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ABSTRACT 

Simplified, non-computer based methods are presented for 
predicting photovoltaic array and system performance. The 
array performance prediction methods are useful for calculating 
the potential output of passively cooled, flat, south facing 
max-power tracked arrays. A solar/weather data base for 97 
different U.S. 2nd G.S. affiliated stations is provided to aid 
in these calculations. Alsc,, performance estimates can be 
made for photovoltaic syst~fi~s farray, battery, power 
conditioner) that are backed-up by non-solar reserves capable 

L of meeting the load when the solar system cannot. Such 
estimates can be made for a total of 41 different sinusoidal, 
unimodal, and bimodal diurnal load profiles from appropriate 

I graphs included. These allow easy determination of the 
fraction of the load met by the solar photovoltaic system as a 
function of array size and (dedicated) battery storage 
capacity. These performance graphs may also be used for 
systems without battery storage. Use of array manufacturer's 
specification sheet data is discussed. Step-by-step 
procedures, along with suggested worksheets, are provided for 
carrying out the necessary calculations. 

Prepared for Sandia National Laboratories under Contract No. 13-0313 
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QEIA 

Most n Units 
Significance i n  t h i s  h i d e  ------- 

v 

Capacity of the dedicated e l e c t r i c a l  energy n :.t-hvar s 
storage (see eq. 3.1) 

A diwnsionnl r a t i o  of storage capacity t o  I%/ (ma*%)  
the product of ar ray area and monthly average 
array efficiency. This parraeter  i s  impor- 
tant  i n  predicting system performance i n  
meeting a given load. m e n  used i n  Table 
111, uni t s  mast be Whl(ma*%) (see eq. 3.3) 

Monthly average so la r  f ract ion or  f ract ion d i ~ n s i o n l e s o  
of the load t h a t  i s  ne t  by the so la r  system. decimal 
The back-up energy source must meet (1-P) 
of the load 

The clearness nmber or r a t i o  of monthly dimns ionlers 
t o t a l  radiation (beam and diffuse) on a h o r  
i ronta l  s u r f ~ c e  t o  what would f a l l  on that  
surface i f  the surface were located above 
ths  ataasphere ( the l a t t e r  i s  r e fe r r rd  t o  
a s  the e x t r a t e r r e s t r i a l  radiation) 

Current 

Monthly average da i ly  load 

Nasainal Operating Cell  Tempratare or the 
tenparatnre of the c e l l  in  an array or mod- 
ule wader specif ied  i r radia t ioa ,  mbisnt  
t m p r a t u r e  and r ind  speed conditions 

Monthly average da i ly  e l e c t r i c a l  oatpat 
from the power ooaditioning wait p r  a n i t  
array area i f  the instantansoas array oatpat 
coald always be used t o  meet the load or  sorae 
pa r t  of the load 

The r a t i o  of the da i ly  potent ia l  p r e r  con- dimensionless 
d i t ioaing e l e c t r i c a l  outpat ( fo r  the f n l l  decimal 
array) t o  the d a i l y  load. Etonthly average 
dai ly  valnes are  used. This i s  a potent ia l  
solar  f rac t ion  tha t  r m l d  be realized with 
in f in i t e ,  loss-free storage 

IIoathly average dai ly  array iasola t ioa  or 
so la r  energy f a l l i n g  on the array 

Instmtaneous insola t ion kW/ms 



Power 

Array tilt up from horizontal 

Optimarr s for maximum monthly energy collea- 
tion (see Table II pg. A-58) 

Ambient temperature 

Monthly average cell temperature for calcu- 
lating monthly average aonversion efficiency 

Instantaneous cell temperature 

Monthly average ambient temperature (averages 
of a11 the daily high and low temperatures 
for the month) as compiled by the National 
Weather Service 

S-e reference cell temperature for which 
module efficiency (or maximum-power) is given 
by a manufacturer 

variows 

degrees 

degrees 

Theaal loss coefficient for heat rejection kW/ (ms*C) 
between the oells in an array or module and 
ambient (see eq. 2.1) 

Voltage volts 

Monthly average wind speed a/ s 



Greek 
Sj~&ola S i p i f i c a n c e  

Most n Bai ts  
i n  t h i s  hi& 

--*- ---- --a- 

a Solar  abaorptance of the photovoltaic d h n s i m l e s s  
a r r a y  d e c k 8 1  

i3 Ter~peratnre coe f f i c i en t  f o r  a r ray  
e f f i c i ency  

'l Array o r  rodale  e f f i c i ency  f o r  conversion 
of incident  s o l a r  energy t o  electrPca1 
output 

I P ~  Power conditioning e f f i c i ency  

l r  A reference a r r ay  o r  nodale ef f ic iency 
f o r  converting s o l a r  energy t o  e l e c t r i c a l  
output rhea the c e l l s  i n  the  a r r ay  o r  
module are  a t  a s t a t e d  temperatare Tr 

+ Lati tude 

Subscripts  

i 

l a t  

Signif  icance 

Ambient 

Cel l  

A typica l  high valne of the subscripted var iable  tha t  ray  
be expected over many years 

Instant&neoua valne 

The value of the subscripted var iable  when the  ar ray  t i l t  
i s  equal t o  the loca l  l a t i t d e  angle 

A t yp ica l  low valne of the subscripted var iable  t h a t  r a y  
be expected over many years 

Maxilola power point  

Power conditioning 

Reference 



Although the photovoltaic  e f f e c t  was f i r s t  observed i n  1839, it 
was the space program of the 1960's t h a t  s t imulated i n t e r e s t  i n  and 
demand f o r  s o l a r  c e l l s .  Solar  photovol ta ic  systems on e a r t h  
s a t e l l i t e s  and space probes o f f e red  the advantage of d i r e c t l y  tapping 
a  renewable resource , thus allowing extended missions i n  h o s t i l e  
envi roments .  

I n t e r e s t  i n  the  t e r r e s t r i a l  use of photovoltaic  s o l a r  systems has 
blossomed over the pas t  6  t o  8  years  f o r  exac t ly  the same reason: the  
need t o  harness renewable resources f o r  extending the  mission of human 
hab i t a t ion  of the p l ane t  e a r t h  a t  the energy consuming l eve l  t o  which 
man has become accustored. 

T e r r e s t r i a l  photovoltaic  s o l a r  systems a r e  p re sen t ly  economical 
f o r  many remote app l i ca t ions  where cos t s  of o ther  a l t e r n a t i v e s ,  such 
a s  extending u t i l i t y  power l i n e s  o r  t ranspor t ing  fue l ,  a re  very high. 
Past  examples have included remote repea ter ,  phone and radar  s t a t i o n s ,  
navigat ional  buoy l i g h t s ,  off-shore platforms, and p ipe l ine  oorrosion 
protect ion.  Figure 1.1, f o r  example, shows a  3.5 ki lowat t  (peak) 
photovoltaic  a r r ay  t h a t  provides some e l e c t r i c a l  power f o r  the remote 
town of Schuchuli, Arizona, U.S.A., which i s  not  connected t o  a  
u t i l i t y  grid.  Fignre 1.2 shows a  60 k i lowat t ,  1,110 square meter 
(12,000 square f e e t )  a r r ay  a t  Mount Laguna A i r  Force S t a t i o n  i n  
Cal i forn ia  t h a t  is  backed up by a  d i e s e l  powered grid.  

I n  order  t o  reduce c o s t s  and speed the in t roduct ion  of 
photovoltaics  i n t o  more energy in tens ive  t e r r e s t r i a l  markets, the 
na t ional  s o l a r  program i s  expending considerable e f f o r t  i n  a l l  a r eas  
of t h i s  d i sc ip l ine ,  including s o l a r  c e l l  physics, a r r a y  manufacturing 
techniques and s t imula t ion ,  system s tud ie s  and the removal of b a r r i e r s  
t o  acceptance. There is  evidence t h a t  the na t ional  program i s  on 
t a r g e t  f o r  mecting i t s  f ac to ry  f.0.b. module p r i ce  goals  of $2.80 per  
peak watt by 1982 and $0.70 per  peak watt  by 1986 (1980 U.S. d o l l a r s  
assumed). Even though there  can be no guarantees t h a t  these goals  can 
be met, i t  i s  exc i t i ng  t o  speculate about the  poss ib le  wide-scale use 
of t h i s  technology. 

As the markets grow and p r i c e s  drop f n r t h e r  and f n r t h e r  toward the 
program goals, many new appl ica t ions  w i l l  become feas ib l e .  For 
example, the widespread use of photovoltaics  i n  r e s i d e n t i a l  and 
commercial bui ld ings  w i l l  hopeful ly become a  r e a l i t y  i n  the  near  
future.  Fignre 1.3 shows a  prototype of a  photovol ta ic  powered 
residence tha t  was e s t ab l i shed  i n  the  summer of 1980, t o  s tudy 



component and system operation and problems. TBis system is caaaected 
to a utility for back-up and feeds any excess solar gemrated 
electricity to the grid. 

In addition to the hardware costs of photovoltaic systers, 
significant mounts of the total cost of installation are preseatly 
dne to the engineering design work involved. This is primarily a 
result of the lack of both design experience and easy to use design 
aids for dealing with this emerging technology. 

This Guide is intended to help bridge the gap between high cost, 

sophisticated, one-of-a-kind design and low cost, wide-scale, rapid- 
but-reliable design. It is a part of the overall mtional plan for 
speeding the widespread adoption of photovoltaic solar energy systems. 

The purpose is to provide information for sizing photovoltaic 
arrays and battery storage for meeting particular electrical loads in 

vrtious geographical locations. A designer may make ate of the design 
procedures reco-ended in this Guide if he has chosen to use south 
facing, flat, unconcentrated, mar-lpower tracked photovoltaic arrays 
and has s m a  basic information on array behavior that is generally 
available from manufacturer's data. The atray output calculations, 
along with the basic data sources and worst case insolation fesults, 
are widely applicable to many types of photovoltaic sys4eas. Bowev~r, 

the systems (array, power conditioning, and battery used to satisfy a 
given diornal load shape) analysis is restricted to systems that have 
a back-up power source capable of meeting the load when the 
photovoltaic system cannot. 

This Guide is not necessarily intended to be an alternative to 
hourly ~OzbIputdt simulation, but it should be use fa1 for preliminary 
design work and could eliminate simulation studies for srnall and/or 
routine installations. Hourly simulation can answer soene design 
questions that are not addressed by the simplified techniqaes 
described here (for example, freqaency distributions sf the parer 
outpot). On the other hand, it is easy to overlook the assmptions 
that are necessary in hourly computer simulation and becwe 
overconfident in the results. 

Any design method will be subject to -certainties due to many 
factors. Chief asaong these are: (a) the extent to which photovoltaic 
manufacturer's sales data represent the modules that are sold and the 

extent that module data can be used to infer array behavior. (b) the 
extent to which the designer knows his load (size, shape and flnctna- 

tions), and (c) the extent to which long tern insolation and weather 
data (including fluctuations from the long term data) are h o r n .  



Pig. 1.1 Photovoltaio Village Power P r o j e ~ t  - S c h ~ ~ h ~ l i r  AZ* U9A. 

This 3.5 kilowatt  (peak) s o l a r  photovoltaic s y s t a ~  i s  designed t o  
meet the  bas ic  needs of the people of Schaehuli. AZ. This stand- 
alone system has lead-.aid s torage b a t t e r i s e  ba t  no other  back-up 
power system. It provides power f o r  40, 20 watt f louresoent 
l i g h t s  d i s t r ibu ted  Plrong the  h m e s  and c m m i t y  buildings. a 
water pmp (up t o  5000 gal lons  per dry). 15 r e f r i g e r a t o r / f r s e z e r  
uni ts ,  a  c lothes  warher. and ia sewing machine. (Photo courtesy 
of NASA. hais  Research Center.) 



Pi&. 1.2 Solar Photovoltair Powex Auwentation - Yt.  Lag-., CAD USA. 

U.S. A i r  Force personael st W t .  Lagma A i r  Force Station,  6A, receivo 
an average of' 10 percent of t h a i r  e l e c t r i c a l  energy from the sen. 
The 60 (peak) kilowatt  photovoltaic f l a t  array ry s t e r  has am array 
area of' 1,110 sq r (12,000 sq f t ) ,  occapies 3,000 sq n (32.000 sq f t )  
of' land area, and cronsists of nearly 91,OW hdivid-1 s i l i con  so la r  
ce l l s .  The arrays  are  t i l t e d  25@ ap f r m  horizontal. A power 
conditioner a a x h m p o w e r  t racks  the array and converts d-c t o  a-c t o  
match the s ta t ion ' s  480 volt ,  S-phare power from a d iese l  generator 
plant.  (Photo eonrtesy of O.S. b y  Mobility &aimea t  Research and 



Fig 1.3 Residential Wotovoltaic S y o t e ~ W o e n i x .  AZ. USA 

This mod~l  t r ac t  home i n  Phoenix. AZ. has i t s  south 
sloping roof covered with solar  c e l l  modules. The array 
consis ts  of 5 paral le led sub-arrays. each of which runs 
l a t e r a l l y  across the roof. Interconnections are  made i n  
the batten seams that  run ve r t i ca l l y  up the roof. The 
small shed l ike  s t ructure  on the near end of the residence 
houses the power conditioning equipment. No on-site 
e l ec t r i ca l  storage i s  provided# excess power i s  fed back 
t o  the u t i l i t y  grid. Although the array produces roughly 
enough energy t o  meet the t o t a l  requirements of the home. 
the solar  system supplies. direct ly .  only 30 t o  40% of the 
t o t a l  need because of the diurnal mismatch of array output 
and load. (Photo courtesy of ARC0 Solar. Inc.) 



What This  Gnide W i l l  Do: 

Provided a designer has sore  i n f o m a t i o n  about t he  load he intends 
t o  s a t i s f y  and the  p a r t i c u l a r  a r rays  he inteads t o  use, he may use 
t h i s  h i d e  to: 

A. Cogpute po ten t i a l  a r r a y  perfomance f o r  h i s  l oca t ion  and 
season i f  he has c e r t a i n  s i t e  s p e c i f i c  solar/weather data avai lable.  
Data f o r  97 representa t ive  U. S. o r  U. S. a f f i l i a t e d  s t a t i m s  a r e  
included i n  t h i s  Gnide i n  case s i t e  s p e c i f i c  da ta  a r e  not ava i lab ls .  
Performance parameters addressed inclade: 

a. monthly average a r r a y  ef f ic iency ,  
b. monthly average a r r a y  in so la t ion  o r  so l a r  i r r a d i a t i o n  
c. monthly average a r r a y  and power conditioning outpat. 

