were covered by t h e  survey and 

by t h e  AWEA team i n  i t s  t r a v e l s .  
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The, l i terature  review, while not finding a great deal of information 

expl ici t ly  on WECS s i t i ng ,  did identify s i t ing  guidelines offered by WECS 

manufacturers. Excerpts from these guidelines are contained in Appendix D .  

A l i s t i ng  of the l i t e ra tu re  related to  wind energy, wind energy conversion and 

wind energy conversion systems which was reviewed i s  presented in Appendix E .  

In the Appendix, the l i s t ings  of significant papers and reports have been 

annotated. 

4. DISCUSSION 

Extensive analysis of the resul ts  of the questionnaire has not been 

attempted, nor was i t  a p a r t  of the current study. The discussion which follows 

i s  based primarily upon responses to individual questions in the questionnaire 

as tabulated in Appendix B, and information gained during interviews and from 

the l i t e ra tu re  related to WECS s i t ing .  

The number of WECS represented in th i s  study i s  2,326. This includes 

responses from two ranches with over 1,000 water pumpers each. Not consider- 

ing these two large groups of water pumpers, the percentage of WECS used for 

water pumping i s  95%, the remaining 5% are for  generating e l ec t r i c i ty .  We 

feel t h i s  approximates the distribution of machines currently in use. 

Table 1 i l l u s t r a t e s  the breakdown of data collected relat ive,  essent ial ly ,  

to application and time of instal la t ion.  I t  i s  f e l t  that  for relat ive appli- 

cation comparison, i t  i s  reasonable to synthesize the figure without the large 

water pumper users as these machines were less  affected by the Rural Electri-  
f ication Administration ( R E A ) .  REA installed 1 ines to  the houses which used 

WECS, b u t  not to  the f ie lds  which used water pumpers. Some 500,000 wind 

e lec t r ic  systems are known to  have been bui l t ,  b u t  most f e l l  into disuse 

because of the REA.  

WECS covered in the study were installed prior to  1961 and a f t e r  1970, as 

shown in Table 1 .  Prior to  th i s  break, the majority of the WECS installed 

were for water pumping, while since the break the majority have been electr ical  

generating systems. The decreasing number of instal la t ions from the 1936-1940 

period to the 1946-1950 period, and the few instal la t ions from 1951-1970 indi- 

cate the decreasing in teres t  in ut i l izat ion in wind energy conversion. The 



TABLE 1 . Dates o f  I n s t a l  1  a t i ons  

Per iod Mechanical E l e c t r i c a l  

p r i o r  t o  1910 97 0 

1910 - 1915 3 1 

1976 - present  0 

232 

(Th is  c h a r t  does n o t  inc lude users who had over 1,000 
machines each. ) 

To ta l  number o f  machines represented i n  the  study: 2,236 

water pumpers: 95% e l e c t r i c a l  : 5% 

Tota l  number o f  quest ionnaires mai led: 600 

Tota l  Val i da ted  
Tota l  number o f  quest ionnaires returned:  175 158 

Return r a t e :  29% 26% 

WECS i n s t a l l a t i o n s  s ince 1970 i n d i c a t e  the  resurgence i n  i n t e r e s t .  The s h i f t  

i n  type o f  WECS i n s t a l l e d  from mechanical water pumping t o  e l e c t r i c a l  genera- 

t i o n  r e f l e c t s  a renewed i n t e r e s t  i n  e l e c t r i c a l  generat ion, a1 though the  ac tua l  

r a t i o  o f  new WECS i n s t a l l a t i o n s  may n o t  be as one-sided as the  Table i nd i ca tes .  

4.1 - S i t i n g  WECS f o r  Pumping Water 

The s i t i n g  o f  water pumping WECS was s t ra igh t fo rward ,  governed p r i m a r i l y  

by the  a v a i l a b i l i t y  of water. The t y p i c a l  tower he igh t  f o r  these machines 

was 30 ft, w i t h  h igher  towers used p r i m a r i l y  when the  mach-ine was l oca ted  i n  



a draw. Water pumping machines a re  s t i l l  w i d e l y  used f o r  supp ly ing  range water .  

The market ing system, w i t h i n  s p e c i f i c  geographic areas, i s  w e l l  es tab l i shed .  

There a re  a  number o f  smal l  companies ( 3  t o  5  employees) i n  t h e  Southwest and 

P la i ns  s t a t e s  t h a t  i n s t a l l  and ma in ta i n  these machines #on a  f u l l - t i m e  bas is .  

There i s  no i n d i c a t i o n  f rom t h e  ques t ionna i res  rece i ved  o r  t h e  i n t e r v i e w s  

conducted t h a t  t h e  p resen t  d i s t r i b u t o r s  o r  users  o f  wind machines f o r  pumping 

water  would be w i l l i n g  t o  i n v e s t  a  s i g n i f i c a n t  amount o f  t ime  o r  money i n  

s i t i n g  surveys. Th i s  i s  perhaps a  r e s u l t  o f  t he  exper ience gained w i t h  t he  

machines c u r r e n t l y  i n  use. It a l s o  r e f l e c t s  t h e  f a c t  t h a t  most machines a re  

i n s t a l l e d  i n  r eg ions  o f  demonstrated wind energy p o t e n t i a l .  

4.2 S i t i n g  WECS f o r  Generat ing E l e c t r i c i t y  

The s i t i n g  o f  WECS f o r  genera t ing  e l e c t r i c i t y  i nco rpo ra ted  much o f  t he  

exper ience o f  l o n g  t ime  dea le rs  o f  water  purr~ping machines. S t i l l  guided by 

i n t u i t i v e  f e e l i n g s  and " r u l e s  o f  thumb," r a t h e r  than  data c o l l e c t i o n  and 

reduc t ion ,  s i t i n g  g u i d e l i n e s  were descr ibed  i n  owner 's manuals. 

Genera l l y  i n  t he  s a l e  o f  e l e c t r i c a l  genera t ion  systems, no rep resen ta t i ons  

were made about s p e c i f i c  performance. Whi le manufacturers c la imed performance 

(e.g., 500 kWh/mo f o r  Model X ) ,  dea le rs  s o l d  t he  machines on exper ience ga ined 

l o c a l l y .  Dealers s o l d  a  WECS t o  charge a  g iven  number o f  b a t t e r i e s ,  o r  t o  

power a  c e r t a i n  number o f  l i g h t s .  No c la ims  were made rega rd ing  ac tua l  energy 

p roduc t ion .  

Response t o  ques t ion  3  o f  t h e  s i t i n g  ques t i onna i re  i n d i c a t e s  t h a t  i n  t h e  

pas t  WECS f o r  e l e c t r i c a l  genera t ion  were expected t o  p rov ide  power p r i m a r i l y  

f o r  r a d i o s  and home appl iances us ing  b a t t e r i e s  as t h e  s torage medium. Most o f  

these systems were i n s t a l l e d  by t h e  owner on a  tower w i t h  a  h e i g h t  o f  30 t o  

50 f t (see Quest ions 6 and 7, Appendix B ) .  From ques t ion  18 i t  was found t h a t  

a  m a j o r i t y  o f  t he  respondents (73%) were s a t i s f i e d  w i t h  t h e  ope ra t i on  o f  t h e i r  

system, i n  t h a t  i t  prov ided  as much power as was expected p rev ious  t o  

i n s t a l  l a t i o n .  

4.3 Cur ren t  WECS S i t i n g  Guide1 i nes  

As s t a t e d  be fo re ,  manufacturers o f  WECS g e n e r a l l y  o f f e r  some form o f  

s i t i n g  gu ide l i nes .  Table 2  summarizes t h e  s i t i n g  recommendations o f  e i g h t  
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pas t  and p resen t  WECS manufacturers  and d i s t r i b u t o r s .  The complete s e t  o f  

g u i d e l i n e s  f rom which t he  summary was drawn i s  con ta ined  i n  Appendix D. The 

s i t i n g  gu ide l i nes  g e n e r a l l y  recorrllnend t h a t  WECS be i n s t a l l e d  20 f t  o r  more 

above obs tac les  w i t h i n  a  r a d i u s  o f  300 t o  500 ft. 

4.4 Fu tu re  S i t i n g  Gu ide l ines  

As t he  c a p i t a l  investment  r e q u i r e d  f o r  WECS increases,  s e l e c t i n g  t he  

proper  i n s t a l l a t i o n  s i t e  and e v a l u a t i n g  t he  probable o u t p u t  become i n c r e a s i n g l y  

impor tan t .  Approx imate ly  60% o f  those i n d i v i d u a l s  answering ques t ion  9 o f  t h e  

ques t i onna i re  i n d i c a t e d  t h a t  they knew t h e  wind speed i n  t h e i r  area. However, 

t he  knowledge o f  annual average wind speeds i n  a  g iven area was e i t h e r  non- 

e x i s t e n t  (approx imate ly  75% o f  t h e  ques t ionna i res  re tu rned )  o r  g r o s s l y  over-  

est imated.  For example, a  number o f  people es t imated  t h e i r  annual average 

wind speed t o  be 25 mph, w h i l e  accord ing t o  Na t i ona l  Weather Serv ice Data, 

t he  annual average was a c t u a l l y  11 t o  12 mph f o r  t h e i r  area. 

