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SITE SELECTION TECHNIQUES ' 

AND METHODOLOGIES FOR WECS 

lntroduct ion I 
The question of s i t i n g  a wind energy conversion system, or  systems I 

( ~ ~ E c s )  , represents a balance between economic and technical c r i t e r i a  and \ I t 

the  environmental an'd social values of the user and the local c i t i zens ,  ! . I 

whether the WECS i s  f o r  a small farm or a u t i l i t y , s e r v i n g  a mult i -s ta te  
region. The social and environmental issues tha t  play a ro le  in s i t i n g  
a re  the visual impacts of the WECS, zoning or code r e s t r i c t ions ,  l i a b i l -  
i t y  considerations, the "wind r ights"  question, noise,  aviation hazards, 
e f fec ts  on birds,  e f f ec t s  on comnunication systems, and other fami'ly and 
neighborhood values. Some of the important economic values a r e  the cost 
of the s i t e  analysis,  the value placed on the increase.d power production 
t h a t  resu l t s  from investing more in system components (such as a higher 
tower or a larger blade)', s i t e  related construction cos ts ,  access roads 
&nd transrr~ission l i n e  costs , 'and the l i fe-cycle  cost of maintaining and 

.operating a WECS ins t a l l a t ion .  Finally,  the technical s i t i n g  issues 

. include the meteorological charac ter i s t ics  of the candidate s i t e  tha t  . . 

contribute to  the e f f i c i en t  and safe  production of power by w i n d ,  the 
potential weather hazards of the s i t e  i n  question, and the t e r r a in  and 
seismic features of the s i t e .  These technical issues a re  highly related 
t o  the s i ze  and type of the proposed WECS and the type of storage system 
( i f  there i s  one) required for  the ins ta l la t ion .  In conclusion, a good . . .  

s i t i n g  policy i s  one tha t  0ptimiz.e~ the power output based on the con- 
s t r a i n t s  imposed by these various issues. . . 

Issues Considered Here 
. . 

. This paper deals with the technical aspects of s i t i ng .  1f'we can 
improve the s i t i n g  of WECS from the meteorological and the topographical 
points of view, then the  overall s i t i ng  policy can be improved. The 
economic benefits of these improvements will be, a t  l e a s t ,  fo'urfold: 

1. A saving i n  siting costs  fo r  WECS. 
2. More energy produced per uni t  due t o  locating uni ts  in more ideal 

. .  . w i n d  regimes. 
3. A more predictable, dependable, and constant source of power due. .l 

t o  improved s i t i n g  c r i t e r i a .  
4. A safer  in s t a l l a t ion  due t o  the avoidance of meteorological and 

topographical hazards. 
. - 

The Ideal Data Set 

The potential user and the  manufacturer of WECS would l i k e  to  have 
an extensive data s e t  describing the meteorological , hydrological and geo- 
logical properties of the area in which turbines may be s i t ed .  Some of 
the  items in t h i s  data s e t  a r e  as  follows: 



- - 
1, The dis t r ibut ion of the hourly mean wind speeds. . . 

2. The dis t r ibut ion of the hourly mean wind directions.  
3. The turbulent and gust character is t ics  of the s i t e s .  
4, The persistence of the wind speed and direction a t  the'candidate 

S i tes ,  and the prevailing winds throughout the year. 
5. The te r ra in  features and the surface roughness in the neighborhood 

of  the  candidate s i t e s .  
6. The te r ra in  features and surface roughness upstream of the  potential 

s i t e s  in the direct ions of the prevailing w-inds. 
-.7, .. . . The presence of flow separation zones and the s i t e s  of accelerated 

. 

f l o w  i n  the area. 
-8.. -The veering of the wind and the vert ical  wind shear a s  functions of 
' * .  atmospheric s t a b i l i t y  and surface conditions. 
. 9 .  The frequency and magnitudes of extreme winds i n  the area.  
10. The. frequency and 1 ength of the time periods 'of riear calm winds'. 
I .  - .  -. . The frequency of severe thunderstorms (such, as ,  storms with severe 
- gusts ,  l ightning, h a i l ,  and possibly tornadoes). 
- 8  . - . . 