Tbese parameters a r e  i m e d i a t e l y  usefu l  f o r  systems i n  which a l l  of 
the  photovoltaic  a r r ay  and power condit ioner  output can be used i n  
meeting tho load (i .e. ,  i f  the  load always exceeds the  ar ray  and power 
condit ioner  output) .  I n  systems where the  a r r ay  and power condit ioner  
output can exceed the  lo rd  and ac t ion  must be taken t o  s tore ,  t o  dmp, 
t o  avoid co l l ec t ion ,  o r  t o  feed the excess power back t o  a m t i l i t y  o r  
gr id ,  then these p a r m e t e r s  can s t i l l  be usefu l  by aiding i a  the  
determination of system perfomance. 

B. Coarpute monthly average rgste?? (array,  storage, and porsr  
condit ioning) performance f.ar 41 d i f l > ~ ; ~ e n t  monthly average d i u r w l  
load p ro f i l e s .  The system performance procedures a r e  r e s t r i c t e d  t o  
f l a t  a r r ays  operat ing with a back-np g r i d  t h a t  is  capable of 
supplying reserve power any t i r e  the photovoltaic  system is unable t o  
meet the load. Various amounts of dedicated storage (i.e., s torage 
t h a t  is chargeable only from the photovoltaic  a r r ay  and not from the 
back-up g r id )  can be a c c o ~ o d a t e d  including zero storage. 

What This  Guide W i l l  Not Do: 

This  Gnide is  not intended t o  be a primer on so l a r  energy, s o l a r  
c e l l s ,  photovoltaic  arrays,  o r  b a t t e r i e s .  Although it w i l l  allow the 
determination of ove ra l l  system perfomance i n  terms of the  f r a c t i o n  
of a given load supplied by so lar ,  t h i s  Gnide w i l l  not give d e t a i l s  on 
how t o  evaluate the  economics of a p a r t i c u l a r  system choice. Design- 
e r s  a r e  r e fe r r ed  t o  Reference 1 f o r  a de ta i l ed  discussion of l i f e  
cycle cost ing o r  cost-benefit  analyses and t o  Beference 2 f o r  a 
step-by-step economic evalua t ion  f o r  photovoltaics .  

Also, t h i s  Guide w i l l  not provide information on de t a i l ed  design 
e i t h e r  from a mechanical (monnting s t ruc tu re ,  wind loading, e tc . ) ,  
c i v i l  (building codes, regula t ions ,  e tc . ) ,  o r  e l e c t r i c a l  ( e l e c t r i c a l  
conkections, diodes, t r ans i en t  p ro t ec t  ion. rodnle matching, etc .  ) 



standpoint.  These a re  a l l  ou ts ide  the scope of t h i s  work. Designers 
a r e  r e fe r r ed  to,  f o r  example, Reference 3 f o r  a treatment of many of 
the e l e c t r i c a l  design fea tures .  

1.2 OF THIS GUIDE 

Most simple procedures, when l a i d  ou t  i n  a step-by-step format, 
look more complicated than they  r e a l l y  are.  Suoh is the case here. 
This may be confirmed by executing the  process presented i n  Chapters 2 
and 3 a few times. 

The procedure f o r  determining system performance, a s  presented i n  
t h i s  Guide, cons i s t s  of two major s teps.  I n  the  f i r s t  pa r t ,  a w a r  
determines the a r r a y  output t h a t  oould p o t e n t i a l l y  be obtained wi th  
e i t h e r  a load capable of absorbing a l l  of the ava i l ab le  output o r  the  
presence of i n f i n i t e ,  l o s s l e s s  storage. I n  the  second pa r t ,  the use r  
ca l cu la t e s  the  p o t e n t i a l  o r  maximum s o l a r  f r ac t ion ,  from the p o t e n t i a l  
a r r ay  output and the  s i z e  of the  load, and combines it with a b a t t e r y  
capaci ty  parameter t o  y i e l d  the  ac tua l  s o l a r  f r ac t ion .  This  l a s t  
combination i s  done with graphs prepared f o r  var ious  d iu rna l  load 
shapes . 

There two major s t eps  a re  covered i n  Chapters 2 and 3. Chapter 2 
ou t l ines  the procedure f o r  e s t  imating p o t e n t i a l  a r r ay  perf onnance and 
output f o r  various geographical loca t ions .  It r e f e r s  t o  an extensive 
t ab l e  of solar/meteorological  data f o r  the  U.S. and severa l  of i t s  
a f f i l i a t e s  which can be osed i n  the  absence of data t ha t  may be more 
s i t e  spec i f i c .  

Chapter 3 ou t l ines  the  procedure f o r  p red ic t ing  system performance 
and d iscusses  i t s  uze and l imi t a t ions .  The procedure makes use of an 
extensive t a b l e  of graphs found i n  the appendix. 

Chapter 4 i s  devoted t o  example problems which demonstrate and 
c l a r i f y  the procedures ou t l i ned  i n  Chapters 2 and 3. 

The development of much of the work underlying the procedures 
described here in  i s  documented and discussed i n  Reference 4. Since the 
in t en t  i s  t o  make t h i s  Gnide a s  shor t  and usable a s  poss ib le  no 
fu r the r  documentation w i l l  be given. 
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PREDICTING POTENTIAL ARRAY 
Am 

POWER CONDITIONEB PERF0 

This chapter outlines a 'procedure for estimating monthly 
photovoltaic array performance using a minimum of information. It 
should be used only for south facing flat arrays having a fixed tilt 
during any given month. (The tilt may vary from month to month.) The 
procedure assumes that the arrays always operate at the maximum power 
points of their current-voltage (I-V) curves. 

The electrical energy produced by a photovoltaic array is 
considerably less than the energy absorbed from the incident solar 
rays. The balance of the solar energy must be efficiently rejected in 
order for the array to remain cool. The procedure described here 
assumes that an array rejects this extra energy to the surroandin~s by 
passive means, i.e. radiation and natural convection. This Guide 
should not be used if the energy rejection occurs by other means, e.g. 
by cooling with blown air or flowing liquid. 

In order to use this procedure for a particular photovoltaic 
array, certain performance related parameters must be obtained from 
the array manufacturer. Unfortunately, there is not yet a anifom 
standard for reporting this array information. In many cases, the 
necessary parauteters can be calculated from the information that is 
supplied on product specification sheets while in others the manu- 
facturer will have to be contacted. In soms cases, estimates will 
have to be made. 

One important array property that is product dependent is the 
efficiency for rejecting thermal energy to the surroundings. This 
property is important since, for any given manufacturer's array, the 

operating efficiency is primarily a function of array temperature? 

*Of course actual efficiency is strongly dependent on cell physics, 

density of packing of cells in a nodule, encapsulants, etc., but for a 
given manufacturer's product, these are essentially fixeC. Of the 
local environmental variables that affect array performance, temper- 
ature is the most dominant. 



The poorer t he  heat  r e j ec t ion ,  the higher the  a r r a y  temperatme a a  
the  lower the  ef f ic iency .  A c w o n l y  c i t e d  paraae ter  t h a t  co rn ta i~s  
i n f o m a t i o n  on t h i s  e f f i c i e n c y  is the  Nominal Operating Ce l l  
Temperature o r  NOCT. A s  mentioned above, the condit ions m d s r  which 
NOCT i s  determined have not  been standardized. However, the  
condit ions under which a r:rt+.cular manufacturer has determined the  
NOCT f o r  h i s  a r r a y  is  usual ly  ava i lab le  i n  product l i t e r a t u r e .  

Four items should be noted when using data. They are:  

1. the  t o t a l  i n so la t ion  (be- and d i f f u s e )  o r  so l a r  i r r a d i a t i o n  
f lux,  QS/A, on (nonaal t o )  the  a r r a y  when the  
measurement is made, 

2. t he  temperature of the  m b i e n t  a i r  surrounding the  array,  Ta, 

3.  the wind spaad and d i r e c t i o n  ( the  wind should be near 1 meter 
per  second and i n t o  the  ar ray) ,  

4. the  instantaneous c e l l  temperature, TC, i  (o r  NKT), under 
these aondit ions.  

The terns "loss coe f f i c i en t "  (here given the  symbol UL) is  
corsaonly used t o  express t he  e f f i c i ency  of heat r e j e c t i o n  f o r  the 
array. I n  photovoltaic  a r r ays  the  r a t i o  of UL t o  the  so l a r  
absorptance ( a )  of the  a r r ay  is  important, not j u s t  UL. This r a t i o  of 
l o s s  coe f f i a i en t  t o  absorptance can be computed from 

where (QS/A)i, Tc,i, and T, a r e  simultaneous reaanrents  of the a r r ay  
in so la t ion  per  wit a r r a y  area,  c e l l  temperature, and ambient 
tsmperature, respect ively.  UL is  i m p l i c i t l y  r e l a t e d  t o  r i n d  speed; 
therefore ,  the  value used i n  the  procedures out l ined  below should be 
representa t ive  of the wind condit ions experienced by the arrays.  

The procedure i n  t h i s  chapter  requi res  knowledge of e i t h e r  N W I  

or  U L / a .  I f  n e i t h e r  an NOCT nor information from which UL/a can be 
ca lcula ted  i s  ava i l ab l e  from the manufacturer, then the  designer must 
r e s o r t  t o  e i t h e r  est imation o r  thermal ana lys is .  

2.2 bUeFEmCe EFFICIENCY 

Another property t h a t  i s  highly prodact dependent i s  the  
e f f i c i ency  f o r  converting incident  sunl ight  i n t o  e l e c t r i c i t y .  laxirnm 



power* operation is assumed in the procedures outlined in this Guide. 
Under this condition, the actual conversion efficiency, q, is, to good 
approximation, linearly related to cell temperature Tc by 

The procedure that follows predicts the monthly average cell 
temperature (Tc) which can be used to estimate monthly average 
efficiency from eq. (2.2) if qr, Tr and fl are known to the designer. 
These latter quantities are discussed in the following paragraphs. 

Usually, product information is complete enough to allow calcula- 

tion of a reference efficiency, qr, at a stated (reference) 
temperature, Tr. For exaerple, if an array module max-power current, 

Imp, and rax-power voltage, Vmp, (or their product. Pnp, the maxiram 
power) are given at some temperature and insolation, an appropriate qr 
can be calculated from 

where (QS/AIi is the instantaneous insolation on a unit area of the 
array and A is the area of the array module (the 1b0's that appear in 
eq. 2.3 convert efficiencies to percent which is the way they are ex- 
pressed in this guide). Tr is taken to be the temperature at 
which these electrical properties are measured. Care should be taksn 
in eq. (2.3) to make certain qr is dimensionless. 

The array efficiency , B, in eq. (2.2) is 
usually not explicitly ecif ication sheeis. 
However, occasionally enough information is provided to allow the 
calculation of this parameter. Whenever two different efficiencies 
(or enough information to ca ) are given at two 
different cell temperatures , B can be calcu- 
lated. Suppose these efficiencies are q, at Tc,i=Tl and q, at 

Tc, i=T2. Then 

* 
In max-power operation the voltage on the array is continuously 

adjusted so that electrical power production is always maximized. The 
device that maintains the voltage at the max-power value is referred 
to as a max-power tracker, and is often an accessory iten that 

accompanies the power conditioner or inverter. 



If insufficient infomatioa is givela, then the desi-er has to 
resort to estimation. Forttmately. j3 is minly cell mterial 
dependent. For silicon arrays a reasomable value to use is 0.0045 C-1 

and for cadriar smlfide arrays 0.005 C-1 is rec-ended. 

2.3 ITItH'iING 

In tke procedures outliaed in Section 2.5, the designer must 
speoify %,. the power coaditioning efficiency (in percent). Many 
applioatioas reqmire alternating carrent (a-c) power. whereas 
photovoltaio arrays prduce direct carreat (d-c) power. In these 
cases. tks dssi8aer must are an inverter between the array .ad the 
load to convert tbs d-c to a-c. m e r e  the application requitera 
re&olated d-o power, sore sort of power conditioaing mait mart also be 
incladad ia the design. 

Althorr~h the conversion efficiencies of Inverters and paxer 
oonditionin~ equipment are typically fanotioar of the uoant of power 
bein8 prooessed. they are surprisingly indewadent of part-load-ratios 
over a large part of their operating range. (It must be remembered 
that array output power will vary drastically over any particular 

day). This fact usoslly simplifies the selection of a monthly average 
power aonditioaiag effioiency, qpc. Typiaal *aloes of qpc are in the 
range of 80 to 95 percent. 

2 .4 AND 

, For an appropriately determined monthly average potential array 
effioienoy, q, detemined froa eq. (2.2). the monthly average daily 
energy output per anit area of array (inclnding power conditioning 
lasses) is given by 

where QS/A is the monthly average daily insolation on a -it area of 
the array. The procedure outlined in the next section provides the q 
that makes eq. (2.5) applicable for obtaining monthly average results. 

2.5 AND 

Worksheet 1, several copier of which can be faand at the end of 
the appendix. shonld aid in the calculation of array monthly potential 
perfoirance. The steps enmerated below are keyed to that aorksheet: 



Steb 1 Obtain qr and Tr from manufacturer's data. Ente* these values 

at the top of Worksheet 1. Do not try to estimate or guess their 
values. If qr for s m e  cell temperature, T~,* c a m o t  be calaulated 
froar data sapplied in specification sheets (see Section 2.21, aontaat 
tke manufacturer directly. ' 

Obtain B from manufacturer's data and enter it at the top of 
Worksheet 1. See Section 2.2 for the method of calculation. If 
sufficient information is not available, use 0.0015 C'-1 for silicon 
and 0.006 C-1 for CIS arrays, or ask the manufaaturer. 