The responses t o  quest ions 20 and 24 p rov ide  a  guide t o  t he  thoughts  o f  

p o t e n t i a l  WECS users about t h e  s i t i n g  expenses they  a r e  w i l l i n g  t o  accept.  

These responses a r e  shown i n  Table 3. It should be no ted  t h a t  expenses t o  

determine a v a i l a b l e  wind power a r e  more acceptable than those t o  determine 

t h e  bes t  l o c a t i o n  f o r  WECS i n s t a l l a t i o n .  S p e c i f i c a l l y ,  31% o f  t he  respondents 

t o  ques t ion  20 would be w i  11 i n g  t o  spend more than $250 t o  determine wind 

power a v a i l a b i l i t y ,  w h i l e  o n l y  3% o f  those responding t o  ques t ion  24 would be 

w i l l i n g  t o  spend t h a t  much f o r  de te rmin ing  t he  bes t  l o c a t i o n .  However, 

Table 3  shows t h a t  57% o f  t he  respondents t o  ques t ion  24 would spend more than 

$10 t o  determine t h e  b e s t  l o c a t i o n s .  Th is  i n d i c a t e s  t h a t  s imple g u i d e l i n e s  

on s e l e c t i n g  t h e  bes t  l o c a t i o n  would be used. 

The responses t o  quest ions 22 and 23 i n d i c a t e  t h a t  t h e  farm machinery o r  

WECS dea le r  i s  t h e  i n d i v i d u a l  most l i k e l y  t o  be consu l ted  i n  s e l e c t i o n  o f  a  

s p e c i f i c  l o c a t i o n  f o r  WECS, w h i l e  t h e  Nat iona l  Weather Serv ice  i s  most l i k e l y  

t o  be consu l ted  f o r  i n f o r m a t i o n  o f  wind i n  t h e  area. 

By way o f  c o n t r a s t ,  i t  should be noted t h a t  some respondents t o  t he  

ques t i onna i re  answered o n l y  t he  ques t ions  t hey  thought  a p p l i e d  t o  t h e i r  case. 

I n  some o f  these cases, they  f e l t  no need f o r  f u t u r e  s i t i n g  work, perhaps due 



TABLE 3. Responses t o  Quest ions Re1 a t i  ng t o  Acceptable 
S i t i n g  Expenses t o  Determine Wind Power 
A v a i l a b i l i t y  a t  a  Farm and t o  I d e n t i f y  t he  
Best Loca t i on  f o r  a  WECS I n s t a l l a t i o n  on a  
Farm 

Power a t  
S i t i n g  Expense Farm 

< $ I 0  2  7% 

11 -50 2  2  

51 -1 00 10 

Best  S i t e  
on Farm 

43% 

3  7  

9  

8 

2  

1  

t o  success t hey  had had w i t h  a  WFCS i n s t a l l a t i o n .  From a  topographic  stand- 

p o i n t ,  t he  respondents '  conc lus ions may be reasonable, e s p e c i a l l y  when one con- 

s i d e r s  many o f  these i n s t a l l a t i o n s  were i n  f l a t  reg ions  o f  known h i g h  annual 

average winds. 

5. PRINCIPAL FINDINGS 

The p r ima ry  f i n d i n g s  of t h i s  s tudy f o l l o w :  

The p r ima ry  f a c t o r  i n  s e l e c t i n g  t h e  l o c a t i o n  f o r  a  WECS on a  g i ven  s i t e  

was t he  a p p l i c a t i o n  o f  t h e  power. Water pumping machines a re  cons t ra ined  

by t he  a v a i l a b i l i t y  o f  water, and e l e c t r i c  genera t ing  machines cons t ra ined  

by t h e  l o c a t i o n  o f  t h e  b a t t e r i e s .  Th i s  was a m p l i f i e d  by t he  f a c t  t h a t  

most wind e l e c t r i c  systems p r i o r  t o  1945 were low vo l t age  (32 vdc)  , h i g h  

amperage machines r e q u i r i n g  heavy gauge w i re .  

When meteor01 o g i c a l  f a c t o r s  a f f e c t e d  t h e  s e l e c t i o n  o f  machine l o c a t i o n  o r  

tower he igh t ,  such f a c t o r s  were d e a l t  w i t h  on a  bas i s  o f  i n t u i t i v e  under- 

s t and ing  gained f rom years  o f  exper ience, as w e l l  as general  g u i d e l i n e s  

supp l i ed  by  WECS manufacturers .  

With t h e  l o c a t i o n  o f  t h e  ~ i iach ine determined by t h e  a p p l i c a t i o n  o f  t h e  

power, t h e  nex t  f a c t o r  i n  t he  s i t i n g  process was t h e  s e l e c t i o n  o f  tower 

he igh t .  System d i s t r i b u t o r s  i n d i c a t e  t h a t  tower h e i g h t  dec i s i ons  were 



o f t e n  made on the  basis o f  tower cost,  wh i l e  machine owners i n d i c a t e  

t h a t  tower he igh t  was se lec ted  t o  c l e a r  obs t ruc t ions .  

I n  the  a p p l i c a t i o n  o f  wind energy t o  pumping water, some issues t h a t  

a f f e c t e d  s i t e  s e l e c t i o n  and tower he igh t  were non-meteor01 og i ca l  . Among 

these were the  f a c t  t h a t  t h e  tower was used t o  f a c i l i t a t e  the d r i l l i n g  

and casing process, and i n  the  presence o f  abundant water, the  WECS were 

moved t o  s i t e s  the  rancher o r  farmer wanted grazed. 

The w ide l y  app l i ed  r u l e  o f  thumb f o r  s e l e c t i n g  tower he igh t  was t h a t  the  

tower be 15 t o  25 f t  above obs t ruc t i ons  w i t h i n  a 300 t o  500 f t  rad ius .  

The owner's manuals o f  t he  pe r i od  s t a t e  t h a t  d i s s a t i s f a c t i o n  w i t h  per-  

formance i s  p r i m a r i l y  t he  r e s u l t  o f  improper s i t i n g .  

While approximately 95% o f  those responding used wind machines f o r  water 

pumping, n e a r l y  75% o f  those responding i n d i c a t e d  they would l i k e  t o  use 

wind energy f o r  e l e c t r i c a l  a p p l i c a t i o n s  i n  t he  f u t u r e .  

The most o f t e n  c i t e d  source o f  in fo rmat ion  on s i t e  s e l e c t i o n  was the  

WECS sa l  esman o r  dea le r  (53%). 

Quest ionna i re  responses most o f t e n  c i t e d  the  Nat iona l  Weather Serv ice 

(NWS) (35%) as t h e  source of in fo rmat ion  on wind data they would use. 

It i s  unclear  i f  those responding t o  t h e  ques t ionna i re  know how t o  ge t  

data from NWS, what type of data t o  request,  o r  what t o  do w i t h  i t  once 

obtained. 

Current  dealers a r e  us ing low cos t  wind-run, and record ing  anemometers 

t o  a s s i s t  i n  s i t e  se lec t i on .  

6. REFERENCES 

1. P.C. Putnam, Power From the  Wind, Van Nostrand, NY, 1948. 

2. Jacobs Owner's Manual. Ava i l ab le  from North Wind Power Co., Warren, VT. 

3. WinPower Owner's Manual. Ava i l ab le  from the  American Wind Energy 
Assoc ia t ion  (AWEA), B r i  st01 , I N .  

4. A l l i e d  Owner's Manual. Ava i l ab le  from the AWEA. 



5. Dun1 i t e  Owner's Manual. Ava4lable from Enertech, Inc.,  Norwich, VT. 

6. Winco Owner's Manual. A v a i l a b l e  from Winco, Minneapol is,  MN. 

7.  Nor th  Wind Catalogue. A v a i l a b l e  from North Wind Power Co. 

8. Enertech Manual . Ava i l  ab le  from Fnertech, Inc .  

9. Aerowatt  Owner's Manual. A v a i l a b l e  from Pennwalt Corp., Houston, TX. 



APPENDIX A 

LIST OF NEWSPAPERS CARRYING SITING STUDY ADS 

Advertisements were placed in local newspapers in geographic 

regions where WECS were widely used. The purpose was to seek 

sources of information on siting techniques used. The following 

newspapers carried the siting study advertisements. 