1.2. The frequency of hurricanes. 
3 - * The mean a i r  density, annual so lar  radiation and hours of sunshine, 
' - '  .- . and the annual and seasonal mean temperatures. ' . 

f4. . . - .  ' .The temperature extremes. 
15. The mean precipi ta t ion,  the  mean and extreme snowfalls, and the  
<.- - - - . -. frequency of frozen precipitation and icing. 

. . 
16. ' The frequency of occurrence of extreme precipitation. 
17,.  he occurrence of sal  t spray and blowing dust. . ..- 

18;  he poss ib i l i ty  of flooding. . . . .  . 

I'9: : -The bearing capacity of the so i l .  . . . .  . . . 

20. The potential for  earthquakes. . . 
. --- - 

Why Are Me Data Poor? 
- - - ,  . 
' I f  the  data l i s t e d  i n  the previous section were available from long 
term records . ( a t  1 eas t  f ive  years for  .meteorological data),  then the  user, 
along with the manufacturer or d i s t r ibu to r .o f  the WECS, and possibly a 
consultant,  could adequately survey the available land. for  potential wind 
s i t e s  and choose the best ,availabl.e s i t e s  f o r  the  !+lECS. However, we rarely 
have this much data of high qual i ty  t o  work with in s i t i n g  WECS. In f a c t ,  
our .data  base is usually qui te  poor. 

The reason f o r  this data poor condition f o r  the s i t e  select ion of 
WECS can be explained through the use of Figure 1. In t h i s  f igure  we have 
indicated the important time and space scales in three areas of investiga- 
t i o n  of wind power systems. The areas of in t e re s t  a re  pres i t ing  evaluation 
or-the national and regional wind power assessment, s i t e  select ion,  a n d  the 

. . design and evaluation of CIECS. . The meteor01 ogical. data tha t  i s  used in the 
.-: presi t ing  eval uation basical ly  comes from the National \/eather Service - (NI?IS). 

This data i s  interpolated over the various regions of the country and gives 
an adequate assessment of the wind 'power on horizontal scales down t o  about 
100 km in non-complex te r ra in  and down to ,a week o r  so on the  time scale.  . 

": 



Much o f  the meteorological data required t o  design a n d  evaluate WECS 
. can be of a generic nature. For example, the gust data required i n  the 

design of a turbine can be generated a t  locations other than the spec i f ic  
site.  I f  the designer has an idea of the gust characteristic 's  of the s i t e ,  
a determination can be made concernSng whether the gust i n t ens i t i e s  a r e  
low, medium or  high. Once t h i s  i s  determined, the del;igner.can use the 
generic data for  the par t icular  intensi ty  category and go-on with the de- 
sign. Obviously, some of the data required t o  design and evaluate WECS 
will be s i t e  specif ic ;  however, much of the required data in t h i s  area 
can be generically obtained. 

The &teorologi,cal data required t o  conduct a successful s i t e  selec- 
t i o n  procedure cannot adequately be obtained from the interpolation of NUS 
data because the  coverage by these data fo r  areas l e s s  than 10,000 sq km is 
SO poor, and poorer s t i l l  i n  mountainous areas. Hence;the IJWS data must 

. ' -  be extra olated t o  t5e s i t e <  of in t e res t  through the use of mathematical 6-e-- - an physical models, as well as on-site meteorological measurements. The' 
process of data extrapolation becomes mor'e complex as the t e r r a in  becomes 
more complicated. An additional complexity of t ransferr ing [JbIS data t o  
candidate wind energy s i t e s  i s  the fac t  tha t  most of the short-term v,eather 
phenomena occur over the  space and time scales important t o  the  s i t e  selec- 

. t ion  process, Figure 1. That i s ,  the s i t e  process i s  great ly  influenced 
by t h e  occurrence of severe storms, low level j e t s ,  and weather f ronts ;  
and these weather phenomena may af fec t  the candidate s i t e s  d i f fe rent ly  than 
t h e  National .Weather Stations.  