Step 3 Obtain NOer gn4 conditions from manufacturer's 
specifications. This NOer rill be needed to enter Fig. 2.1 in Step 9 
below. If the conditions given by the manufacturer fall outside the 
limits of scales Al, A2, A3 or A4 on that figure or cannot be used 
with these scales, calculate U L / ~  from eq. (2.1) for entry on scale B 
of Fig. 2.1. If insufficient data exist to determine either WCT or 
UL/a, contact the manufactarer. Enter the appropriate values on tke 
top of Worksheet 1. 

If the array output power is to be processed throagh power 
conditioning equipment, estimate npC from the equipent manufacturer's 
data and enter its valne on Worksheet 1. 

Stsb 5 Prom Table I in the appendix, deteraine which station for 
solar/meteorological data best represents your location. Use the key 

maps on pages A-1, A-2, and A-3, to aid in finding this station in 
Table I. Table I is arranged alphabetically by station, but lists of 
the stations sorted by station, state, and latitude can be found on 
pages A-4, A-5, and A-6, respectively. Of course, if more site 
specific weather/insolation data are available they should be used, 
but they must be exactly the same quantities as listed in Table I. 
See Section 2.8, Table I and the Use of Other Data Bases, for further 
discussion. 

Step 6 Calculate the monthly optimum tilts using the site latitude 
and the equations found in Table I1 on page A-58 of the appendix. 
Enter the computed values in collmn C3 of the worksheet. Decide upon 

the array tilt to be used. Arrays that are to be adjusted in tilt 
each month can be accomodated in this procedure. Enter the monthly 
tilts to be used in c o l m m  C4 on Worksheet 1. 

The choice of tilt, s, will depend on the application. If 
optimum energy is desired and monthly adjustment of the tilt can 

 he specific valne of T, is not important as long as it is a cell 
temperature (not an amabient temperature) a. qr is the array 
efficiency at that Tr. 



be made, s would be s e t  equal t o  8% each month. A des i lne r  wmld 
want t o  a s c e r t a i n  t h a t  the cos t  of monthly a d j ~ s t m e n t  i s  more 
than o f f s e t  by the value of the increased e l e c t r i c a l  oatpat .  

I f  a f ixed  year ly  tilt i s  t o  be used and maxim= year ly  energy 
piodaction i s  desired,  s would e s s e n t i a l l y  be s e t  equal t o  the 
t i l t  giving the  l a rges t  year ly  t o t a l  insolat ion.  Differences i n  
monthly e f f i c i ency  would a l t e r  t h i s  choice omly sightly.  Table I 
lists year ly  in so la t ion  (YET) f o r  various tilts. 

I f  optirmst energy co l l ec t ion  is des i red  f o r  a p a r t i c u l a r  month o r  
season but a f ixed  year ly  s i s  reqaired, s would be se lec ted  f r m  
Table I t o  maximize inso la t ion  during t h a t  period. Energy 
production a t  other  t i n e s  of the year w i l l  suffer ,  however. 

Transfer  WS, KT, TM and QSIA from the data f o r  yonr s t a t i o n  i n  
Table I t o  columns C1, C2, C6 and C9, respectively,  of Worksheet 1. A 
key f o r  reeding Table I can be f o m d  on page A-7. 

The wind speeds, WS, t h a t  appear i n  Table I a r e  $0-T data  f r m  
Reference 5. Something l e s s  than the  WS's shown i n  Table I (ba t  
n o t  l e s s  than 1 meter per  second) should be entered on Worksheet 
1 due t o  the f a c t  t h a t  a r r ays  are  typ ica l ly  nonnted lower ia the 
ea r th ' s  bomdary layer than a re  the National Weather Service wiad 
measuring instruments. A value t h a t  i s  50 t o  75 percent of tho 
tabulated value i s  rscomended. A s e n s i t i v i t y  study of the 
influence of WS on q can e a s i l y  be perfomed by computing q a t  
severa l  assumed wind speeds. 

QSIA i s  the  average da i ly  ar ray  insola t ion  per a r ray  area and 
r u s t  correspond t o  the monthly t i l t s  given i n  column C4 of the 
worksheet. That is, en te r  Table I with the a r r a y  t i l t  and month 
t o  loca te  the corresponding QSIA. In terpola t ion  between 
tabulated t i l t s  w i l l  probably be necessary. 

Complete column C5 of Worksheet 1. ' Q 1 = 1 " implies the  
absolute value of r-sy. That is, i f  ( s - s ~ )  is  negative, ignore the 
r i n u s  s ign  when enter ing  the  number i n  c o l m  CS. 

S t e ~  9 Determine Tc, the average monthly c e l l  temperature, by enter- 
ing Fig. 2-1 each month with the vollnes recorded on the worksheet. 
Enter on e i t h e r  a x i s  A o r  a x i s  B, depending on whether NCCT or  UL/a is  
known. I f  entering on ax i s  A, begin a t  a x i s  

A l  i f  the NOCT i s  known f o r  an insola t ion  of 1 kW/nr2 and an 
ambient temperature of 20 C, 

A2 i f  the is  known f o r  an insola t ion  of 1 kW/az m d  the 
ambient t e rpe ra t a re  i s  d i f f e r e n t  from 20 C. Subtract  the 



Graph for Estimating Monthly Average Cell Temperature 

Figure 2.1 





A3 if the is k n o n  for an insolatio~ of 0.8 kW/rt and an 
ambient temperature of 20 C. 

A4 if the WtT is known for an isolation of 0.8 kW/mt and the 
different frca 20 C. 

After entering axis A proceed dornrard until intersecting the 
wind speed curve appropriate for yolrr location and month.* After the 

intersection proceed to the right until reaching the clearness nartber, 
ET, curve for yoor location and month. If entry needs to be made into 

Pig. 2.1 with a Uda, begin at axis B and proceed to the left until 
intersecting the appropriate KT carve. Prom the KT carve proceed 
dornrard until intersecting the appropriate sloping ls-sHI curves 
(labeled alolag axis C) for your installation and month. Then move to 

the left ontil reaching the appropriate mean monthly temperature, 21I, 
curve for the month and site. Proceed dornrard to the horizontal axis 
D to obtain the ronthly average cell temperature, Tc, that can be used 
in eq. (2.2). Enter this Tc in column C7 of Worksheet I. 

&ep I0 Calculate the ronthly average array efficiency, q, from eq. 
(2.2) and enter the results in colearn C8. 

S t e ~  11 Calculate the monthly averass aaily energy potential!y 
available from the power conditioning unit per unit area of array, 
BE/A, from eq. (2.5) and erter the resnlt in colxpm CIO. (Note that 
9, llrr and qpc are assumed to be in percent when entered in the 
worksheet. Thus the 100's appear in the legend of colman CIO. 

2.6 DE S FROM W G  TeW AVERAGE BEHAVIOR 

If the data of Table I have been nsed, the procedure outlined 
above predicts long term monthly average array performance, since the 
values glven in that table are averages over approximately 25 years of 

%ote there are two sets of rind speed cnrves in Pig 2.1; the solid 
cnrves represent arrays that are open on both sides (e.g., free 
standing arrays with no thermal insulation) and the dashed cnrves 
represent arrays that are well insalated on their back sides (e.g., 
integral roof mounting). It is imperative that the mountina an4 
testing of the arrays durinn NOCT tests be eauivalent to the wav they 
rill be mounted and nsed in vour apvlication, Do not use the free 
standing NOer's for arrays that will be insalated on the back and vice 
versa. 



data. It is often desirable, horever, to bow the depart~res froa the 
long terr average that may be expected in array prfoma~lce. 

The most influential variable affecting array aatpot is the array 
insolation or solar irradiation. Therefore, bowing the variatim in 
insolation that can be expected over the years allows one to predict 

array oatpnt variations to be expected. 

For any one location and month the monthly average array inso- 
lation varies nearly in proportion to the monthly cleorness nnrpbcr, 
En for that location and month, Monthly departures f r m  the long 
term average KT for any location and month typically have a standard 
deviation of 0.04, although this increases soraewhat in low 10T 
locations and decreases somewhat in high $T locations. mas. 
raltiples of this standard deviation can be added to (subtracted fr-1 
the long term monthly XT to obtain reasonable statistics on high (low) 
array insolation levels. For example, since 95.4 percent of any 
norrally distributed set of numbers lie within 2 2 standard deviations 
of the average, a monthly average array insolation level of 

(QSIA) (QSIA) 
[KT + 2(0.04)1 

would be exceeded only 2.3 percent of the tire. Likewise, a monthly 
average insolation level of 

(QSIA) low = (QSIA) 
[KT - 2(0.04)1 

KT 

would be exceeded 97.7 percent of the time. Here the msabscripteQ 
parameters are the long tern average valass taken f r m  Table I of the 
appendix. Using such high and low valner for QSIA in eq. (2.5) gives 
reasonable estimates of the high and low monthly average array oatpat 
to expect over the years. 

2.7 COWBEaIONS TO BE APPLIED 

The vrloes of QSIA's listed in Table I do not account for losses 
in available solar energy that occur in the early morning and late 
afternoon when the angle between the nomsl to the array and the 
incoring solar rays is large. Also not considered are losses dne to 
shading of the array snrface by either other parts of the array or by 
nearby norarray elements, and losses due to scattering of the inci- 
dent rays by dirt accumulated on the array snrface. 

Although losses at high incidence angles have not been quantified 
here, they should be of the order of 5 percent or less. 



Shading losses are strongly dependent on the manner in which the 
cells and rodules are wired together and the ratio of array area to 
the land area (this latter ratio is often referred to as the land 
packing factor). Por near latitude tilts, self shading of the array 
(shading of one part of the array by other parts) is not significant 
at packing factors up to 0.3 to 0.4 and may be insignificant at values 

larger than 0.4. h e  to differences in the sun's elevation in the 
sky, the self shading losses are always much greater in the wintor 
than in the summer. By using diodes or by wiring series strings of 
cells across the arrays (rather than up and down the arrays) shading 
losses can be held to less than 1 or 2 percent at packing faators as 
high as 0.6. Shading by non-array elements (buildings, trees, power 
poles, etc.) is highly site specific and shonld not be disregarded by 
the designer. 

Losses due to dust and dirt accnmulation are typically on tho 
order of 3 to 5 percent although they have been observed to be as h i p  

as 13 percent. In most locations rain is frequent enough to keep such 
deposits at a near negligible amount. 

Designers shonld use some discretion in the removal of such 
losses as those discussed above from the calaulated monthly QElA's. 
The losses are difficult, if not impossible to quantify in a geaeral 
way; the choice of magnitudes needs to be tempered with experience. 

2.8 TABLE I AND TBE USE OF OTsER DATA BASES 

The data base included as Table I is based on the monthly mean 
temperatures, rind speeds and daily total (global) radiation on the 
horizontal from Reference 5. The data represent averages for the 
period 1952 through 1976. The original source for Reference 5 was the 
SOLBET taper (Reference 6 ) .  

The S O M T  data base was originally established by rehabilitating 
measured data for 26 sites. Most of the systematic errors in the 
original data were removed in the correction process while other 

random and systematic errors were introduced. Insolation data for 
over 200 other sites were then constructed by applying regression 
analysis coefficients on a month to month basis, from the closest 
SOLJET location, to synoptic data available for these additional 
sites. The largest errors in the original SOLMET sites apparently 
occur in winter in northern latitudes and may be as large as 10%. 
Probable errors in the "regressed" data base are difficult to 

qnant ify but are undoubtedly larger. 

KT was computed from Reference 5 data by dividing the total 

radiation on the horizontal by the extraterrestrial radiation on the 
horizontal. Total radiation on the tilt data in Table I were then 



computed using the method of Reference 7. assuming a gro-d reflec- 
tance of 0.2. (The accuracy of t h i s  camprrtation is discasred balm.) 

Although the regionnlization developed i n  Reference 5 (re@ page 
A-2) is convenient. anmal ies  that  can occar within aay regiom, 
pa r t i cu la r ly  ia mountainous o r  coastal  regions, can lead t o  errors.  
Users of Table I a re  arged t o  apply discre t ion i n  t h i s  regard. 

There are many data bases i n  use i n  the so la r  design c n o n i t y .  
Unfortunately. very seldom do any two or  more of these bases give 
ident ical  resul ts .  Indeed, m e  of the l a rges t  uncertainties i n  so la r  
design may r e s u l t  from uncer ta int ies  i n  the choice of data bases. 

Because designers of ten have t h e i r  favor i te  data bases and 
because Table I can and rill eventually be replaced with mare accurate 
data. some discussion of the use of other infomat ion m y  be in  order. 

Usually i f  any data ex i s t  f o r  a s i t e  they are t o t a l  radiation on 
the horizontal. I n  order t o  are  the proordare developed here, a 
designer mast know KT. I f  a data base does not provid m, it can be 
computed by ratio!%g the monthly (or  ronthly average daily) t o t a l  
radia t ion on the horizontal t o  the monthly (or  ronthly average daily) 
e x t r a t e r r e s t r i a l  radiation. This l a t t e r  quantity oan be o b t a i ~ d  f r m  
Fig 2.2 fo r  the month and l a t i tude  of in teres t .  

A designet a lso  needs the ronthly average temperature, TU. This 
is often available from retctorological data charac te r i s t i c  of the 
s i t e .  Saae data contain the monthly average temperature dmring 
daylight hours which i s  typical ly  three degrees above the average 
temperature over a11 hours. Therefore, TII would be t h i s  daylight 
temperature minus three degrees. 

I n  principle. the wind speed information required i s  the ron th l r  
average r ind  mpeed daring daylight hours a t  the array height above the 
ground with the array i n  place. Such extensive information ir rare ly  
available. Usually. a t  best. there may be some ronthly average (a11 
hours) data a t  another height. Fortanately fo r  r rny  si tuatigns.  
system perfonrance i s  not strongly t i e d  t o  r ind speed. 