LIST OF NEWSPAPERS CARRYING SITING STUDY ADS 

E a s t e r n  and C e n t r a l  Time Zones 

Alabama 
T i m e s  
Demopolis 

N e w s  
Red Bay 

Arkansas  
Sou the rn  S t a n d a r d  Independen t  Express  
Arkade lph i a  C a r l i s l e  C h a r l e s t o n  

Greenwood Democrat Wynne P r o g r e s s  
Greenwood Wynne 

F l o r i d a  
He ra ld  
Havana 

F l o r i d a  F i l e d  R e p o r t  
Or lando  

Georg ia  
Farmer & Consumers The P o u l t r y  T i m e s  
Market  B u l l e t i n  Ga ins iT i l l e  
A t l a n t a  

I l l i n o i s  
Nor thwes te rn  I L  Farmer 
Lena 

I l l i n o i a n  S t a r  
Beardstown 

Iowa 
Iowa Farm Bureau 
Spokesman 
Grundy C e n t e r  

N e w s  
Al tamont  

A d v e r t i s e r  

She lby  County Shopper  Guide 
Ha r l an  

Kansas 
High P l a i n s  J o u r n a l  

Kentucky 
Messenger 
M a d i s o n v i l l e  

Atkinson-Annan 
N e w s  
Atk inson  

Tri-County 
S p e c i a l  
Auburn 

Drovers  J o u r n a l  Capper ' s Weekly 
Kansas C i t y  Topeka 

Commonwealth Greenup News 
J o u r n a l  Greenup 
Somerse t  



Loui s i ana  
S t a r  P l u s  P o i n t  Coupee Banner - 

Hammond New Roads 

Maine 
C o a s t a l  J o u r n a l  
Bath 

F r a n k l i n  J o u r n a l  & Farmington 
Chron ic l e ,  Farmington 

Maryland 
Queene Anne's Record- N e w s  and Farmer 
Observer ,  C e n t e r v i l l e  P r e s t o n  

Massachuset ts  
C h r i s t i a n  Science Moniter  The Cape Codder South Shore N e w s  
Boston Or leans  Rockland 

Michigan 
Holland F la shes  
Al legan  

Review 
Richmond 

Shopper Guide C o u r i e r  
Caro Char levoix  

Farmers Advance 
Camden 

Minnesota 
Norman County Index S e n t i n e l  Scotsman 
Ada B r i c e l y n  Cambridge 

Livewire  
Jackson 

M i s s i s s i p p i  
Moniter-Herald 
Calhoun C i t y  

S e n t i n e l  Tr ibune  
Sanborn Truman 

D e l t a  Farm P r e s s  Itawamba County 
C l a r k s d a l e  T i m e s ,  Fu l ton  

Missour i  
Belton-Granview Shopper Buchanan Co. Farmer and Grower 

- - 

Bel ton  Gaxe t t e ,  F a u c e t t  

S t .  C l a i r  County C o u r i e r  T i m e s  F r e e  P r e s s  
Osceola  Altamont Troy 

Journa l  of Livestock & A g r i c u l t u r a l  
S a i n t  Joseph 

Nebraska 
J o u r n a l  
Crof t o n  

L ives tock  Market Bus iness  
D i g e s t  Farmer 
Norfo lk  S c o t t s b l u f f  



N e w  Hampshire 
Shopper N e w s  
Keene 

New J e r s e y  
R&L Suburban N e w s  
F r a n k l i n  N e w s  

New York 
J e f f e r s o n  County J o u r n a l  
Adams 

Da.iry N e w s  
P e a r l  R i v e r  

North C a r o l i n a  
V i l l a g e  Advocate  
Chapel  H i l l  

H e r a l d  & R u r a l i t e  
S y l v a  

Nor th  Dakota  
A d v e r t i s e r  
Dickenson 

The Forum 
Fargo  

Ohio 
Farmland N e w s  
Archbold  

Oklahoma 
Advocate  
A l l e n  

Lake Keys tone  N e w s  
Mannford 

P e n n s y l v a n i a  
A d v e r t i s e r  
McMurray 

Bucks-Mont C o u r i e r  
H a r l e y s v i l l e  

C i t i z e n  P u b l i s h i n g  
L a c o n i a  

A d v e r t i s e r  
F r a n k l i n v i l l e  

Alb ion-Hol ly  
P e n n y s a v e r  
A l b i o n  

B a l l s t o n  J o u r n a l  
B a l l s t o n  

S o u t h e a s t e r n  T i m e s  
C l a r k t o n  

C o l o n i a l  N e w s  
F r e e h o l d  

A d v e r t i s e r  
Alden 

Money s a v e r  
Shoppers  Guide  
B o l i v a r  

C o u r i e r  
Clemmons 

Dicky County  Leader  Tel ler  
E l l e n d a l e  M i l n o r  

N e w s  
Minot  

F i r e l a n d s  Farmer Farm a n d  D a i r y  
New London Salem 

Logan County N e w s  Grand Lakes  
C r e s c e n t  Shoppers  Guide 

Grove 

Shopping N e w s  o f  L a n c a s t e r  County 
E p h r a t a  

N e w s  L a n c a s t e r  Farming 
L a n c a s t e r  L i t i t z  

Rhode I s l a n d  
N a r r a g a n s e t t  
Wakef i e l d  



South Caro l ina  
S e n t i n e l  
Pickens 

W i l l i s t o n  Bay 
Barnwell 

South Dakota 
Cour i e r  

N e w s  
Westminster 

Record 

Sou theas t e rn  
Farm P r e s s  
Columbia 

Reminder 
Bison Arion Mobridge 

Trader  
P i e r r e  

Tribune R e g i s t e r  Leader 
Tyndal l  White 

Tennessee 
Jackson County S e n t i n e l  Cannon C o u r i e r  Sou theas t e rn  
Gainsboro 

Texas 
N e w s  
Bogata 

Woodbury 

Tr ibune  
C a l v e r t  

Farm Weekly 
Knoxvi l le  

Hopodar 
W e s t  

Southwest Farm P r e s s  Weekly Livestock Texas Ranch 
D a l l a s  Reporter  N e w s  

F o r t  Worth San Antonio 

V i r g i n i a  
Courier-Record Farm & Lives tock  The Chron ic l e s  
Blackstone 

W e s t  V i r g i n i a  
Calhoun Chron ic l e  
G r a n t s v i l l e  

Boyce o f  t h e  Horse 
Middleberg 

The Va l l ey  Diges t  Advocate 
Lewisberg Parsons 

Wisconsin 
Wild River  A d v e r t i s e r  En te rp r i se -Hera ld  Times 
F r e d e r i c  Luck P e s h t i g o  

Wisconsin S t a t e  Farmer Badger Farm Bureau Home N e w s  
Waupaca N e w s ,  .Madison Spr ing  Green 

Manitoba 
F ree  P r e s s  Report  on  arming 

Saskatchewan 
Western Producer  

O n t a r i o  
Western O n t a r i o  Farmer 

N e w  Brunswick 
Gleaner  - 



Rocky Mountain Time Zone 

Arizona 
Apache Sen t ine l  
Apache Junct ion 

Tombstone Epitaph 
Tombs tone  

Buckeye Val ley  Eas tern  Arizona 
N e w s ,  Buckeye Cour ie r ,  Sa f fo rd  

News-Enterprise 
Yuma 

Colorado 
Adams County Standard  Record Stockman E n t e r p r i s e  - 

Brighton Denver Holoyoke 

Arkansas Val ley  J o u r n a l  Pioneer  
La J u n t a  Yuma 

Idaho 
Eas tern  Idaho Farmer The Owhee Nugget C i t i z e n  
Idaho F a l l s  Marsing Pres ton  

Montana 
Montevyo News 
B i l l i n g s  

Pioneer  
Ronan 

Herald 
Sidney 

Madisonian 
Vi rg in ia  C i t y  

New Mexico 
Sandoval County Progress  Mid Valley Observer Round-up 
B e r n a l i l l o  Cor ra les  Unive r s i ty  

Park 
Utah 

Mi l l a rd  County Progress  C l e a r f i e l d  Cour ier  Express 
F i l lmore  ROY Vernal 

Wyominq 
P a l a t t e  County Record Pos t  Guide Review 
Times, wheatland Pine  B l u f f s  Lingle  

North Wyoming News 
Worland 





APPENDIX B 

SAMPLE QUESTIONNAIRE AND RESPONSES 

The following pages present a sample of the questionnaire 

that was sent to respondees of the newspaper ads. Responses to 

the questions are tabulated by both number and as a percentage 

of the total responses. 

Discrepancies in the totals of the responses per question 

can be found. For example, it would appear that the total num- 

ber of responses in question 10 should equal the total number of 

responses in portion (a) of question 9, but they do not. There 

are a few other discrepancies of this type. It was found by 

reviewing the original questionnaires that some had more than 

one answer checked off for certain questions, while others were 

not answered at all. Tabulation was made by considering number 

of responses to a specific question. No attempt was made to 

adjust responses to make totals agree. 





AMERICAN WIKD ENERGY ASSOCIATION SITING STUDY QUESTIONNAIRE 

1. Person completing this questionnaire: 

Name : 

Address : 

C i t y ,  S t a t e ,  Zip Code: 

Telephone: 

2.  Locat ion o f  windmill  (if d i f f e r e n t  from above) : 

Address : 

C i t y ,  S t a t e :  

3. What d i d  you use your windmil l  f o r ?  

RESPONSES % OF RESPONSES 

a. water  pumping 4 3 2 4 %  

b. r a d i o  29 16% 

c.  home app l i ances  66 37% 

d. farm equipment ( e l e c t r i c a l )  21 12% 

e .  farm equipment (mechanical)  2 1% 

f .  o t h e r  ( p l e a s e  s p e c i f y )  18  10% 

4 .  Who was t h e  manufacturer? 

a .  Aeromotor 164 57% 

b. Dempster 8 3% 

c. He l l e r -Al le r  2 1% 

d. Halladay 0 0% 

e.  Bucknell  0 0% 

f .  Jacobs 49 17% 

g. Wincharger 17  6% 

h. A l l i e d  0 0% 



RESPONSES 

i. Dyna Technology 5  

j .  Winco 0 

k. Aerodyne 0 

1. R u r a l i t e  0 

m. Nelson 0 

n. Delco 0  

o. A i r  E l e c t r i c  1 

p. Paris-Dunn 0 

q .  Pe rk ins  1 

r. Hebco 0 

s .  Wind Xing 0 

t .  Dunl i t e  25 

u. E l e k t r o  4 

v. o t h e r  ( s p e c i f y )  1 0  

w.  d o n ' t  remember 3 

5. When was your windmill installed? 

month y e a r  

6 .  Who i n s t a l l e d  it? 

a .  y o u r s e l f  

b .  previous  owner 

c .  salesman o r  d i s t r i b u t o r  

d. manufacturer  

e .  c o n t r a c t o r  

f .  o t h e r  ( p l e a s e  s p e c i f y )  

% OF RESPOEJSES 



RESPONSES % O F  RESPONSES 

7. How h igh  was t h e  tower? 

a .  30 f t .  o r  less 38 33% 

c. o v e r 5 0  f t .  32 27% 

d. e x a c t l y  f t .  