To ,help a l l e v i a t e  t h i s  problem, we have summarized the current s t a t e  
.- of knowledge of a i r  flow over various land forms. Recommendations a r e  

given concerning the best s i t i n g  locations on, o r  near, a given land form. 
In addition, we have discussed the current state-of-the-art  techniques fo r  
t ransfer r ing  NWS data (o r  other long term data s e t s )  t o  the candidate tur- 
bine s i t e s .  

Flow Over Land Forms 

The behavior of near-surface winds over re la t ive ly  f l a t  ground, and 
. t h e  increase i n  t h e i r  speed w i t h  height, a re  f a i r l y  well known, b u t  com- 

paratively 1 i t t l  e precise information exis t s  on airflow over various land 
forms such as ,  c l i f f s ,  h i l l s ,  mountains and valleys.  ., 

The. r e l a t ive  merits of ridges,  isolated h i l l s ,  mountains, gaps, and 
valleys as  potential w ind  power s i t e s  have been investigated i n  the past 
but t he  information i s  f a r  l e s s  complete and precise than i t  i s  f o r  airflow 
over r e l a t ive ly  homogeneous t e r r a in .  In f a c t ,  some land forms as possible 
wind power. s i t e s  have not been seriously investigated a t  aq 1 . ' 

I Generally, land forms or  terrai .n may be classifi .ed as: 

1. Homogeneous ' t e r ra  in. 
2. Nonhomogeneous t e r r a in  ( the internal boundary 1aye.r). 
3. Cli f fs .  



. . -___-- .- 
la-' 

Terraces and Benches. 
Mesas and Buttes. 
Hi l l s  and Ridges. 
Mountains. 
Passes and Saddles. 
Val 1 eys and Canyons. 
Gaps (Gorges). 
Slopes. 
Basins. 
Aeolian 1 and forms. 
Complex te r ra in .  
Islands. 
She1 terbel ts a n d  buil dings. 

The l a s t  item i n  t h i s  l i s t  i s  obviously not a geological land form, but 
It -- was included for  the  sake of completeness. 

. - 
, * Land forms ex i s t  on d i f fe rent  .horizontal and vert ical  scales and 

consequently t h e i r  e f fec ts  on atmospheric motions and associated weather , 

. a l s o  ex i s t  on d i f fe rent  horizontal and vertical  scales ,  and for  d i f fe rent  
time scales .  Figure 2 i s  one attempt t o  c lass i fy  terrai-n e f f e c t s ,  o r  modi- 
f i ca t ion  of atmospheric motions, according t o  an atmospheric scale  division 
of Orlanski [I].* This i l l u s t r a t ion  shovrs tha t  te r ra in  e f fec ts  occur over , 

a wide spectrum of length and time scales.  The l i s t  i s  by no metins com- 
p le t e  and i s  used merely f o r  i l l u s t r a t i v e  purposes, nor i s  i t  meant to 
imply t ha t  t e r r a in  e f fec ts  w i t h  s imilar  time or  horizontal space scales 
have dynamic s imilar i ty .  