The t o t a l  radia t ion on the tilt, which is perhaps the most impor- 
t an t  variable. is usually the most d i f f i c ~ l t  t o  obtain, few measore- 
ments exis t .  I f  the data base t o  be ased does not include radia t ion 
on the tilt, a designer i s  usually faced with converting t o t a l  radia- 
t ion  on the horizontal  t o  t o t a l  radiation on the tilt. Althoagh vol- 
umes of papers have been wri t ten  on such a conversion. no standard or  
"best" method e x i s t s  fo r  doing th is .  Peference 8 does outl ine one 
step-by-step procedure fo r  making t h i s  conversion. Various exis t ing 

data bases tha t  a11 s t a r t  with the same t o t a l  horizontal radia t ion 
data show discrepancies of 3 t o  5% and occasionally as  lnach a s  10Z in  
t o t a l  radia t ion on the tilt. 
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Figure 2.2 Extraterrestrial Daily Insolation Received on a Horizontal Surface 

as a Function of Month and Latitude 



(Blank) 



PBEDICTING SYSTEM F E W 0  

The information contained in this chapter is used to estimate 
system performance, given an array performance prediction from 
Chapter 2. The results from Chapter 2 that are necessary here are the 
monthly effective array output per unit area, QEIA, and the monthly 

array efficiency, q. 

This chapter introduces several additional quantities: 

L - Monthly average daily electrical load (kwh) 
B - Electrical energy storage capacity (Wh) 
P - Solar fraction, or the portion of the electrical load 

supplied by the photovoltaic system. 

This number is determined by the application and must be supplied 
by the designer. The monthly average daily electrical load, L, is 
most accurately estimated by dividing the electrical load for an 

entire month in kwh by the number of days in that month if the 
magnitude is relatively constant from day to day. If significant 
variations occur from day to day, then the techniques of this chapter 

will overestimate the actual solar fractian, since the performance 
curves used assume repetitive daily loads over the month. If 
significant differences occur on certain days of the week (e.g., if 
weekend loads are different from weekday loads), then separate average 
daily loads should be computed for these days and separate performance 
estimates should be made. Monthly performance can be approximated by 
taking a weighted average of these separate daily estimates. 

3.2 ELECTRICAL STORAGE CAPACITY 

Lead-acid batteries having a round trip efficiency of 80 percent 
are represented in these calculations. Electrical energy storage 
capacity, B (in Watt-hrs), is calculated from: 

B [Whl = Capacity per battery [Ah] x Average voltage per battery [V] 
x Fraction of battery used x Number of batteries (3.1) 

Battery manufacturers commonly size their products by amp-hour 
capacity at a moderate discharge rate, e.g., "30 amp-hours at the 10 
hour rate." The amp-hour capacity entered in eq. (3.1) should be 



t h i s  v a l w ,  i.e., the capacity measured a t  a r a t e  which causes 
complete discharge i n  10f2 honrs. 

I n  the  present application, the average voltage per ba t t e ry  i s  the 
average voltage during both c h a r ~ e  and discharge a t  approximtely the 
10-hoar ra te .  A voltage per c e l l  of 2.17 has been h p l i c i t l y  assmed 
i n  the perforrrance curves tha t  a r e  used i n  the procedure presented i n  
t h i s  Gaide. Therefore. the voltage per ba t t e ry  t o  be assd i n  eq. 
(3.1) be 2.17 times the namber of nominal 2 vo l t  c e l l s  i n  s e r i e s  
within the battery.  This value d i f f e r s  only s l i g h t l y  f r m  the average 
voltage of 2.12 which can be computed from the infomat ion of 
Reference 9. 

The "fraction of ba t t e ry  used" depends upon how deep a discharge 
and how high a charge are  p e m i t t e d  duriag ba t t e ry  operation. For 
example. i f  60% of the t o t a l  available ba t t e ry  capacity is ut i l ized.  
t h i s  f ac to r  would be 0.6. (The system's power conditioner or 
regulator nust monitor ba t t e ry  s t a t e  of charge and/or voltage and 
r e p l a t e  ba t t e ry  current  accordingly.) 

The number of b a t t e r i e s  entered i n t o  eq. (3.1) i s  the t o t a l  nmbsr  
of b a t t e r i e s  i n  the storage system. For example, i f  tba storage i s  
arranged wi th .3  b a t t e r i e s  i n  s e r i e s  and 4 b a t t e r i e s  i n  para l le l ,  then 
t h e . t o t a 1  nrrmber of b a t t e r i e s  i s  3 x 4 = 12. 

This chapter out l inas  how t o  ca lcala te  so la r  f rac t ions ,  FI on a 
monthly and on on annual basis. Steps 1 t o  7, l i s t e d  i n  Section 3.4 
below, d e t a i l  how t o  estimate F f o r  a s ingle  month. I f  these steps 
a re  carr ied  out f o r  a l l  12 months, then an annual P can be computed by 
following s teps  8 and 9. 

I n  Step So several  of the quant i t ies  discussed i n  Chapter 2 md 
Section 3.2 are  cmbined t o  give the var iables  which are necessary t o  
eventually obtain oolar fractions.  These variables are: 

and 

QE/L is the po ten t i a l  so la r  f r ac t ion  i n  tha t  i s  represents the 
f r a c t i o n  of the load which could po ten t i a l ly  be s a t i s f i e d  by 
e l e c t r i c a l  energy from the ar ray i f  i n f i n i t e ,  loss  f r e e  storage were 
available. I n  many cases pa r t  of the available array output camot  be 
used i m e d i a t e l y  and must be stored, "dmaped" (or  not collected),  o r  



fed back to the grid (if that aption is available). Other losses are 

due to battery inefficiencies. These cause the solar fraction, F, to 

always be less than W/L. 

QE/L is a diaensionless parameter and can be changed, for a given 

load and location, by increasing or decreasing array area (changing 
A), by changing the array tilt [which changes QS/A that is used in 
calculating QE/A via eq. (2.511, or by using different arrays 
[changing q in eq. (2.511. 

For individual months, the parameter B/Aq has been empirically 
found to collapse solar fraction data for different geographic and 
cliratological locations onto nearly a single family of curves in the 
(B/Aq, F) plane which have only QE/L as a parameter. However, such a 
collapse of data appears to be possible only if the arrays are tilted 
at the local latitude angle for each location and if the same parer 
conditioning efficiency, qpc, is used in all cases compared. This is 

an extremely important point since B/Aq is a dimensional parmetrr. 

Since designers often desire to use various (non-latitude) tilts 
and other power conditioning efficiencies, it is necessary to be able 
to "correct'8 these latitude tilt, fixed q data in order to improve 
their ucafulness. The 'correction tern, [ (QSlA) lat/ tQS/A) I, that 
appears in eq. (3.3) allows the data of Table 111, which were computed 
for latitude tilts, to be used for other array tilts. (QS/A)iat is 
the local array insolation (from Table I) cotrespanding to a tilt 
angle equal to the locrl latitude, while (QS/A) is the insolation for 
the array tilt actually used in the system. Likewise, since the data 
in Table I11 were computed with qpc=90 perceat, the 88correction'' 
190 / qpcl allows that data to be used with other values of qpc. 

B/Aq can be changed by increasing or decreasing storage size 
(changing B), changing array area (A), controlling the array tilt 
(this latter option affects B/Aq through the ' 'correction term'' 
referred to above), using different arrays ti. e., different q's), 
and/or using different power conditioning efficiencies (i.e., 
different q a .  Notice that A and q affect both QE/L and B/Aq: the 
interplay o!cvariables should not be ignored. 

The next two sections outline a step-by-step procedure for 
calculating QE/L and B/Aq and obtaining estimates of F. 

3.4 THE PROCEDURE FOR ESTIMATING 
MONTHLY AND SOUR FRACTIONS (F ' S) 

Worksheet 2, found on the back of Worksheet 1 at the end of the 
appendix, facilitates these calculations. The following steps refer 
to the worksheet. 



The designer must s e l e c t  A ( a r r ay  area)  and B (s torage 
capaci ty) .  Enter these values a t  the  top of Worksheet 2. 

Once the  loca t ion ,  a r r ay  tilt, and a r r a y  spec i f i ca t ions  a r e  s e t ,  a  
designer  might use A t o  provide d i f f e r e n t  W/L% (Step 5 below); 

i.e., he r i g h t  i nves t iga t e  the  e f f e c t  of a r r ay  area on the  s o l a r  
f r ac t ion .  For most load shapes, the  r e l a t ionsh ip  between A and 
s,-lar f r a c t i o n  F i s  not  l i n e a r ,  e spec ia l ly  above F = 0.41 t h a t  i s ,  
t he re  a re  diminishing r e tu rns  f o r  additiomal a r r ay  area. Above 
F = 0.4, each increment of area added suppl ies  a  smaller  f r a c t i o n  
of the  load. A t  some poin t  it  becmes  e c o n m i c r l  t o  use the  
back-up source ins tead  of increasing a r r ay  s i r e .  For erample, an 
a r r a y  chosen t o  provide a po ten t i a l  s o l a r  f r a c t i o n  QE/L of 0.20 
( o r  20%) would have an a rea  of 0.2-L/(QEE/A). For many load shapes 
( a t  l e a s t  f o r  those included i n  Table 111) the  ac tua l  s o l a r  
f r a c t i o n  would be near ly  0.20 (o r  2 M ) .  For a  po ten t i a l  s o l a r  
f r a c t i o n  QE/L of 0.8 (o r  8M).  an a r r ay  area of 0.8*L/(QE/A) aonld 
be required. For most load shapes anless  t he re  i s  exce l len t  
d iu rna l  matching between the  a r r ay  outpat  and the  load, the  ac tua l  
s o l a r  f r a c t i o n  would be l e s s  than 0.8 by an amonnt t h a t  depends on 
the  s torage capaci ty  and storage ef f ic iency .  

Once an a r r ay  area i s  chosen, a  " n l e  of thmb" on e l e c t r i c a l  
s torage i s  t h a t  an upper l i m i t  on capaci ty can be f o m d  by noting 
t h a t  s torage capac i t i e s  l a r g e r  t ha r  aboat B 2 40.q.A seldom r e s u l t  
i n  increasing the  so l a r  f rac t ion .  I n  f a c t ,  the ' e b e e s "  of the  F 
vs. s torage capaci ty curves occur a t  about B 2 10*q*A t o  20*qgA. 
This should be more obvious t o  the  designer a f t e r  he has completed 
s t e p s  6 and 7 below. Of course, i f  the  back-up g r id  i s  t o  be used 
a s  the  s torage r e d i m  (e.g., i f  u t i l i t y  re l lback  i s  p e m i t t e d ) ,  
B = 0. 

S t e ~  2 Enter  the  monthly &E/A and L ( c o l m n s  Cl0 and C8, recpec- 
t i ve ly ,  from Worksheet 1 )  i n  columns C12 and C13, respect ively.  

Enter i n t o  column C14, the a r r ay  insola t ion ,  (QS/A)lat, f r m  
Table I t h a t  corresponds t o  an a r r ay  tilt equal t o  the l o c a l  l a t i t u d e  
angle. Usually t h i s  value w i l l  have t o  be in terpola ted  i n  the  tab le .  

Steo 4 Estimate the  average d a i l y  e l e c t r i c a l  load f o r  each month and 
e n t e r  i n  calm C15. 

Step 5 Calculate QE/L and B/Aq from eqs. (3.2) and (3.3) and e n t e r  i n  
columns C16 and C17. These values a l s o  vary monthly. 

Step 6 Prom Table I11 of the appendix, s e l e c t  the  system performance 
graphs which bes t  resemble the  appl ica t ion  load p ro f i l e .  The key t o  

and choice of graphs i s  discussed i n  Sect ion 3.5. 



Enter the appropriate p8rfonance graphs of Table I11 with 
a / L  and B/AQ t o  obtain the monthly so la r  fractions.  A reading key 
for  Table I11 is  given on page A-63. 

For exaaple, for  a winter month with W/L = 0.6 and B/Aq = 10 
m/(r'*Si). the exlrrple graph i n  Figure 3.1 yie lds  F = 0.43. . 

For BE/L other than 0.2, 0.4. 0.6. etc.. a simple in terpola t ion is  
done, a s  i l l u s t r a t e d  i n  the examples i n  Chapter 4 of t h i s  Orride. 

The f i n a l  steps i n  t h i s  ohaptere$ procedure give an estimate of the 
annual solar  fraotion: 

Llaltiply L x d f o r  each month and en te r  i n  o o l ~ s n  19. 

Pe t fom the calcula t ion presented a t  the bottorr of the 
worksheet. " denotes a s-ation of thb indicated qaclntities 
over a11 12 sooths. 

3.5 EEY TO GWHS OF TABLE I11 

Selection of a pa r t i cu la r  page f r s a  uaong the 41 pager of system 
performance graphs i n  Table I11 of the appendix depends awn the $haps 
of the average dai ly  e l e c t r i c a l  load. The 41 pages a re  divided i n t o  
four c l r s s i f i ca t ions :  

1. Constrnt (1) 
2. Sinaroidal (20) 
3. Oniraadal '(17) 
4. Biluodal (3) 

The nmbers i n  parentheses indicate the number of load p rof i l e s  i n  
each category for  whioh there are  perfomance graphs i n  t h i s  h i d e .  

The oonstant load shape needs no fu r the r  explanation. The pro- 
f i l e s  i n  category 2 are  indexed on pages A-59 md A-60, while those 
for  cr tegor ies  3 and 4 are  indexed on pages A-61 and A-62. These 
curves are  based upon the  average da i ly  load p r o f i l e s  fo r  a11 the 
two-digit 8IC (Standard Indus t r i a l  Codes) applications l i s t e d  i n  
Reference 10. Several of the sinusoidal p rof i l e s  may a l so  be 
representative of r e s i d e n t i r l  loads, but note the cot~le~ents on 
res iden t ia l  loaas i n  Seotion 3.7. 

Four ooments pe r ta in  t o  the use of the p r o f i l e s  and indioes: 

(1) Note tha t  i n  the Oninaodal and Bimodal p lots ,  the v e r t i o a l  
soale may vary for  d i f fe ren t  prof i les .  



W I N T E R  

How to Use the Perfonaance Curves of Table I11 t o  Find F 

Figure 3.1 



(2) Select the p r o f i l e  which most closely resembles tha t  of the 
application. I n  s m e  cases, the use of graphs pertaining t o  several 
p rof i l es  and averaging of the resu l t s  may be necessary. 

(3) Only the shape of the curve i s  important i n  p rof i l e  
seleotion. The s ize  of the load or  the area under the curve enter the 
prooedure throngh the quantity W/L. 