8. How was t h e  tower h e i g h t  s e l e c t e d ?  

a .  c o s t  2 2  15% 

b. t h a t ' s  a l l  t h a t  was 
a v a i l a b l e  

c. t o  c l e a r  o b s t r u c t i o n s  66 4 4 %  

d .  i n s t a l l e r s  recommendation 2 1% 

e. manufac turers  recommendation 21 1 4 %  

f .  o t h e r  ( p l e a s e  s p e c i f y )  17 11% 

9. Did (do)  you know t h e  average  wind speed i n  your  a rea?  

a .  y e s  79 59% 

1 0 .  I f  t h e  answer i s  y e s ,  how d i d  you l e a r n  what t h e  wind 
speed  was? 

a .  from wind measurements 15  15% 

b. l o c a l  wind d a t a  ( f o r  example, 
an a i r p o r t )  58 

c. from a  ne ighbor  

d .  from t h e  windmil l  i n s t a l l e r  
o r  salesman 16 

e. o t h e r  ( p l e a s e  s p e c i f y )  7 7% 

11. What t y p e  of  l a n d  w a s  ( i s )  t h e  windmil l  l o c a t e d  on? 

a .  h i l l y  50 35% 



b. f l a t  

RESPONSES % OF RESPONSES 

53 36% 

c. trees o v e r  50 f t .  18 12% 

d. trees under  50 f t .  18 12% 

e. o t h e r  ( p l e a s e  s p e c i f y )  7 5% 

12.  Did t h i s  i n f l u e n c e  where you p u t  t h e  windmi l l ,  and 
i f  s o ,  how? 

13.  Did t h e  u s e  o f  t h e  energy produced i n f l u e n c e  windmi l l  
l o c a t i o n ,  and i f  s o ,  how? 

a .  l o c a t i o n  of  w e l l  29 22% 

b .  where t h e  power was t o  be  
used 69 

c. l o c a t i o n  o f  b u i l d i n g s  30 22% 

d.  o t h e r  6  4 % 

1 4 .  What o t h e r  f a c t o r s  a f f e c t e d  t h e  l o c a t i o n  of t h e  
windmi l l?  

a .  f ami ly  wishes  19 20% 

b. tower h e i g h t  

c .  c o s t  

d .  l e g a l  c o n s i d e r a t i o n s  5  5% 

e. o t h e r  18 19% 

15 .  How long  was your  windmil l  i n  o p e r a t i o n ?  

months y e a r s  

16.  How o f t e n  d i d  it r e q u i r e  na in t enance?  

a .  more t h a n  once a  y e a r  33 

b. once a  y e a r  o r  less 50 

C.  neve r  1 3  



RESPONSES % O F  RESPONSES 

17 .  What k i n d  o f  maintenance d i d  i t  r e q u i r e ?  

a .  l u b r i c a t i o n  

b. rep lacement  o f  p a r t s  

c .  o t h e r  10 9% 

18.  Were you s a t i s f i e d  w i t h  i t s  o p e r a t i o n ?  

a .  produced a s  much power a s  
e x p e c t e d  85 

b. d i d  n o t  produce enough power 1 3  

c .  b roke  down o f t e n  16 

d. o t h e r  2  

19 .  Why d i d  you s t o p  u s i n g  t h e  windmi l l?  

a .  b roke  down i n  h igh  winds 
(how s t r o n g  do you t h i n k  t h e  
winds were?)  3  

b. b roke  i n  normal o p e r a t i o n  7  6% 

c .  was v a n d a l i z e d  0  0% 

d. no l o n g e r  needed t h e  power 31  26% 

e .  s t i l l  u s i n g  i t  67 56% 

f .  o t h e r  12 10% 

Th i s  space  i s  p rov ided  f o r  any a d d i t i o n a l  comments you might 
have,  o r  i f  t h e r e  was n o t  enough s p a c e  t o  answer t h e  q u e s t i o n .  

I n  answering q u e s t i o n s  20-26, assume t h a t  you a r e  c o n s i d e r i n g  
pu rchas ing  a  w indmi l l  a t  t h e  p r e s e n t  t i m e .  

20. What would you be  w i l l i n g  t o  spend  t o  de te rmine  t h e  wind 
power a v a i l a b l e  a t  your  farm? 

a .  l e s s  t h a n  $10 34 28% 
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f .  more t h a n  $500 8  6% 

21. Where would you go f i r s t  f o r  i n fo rma t ion  on windmi l l s ?  

a .  a g r i c u l t u r a l  e x t e n s i o n  a g e n t  1 4  10% 

b. f a r m e r s  o r g a n i z a t i o n  such  
a s  t h e  Grange o r  Farm Bureau 6  

c. farm machinery d e a l e r  0  0% 

d .  w indmi l l  d e a l e r  77 58% 

e. o t h e r  ( p l e a s e  s p e c i f y )  16 12% 

f .  d o n ' t  know 20 15% 

22. Where would you go f i r s t  f o r  i n fo rma t ion  on t h e  wind 
i n  your  a r e a ?  

a .  c l o s e s t  a i r p o r t  27 19% 

b. National Weather Service 50 3 4 %  

c. windmi l l  d e a l e r  27 1 9 %  

d. I have  my own wind i n s t r u m e n t s  17  12% 

e. o t h e r  ( p l e a s e  s p e c i f y )  10 7% 

f .  d o n ' t  know 13  9% 

23. Where would you go f i r s t  f o r  i n f o r m a t i o n  on s e l e c t i o n  
of  a  s p e c i f i c  l o c a t i o n  f o r  t h e  windmil l  t o  g a i n  t h e  most 
wind power? 

a .  a g r i c u l t u r a l  e x t e n s i o n  a g e n t  9  7% 

b. farm o rgan iza t5on  0  0% 

c. farm machinery o r  windmi l l  
d e a l e r  62 
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d.  Na t iona l  Weather S e r v i c e  15  11% 

e. m e t e o r o l o g i s t  3 2% 

f .  o t h e r  ( p l e a s e  s p e c i f y )  11 9% 

g. d o n ' t  know 17 13% 

h. would n o t  se lect  l o c a t i o n  
on t h e  b a s i s  o f  wind power 15  

24. How much would you b e  w i l l i n g  t o  spend t o  i d e n t i f y  t h e  
l o c a t i o n  which would p rov ide  t h e  most wind power? 

a .  less t h a n  $10 38 43% 

f .  more t h a n  $500 1 1% 

2 5 .  What s i z e  windmi l l  would you want? 

a .  less t h a n  5 kW 27 

e. more t h a n  100 kW 

f . don' t know 

26. What would you use  a windmil l  f o r ?  

a .  pump w a t e r  27 

b.  produce e l e c t r i c i t y  f o r  
i r r i g a t i o n  7 

c. produce e l e c t r i c i t y  f o r  
home u s e  104 
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d. o t h e r  ( p l e a s e  s p e c i f y )  12 8% 

e. don'  t know 2  1% 

27. Do you know o f  a  d e a l e r  who s e l l s  windmi l l s  f o r  
pumping wa te r?  

a .  y e s  61 

28. Do you know of  a  d e a l e r  who se l l s  windmi l l s  f o r  
g e n e r a t i n g  e l e c t r i c a l  power? 

a .  y e s  80 61% 

29. A r e  you  aware o f  any governmenta l  programs s u p p o r t i n g  
wind ene rgy  r e s e a r c h  and development? 

a .  y e s  80 63% 

30. Would you b e  w i l l i n g  t o  p a r t i c i p a t e  i n  f u t u r e  s t u d i e s  
r e g a r d i n g  t h e  use  o f  wind energy?  

a .  y e s  101  81% 

T h i s  s p a c e  i s  p rov ided  f o r  any a d d i t i o n a l  comments you might 
have ,  o r  i f  t h e r e  was n o t  enough space  t o  answer q u e s t i o n s  
20-30.  



APPENDIX C 

PAST AND PRESENT WECS DISTRIBUTORS 

Siting information was sought from past and present WECS 

distributors. The following presents a list of distributors 

contacted. 