As indicated i n  Figure 2 various land forms can influence atmospheric 
motions a t  a l l  scales ,  from the scale  of the long-wave ridge and trough 
down through those of l ee  and wake phenomena to  small turbulent eddies. 
Terrain features  e f f ec t  atmospheric motion in three ways: 1 )  t h r o u g h  bound- 
ary layer  e f f ec t s  as the r e su l t  of surface f r i c t ion  (roughness) and local 
pressure gradients ; 2 )  by the bar r ie r  o r  orographic-dynamic e f fec t  caused 
by blocking of airflow, spa t ia l  pressure 'differences and perturbations of 
airflow; and 3) through thermal e f fec ts  (heating and cooling) due to  ver t i -  
cal  and spat ia l  temperature gradients. In a genera.1 way, these e f f ec t s  
are represented schematically i n  Figure 3. A t  an actual s i t e  in complex 
t e r r a i n  a l l  three of these e f fec ts  (roughness, thermal, dynamic) will operate 
together. The importance of a given e f fec t  will change from day t o  night ,  . 
day t o  day, from season t o  season and will a lso depend on the larger-scale 
airf low patterns.  

. . 
Since i t  i s  desirable t o  be able t o  analyze potential wind energy 

s i t e s  quickly, i t  i s  unfortunate t h a t  quant i ta t ive information for  a1 1 these 
important e f fec ts  a re  not precisely known for  complex te r ra in  features .  . 

Some quant i ta t ive information i s  available' from past and present s tudies  
for some land forms such as ,  h i l l s  or  ridges b u t  i s  lacking f o r  other t e r -  
ra in  types. A number of f i e l d ,  numerical, and laboratory investigations of 

*The square brackets re fer  t o  the  references a t  the end of t h i s  paper. 



,' ai'rflow over topography, not specif ical  ly  oriented toward wind power s i t e  
. seiection, a re  ava i lab le  'for review and t h i s  information can provide some 

insight into the s i t i n g  problem. 
. . 

. .  . 
-. -- 

There a r e  aTr'eady some general factors  tha t  can be recognized as 
"good" s i t i n g  c r i t e r i a  f o r  various land forms i rrespect ive of the type of 
te r ra in .  The important point  i s  tha t  some land forms may sat is , fy  these 

. . .  s i t i n g  c r i t e r i a  be'tter than others and therefore i t  i s  necessary t o  find 
. .  . additional c r i t e r i a  based on the charac ter i s t ics  of the land forms and 

t h e i r  effect  on airflow t h a t  will  give the optimum c r i t e r i a .  Some of the 
.".goodN s i t i n g  c r i t e . r i a  a r e  the following: 

.- ~ 

1; Persistent mean wind speeds >4 ms-' and few calm periods. 
, 2 j  Relatively pers i s ten t  mean wind direct ions.  

3.' - '  Small diurnal and seasonal variati.ons in wind speeds arid 'direction. 
4.- 'Small 'ver t ical  wind shear  i n  .the lower 300 m. . . 

. . 5. Low turbulent in tens i ty .  
6. -- - - Low - frequency of environmental hazards t o  wind turbines; :.-. . ' ' - , . . . . . - - - . b'.,.:. ' . -. - . . . . :.- 

Techniques fo r  Extrapolating Data 
. . - .  - . . . 

. . - -  - - .  
;. -: The. energy d e r i v e d  from a w i n d  turbine i s ,  i n  general, .strongly 

. .  dependent on the s i t e  a t  which the turbine i s  located. I.lhi1.e .the varia- 
t ions'  from - s i t e  t o  site within a few kilometers of each other i n  r e l a t i v e l , ~  

- . fl it  .arid homogeneous t e r r a i n  a r e  f a r  from negligible,  in regi-ons of inhomo- 
g&eous and. complex t e r r a i n  these variations can be large enough to  strongly 
a f f e c t  the economic f e a s i b i l i t y  of wind energy. As we have seen, an added 
complexity i s  the sparceness of data in those areas most important t o  the 

- -. s i t i n g  of wind turbines.  . . .  . .  . . - . - - . .  . . 
- _ i  . - - .  . .  