(4) The eeSpring-Fall'e graphs are f o r  the months of February. 
March. April, August, September, and Ootober. For Northern Hemisphere 
locations, the "Swmeree graphs cover May. June. and July. and the  
#'Winteree graphs are  f o r  November, December, and January. The summer 
and winter months are reversed fo r  Southern Hemisphere s i t es .  

3.6 USE OF THE ELECTRICAL STORAGE 

Figure 3.2 i l l u s t r a t e s  how the e leo t r i ca l  storage would be u t i l -  
ized during operation of a +mica1  photovoltaic system. Although the 
calculations presented there aie f o r  the spring and f a l l  months fo r  a 
sinusoidal load prof i l e  of amplitude t o  mean r a t i o  of 0.3 and time of 
peak of 18:OO (prof i l e  18.3 i n  Table 1111, they should be typioal of 
other months and many other types of load shapes. 

The small diagrlus on the periphery of Figure 3.2 are  histogrurs 
of the bat tery  s t a t e  of oharge whioh essent ia l ly  t e l l  how the ba t te ry  
would spend i t s  time. For example. these show tha t  small storage 
capacit ies [B/Aqu10 Wh/ (ma*%) I woald cover the en t i re  pernit ted range 
of s ta te  of oharge. sinoe they typical ly  would charge quickly during 
the day and then discharge quickly near or a f t e r  sundown. Most of the 
time would be spent e i the r  f u l l y  charged or  a t  the minimum permitted 
s t a t e  of charge. For QEILeO.6, photovoltaic array output would be 
insuff ic ient  t o  f i l l  a large capaoity storage tBlAq-40 WhI(ma-%)l. A s  
a resul t ,  the s t a t e  of charge would be a t  or near the minim= 
permitted value most of the time. I f  t h i s  miniam happens t o  be near 
zero s t a t e  of charge (i.8.. i f  the storage were allowed t o  be f u l l y  
discharged), such operation woald not favor long bat tery  lifetimes. 
This s i tuat ion reverses fo r  large arrays '  (e.g., QElb1.2) and large 
storage capacities. Here the array output would maintain the 
ba t te r ies  a t  f u l l  oharge most of the time sinoe there i s  more than 
enough energy t o  meet the average dai ly  load. Such operation woald 
favor long bat tery  lifetimes. 

Note tha t  a fixed BIAq does not in fe r  the same bat tery  capaoity a t  
QElIr0.6 as it does a t  QElIi1.2. For the same load. i t  takes twioe 
the array s ize  f o r  a QElk1.2 as  it does fo r  a QElIi0.6. Equal BIAq 
thus requires twioe the storage capacity for  QEIIi1.2 as  f o r  QEIbO.6. 
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This section describes three sources of error in the predictions 
of F. They are discasred in order of increasing importance. 

~ffect of '"Noisy" Loads 

An actual load profile will seldom have the "smooth" appearance 
of those on pages A-59 to A-62. Although the load shape ray, on the 
average. approximate one of those for which performance data is given 
in Table 111, fluctuations or "noise'e will usually be superposed oa 
the load curve for any given day. 

Deviations from a smooth profile will generally cause a negligible 

difference between actual system performance end 'this chapter's 
predictions. Hmever, when the fluctuations becme large enough. the 
solar fraction will be less than what is estimated in 'he given 
procedure. 

Specifically, when the mplitude of the noise is equal to or 
greater than the average load. then the solar fraction will be at 
least 5% less than the estimate. 

Residential load applications. in which switching of appliances 
can lead to significant deviations frora a "moothe' load profile, ray 
be subject to significant error. Caution is urged in the use of these 
performance curves for such applicrations. Probably just as important 
in residential applications are the day to day variations in daily 
load. The performance curves of Table I11 were oonstrucrted assming 
repetitive daily loads over each month. If the loads vary signifi- 
cantly f r m  day to day the procedures using Table I11 will aver- 
estilate F. 

Dependence of Performance Estirates upon KT and Latitude 

The system performance graphs of Table I11 are cronstructed to take 
into account the two major factors which affect the interaction of 
array output and electrical load. The first consideration is load 
profile and the second is daylength, which varies appreciably f r m  one 
season to another. Thus Table I11 contains three seasonri p~rfomance 
curvet for each of 41 load profiles. 

Two minor effects are ignored in the generation of these graghs. 
The first of these is the variation of KT within a given season, as 
the location of interest varies. A relatively large value of KT 
implies that the rcather is consistently good from one day to another. 
A small KT. on the other hand. indicates either frequently cloudy 
weather with a high degree of day-to-day variability or uniformly poor 
weather. 



The geaphs of Table 111 are notarlly predictieaa for a lwatlcsa 
having KT'S agproxiutely eqmal to the average ~ 8 1 ~ ~ s  for each mas- 
of tBe 97 locations listed ia Table II. Pigmre 3.3 gives tba nonthly 
distribatioaa of KT foe these 97 lccations, while Table 3.1 gives t b  
ralnes  red in uoastracting Table 111. 

The other effect ignored ia Table I11 is the variatim of c 

dayleagtfi daring s r or winter dme to latit- difr'ereaoas I 
loontioss. Table 3.2 skows hor muck a e  daylength varies at fie two 
rolstiues over the latitde range covered in this &ids. (me I 

daylength ia 12.0 hotus worldwide at tLs spring and fall equiaoxes. 1 

Table 3.1 

Approxiute Valnes of KT Used ia emrating 
the Sgstsr Performance Graphs of Table 1x1 

Sen son Average ILT 

Spring .545 
S-er .573 
 all .560 
Winter .442 

Table 3.2 

Variation of Latitode and Daylength 

Date Location Latitode Dayla~gth ----- 
Jrrne 22 Barzow, 1(K 71.3 24.0 

Caribou, 1& 46.9 15.7 
Lake Charles, LA 30.1 13.9 
Koror Is. 7.3 12.4 -- - 

December 22 Barrow, 1(K 71.3 0.0 
Cariboo, 46.9 8.3 
L a b  Charles LA 30.1 10.1 
Koror Is. 7.3 11.6 
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Monthly KT Distributions for the 97 Stations 
for Which Data AEe Included in Table I. 

Figure 3.3. 



The sigaificanoe of the factors  of ET and lati t&/daylength for  
looations wifhin the aontigaoas Wnited States  i s  displayed i n  Pigs. 
3.4 and 3.5. m e  data points i n  these plots  are  the r e su l t s  of 
ampyter simulations using data f o r  the f w r  locations indicated aad 
assming a sinasoidal X18.3 load profile.  

The ra t ionale  behind the se lect ioa  of Ihe locatioas otbor than 
Albuqwrqae i s  dsscribed below. Results f o r  Albtrqmrqw are o h m  
beaaase these served a s  the s ta r t ing  point i n  the dsvelopaent of t h i s  
en t i r e  r y s t r  perfoaance estimation procedare. L i b r i s e ,  the 
sinusoidal n8.3  load prof i l e  alosely resembles the "baselim lord0'  
used i n  the baobroond work. (See Refereace 4.) 

The inf lwnae of KT i s  i l l u s t r a t ed  by a amparison of the resn l t r  
for Lake Charles m d  El Paso. which have approxiute ly  the r u e  
l a t i tude  (30.1 N a d  33.7 N, respectively) bat  maah dif ferent  IT'S for  
any given month. Notable differences i n  predicted so la r  fraotions fo r  
these two loaations appear f o r  two oases: (1) winter months. -11 
B/Aq. (2) spring or  f a l l  months. large W/L and large B/Aq. 

These var ia t ions  i n  predioted P O s  due t o  KT are  l e s s  severe i f  
the load prof i l e  i s  a be t t e r  match t o  tbe average da i ly  array oatpat 
curve thaa the sinusoidal g18.3 one. and are more serious i f  the load 
shape d i f f e r s  from the array outpmt shape t o  a greater extent thaa the 
sinusoidal fi8.3 aurve. 

The effeat  of l a t i tude  .ad hence daylength var ia t ion i n  r-er 
and winter months i s  depicted via  the r e s a l t s  i n  Figs. 3.4 and 3.5 fo r  
Caribou a d  Lake Charles. These h o  loaationr have roughly the s m e  
KT'S during the months of interest .  yet they d i f f e r  considerably in  
l a t i t ade  md so l s t i cc  day-lengths. a s  indicated i n  Table 3.2. The 
Filureo show tha t  t h i s  oaases appreciable 0%) differences ia P only 
during winter months and when QE/L is large. 

Computer simulations fo r  locations oatside tke contigaoas 8.8. 
have not been done. bat the so la r  f ract ions  fo r  these r i t e r  may d i f f e r  
aonsiderably f r a ,  the resu l t s  f o r  sElraer md wirmter presented i n  Figs. 
3.4 and 3.5. drre t o  the latitade/daylength effect .  It i s  therefore 
reaorended that  extreme caution be exercised i n  making a re  of system 
perfoirance e s t i m t e s  fo r  the Alaskan rrmd island locations i n  s-ar 
a d  winter. 
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LES 

4.0 

This chapter contains six examples of array and system perfor 
m n o e  oaloulations and demonstrates use of the infomation of Chapters 
2 and 3 and the Appendix, Data on photovoltaic modales are frar 
aotaal manafaotarers' spocifkoation sheets. Factors sueh as looation, 
season. and load profile vary froin one example to anot.her to illar 
trate diverse (though fictitious) applioations. Examples 1 to 5 are 
single month caIcalations. Bxmple 6 shows how to obtain an annual 
perf om~anoe estimte m d  includes completed worksheets, while Example 
7 ompares a rasalt using this Gaide's method with that from mother 
approach, Table 4.1 smarires the Examples. 

Table 4.3 

ry of Examples 

________------------------------------------ 
Exa~.Ie ~ o ~ a t i o n  M O P ~ ~  ~ o a t ~  ~pplication MIL BIA$ F Dsmonatrati0(1 

Profile ............................................. 
1 Aarrisbur8, CNT Sinnisoidal Roridontial 0.77 20.1 0.63 Fondmentala 

PA #13.3 Load Centsr of prccsdaro 

2 Savannah. APU Unimodal #1 Bank 0.49 0 0.42 KT from ano- 
C A ther source, 

utility 
ferdback 

3 Honolulu. FEE Constant1 Printin8 0.65 11.2 0.30 Noroptimsr 
NI Sinusoidal Shop tilt, not 

#12.2 standard 
load 

4 St. Louis. AUG Bimodal #3 Service 0.70 6.1 0.61 Variable 
MO ' Station to to to tilt 

0.73 7.0 0.63 

5 Pla$rtaff. NOV Unimodal #6 Lumber Mill 0.21 10.0 0.21 Variable 
AZ to to A. B 

0.83 0.60 

6 Oaklaud. All Constant Port Office 0.16 5.2 0.16 12 month 
CA year to to to and a m a l  

0.72 10.0 0.52 calculatidll 

7 Madison. JAN Constant (Unknown) 0.70 17.4 0.56 Comparison 
WI 0.77 0.59 of Method8 

-------------------------p-- 

*[whl (I..%)] 



4.1 EXAHPWB 1: Harrisburg, PA (latitude 40.2 N). October 

: Manufactorer's data for the pkotovoltaic madales to be m e d  
include the mar-power carrent oatpat e q m l  to 1.83 rrpr at 14.19 volts 
when the insolation is 0.8 kl/ra. The area of each moQu1~ is 0.36 rt. 

Then from eq. (2.3) 

(1.83A) (14.19V) 
qr - 0  100, D 9.022. 

0 . 3 6  0 8 1  lOOOI 

This is at a stated cell (refereace) t-pratmre, Tr. of 47 C. 

t o  The rodale rpoifioation sheets give iasafficient infomation 
to calealate B. Because the cells are silicon, are f~ = 0.0015 C l .  

: The modale data give = 47 C at 0.8kWms aad Ta = 20 C, 
with a wind s p e d  of 1 dr. 

: The two power conditioning compoaeats in this care are 
esrru+vd to be 8 rrx-gowcr traotsr and an inverter. The arsmed 
mmnmfaotorsr estimrter their efficiwoier to be 9 m  a d  POJL 
respeotively. Then the 0vbr.11 power conditioning efficiency is 

: The rap on page A-2 indicates that calct~lationr for 
Harrisburg shoald ass the Wilker-Barre. PA sol~rlaeteorological data 
on page A-54 of Table I. 

: Proa Table 11. sM = 40.20+10@ = 50.20. In order to maximize 
rrrry oatput during October. we set r = 50.2@. 

Praa the llilker-Barre data for October. WS = 3 dr. The 
ed WB = 213 3 = 2 ds. Table I also lists KT = 0.455. 

TU: 5 11 C. a d  for a tilt of rpproximately 500. QSIA = 3.73 kWh/ms. 

: For the given MXX information. start at 47 C on axis A3 in 
Pig. 2.1. Coatinartion through the chart using the above WS. $T, 

Is-rM 1. a d  TLI yields Tc = 29 C. 

: From eq. (2.2). 

q = 9.02% [I-0.0045(29-4711 = 9.7%. 

: Prcm eq. (2.5). 

88 2 9 75 
=/A = -...L * 2 3.73 = 0.32 kWh/rs. 

lar, 100 



: Select  an array r r e r  A = 720 ma ( thus  reqrriring 200 of the 
0.36 la' nodoles) and storage crpaci ty  B = 140,000 VB. 

: q m d  =/A are  given above i n  Steps 10 and 11, respectively. 

: The monthly average da i ly  e l e c t r i c a l  load, L, is estimated t o  
be 300 kwh. 

: F r m  eq. (3.2). 

and f r m  eq. (3.3). 

: Suppose tha t  the load i s  a res iden t ia l  load center  (several  
houses), with a sinusoidal shape, a peak a t  aroand 3 M and an 
amplitude-to-mean r a t i o  of about 0.3. The key on pages A-59 t o  A-62 
c lea r ly  suggests using the sinusoidal #15.3 performance graphs on page 
A-76 i n  Table 111. 

: October is  a f a l l  month. For QEIL = 0.77 and BIAq = 20.1 
Wh/(ma*%), the Spring-Fall graph on page A-76 shows F t o  be 0.65 o r  
652. 