PAST AND PRESENT WECS DISTRIBUTORS 

E n e r t e c h  
P. 0. Box 420 
Norwich, VT 05055 

American Wind T u r b i n e  
1016 E. A i r p o r t  Rd. 
S t i l l w a t e r ,  OK 74074 

WinPower 
1 2 0 7  E .  Avenue 
Newton, I A  50208  

W i n d l i t e  A l a s k a  
Box 43 
Anchorage, AK 99510 

R e a l  Gas & E l e c t r i c  
P. 0.  Box A 
G u e r n e v i l l e ,  CA 94306 

Sencenbaugh Wind E l e c t r i c  
P. 0. Box 11174 
P a l o  A l t o ,  CA 94306 

Env i ronmenta l  E n e r g i e s  
F r o n t  S t r e e t  
Copemish, M I  49625 

B r i s t o l  A e r o s p a c e  LTD. 
P. 0. Box 874 
Winnipeg, Mani toba  
Canada R3C 2B4 

ARCRAD L t d .  
150 Consumers Rd. 
Wi l lowda le ,  O n t a r i o  
Canada M2J 1T9 

H.  J. Godwin L t d .  
Quen ing ton  G l a u s  . 
England GL7 5BX 

J. T a y l o r  
88 H u l l  Rd. 
Woodaansey, E a s t  Y o r k s h i r e  
England HU17 OTH 

W a l t e r  S c h o e n b a l l  
45 Geneve 1 2 1 1  
S w i t z e r l a n d  

Energy A l t e r n a t i v e s  
P .  0. Box 233 
L e v e r e t t ,  MA 01054 

I n d e p e n d e n t  Energy Systems 
6043 S t e r r e t t a n i a  Rd. 
F a i r v i e w ,  PA 16415 

N o r t h  Wind Power 
Box 315 
Warren,  VT 

Bob Dodge Automat ic  Power 
Pennwal t  Corp. 
213 Hutcheson S t r e e t  
Houston,  TX 77023 

Grumman Aerospace  Corp. 
4175 V e t e r a n s  Memorial  Hwy. 
Ronkon Koma, NY 11779 

Eominion Aluminum F a b r i c a t i o n  
3570 Hawkestone Road 
M i s s i s s a u g a ,  O n t a r i o  L5C 2V8 

Q u i r k ' s  V i c t o r y  L i g h t  C o .  
33 F a i r w e a t h e r  S t .  
B e l l e v u e  H i l l ,  N.S.W. 
A u s t r a l i a  

Enag S.A. Rue de Pon t -1 '  Abbe 
Quimper ( F i n i s t e r e )  
F r a n c e  

Aerowat t  S.A. 
37 Rue Chanzy 
75 - P a r i s  lle F r a n c e  

D u n l i t e  E l e c t r i c a l  
Div.  o f  Pye I n d u s t r i e s  
2 1  Fromrne S t r e e t  
A d e l a i d e  5000,  A u s t r a l i a  



E l e k t r o  G.m.b.H. 
Win te r thu r  
S t .  G a l l e r s t r a s s e  27, Schweiz 

Dyna Technology 
E c o l o g i c a l  S c i e n c e  corp .  
Sioux C i t y ,  I A  51102 

Repai r  Works 
Taiwan Power Company 
61-Yuh Cheng S t .  
N a  n-Kong, T a i p e i  
Taiwan 

Cy t ra ,  I n c .  
Abrosio  Bldg. 
Buendia, Cor B a n t i s t a  Makati 
P h i l l i p i n e s  

Westwind Development 
108 Wedgewood Drive 
Calgary ,  A l b e r t a  T3C 3G6 

P a r  I n d u s t r i a l  C o n t r a c t o r s  
P. 0 .  Box 2328 
P r i n c e  George, B.C. 

Bugden & Associates 
72 Broadview Avenue 
P o i n t e  Cla i re ,  P.Q. 
Canada H9R 324 

Dempster I n d u s t r i e s  
711 S. 6  
B e a t r i c e ,  NB 

Aermotor Div. o f  Braden Ind.  
800 F.  D a l l a s  S t .  
Broken Arrow, OK 74012 

Maschinenfabr ik  
Ludwig Bening 
2847 Barns to r f  
P. 0 .  Box 1 7 1  
Germany 

Aetna S t e e l  I n d u s t r i e s  
613 Roman Santos  Bldg. 
P l a z a  C o i t i ,  Manila 
P h i l l i p i n e s  

The Wind Turb ine  C o .  o f  Canada 
George F l e t c h e r  S a l e s  
E lmi ra ,  O n t a r i o  

I n t e r n a t i o n a l  Aeradio 
70 Don Park Rd., U n i t  1 5  
Markham, O n t a r i o  L3R 1 G 4  

HPL Engineer ing  
4 Cessar Avenue 
Kemptu i l le ,  O n t a r i o  
Canada KOG 1 J O  



APPENDIX D 

SITING GUIDELINES 

A review was made of siting guidelines offered by WECS 

distributors. Pertinent excerpts taken from owners' manuals 

of several distributors follow. 





SITING GUIDELINES 

J a c o b s  Wind E l ec t r i c  

J a c o b s  Wind E l e c t r i c  sys tems  were manufac tu red  i n  

Minneso ta  from 1931-1956. T h i s  company was t h e  l a r g e s t  

( d o l l a r  volume) m a n u f a c t u r e r  o f  wind machines  o f  t h a t  p e r i o d .  

Of t h e  e l e c t r i c a l  g e n e r a t i n g  machines s u r v e y e d ,  46% were 

J a c o b s .  The d i a m e t e r  o f  t h e s e  g e n e r a t o r s  was a  nominal  1 4  

f e e t ,  and t h e  e l e c t r i c a l  c a p a c i t i e s  r a n g e d  f r 0 m . 1 ~ 8 0 0  w a t t s  

t o  3 ,000 w a t t s .  It i s  t h o u g h t  t h a t  t h e  s u c c e s s  o f  t h e  J a c o b s  

m z r k e t i n g  e f f o r t  was due  l a r g e l y  t o  h i s  e f f o r t s  t o  s e l l  a l l  

t h e  subsys tems :  s t o r a g e ,  t o w e r s ,  a p p l i a n c e s ,  e t c . ,  w i t h  h i s  

u n i t s .  

The recommendations e x t r a c t e d  from t h e  owner ' s  manual:  

"The tower  s h o u l d  b e  on  t h e  h i g h e s t  ground n e a r  t h e  
b a t t e r i e s .  The tower  s h o u l d  b e  o f  s u f f i c i e n t  h e i a h t  
t o  p l a c e  t h e  p l a n t  w e l l  above a l l  s u r r o u n d i n g  trees 
and b u i l d i n g s  by n o t  less t h a n  20 f e e t .  Don ' t  s a c r i -  
f i c e  a  h i g h e r  and b e t t e r  l o c a t i o n  j u s t  t o  s a v e  a  few 
f e e t  o f  w i r e .  Remember, t h e  p l a n t  must  be  i n s t a l l e d  
where it w i l l  b e  above s u r r o u n d i n g  trees and b u i l d i n g s ,  
because  i n s t a l l i n g  it  100 o r  200 f e e t  away w i l l  n o t  
e l i m i n a t e  t h e  e f f e c t  o f  o b s t r u c t i o n s  o n  t h e  wind . 

c u r r e n t s . "  

Wind Power Manufac tu r i ng  Company 

Wind Power s o l d  WinPower wind g e n e r a t o r s  from 1932-1956. 

T h i s  company bought  o u t  Paris-Dunn and R u r a l i t e  ( s m a l l e r  wind 

e l ec t r i c  m a n u f a c t u r e r s )  i n  t h e  1 9 3 0 ' s  and a t  i t s  peak had 140 

d i s t r i b u t o r s .  Twenty t o  twen ty- f ive  p e r c e n t  of t h e i r  b u s i n e s s  

was e x p o r t ,  w i t h  Argent ina  be ing  t h e  l a r g e s t  impor t e r .  They 



had s p e c i a l  i n s t a l l a t i o n  crews and t h e i r  own f inance  company. 

They re fused  t o  f inance  customers who would not fol low t h e i r  

recommendation and found t h a t  t h e  g r e a t e s t  problem was con- 

v i n c i n g  fa rmers  t o  purchase  a  tower o f  s u f f i c i e n t  h e i g h t .  

The WinPower was 1 2  f e e t  i n  d i ame te r  and had e i t h e r  1250 w a t t  

o r  1800 w a t t  g e n e r a t o r s .  

The recommendation on s i t i n g  i n  t h e  owner 's  manual was: 

"The i l l u s t r a t i o n  (F igure  D - I )  shows why t h e  tower  must 
be f u l l y  20 f e e t  h i g h e r  t h a n  a l l  trees o r  o b s t r u c t i o n s  
w i t h i n . 5 0 0  f e e t .  I f  n o t ,  t h e  amount of  power produced 
w i l l  be  d r a s t i c a l l y  reduced and l i t t l e  b e n e f i t  w i l l  
be s e c u r e d  i n  t h e  l i g h t e r  winds. The tower  s h o u l d  be  
l o c a t e d  on t h e  h i g h e s t  ground a v a i l a b l e ,  p r e f e r a b l y  
n o t  o v e r  200 f e e t  from t h e  b a t t e r i e s . "  

A l l i e d  Wind E l e c t r i c  

The exac t  d a t e s  of manufacture of t h e  Al l i ed  Wind Elec- 

t r i c  P l a n t s  based i n  Spencer, Iowa, a r e  not  c l e a r .  They began 

i n  t h e  e a r l y  1 9 3 0 ' s  and o p e r a t e d  u n t i l  t h e  l a t e  1940 ' s  when 

they  w e r e  purchased  by Jacobs  Wind ~ l e c t r i c .  Many o f  t h e  de- 

s i g n  f e a t u r e s  o f  t h e  A l l i e d  machines w e r e  l a t e r  i n c o r p o r a t e d  

i n  Jacobs  wind p l a n t s .  These machines w e r e  a  nominal 1 2  f e e t  

i n  d iameter  and w e r e  s u p p l i e d  w i t h  1200 w a t t  o r  1600 w a t t  

g e n e r a t o r s .  