P - -  . . . . . - .  . . . - . .  - .. _.*. _ . 
- 

, r -  .- - -  Figure 4 depicts  t h e  s i t e  selection problem tha t  faces us. For re- 
giorisof inhomogeneous and complex t e r r a i n ,  w i t h  horizontal scales on the 
order of a few hundred kilometers, there i s  very 1 i t t l e  representative 
meteorological data avai 1 able ,  The data from the National Weather Service 
.[NWS-) S ta t ions  -1 t o  4 may be  kuff ic ien t  t o  define some of the hazards and 

. weather extremes t h a t  occur over the Potential High Wind Areas A ,  B ,  C ;  
. but the data cannot, i n  general ,  be accurately interpolated to  give good 

.wind records a t  s i t e s  within Areas A ,  B ,  C. Hence, some s o r t  of extrapola- 
tioh, or  onsi te  technique of analysis ,  will have t o  be appleid t o  properly 
,asSess - .  ' the wind cha . rac ter i s t ics  a t  candidate s i t e s  in  Areas A ,  B;C. 
- .  . -  . 
. . . . 

The techniques i n  use o r  currently being developed f o r  solving this 
. problem, wi ttiout taking long' t,erm ( a t  1 eas t  f ive  years)  meteorological mea- 

surements onsite,  a r e  as  follows: 
* . -  

. . -  
' .  - -  . - 

1 i' Rules of Thumb.. - - . - . - . - . 

2; Sta t i s t i ca l  Methods w i t h  shor t -~e rm Onsi t e  Meteorological Measurements. 
3. -.Biological a n d  Geological Indicators.  . . .  

4 .  Physical Models .and F a s t ,  E f f i c i e n t  Numerical Models. 1 .  , - - . . -  . . ' . . . 
5-.--large.. .: . Numerical Models - Si t ing  I4ethodol ogi es. 

- - - . - - - . -  _ . - -  . - . . - . ~ - - - .. 



Obviously, the ideal s i tua t ion  is  t o  have long term measurements 

- .* 
onsite;  'but, t h i s  i s  ra re ly  the  case. Table 1 l i s t s  in the order of 

- preference the techniques tha t  should be used fo r  s i t e  screening and 
--- . ..- s i te  localization i n  s i tua t ions  s imilar  to  t he  one depicted in  Figure 4. 

The order of l i s t i n g  the techniques in Table I i s  not re lated to the 
economics of using the technique b u t  merely t o  the technical success 
and accuracy of the methods. The cost analysis of the various methods 

. . has not been completed; i n  f a c t ,  many of the techniques have not been 
fu1 ly devel oped. 

Figure 5 indicates the  time and space scales  over which the various 
extrapolation techniques are  capable of supplying information tha t  w i  11 

_ be useful in s i t i n g  wind turbines. In some cases the boundaries f o r  
a given method may e i the r  be la rger  or smaller t h a n  those shown i n  Fig- 
ure 5; however, we feel  t ha t  the time-space boundaries shown on the 
f lgure a re  representative. The "s i t ing  handbooks" referred t o  i n  Figure 
5 a re  handbooks showing flows over generic type land forms and these 
handbooks  ill only be useful fo r  onsi t e  investigations.  The "va~ ious  
combinations" is  a time-space region where information may be gained 
from applying a var iety of the techniques, such a s ,  numerical modeling, 
s i t i n g  handbooks, and physical mode1 ing. Finally,  the  large scale  models 
being used i n  comprehensive "s i t ing  methodologi es" a r e  of two general 
types: steady-state models and time-dependent systems. The time- 
dependent system cannot be r u n  continuously i n  a cost effect ive manner 
f o r  more than a few days of simulated time. Hence, f o r  seasonal and 
annual analyses, steady-state models applied to  a small s e t  of charac- 
t e r i s t i c  large scale  flow patterns i s  the only cost-effect ive type of 
numerical modeling. In the "combination numerical modeling" region i n  
Figure 5, the thought i s  t ha t  the time-dependent model with a one kilo- 
meter o r  so grid will  supply information to  dr ive the steady-state model 
on a f ine r  grid. 
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