720raa of array area and 140,000 Wh of u t i l i z a b l e  storage capacity 
rill thus provide 65% of the given load i n  Harrisburg i n  October. 
"Dumping'* of excess energy a t  c e r t a i n  times and storage 
ineff ic ienbAs cause F t o  be l e s s  than the potent ia l  s o l a r  f rac t ion  of 
QEIL = 0.77. 

4.2 LE 2: Savannah, GA ( l a t i tude  32.1 N), April 

Steo 1: I n  t h i s  example the module specif ica t ions  l ist  Imp = .551 A 
and Vmp = 16.2 V a t  (QS/A)i= 100 mW1cra. Tho dimensions of each 
rodule are  287 m x 502 nmaa. Therefore, 



and by eq. (2.3) 

The reference cell temperature. T r p  is 28 C. 

$tea 2: With insufficient manufacturer's inforration to aalculate p, 
and with the module collprised of silicon cells. use fl = 0.0045 (Fa. 

: No data for this particular mdole arc givsa in the spec 
sheets. but it is given that T,,11 = 40 C when BS/A = 80 aW/cms and 
Ta = 28 C. Since a cell temperature. mbient temperature and an 
insolation are given. eq. (2.1) yields 

: Assme that the s u e  types of p r e r  conditioning coaponests 
are used in this application as in Example 1. Then rlgc = 88.28. 

: According to the location of Savannah and t h ~  map on page 
A-2. data from Tallahassee (page A-51) should be used. But sapwse it 
is known frcsr another source that the l a g  term for S a v a m h  in 
April is 0.530. The corrssponding value for Tallahassee in Table I, 
0.573, is considerably higher. Use of the Tallahassee data for QS/A 
could then lead to an oversstimte of array output for this case. 

Prom page A-2 and the list of cities on page A-6. Meridian, MS 
has approximately the s m e  latitode as Savaauh a~rd its proximity 

su~gestr that it ray have similar KT values. In Table I. page A-35. 
the ET for Meridian in April is .527. Since this is close to the 
b o r n  S a v a m h  value of .530. QS/A data frda Meridian ca8 be ased in 
this exuple. 

The preceding dircassion demonstrates how locally raving 
insolation or weather patterns can iovalidate direct use of the 
location81 maps on pages A-1 to A-3. Specifically, if the KT for a 
particular location us not within about 0.03 of the value in Table 1 
for the suggested station, then QSIA data from a station of nearly the 
s u e  latitude and for the s u e  month may be used, if its is a 
better match to the known value. 

: Prola Table 11. s~ = 32.1-10 = 22.1 degrees. We select s = 30 

degrees. 

: Although the Meridian QS/A data rill be used, WS and 
should still be obtained f r m  the Tallahassee listings in Table I. 
For April, WS is given as 3 m/s. and the corrected valoe is 2 do. TZB 



i s  19 C. KT i s  h o r n  t o  be .530, and QSIA = 5.32 kWh/ma (from Yeridan 
tables,  page A-35). 

Steo 8: Is-snl = 130-22.11 = 7.9 degrees 

: To determine Tc, begin a t  UL/a = 0.067 kW/(ma-C) on ax i s  B ia 
Fig. 2.1. Proceeding through the  char t  using the  above KT. Is-sMl. 
and 134, gives Tc = 28 C. 

Sten 10: Frcaa eq. (2.21, 

q = 6.18% [I-0.0045(28-2811 = 6.1& 

: Prom eq. (2.5). 

88.2 6.18 
QEIA = - - 5.32 = 0.29 kWhIma. 

100 100 

: Suppose A = 432 ma (i.0.. 3000 of the  0.144 ma modules) and 
i n  t h i s  exsslple l e t  there be ao o r s i t e  storage. Assume t h a t  a r r a y  
output which is i n  excess of the load a t  any given time i s  fed back 
i n t o  the e l e c t r i c a l  grid. (The u t i l i t y  can be thought of a s  
furnishing the  storage medim i n  t h i s  case.) 

: q and QBIA have been determined above. 

: (QS/A)lat 1 5.28 kWh/ma ( in terpola ted  from lleridan data)  but  
w i l l  not be needed since B = 0. 

: L i s  estimated t o  be 256 kwh. 

s t e p  5: Prom eq. (3.2), 

and BIAq = 0. 
: Assme t h a t  the load p r o f i l e  resembles t h a t  of many 

businesses (e.g., banks and re8.l e s t a t e  o f f i ces )  and i s  approximated 
by the unimodal #I p r o f i l e  on pages A-61 and A-85. 

Step 7: April i s  a spring month. QEIL = 0.49 and BIAq = 0 i n  the  
Spring-Fall graph on page A-85 y ie ld  F = 0.42. 

I n  t h i s  example 42% of the e l e c t r i c a l  load i s  supplied d i r e c t l y  
by the array. The remaining a r ray  output, which i s  fed back t o  the  
a t i l i t y  on an average day. is equal t o  



4.3 3: Honolulu, HI ( l a t i t -  21.3 N), February 

: Spacifieatioas fo r  the selected modales s t a t e  tha t  the 

max-power o a t p ~ t  is 40 watts when the i ~ s o l a t i o n  i s  1.0 kV/ma. TBe 
area of eack array rodale i s  0.403 ma. merefore,  by eq. (2.3) 

The c e l l  terperattlro mder  these ooaditions (the reference 
temperatare, Tr) is 28 C. 

: The specifiort ions a l so  l i s t  a module omtp~t  of 36.6 watts 
rhon the insolation i s  once a ~ a i n  1.0 lE1/ma bot when the c e l l  
t s rpera tme  is 50 C. The given inforra t ion i r  sn f f ic iee t  t o  calcolr te  
the teraperatrrre coefficient B. 

Fi r s t ,  another efficiency, Q , i s  de ten ined  from the seooad r e t  
of data and eq. (2.3): a 

T i s  50 C, and frcrn s tep 1, qZ = 9.93% and Ti = 28 C. 
a 

Nor f3 i s  de tea ined  by sabr t i t a t ion  i n  eq. (2.4): 

: For t h i s  module, it i s  rpac C a t  0.8 kW/rS. 
vironmental conditons of the ecified,  but i t  

r a y  be arsglred t ha t  they are the most CMOB ones, nmely T, = 20 C 
and a r ind speed of 1 mls. 

: A mar-power tracker with 96% efficiency and an 87% ef f ic ien t  
inver ter  are  t o  be ored. Then 

: Hwolalu data, according t o  the map on page A-1, can be fomd 
on page A-30 of Table I. 

: Pram Table 11, 5~ = 21.3°+180 = 39.3.. Suppose tha t  the 
array tilt i s  not adjusted t o  be the optimum every month, and i n  t h i s  
case it is eqaal t o  the best  value for  the pr ior  month, Jannary. Then 
f r m  Table 11, 

s = 21.3. + 29. 5 50.3e. 



: Fraa Table I, 

WS = 213 5 = 3.5 m/s, 

KT = 0.548, TII = 22 C, and by interpolat ion between the insola t ion 
values fo r  t i l t s  of 500 and 600, 

The data for  t h i s  array are almost ident ioal  t o  those of 
1. i n  begin a t  ax i s  A3 i n  Fig. 2.1, t h i s  t i m a  with 

48 C. Hoving through the ohart eventually yields To = 42 C. 
Note that  use of the op t i m a  tilt  l ine ,  Is-sM14, makes a difference 
of only about 0.5 C i n  Tc. I n  general, To changes only s l i gh t l y  when 
Is-sHl var ier  bet wee^ O0 and 20°. The small ~ p r o v e m e ~ t  i n  c e l l  
tetarperatrrre caused by using a non-optimum tilt must be traded off  
against the s l igh t  decrease i n  insola t ion (QSIA) when the tilt i s  
other than the ideal value. This concept w i l l  be explored f ruther  i n  
Exwple 4. 

: From eq. (2.2), 

q = 9.9391 [I-0.0039 (42-28)l 9.4%. 

: From eq. (2.5), 

Steu 1: Use 700 of the 0.403~13 modules, so tha t  A = 282.lma. 
Also choose B = 27.9 kwh. 

Steu 2: q and WIA have been calculated above. 

Stem 3: (QS/A)lat = 5.04 kWh/na by interpolation between the 20 ,and 
300 values. 

Step 4: L i s  estimated t o  be 174 kwh. 

Steu 5: From eq. (3.2), 



and from eq. (3.3). 

: Consider the load profile to be typical of a printing or 
publishing shop. The curve is nearly constant bat has a slight peak 
at noon and a small mini- at midnight. According to the convmtion 
of this &aide it can be characterized as a sinnsoidal R12.1 profile. 

This is not one of the curves shorn in the key on pages A-59 to 
A-62, but a good system psrforrpance estimte can bs obtained by 
averaging the resalts of msing profiles which "bracket" the given 
one in appearance. In this case averaging of the solar fractions fraea 
the constant and sinasoidal #12.2 graphs (on gages A-64 and A-70) is 
appropriate. 

: February is 8 spring month. The above QE/L aad B/Aq in the 
constant. Spring-Fall graph yield F = 0.31. m e  s u e  quantities 
entered in the sinusoidal #12.2 Spring-Fa11 graph give F = 0.52. 
Those two results are essentially identical, preclnding the m @ d  to 
average than. 

4.4 EE 4: St. Louis, 160 (latitde 38.8 W), Aagust 

: In this exmple re design a systea using a module comprised 
of cadmium rulfide cells. The manufactorer specifications give 65 
warts as the max-power oatpot when the insolation is 100 mW/cr5. Each 

module is 262 cm x 85 in size, so that 

Then by eq. (2.3) 

The reference temperature, Tr, is 28 C. 

Stev 2: Insufficient information is inclnded in the specifications in 

order to calcalate B. Contacting the manufactorter di-,,losed that 
j3 = 0.006 C-l. 

Sten 3: The ran~facturer also provided the of 43 C at 0.8 kW/as 

when Ta = 20 C and the wind speed is 1 = l o .  



: If the same power conditioning equipment as in Example 3 is 
used, then %c = 83.m. 

: The key map on page A-2 indicates that data for Kansas City 
should be rrsed and that it can be found on page A-31. 

: From Table 11, s~ = 38.8-10 = 28.8 degrees. In this exaaple 

the effects of vaving array tilt are investigated by letting s = 10, 
20, 30, 40, and 508. These values and the results which follow are 
displayed in Table 4.2. 

Table 4.2 

Effects of Tilt Variation, Example 4 

: From Table I, the corrected rind speed is WS = 213 * 4 = 2.7 
@/a, KT = 0.579, and TkI = 26 C. The QS/A values corresponding to the 
selected tilts are listed in Table 4.2. 

: Table 4.2 gives the five values of Is-sy 1 .  

Step 9: The NOer specifications mean starting with axis A3 in Fig. 
2.1, at NOer = 43 C. Variation of the array tilt does not affect use 
of the chart until the Is-sW) lines are reached. After that 
intersection, five slightly different paths (corresponding to the five 
values of Is-sMI in Table 4.2) eventually lead to five Tc8s. These 
are also given in Table 4.28 note they are within about 1 C 3f each 
other. 

S t e ~  10: Use of eq. (2.2) yields the five values of q in Table 4.2. 
For exaaple, for Tc = 43 C, 

q = 2.92% [I-0.006(43-28)l = 2.60%. 



: Sirf laz ly .  f ive  valoes of @/A follow f r m  r s e  of eq. (2.51. 
For the r = 10. case. 

: Seleot A = 446 rr, requiring 200 of the 2.23 mL modules, a d  
l e t  B = 7000 mi. 

: q and WIA are  l i a t e d  i n  Table 4.2. 

: Let L be equal t o  77 kwh. 

: P e r r l t s  f o r  &B/E and BIAq, from use of eqs. (3.2) a d  (3.31, 
are  i n  Table 4.2. 

: The aopl3sation i n  t h i s  exmple  is an aa tmobi le  repai r  shop. 
A typical  average dai ly  load carve resrmbles the b i m d a l  #3 prof i le .  
F r m  the i d e x  on pages A-61. 62, the perfonaacs  g r a p B ~  a r r  on page 
A-104. 

: August i s  a f a l l  month. Entering the f ive  r s t r  of W/L and 
B/Aq i n t o  the b i m d a l  #3 Spring-Fall graph yie lds  the so la r  f r r c t i o a s  
i n  Table 4.2. 

I n  t h i s  e x u p l e ,  varyiag the tilt by 400 leads t o  a 0.02 
var ia t ion is& F. I n  t h i s  care i t  would probably be r i s e  t o  erglore the 
effecrt of tilt on winter performrglce before relsctilng a f i a r l  value. 

4.5 5: Flagstaff .  AZ ( l a t i t u d e  35.0 N1, November 

: IQ t h i s  e x ~ ~ l p l e  the s u e  k i d  of mdule  rill be used a s  i n  
E x u p l e  1. Thus qr = 9.02% and Tr = 47 C. 

: N m  = 47 C a t  0.8 kW/ra, Ta = 20 C aab i r / o  r ind  speed 

: Also use the same power conditiosler as i n  Exmple 1, so that  
tlpc 88.2%. 

: The page 6-2 map shows t h a t  the data f o r  Bryce Canyon an page 
A-14 a re  apprcpriate. 



Sten 6: Fron Table 11, s~ = 35.0°+230 = 58.00. Also, s is  ohosen t o  
be sy. 

Stev 7: Froan Table I, the corrected r ind  speed i s  WS=2/3*34.0 m l s .  
ET = .658, and TM = -1 C. Without formally oarrying out the mathe- 
aurtical interpolating, it should be c lea r  tha t  QIIA = 5.68 kllh/ma. 

: WitB a s t a r t  a t  NOCT = 47 C on ax i s  A3 i n  Fig. 2.1, 
progression through the ohart y ie lds  Tc = 23 C. 

Sten 10: From eq. (2.21, 

q = 9.02% 11-0.0545(23-47)1 9.9m. 