S i t i n g  recommendations from t h e  owner 's  manual r e a d :  

"Before  s t a r t i n g  t o  i n s t a l l  your  A l l i e d  Wind E lec t r ic  
P l a n t ,  recheck  t h e  l o c a t i o n  and h e i g h t  of your  tower  
t o  b e  s u r e  t h a t  when t h e  tower i s  e r e c t e d  and t h e  p l a n t  
i n s t a l l e d ,  it w i l l  n o t  be less t h a n  25 f e e t  above 
a l l  o b s t r u c t i o n s  w i t h i n  a  500-1000 f o o t  r a d i u s .  T h i s  
i s  i m p o r t a n t  a s  t h e  monthly o u t p u t  of  your  p l a n t  can  
be  reduced 1 / 4  t o  a s  much a s  1 / 2  i t s  r e g u l a r  o u t p u t  



SLOPING ROOFS WILL  
TH l  S CAN BE AVOIDED 

DEFLECT WlND CURRENTS 
B Y  SETTING T W E R  I N  

OVER A TOWER. 
LINE WITH RIDGE OF 

2 0 R .  1 
10 fl. I 

D R .  1 

A I R  CURRENTS JUST ABOVE TREES 
w 

WHY 20 FOOT 
OR OTHER OBSTRUCT1 Cl'JS ARE CLEARANCE l S 
URBULENT AND SHIFTY. THEY ARE ABSOLUTELY 

D l  RECT AND MORE P0L';ERFUL 20  NECESSARY. 

I 

I 

A I R  CURliEbTS WILL  RISE'TO PASS OVER OBSTRUCTIONS 
BEYOND iO!'/ER AND REDUCE THE EFFICIENCY EVEN THOUGH 
THERE I S  NO OBSTRUCTION I N  DIRECTION OF WINO. 

LOCATION I N  DEEP VALLEY M A Y  GIVE GO E WHEN WIND I S  ONE OR TWO 
DIRECTIONS BUT NOT I N  ALL DIRECTIONS. WHICH I S  ESSENTIAL. 

F IGURE D-I. Suggest ions f o r  t h e  Proper L o c a t i o n  o f  
Your Tower (based on Winpower d raw inq)  



i f  2 row of trees o r  a  b i g  barn  can d e f l e c t  t h e  wind 
c u r r e n t s  be fo re  they  r e a c h  your  p l a n t .  The added c o s t  
o f  a h i g h e r  tower w i l l  b e  many t i m e s  r e p a i d  i n  t h e  
g r e a t e r  monthly o u t p u t  of  your  p l a n t  y e a r  a f t e r  y e a r .  
Remember, a  wind e l e c t r i c  p l a n t  depends on t h e  wind f o r  
i t s  power. Don' t  reduce  i t s  o u t p u t  and handicap i t s  
performance by f a i l i n g  t o  p l a c e  it i n  a  f a v o r a b l e  
l o c a t i o n .  

The s t a n d a r d  d i s t a n c e  f o r  t h e  tower l o c a t i o n  i s  90 
t o  100 f e e t  from t h e  basement o r  b a t t e r i e s ,  b u t  i f  
h i g h e r  ground and b e t t e r  wind c u r r e n t s  can be s e c u r e d  
a t  150 t o  200 f e e t ,  a d d i t i o n a l  hook-up w i r e  shou ld  
be  s e c u r e d  and t h e  tower s e t  a t  t h e  b e t t e r  wind loca-  
t i o n .  " 

Aerowatt ,  S .A. 

Aerowatt  machines a r e  manufactured i n  France ,  p r i m a r i l y  

f o r  remote power a p p l i c a t i o n s .  The c a p a c i t y  of t h e s e  u n i t s  

ranges from 2 4  w a t t s  t o  4 , 1 0 0  wa t t s .  The emphasis i n  t h e  

design i s  on extreme d u r a b i l i t y  i n  h o s t i l e  environments. A 

primary a p p l i c a t i o n  i s  n a v i g a t i o n a l  a i d s ,  where t h e  t r a d i -  

t i o n a l  power supply i s  pr imary b a t t e r i e s  t h a t  produce power 

a t  a  c o s t  of roughly $2O/kWh. Aerowatt has approximately 

1 0 0  machines i n  s e r v i c e  around t h e  world and 2 0  i n  t h i s  

c o u n t r y ,  p r i m a r i l y  i n  t h e  Gulf o f  Mexico. System s i z e  i s  

based on annua l  energy p r o d u c t i o n ,  w i th  a  2  t o  2.5 s a f e t y  f a c -  

t o r  i n  terms of  energy p roduc t ion  c a p a c i t y .  I n  t h e  Gulf of 

Mexico a p p l i c a t i o n s ,  annual  ave rage  wind speeds a r e  w e l l  

known. Tower h e i g h t  i s  n o t  an i s s u e  i n  t h a t  t h e  machines a r e  

mounted on p la t fo rms  w e l l  above t h e  s u r f a c e  of  t h e  w a t e r ,  

o f t e n  100 f e e t  o r  more. S i t e  a n a l y s i s  i s  n o t  performed i n  

t h e s e  a p p l i c a t i o n s  excep t  f o r  a  p r e d i c t i o n  of annual  energy 

p roduc t ion .  



The siting guidelines that are given in the company manual : 

"The operation of a wind generator is a function of the 
quality of the installation. Wind generators must be 
installed on supporting structures which insure clear- 
ance of neighboring obstacles and so place them in a 
purely laminar wind stream. 

"For example, a cylindrical obstacle will create whirl- 
winds with a rotation axis parallel to the cylinder, and 
which will exist up to a distance equal to ten times the 
obstacle diameter. 

"Another example is found on the top of cliffs, or the 
summit of slopes where rising air currents produce 
whirlwinds with a horizontal axis and which can reach 
high altitudes. 

"When testing a site, a qualitative method consists in 
bringing in one way or another, ribbons 1 or 2 meters 
long, at the height at which the wind generator will 
be installed. The way the ribbons react will rapidly 
show whether the airflow is laminar or boisterous. 

"Aerowatt can only guarantee its equipment if they have 
been correctly installed. For this purpose, send 
Aerowatt a survey of the ground area chosen for the 
wind generator site over a radius of 100 to 200 meters. 
Aerowatt will then let the user know if it agrees with 
the location." 

Dunlite 

The Dunlite, manufactured in Australia, has been the 

largest selling wind machine in recent years. Approximately 

23% of the installations surveyed were Dunlites. The reason 

for this lies primarily in the comparatively low cost. These 

machines are a nominal 12 feet in diameter and have a 2,000 

watt electrical capacity. 

The siting recommendations given in the owner's manual: 

"Examine the proposed site to make sure that the plant 
will receive the maximum force of the prevailing wind 
for the particular area. 



"Most of the criticism of unsatisfactory operation of a 
wind driven plant is due to their installation in an 
unsuitable position or low towers. 

"Maximum efficiency is only possible where the plant 
operates in a clear and steady airstream. 

It is essential that the plant is at least 15-20 feet 
clear of all obstacles (buildings, trees, etc.) and 
the tower is sufficient height to reduce ground dis- 
turbance - a minimum of 40 feet is recommended. 
"Make sure that the plant is at least placed between 
the direction of prevailing winds and any buildings, 
etc. Any object higher than the plant will cause a 
disturbance in air flow for approximately 300 yards 
in front of the plant and 50-100 yeards behind the plant. 

"In hilly areas it is better to place the plant 200-300 
yards away from the building housing the batteries and 
control equipment if a better wind location is thus 
obtained. 

"The steadier the air flow in which the plant is oper- 
ating, the higher the average output, and the less strain 
is placed on the plant due to the frequent changes in 
wind direction. " 

Winco 

Winco, a division of Dyna Technology in Sioux City, Iowa, 

manufactures a small wind system used for battery charging 

applications. This machine is 6 feet in diameter and pro- 

duces 200 watts. Winco is the only manufacturer in operation 

today from the pre-REA period. 

Their siting recommendations, taken from the owner's manual: 

"For good performance, it is necessary that the wind 
driven generator be mounted where the wind from all 
directions has an uninterrupted flow to the propeller. 
Any obstruction such as trees, hills, or buildings, 
even though they are somewhat lower than the charger, 
will set up rough air currents that seriously decrease 
the generator output. These 'rough' air currents have 
lost a large part of their power and are continually 
shifting from one direction to another and also shift 
upward or downward. They also tend to increase 



v i b r a t i o n .  A l l  t h e s e  f a c t o r s  should be considered i n  
s e l e c t i n g  a  s a t i s f a c t o r y  l o c a t i o n  f o r  t h e  charger .  The 
h i g h e r  t h e  cha rge r  t h e  b e t t e r ,  f o r  t h e  a i r  c u r r e n t s  a r e  
smoother and s t e a d i e r  f u r t h e r  from t h e  ground. For 
good o p e r a t i o n ,  t h e  c h a r g e r  should  b e  mounted a t  l e a s t  
15 f e e t  above any o b s t r u c t i o n s  w i t h i n  4 0 0  f e e t .  

" I f  t h e  charger  cannot be mounted any higher  than sur-  
rounding o b s t r u c t i o n s ,  it should be more than 4 0 0  f e e t  
from t h e s e  o b s t r u c t i o n s .  I f  t h e  cha rge r  cannot  be 
mounted a s  h igh  a s  t h e  su r round ing  o b s t r u c t i o n s ,  it 
should  be p laced  a t  l e a s t  800 f e e t  from t h e s e  obs t ruc -  
t i o n s .  Nei ther  o f  t h e s e  i n s t a l l a t i o n s  a r e  recommended 
i n  p r e f e r e n c e  t o  an i n s t a l l a t i o n  i n  which t h e  cha rge r  
i s  mounted cons ide rab ly  above t h e  o b s t r u c t i o n .  They 
a r e  merely s u b s t i t u t e s  f o r  t h e  b e t t e r  t y p e  i n s t a l l a t i o n .  

"Another important f a c t  t o  remember i s  t h a t  t h e  charger  
should be mounted a s  c l o s e  t o  t h e  b a t t e r y  a s  poss ib l e .  
The f u r t h e r  t h e  c h a r g e r  is  mounted from t h e  b a t t e r y ,  
t h e  g r e a t e r  t h e  l o s s  of energy i n  t h e  w i r e s .  S i n c e  
1 0 0  f e e t  i s  t h e  maximum recommended d i s t a n c e  between 
t h e  c h a r g e r  and t h e  b a t t e r y  and s i n c e  t h e  b a t t e r y  w i l l  
o r d i n a r i l y  be k e p t  i n  t h e  house ,  one of  t h e  methods 
sugges ted  i n  t h i s  book shou ld  be fol lowed t o  mount t h e  
cha rge r  c l o s e  t o  t h e  house and up high enough t o  re- 
c e i v e  an unobs t ruc ted  sweep of t h e  wind. Remember t h a t  
i f  t h e  cha rge r  i s  p l a c e d  f u r t h e r  from t h e  b a t t e r y ,  t h e  
w i r i n g  c o s t  w i l l  be  g r e a t e r  f o r  two reasons :  1) t h e  
w i r e  must be l o n g e r ,  and 2 )  t h e  wi re  must be of l a r g e r  
d iameter .  

" In  case  t h e r e  i s  no way of i n s t a l l i n g  t h e  charger  near 
t h e  house and above surrounding o b s t r u c t i o n s ,  it i s  
p o s s i b l e  t o  i n s t a l l  t h e  c h a r g e r  a t  a  d i s t a n c e  from t h e  
house i n  some unobs t ruc ted  s p o t .  For g r e a t e r  conven- 
i e n c e  it may be  mounted on a two o r  f o u r  wheeled c a r t  
and moved from one l o c a t i o n  t o  another  depending on 
t h e  d i r e c t i o n  of t h e  wind. Unless a  very  heavy c a r t  
is  used ,  t h e  tower shou ld  always b e  guyed t o  p r e v e n t  it 
from blowing over  i n  s t r o n g  winds. The b a t t e r y  i n  t h i s  
c a s e  w i l l  have t o  be t aken  t o  t h e  wind g e n e r a t i n g  p l a n t  
f o r  charg ing .  

"The s e r v i c e  and s a t i s f a c t i o n  of a  wind d r iven  genera tor  
depends so much on t h e  proper l o c a t i o n  t h a t  it cannot be 
emphasized t o o  s t r o n g l y  t h a t  t o  make a  good i n s t a l l a t i o n ,  
it is  a b s o l u t e l y  n e c e s s a r y  t h a t  t h e  cha rge r  n o t  b e  
s h i e l d e d  from t h e  wind i n  any d i r e c t i o n .  



"The top illustration (Figure D-11) shows a type of 
installation superior to either of the other two for 
two reasons: First, the charger is mounted at least 
15 feet higher than any obstructions within 400 feet 
as recommended and second, the charger is mounted 
close to the house on a pole so that no vibration and 
rumble is heard in the house. The first illustration 
is the ideal type, and although a little more difficult, 
the extra time and money spent on this type of instal- 
lation will more than pay for itself in the quiet and 
efficient service it renders. 

"In the second illustration, the installation is better 
than the one shown at the bottom of the page because the 
trees are not as high and the 10 foot tower has been 
used instead of the 5 foot tower. This type of instal- 
lation will give better performance at all times than 
the one illustrated below because the air currents will 
be smoother and steadier. 

"Note in the bottom diagram the surrounding trees are 
higher than the propeller. With high winds this type 
of installation will produce some current, but do not 
expect good results with this type of installation. 
The air currents will be rough and very unsteady, and 
the generator output will be low. " 

NorthWind Power Company 

NorthWind Power Company is one of the major wind machine 

distributors currently in operation in this country. They 

sell reconditioned Jacobs machines and a more recent, small 

(1 kW) machine manufactured by Aero Power. They also offer 

site surveys which consist of recording the wind velocity 

distribution and attempting to develop a correlation with 

existing Weather Bureau data. They sell a variety of anemom- 

etry hardware including a pilot tube-type sensor, wind-run 

recorders, a wind velocity distribution recorder (10 regis- 

ters, 1 minute average), and strip chart recording anemometers. 



F I G U R E  D-11. Types of Charger Loca t ions  
( f r o m  WINCO)  



I n  t h e i r  c a t a l o g u e ,  t hey  o f f e r  t h e  fo l lowing  comments 

on s i t i n g :  

"The s e l e c t i o n  o f  t h e  c o r r e c t  tower h e i g h t  f o r  t h e  wind 
system i s  a  ve ry  i m p o r t a n t  c o n s i d e r a t i o n .  Improper 
tower h e i g h t  o r  l o c a t i o n  can s i g n i f i c a n t l y  l i m i t  t h e  
wind g e n e r a t o r  o u t p u t .  The r u l e  o f  thumb t o  de te rmine  
c o r r e c t  tower h e i g h t  i s  t h a t  t h e  tower should  be  20 
f e e t  above any o b s t r u c t i o n s  w i t h i n  500 f e e t .  Wind 
speeds  a t  4 0  f e e t  above t h e  ground can be a s  much a s  
50% s t r o n g e r  t h a n  ground winds. S ince  t h e  power from 
t h e  wind i s  p r o p o r t i o n a l  t o  t h e  cube of t h e  v e l o c i t y ,  
c o r r e c t  tower h e i g h t  can s i g n i f i c a n t l y  a f f e c t  t h e  num- 
b e r  o f  k i l o w a t t  hours  a  g iven  system w i l l  produce."  

(They a l s o  published a drawing s i m i l a r  t o  Winpower: 
Figure D - 1 1 1 . )  

Ene r t ech ,  I n c .  

Another major d i s t r i b u t ~ r  o f  wind d r i v e n  g e n e r a t o r s  i n  

t h i s  count ry  i s  Enertech.  They d i s t r i b u t e  t h e  Swiss made 

E l e k t r o  ( t h e  l a r g e s t  E l e k t r o  i s  20 f e e t  i n  d iameter  w i t h  a 

10 kW e l e c t r i c a l  c a p a c i t y )  and t h e  D u n l i t e ,  p r e v i o u s l y  men- 

t i o n e d .  I n  response  t o  r e q u e s t s  f o r  i n fo rma t ion  on t h e  use  

of wind ene rgy ,  t hey  have p repa red  a  paper  e n t i t l e d :  

"P lanning  a  Wind Energy Conversion System: Bas ic  P r i n c i p l e s ,  

Components of a  System, E s t i m a t i n g  Wind A v a i l a b i l i t y ,  E s t i -  

mating Power Requirements." 

The s e c t i o n  from t h a t  p u b l i c a t i o n  r e a d s :  

"Regard less  o f  what winds a r e  dominant, c a r e  must be 
t a k e n  t o  s e l e c t  a  s i t e  where t h e r e  w i l l  be t h e  l e a s t  
o b s t r u c t i o n  t o  f r e e  wind f low,  and p a r t i c u l a r l y  t h e  
f r e e  wind flow o f  t h e  10 t o  25 mph winds. Large ob- 
s t r u c t i o n s  such a s  h igh  h i l l s  a r e  l i k e l y  t o  cause  
'wind shadow' r educ ing  t h e  t o t a l  wind a v a i l a b i l i t y .  
Smal le r  o b s t r u c t i o n s  such  a s  houses,  t r e e s ,  and sma l l  
h i l l s  o r  s h a r p l y  r i s i n g  h i l l s  behind t h e  s i t e  a r e  l i k e l y  
t o  cause  e i t h e r  i n t e r f e r e n c e  o r  tu rbu lence ,  impeding 
t h e  usab le  wind flow. 