: From eq. (2.51, 

~ / A e ~ * i -  8 8 2  9 7 5  5.98=(i.SlkWh/aa. 
150 105 

S t e ~  1: I n  t h i s  exr~lple,  the array area and storage oapacity are 
varied. Specifically,  suppose 400, 800, 1200, and 1600 of the 0.36 ma 
modules are  used, resul t ing i n  A = 144, 288, 432, and 576 ma. I f  B i n  
varied such tha t  B/Aq i s  t o  remain c o n s t ~ n t  and equal t o  10, then 
B = 16.2, 32.4, 48.5, and 64.7 kwh. 

: QEIA and q are  given above. 
: (QS/A)lat 5.20 kWh/ra. 

Sten 4: L i s  estimated t o  be 354 kwh. 

Step 5: Use of eq. (3.2), for the four array areas seleoted i n  Step 
1, resu l t s  i n  the four values of QEIL given i n  Table 4.3. The values 
of B were chosen i n  Step 1 such tha t  BIAq equals 10.0 i n  a l l  cases. 

S t e ~  6: I n  t h i s  exmple the application i s  a lumber m i l l ,  for  which 
the unimodal #6 load p r o f i l e  may be representative of the load curve. 
The relevant perfomance graphs -are on page A-90. 

Step 7: November i s  a winter month. The values of QEIL l i s t e d  i n  
Table 4.3 and BIAq = 10, when entered in to  the nnimodal #6 Winter 
performance graph, give the so la r  f ract ions  i n  Table 4.3. 



Table 4.3 

Effects of A and B Variation, Bxmple 5 

4.6 EXAMPLE 6: Oakland, CA (latitude 37.7 N), All Year 

In this example, perfomance estimates are made for all 12 months 
and then for the entire year. The completed Worksheets 1 and 2 of 
Table 4.4 a c c m p a g  this exarapls. 

: For this example, modsle specifications give 30 watts as the 
mar-power output when the insolation is 100 mW/cma. The dimensions of 
each module are 121.7 cm x 30.2 om, giving an array area of 

A = 1 2 1 . 7 ~ ~  3 0 . 2 ~ ~  = 3675.3cat. 

Then by eq. (2.3) 

The reference temperature, Tr, is 45 C. 

Stev 2: The specifications also include a laax-power output of 33 
watts at an insolation level of 100 arW/cr" ( s m e  as above) and a cell 
temperature of 28 C. 

This second set of data yield a second array efficiency, via 
eq. (2.3): 



TABLE 4.4 Worksheets for Example 6 
1 

boat I- I, - 6 - 9 . 0 0 5 9 t r . l  

h t l t m d a  37.7 N r -.[%I -90 - A&z--[%l 

Cl C2 U C4 CS C6 C7 C8 C9 ClO 

Cll Cll C13 C14 CIS C16 C17 CIS C19 



It i s  a l so  known tha t  T = 28C. and f r m  Step 1, q = 8.16U and 
T = 45 C. Therefore, by eq.a(2.4) a 
1 

P = 
1-(8.9818.16) = 0.0059 C-%. 

28-45 C 

S t e ~  3: It i s  given t h a t  NOer = 45 C a t  100 mW/cma (i.e., lkW/rs). 
As i n  Example 3, the nmbient conditions a re  unspecified, so they are 
assumed t o  be T, = 20 C and 1 4 s  wind speed. 

: The power conditioner i s  the s u e  a s  i n  Exlmples 1 and 2, and 
qpc = 88.2%. 

: The key map on page A-2 shows tha t  the data i n  t h i s  exmple 
are  on page A-38. 

Step 6: The optimum array t i l t s ,  based upon Table I1 and 8 = 37.70, 
are l i s t e d  i n  Table 4.4. Assume tha t  the tilt i s  always 37.70. 

: The monthly WS (corrected t o  0.6 of the tabolated value), KT, 
TM, and QSIA (on the appropriate tilt f o r  each month) are given i n  
Table 4.4. 

: With 5 always equal to  6, Is-syl i s  simply the magnitde of 
the number added t o  o r  subtracted from C) i n  Table 11. 

Sten 9: Calculation of Tc f o r  each month always begins a t  ax i s  A 1  i n  
Pig. 2.1, a t  MOCT = 45 C. The values of WS, KT, Is-sy(, and TW then 
vary from month t o  month. The resul t ing Tc0s  are  l i s t e d  i n  Table 4.4. 

S t e ~  10: The corresponding monthly values of q are  given i n  CB of 
Table 4.4. 

= 88.2% and the calculated values of q and QSIA yie ld  
Table 4.4. 

Chanter 3 Caloalations: 

S t e ~  1: Select  A = 147.2 12, requiring 400 of the 0.368 r 2  ~aodules, 
and l e t  B = 5000 Wh. 

S t e ~  2: QEIA and q are  carr ied  over t o  Worksheet 2 from Worksheet 1. 

Step 3: Because the ar ray tilt angle i s  always equal t o  the l a t i t a d a  
angle, t t e  (QS/A)lat values of C14 are ident ica l  t o  the QSIA sa laes  of 
c9. 

Sten 4: Assme that  the average da i ly  loads f o r  the 12 months are  a s  
given i n  Worksheet 2 of Table 4.4. 



: The resulting v a l ~ e s  of QB/L and B/Aq are listed in Table 
4.4. Note that the tilt correction factor, (QS/A)lat/(QS/A). is equal 
to 1 for every month, since the array is always tilted at the latitude 
angle. 

: The application in this ex~aple is a Post Office for which 
the load is approximately constant throughout the day. The 
performance graphs are on page A-64 of Table 111. 

Step 7: The resulting monthly solar fractions are given in Table 4.4. 

Step 8: The products of the average daily load and number of days 
each month are listed in C19 of Table 4.4. 

: When the results in C18 and C19 of Table 4.4 are combined and 
s m e d ,  it is found that 

s(F*L-d) = x(C18*C19) = 19658 

x(L*d) = Z C 1 9  = 63245, 

and therefore the annual solar fraction is 

19658 
F = -- = 0.31. 

63245 

This example compares the sirplif ied procedure developed in 
Beference 11 with the procedure outlined in this Guide. Reference 9 
makes use of the "utilizability" concept which is quite general, but 
the system analysis is restricted to a constant load profile. The 
data given in the example problem in Reference 11 are: 

Locat ion 
Month 
Tilt 
Array Area 
Array Loss Coefficient 

Solar Absorptance 
Beference Efficiency 
Reference Temperature 
Temperature Coefficient 
Power Conditioner Efficiency 
Average Daily Load 
Storage Capacity 

Madison. WI (@ = 43) 
January 
s = 230 
A = l m %  

UL = 0.02 kWl(ma*C) 
a = 0.95 
qr = 12 percent 
T r = O C  
B = 0.004 C-1 
qpc = 90 percent 
L = .014(24) = 0.336 kwh 
B = 100(2.17)(0.76)(1) = 165 Wh 



The ba t t e ry  capacity i n  Vh i s  s l i g h t l y  larger than t h a t  shom i n  
Reference 11 due t o  the required use of 2.17 v o l t s  per c e l l  (see 
sec t ion  3.2). 

Acoording t o  the key on page A-2. the data f o r  La Crosse. Wl on 
page A-33 should be representative of Madison. WI. F r m  that  data: 

Table I1 on page A-58 gives 

Figure 2.1 entered a t  axis  B with UL/Q = 0.21 and the above Isr$! 
yie lds  

Equation (2.2) then yie lds  

This i s  l e s s  than 1% di f fe ren t  than the value obtained i n  the example 
of Reference 11 

QEIL and BlAq now need t o  be computed i n  ordez t o  obtain the 
solar  f r ac t ion  F. Equation 3.3 yields 

BlAq = (1111.5) (165) (1/1) 12.7612.301 * 1901901 
= 17.2 Wh/(ma*%) 

The array insola t ion i n  Table I (2.3 kWh/ra) i s  somewhat l e s s  
than the ar ray insolat ion used i n  Reference 11 (2.52 kVh/r2). 
Therefore. two s e t s  of ca lcula t ions  w i l l  be carr ied  out (denoted by 
the subscripts  1 and 2). t o  deternine the uncertainty in  F introduced 
by those differences. Then eq (3.2) y ie lds :  



For B/qA and (QEIL) , the winter da ta  on page A-64 of Table I11 gives: 
1 

For B/qA and (fB/L) , the graph f o r  winter on page A-64 of Table I11 
gives: 2 

Reference 11 gives F = 59 percent. Therefore, f o r  the same monthly 
average da i ly  array insola t ion  (QSIA = 2.52 kWhlm2, the 2 subsoripted 
var iables) ,  both Reference 11 and t h i s  Guide give near ly  iden t i ca l  
resul ts .  The 9 percent r e l a t i v e  uncertainty i n  ar ray  insola t ion  gives 
only a 3 percent incremental (5 percent r e l a t i v e )  uncer ta in ty  i n  F. 

I f  a comparison i s  made a t  B=O (no ba t t e ry )  then 

and 

Reference 11 would y i e l d  F = 31 percent f o r  no storage. Again, f o r  
the same array  insolat ion,  both Reference 11 and t h i s  Guide give 
nearly iden t i ca l  r e su l t s .  
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Key to TbBLE I. 
List of Stations for Which Solar Radiation and Climatic Data 

are Presented in Table I 

Listed Alphabetically by Station 

&.ma 
bdak 
A1 k ~ q a e r q w  
b4rillo 

b 

Annette 
Aroata 
Astoria 
Barrow 
Be the1 
Battler 
Binghuton 
Boi re 
Boston 
Bryce Canyon 
Burlington 
Burns 
Caribou 
Casger 
Charleston 
Charleston 
Chattanoopa 
Cleveland 
Cololabia 
Colmbns 

Cotbank 
Daggett 
Dallas 
Dillon 
Dodge City 
Duluth 
Eagle 
El Paso 
El Toro 

0 El ko 

Evansville 
Fairbanks 

I 
Fargo 
Fort Smith 
Fresno 
Grand J m c t  ion 
Grand Rapids 
Gnantanamo Bay 
Gulkana 
Hilo 
Horarer 
H~nolulu 
Indianapolis 
Kansas City 
Eingsville 
Koror Is. 

Krajalein Is. 
La Crbsse 
Lake Charles 
Lihw Kauai 
Lovelock 
Memphis 
Meridian 
Miles City 

Misroula 
Nakne k 
Nsae 
Norfolk 
Oak1 and 
Or1 ando 

Pendleton 
Philadelphia 
Phoenix 
Pooatello 
Portland 
Prercott 
Red Bluff 
Rebond 
Richmond 
Roohester 
Pock Sprinps 
Posrell 
Salem 
Salt Lake City 
San Angelo 
San Joan 
Scotts Bluff 
Seattle/Tacoma 
Sheridan 
Shreveport 
Sioux City 
Spokane 
Springfield 
Tallahassee 

Tampa 
Tonopah 
Tulsa 
Wake Is. 
Wichita 
Wichita Falls 
Wilkes-Barre 
Winslow 
Y akima 
Yakntat 

Eat. 
PI 8.72 



Key t o  TbBEg I. 
Lis t  of Stations f o r  Which Solar Ead ia t im and C l h a t i c  Data 

are Presented i n  Table I 

Listed Alphabetically by State 

S t a t e  Sta t ion 
Alt Adak 
Alt Annette 
AK Barrow 
AK Bethel 
AK Bet t l es  
AK Fairbanks 
AK Galkana 
AK Homer 
AK NaLnek 
AK Nme 
AK Y a h t a t  
AB Fort  Smith 
AZ Phoenix 
AZ Prescott  
AZ Winolor 
CA Arcata 
CA Daggett 
CA El Toro 
CA Frergo 
CA Oaklad  
CA Bed Bluff 
CO E a ~ l e  
CO Grand J m c t i o n  
CU Gaantanmo Bay 
EL Orlando 
FL Tallahassee 
FL Taw. 
H I  Hilo 
H I  Honolulu 
H I  Lihas Eaaai 
I A  Sioax City 
I D  Boise 
I D  Pocats l lo  
I N  Evansville 
I N  Indianapolis 
KS Dodge City 
KS Wichita 
LA Lake Charles 
LA Shreveport 
BUI Bostan 
ME Caribor 

Portland 
M I  Grand Rapids 
MlEI Dalath 
llIO Kansas City 
810 Springfield 
MS Meridian 
MT Catbank 
MT Dillon 

ITT Hiles City 
l i s s o o l a  

ND Fargo 
Scotts  Bluff 
Albuq~arqae 

M Borrell  
PIV Elko 
NV Lovelock 
W Toaopah 
M Biaghmton 
EIP Boehester 
W Cleveland 
a C o l d a s  

Tolra 
Astoriu 
Bamr 

08 Pendleton 
0 ledarond 
OR 9.1- 
PA Philadelphia 
PA Wilker-Barre 
PI Koror Is .  
PI Kwajalein Is .  
PI Wake Is. 
PB San Jaan 
SC a a r l e s t o n  
SC C o l d i s  
RJ Chattanooga 
TN Memphis 
TX Aacarillo 

Dallas 
TX El Paso 
TX Kingsri l le 
TX San Angelo 
TX Wichita F a l l s  
UT Bryce Canyon 
UT Sal t  Lake City 
VA Norfolk 
VA B i c b n d  
VT Barlington 
WA Seattle/Tacma 
WA Spokane 
BA Yakima 
WI La Crosre 
PWT a a r l e s t o n  

Carper 
WY Pock Springs 
WP Sheridon 



Key to TABLE I. 
List of Stations for Which Solar Radiation and Climatic Data 

are Presented in Table I 

Listed Numerically by Latitude 

Stat ion bU!2 u. Station 
BEoror Is. A-3 2 40.00 Columbus 
KwajaleinIs. PI A-32 40.07 Love lock NV A-34 
San Juan PB A-47 40.15 itad Bluff CA A-42 
Wake Is. 
Hilo 
Guantanmo Bay 
Honolulu 
Lihue Katui 
Kingrville 
Tarpa 
Orlando 
Lake Charles 
Tallahassee 
San Angelo 
El Paso 
Meridian 
Shreveport 
Dallas 
Char1 est on 
Roswell 
Phoenix 
El Toro 
Columbia 
Wichita Falls 
Prescott 
Daggett 
Iinslow 
Chattanooga 
A1 buque rque 
Memphis 
Amarillo 
Fort Smith 
Tulsa 
Frasno 
Norfolk 
Springfield 
Richond 
Wichita 
Bryce Canyon 
Oak1 and 
Dodge City 
Evansville 
Tonopah 
Charleston 
Grand Junction 
Kansas City 
Eagle 
lndianapolis 
Philadelphia 

Salt Lake City UT 
Elko NV 
Arcata CA 
Wilkes-Barre PA 
Cleveland OH 
Rock Springs WY 
ScottsBluff FIE 
Binghamton NP 
Boston MA 
Sioux City I A 
Grmd Rapids MI 
Casper WP 
Pocatello ID 
Rochester NP 
Boise ID 
Burns OR 
Portland ME 
La Crosse WI 
Redmond OR 
Burlington VT 
Sheridan WY 
Salem OR 
Dillon mT 
Pendleton OR 
Astoria OR 
Miles City MT 
Yakima W A 
Duluth MN 
Caribou ME 
Fargo ND 
Missoula MT 
SeattleITacoma WA 
Spokane WA 
Cutbank MT 
Adak AK 
Annette AK 
Nahe k AK 
Yalcotat AK 
Homer AK 
Be the 1 AK 
Gulkana AX 
Nome AK 
Fairbanks AK 
Bettles AK 
Barrow AK 



ARRAY 

HORIZONTAL 

QSIA 
AVERAQE 

DAILY 
lN8OLATlON 

k W h I r n ~ i 0 ~ ~  

STATIOM €4 l T A T E  

T A B L E I  ARE ACOPIAMeE 

ALPHAlETlCALLY BY 8TATlO 

TOTAL INSOLATION 

FOR YEAR 

kwh lm21y  R I 
CLEARNESS NUMBER 

MONTHLY AVERAQE A 
TEMPERATURE C 

MONTHLY AVEAAQE 

WlWD SPEED 

(meters lsec)  

TU, WS and Total Radiation on the Horizontal Data for  Table I 
were Taken from Ref. 5.  KT and Total h d i a t i o n  Data on the 

T i l t  were Computed Using the Method of  Ref. 7.  
A gronnd reflectance of  0.2 was asrmed. 