SLOPING ROOFS WILL  
DEFLECT WIND CURRENTS 
OVER A TOWER. 

WHY 20  FOOT 
OR OTHER OBSTRUCTIONS ARE CLEARANCE I S  
TURBllLENT AND SHIFTY. THEY ARE 
D l  RECT AND MORE POWERFUL 2 0  

A I R  CURRENTS WILL RISE TO PASS OVER OBSTRUCTIONS 
BEYOND TOWER AND REDUCE THE EFFICIENCY EVEN THOUGH 
THERE I S  NO OBSTRUCTION I N  DIRECTION OF WIND . 

FIGURE D-111. S e l e c t i o n  of Tower He igh ts  
(based on Northwind drawing)  



"The i d e a l  tower s i t e  i s  a l s o  c l o s e  t o  t h e  p o i n t  where 
t h e  power w i l l  be  s t o r e d  and consumed, minimizing t h e  
investment  i n  heavy gauge, low r e s i s t a n c e  w i r e  running  
from t h e  tower t o  t h e  c o n t r o l  pane l  and b a t t e r i e s .  
Next t o  your  house o r  shop i s  i d e a l  ( i f  t h e  tower i s  
h igh  enough);  w i t h i n  50 t o  200 f e e t  i s  f i n e ;  beyond 
250 f e e t  you w i l l  i n c r e a s e  your  c o s t  s u b s t a n t i a l l y .  

"Af t e r  l o c a t i n g  your tower t h e  n e x t  s t e p  i s  t o  e s t a b l i s h  
t h e  minimum tower h e i g h t  f o r  t h e  p a r t i c u l a r  s i t e .  
Ground f r i c t i o n  can reduce  t h e  wind speed by 50%,  s o  
t h e  g e n e r a t o r  should  always be  mounted a t  l e a s t  30 f e e t  
and p r e f e r a b l y  4 0  f e e t  above t h e  ground. I t  should  a l s o  
be  mounted a t  l e a s t  20 f e e t  and p r e f e r a b l y  30 f e e t  above 
any trees o r  b u i l d i n g s  w i t h i n  4 0 0  f e e t  t h a t  might  e i t h e r  
b lock  t h e  winds o r  c ause  t u r b u l e n c e .  Turbulence  n o t  o n l y  
r educes  wind a v a i l a b i l i t y  b u t  may prove hazardous  t o  t h e  
g e n e r a t o r  assembly by e x e r t i n g  unequal wind p r e s s u r e  on 
t h e  i n d i v i d u a l  b l a d e s .  Remember t h a t  t h e  o b s t a c l e s  behind 
t h e  tower  can  c r e a t e  t h e  same problems of t u r b u l e n c e  a s  
o b s t a c l e s  i n  t h e  f r o n t .  Remember t o o ,  t h a t  t h e  c o s t  of  
an  a d d i t i o n a l  1 0  f e e t  o r  even 30 f e e t  o f  tower h e i g h t  i s  
minor compared t o  t h e  i n c r e a s e d  power you w i l l  o b t a i n  
from t h e  a d d i t i o n a l  wind. 

"One s imple  method f o r  d e t e c t i n g  t u rbu l ence  a t  your tower 
s i t e  i s  t o  p u t  up a  po l e  w i t h  one o r  two r i bbon  s t r e a m e r s .  
I n  a  good breeze  i f  t h e  r ibbons  f l y  o u t  s t r a i g h t  and 
s t e a d y ,  t h e  wind flow i s  smooth. I f  you s e e  a  l o t  o f  
f l a p p i n g ,  t h e r e  i s  tu rbu lence  a t  t h a t  l e v e l ,  and you 
should e i t h e r  l o c a t e  your wind g e n e r a t o r  h ighe r  o r  look 
f o r  a  b e t t e r  s i t e . "  



APPENDIX E 

WIND ENERGY BIBLIOGRAPHY 

A listing of the literature related to wind energy, 
9 

wind energy conversion, and wind energy conversion systems 

which was reviewed is presented in the following pages. 

The listings of significant papers and reports have been 

annotated. 
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FOR EXPLOITATION", R e v i e w  Gen .  E l e c . ,  P a r i s ,  V o l .  55, 
p p .  103-108, March  1 9 4 6 .  

T h e  p r o b l e m  of w i n d  p o w e r  u t i l i z a t i o n  i s  d i s c u s s e d ,  
i n c l u d i n g  d e t e r m i n a t i o n  of w i n d  p o w e r  p e r  s q u a r e  meter 
o b t a i n e d  y e a r l y  from s u r f a c e s  s u b j e c t e d  t o  w i n d  a c t i o n ,  
a n d  s y s t e m a t i c  p r o s p e c t i n g  f o r  favorable sites u s i n g  a 
s i m p l e  a n e m o m e t r i c  d e v i c e  w h i c h  c a l c u l a t e s  w i n d  s p e e d  w i t h  
t h e  a i d  of a s p e c i a l  e l ec t r i c  meter. A d e s c r i p t i o n  i s  
g i v e n  of a p r o g r a m  fo r  s i t e  s e l e c t i o n  w h i c h  w i l l  make it 
p o s s i b l e  t o  d e t e r m i n e  t h e  e n e r g y  w h i c h  c a n  be p r o d u c e d  b y  
t h e  w i n d  e n g i n e  u s e d .  ( T e c h n o l o g y  A p p l i c a t i o n  C e n t e r ,  TAC, 
r e v i e w )  

3. Ai l l e re t ,  P . ,  "LA RECHERCHE DES SITES QUI POURRAIENT CONVENIR 
A UNE UTILISATION DE L'ENERGIE DU VENT", - L a  M e t e o r o l o g i e ,  
p p .  1 4 5 - 1 5 2 ,  A p r i l - J u n e ,  1 9 4 8 .  

T o  assess w i n d  p o w e r  p o s s i b i l i t i e s ,  a w i n d  e n e r g y  
s u r v e y  i s  n e c e s s a r y .  A w i n d  e n e r g y  meter d e v e l o p e d  f o r  t h i s  
p u r p o s e ,  t h e  c h o i c e  of s i t e  areas, a n d  t h e  first r e s u l t s  
o f  t h e  s u r v e y  are d e s c r i b e d .  (TAC r e v i e w )  

4 .  A l z k a ,  M.A., e d i t o r ,  "THE AIRFLOW OVER MOUNTAINS", T e c h .  
Note N.  3 4 ,  IVMO-No. 98 T P . 4 3 ,  S e c r e t a r i a t e  o f  t h e  W o r l d  
Meteorological O r g a n i z a t i o n ,  G e n e v a ,  S w i t z e r l a n d ,  1961. 

5 .  A n d e r s o n ,  S . R . ,  "A COMPARISON OF MONTHLY WIND MILEAGE FROM 
TYPE 45B AND U2A ANEh!OMETERSM, D e p a r t m e n t  of T r a n s p o r t ,  
Meteorological O f f i c e ,  O t t a w a ,  C a n a d a ,  1956. 

6.  A n d r e y e v ,  I . D . ,  "WIND GUSTINESS WITHIN AN HOURLY INTERVAL", 
V o p r o s y  V e t r o e n e r g e t i k i  ( q u e s t i o n s  o f  w i n d  e n e r g y  p r o d u c t i o n ) ,  
Moscow, a n  SSSR p u b l i c a t i o n ,  1959. 

7. A n u f r i e v ,  A . F . ,  S u p r i a g a ,  I A . A . ,  "WIND ENERGY - ENERGETIC 
RESOURCES OF THE REPUBLIC KOMI, ASSR", A c a d .  of S c i e n c e s  
o f  t h e  U . S . S . R . ,  F i l i a l e ,  Komi. P p .  28-31 ,  Moscow, 1963. 



8. Argand,  "MEASUREMENT OF THE CHARACTERISTIC PARAMETERS OF 
WIND POWER FOR THE SELECTION OF FAVOURABLE SITES FOR WIND- 
DRIVEN GENERATORS", P r o c e e d i n g s  of  t h e  U . N .  Confe rence  on --- - 
New Sou rce s  of Energy,  \V/35, Rome, August 1961,  Vol .  7 ,  - 
U.N., New ~ o r k ,  1964 .  

Time c o n s t a n t s  of  Robinson,  P a p i l l o n ,  and Ai l le re t  
anemometers c o n s i d e r e d  a s  w e l l  a s  t h e  Best-Romani t y p e .  
V a r i a t i o n  among t h e s e  s u g g e s t  t h a t  s t a n d a r d s  be  e s t a b l i s h e d  
f o r  p r e s e n t i n g  wind power d a t a .  World-wide wind power 
p o t e n t i a l  i s  d i s c u s s e d ,  a  s t a n d a r d  anemometer h e i g h t  above 
20 meters is s u g g e s t e d ,  and p r o j e c t i o n s  w i t h  r e s p e c t  t o  t h e  
d i r e c t i o n  of  wind power development i n  Europe and  i n  d e v e l o p i n g  
c o u n t r i e s  a r e  o f f e r e d .  (SB) 

9 .  Aujesky,  L . ,  "COMPUTATION OF QUADRADIC AND CUBIC MEAN VALUES 
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