E Y  for  reading TABLE I 



EbUmBE (TM, DEG C),  

ADAK, AK 

51.88 N LATITUDE 
SUBFACE TILT (D S UP FROM HORIZOWTAL) 

PT TII ws 
EUR 10 20 30 40 50 60 70 80 VgaT 

b __s__-__.-_-_I__-I_------------------------------------ 

JAN .72 .95 1.15 1.33 1.47 1.58 1.64 1.67 1.65 1.59 .344 1. 6. 

FEB 1.36 1.66 1.92 2.13 2.29 2.40 2.45 2.44 2.36 2.23 ,383 0.  7. 

W 2.26 2.54 2.77 2.94 3.04 3.07 3.03 2.92 2.75 2.51 .391 1. 7. 
.................................................................... 
APR 3.25 3.46 3.59 3.64 3.62 3.52 3.35 3.11 2.81 2.46 .388 3. 7. 
LUP 3.72 3.81 3.84 3.79 3.67 3.47 3.22 2.92 2.57 2.18 .357 5 .  6 .  

JON 3.73 3.77 3.74 3.65 3.50 3.28 3.02 2.71 2.36 2.01 ,327 7. 5. 
I_-------UI_-------------------------------------------------------- 

JllL 3.53 3.58 3.57 3.50 3.36 3.16 2.92 2.64 2.31 1.98 .321 9. 5. 
A m  2.99 3.10 3.15 3.14 3.07 2.94 2.77 2.54 2.27 1.98 .321 10. 6. 
SBP 2.39 2.60 2.75 2.85 2.89 2.86 2.77 2.63 2.43 2.20 .351 9. 6. ................................................................... 
OCT 1.66 1.95 2.20 2.39 2.53 2.61 2.63 2.58 2.48 2.34 .382 6. 7. 
NOV .97 1.25 1.51 1.73 1.91 2.04 2.12 2.14 2.11 2.06 .388 3. 7. 
DEC .59 .80 .98 1.15 1.28 1.39 1.45 1.48 1.48 1.48 .335 1. 6. ....................................................................... 
YRT 828. 897. 949. 981. 993. 983. 954. 905. 838. 760. 

ALBUQUERQUE, NM 

35.05 N LATITWB 
SURFACE TILT (DEGBEES UP FROM H0BfU)KTAL) 

PT m ws 
H0R 10 20 30 40 50 60 70 80 VERT 

-----------------------------------------------------------.-----------.----- 
JAN 3.20 3.90 4.51 5.00 5.36 5.57 5.64 5.56 5.34 5.00 .650 1. 3. 

B FEB 4.22 4.90 5.45 5.87 6.14 6.25 6.19 5.98 5.61 5.12 ,676 4. 4. 
MAR 5.58 6.12 6.51 6.75 6.81 6.70 6.42 5.98 5.40 4.71 .694 8. 4 .  ......................................................................... 

b 

APR 7.02 7.33 7.45 7.39 7.15 6.74 6.17 5.45 4.61 3.69 .718 13. 5. 
W 8.00 8.06 7.92 7.59 7.09 6.44 5.64 4.72 3.77 2.79 .734 18. 5. 
J-tlN 8.44 8.37 8.09 7.62 6.99 6.22 5.32 4.34 3.35 2.40 .741 24. 4 .  ..................................................................... 
JllL 7.84 7.82 7.62 7.23 6.69 6.02 5.22 4.32 3.42 2.52 .700 25. 4 .  
AUG 7.22 7.41 7.41 7.23 6.89 6.39 5.75 4.97 4.09 3.20 .701 24. 4. 
SEP 6.21 6.68 6.97 7.10 7.04 6.81 6.42 5.86 5.16 4.36 .710 20. 4 .  
.......................................................................... 
Wi' 4.88 5.55 6.08 6.46 6.67 6.71 6.58 6.28 5.81 5.22 .704 14. 4. 
mv 3.57 4.29 4.91 5.40 5.75 5.95 5.99 5.88 5.60 5.20 .674 6.  3. 
DEC 2.93 3.62 4.23 4.73 5.10 5.34 5.44 5.40 5.20 4.90 .640 2. 3. ............................................................................ 

2105. 2254. 2348. 2384. 2363. 2285. 2152. 1968. 1743. 1491. 



TABLE I (Continrrsd) 

35.23 N LATITUDE 
SURFACE TILT (DEGREES UP FRW HOb2IZONTAL) 

KT T91 WS 
WIB 10 20 30 40 50 60 70 80 

.......................................................... 
JAN 3.03 3.67 4.22 4;67 5.00 5.19 5.26 5.18 4.97 4.64 .618 2. 6. 
FEE 3.91 4.52 5.0: 5.37 5.61 5.69 5.64 5.44 5.10 4.65 .629 4. 6. 
MAR 5.14 5.62 5.97 6.17 6.21 6.11 5.85 5.45 4.92 4.29 .642 8. 7. .................................................................... 
APR 6.36 6.62 6.72 6.66 6.45 6.08 5.58 4.94 4.20 3.39 .652 14. 7. 
MAY 6.97 7.02 6.89 6.61 6.19 5.65 4.99 4.22 3.43 2.60 .639 19. 7 .  
JUN 7.54 7.48 7.25 6.84 6.30 5.64 4.87 4.03 3.17 2.35 .662 24. 6. .......................................................................... 
3UL 7.19 7.17 6.99 6.64 6.16 5.56 4.85 4.05 3.24 2.43 ,641 26. 6. 
AUG 6.63 6.79 6.79 6.63 6.32 5.87 5.29 4.60 3.81 3.01 .644 25. 5. 
SEP 5.55 5.93 6.17 6.27 6.21 6.00 5.65 5.17 4.56 3.87 .636 20. 6. ............................................................................ 
OCT 4.43 5.00 5.46 5.77 5.95 5.97 5.85 5.57 5.16 4.64 .642 14. 6. 
NOV 3.25 3.88 4.41 4.83 5.12 5.29 5.32 5.21 4.26 4.61 .618 7. 6. 
DEC 2.75 3.38 3.93 4.39 4.72 4.94 5.02 4.98 4.80 4.51 .6Q5 3 .  6. 

YRT 1911. 2042. 2125. 2156. 2137. 2068. 1951. 1788. 1590. 1367. 

ANNETTE IS ,  AK 

55.03 N LATITUDE 
SURFACE TILT (DEGREES UP PROW HORIZOWAL) 

MNTH-------------------------------------------------------- m rn ws 
HOR 10 20 30 40 50 60 70 80 W!,iZT 

............................................................................. 
JAN .56 .77 .97 1.15 1.29 1.41 1.48 1.52 1.52 1.94 .345 1. 5.  

PEB 1.18 1.48 1.75 1.98 2.16 2.29 2.36 2.37 2.32 2.23 ,390 2 .  5 .  

MAR 2.26 2 .61  2.89 3.11 3.26 3.33 3.32 3.23 3.07 2.85 .427 3.  5 .  
................................................................. 
APR 3.62 3.91 4.11 4.22 4.23 4.15 3.99 3.73 3.40 3.01 .449 6.  5 .  

MAY 4.64 4.82 4.89 4.88 4.75 4.53 4.22 3.84 3.39 2.89 .453 9. 4 .  

JUN 4.62 4.71 4.71 4.62 4.45 4.18 3.85 3.47 3.02 2.55 .407 12. 4 .  
- - - - - - - - - -______-__-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , -  

JUL 4.54 4.66 4.68 4.62 4.47 4.22 3.91 3.53 3.10 2.61 .416 14. 4 .  

AUG 3.67 3.87 3.99 4.02 3.97 3.84 3.63 3.36 3.01 2.63 -405 14. 4. 

SEP 2.56 2.84 3.07 3.22 3.30 3.31 3.24 3.10 2.89 2.65 .401 12. 4 .  
......................................................................... 
OCT 1.33 1.57 1.78 1.95 2.07 2.15 2.18 2.15 2.07 1.98 .347 8. 5 .  
NOV .68 .91  1.12 1.29 1.44 1.55 1.62 1.65 1.64 1.62 -347 4.  5 -  
DEC .39 .53 .67 .79 .89 .97 1.02 1.05 1.05 1.06 -301  2 .  6. 
___________________---------------------------------------------------------- 
YRT 916. 996. 1055. 1092. 1105. 1094. 1060. 1004. 927. 852. 



TABLE I (Cont inusd) 

SOLATIOM (KWB/SQ.M./DAY), 
MONIlILY TEMPERATURE (m, DEG C), 

E WIND SPEED (WS, MIS) 

ARCATA, CA 

40.98 N LATITUDE 

SURFACE TILT (DEGREES UP FROMI HOHZONTAL) 
........................................................ KT TM WS 

b ........................................................................ 
JAN 1.67 2.02 2.32 2.57 2.76 2.87 2.92 2.90 2.80 2.67 .423 8.  3 .  

FEB 2.49 2.88 3.20 3.44 3.61 3.68 3.67 3.57 3.38 3.15 .468 9.  3. . 
MAR 3.57 3.91 4.17 4.32 4.38 4.34 4.20 3.96 3.63 3.26 .489 9. 3. ........................................................................... 
APR 5.00 5.24 5.37 5.37 5.25 5.02 4.67 4.23 3.70 3.12 .533 9. 4 .  

MAY 5.81 5.90 5.86 5.70 5.40 5.02 4.53 3.95 3.32 2.68 .537 11. 3.  

JON 6.18 6.20 6.08 5.83 5.45 4.99 4.43 3.80 3.14 2.47 .539 13.  3. 
......................................................................... 
JUL 5.70 5.74 5.66 5.45 5.13 4.73 4.24 3.67 3.07 2.46 .SO8 13. 3 .  

AKTG 4.98 5.13 5.17 5.10 4.91 4.64 4.26 3.80 3.27 2.72 .496 13. 2 .  

SEP 4.23 4.55 4.77 4.88 4.88 4.77 4.54 4.22 3.80 3.33 .519 13. 2 .  

OCT 2.95 3.34 3.65 3.88 4.01 4.05 4.00 3.85 3.60 3 .31  .486 12. 2.  
NOV 1.87 2.22 2.53 2.78 2.96 3.07 3.10 3.06 2.94 2.87 .432 10. 3. 
DEC 1.48 1.82 2.11 2.36 2.55 2.67 2.73 2.72 2.65 2 .61  ,415 8.  3 .  

ASTORIA, OR 

46.15 N LATITUDE 
SUBFACE TILT (DEGREES UP FROM HORIZONTAL) 

....................................................... KT m WS 

HOB 10  20 30 40 50 60 70 80 W T  

JAN .99 1.19 1.37 1.52 1.63 1.71 1.74 1.74 1.69 1.71 .323 5 .  4 .  
b FEB 1.71 1.99 2.23 2.42 2.56 2.63 2.64 2.59 2.48 2.34 .381 6. 4. 

MAR 2.73 3.01 3.23 3.38 3.45 3.4.5 3.36 3.20 2.97 2 .71  .413 7.  4 .  
......................................................................... . APR 3.95 4.17 4.29 4.32 4.26 4.10 3.87 3.55 3.16 2.74 .442 9. 4. 
MAY 5.07 5.19 5.20 5.10 4.89 4.59 4.20 3.74 3 .21  2.66 ,4715 11. 4.  
JUN 5.12 5.17 5.11 4.95 4.68 4.34 3.93 3.45 2.93 2 .41  .447 14. 4. 
.......................................................................... 

OCT 2.25 2.58 2.85 3.06 3.20 3.26 3.25 3.16 2.99 2.80 ,426 12. 3. 
NOV 1.19 1.43 1.64 1.81 1.94 2.02 2.05 2.04 1.97 1.95 .345 8.  4 .  
DEC -82 - 9 9  1.15 1.28 1.38 1.44 1.48 1.48 1.44 1.45 a305 6.  4 .  



TABLE I (Contimedl 

AVERAGE DAILY ARRAY M 
ss - (KT). m (m. w e,, 

AND MONTELY AVERAGE WIND S P m  (WS. H/ S) 

71.30 N LATITUDE 
SIWLFACE TILT (D UP FB(WI H O B I Z ~ A L )  --------------- -------------- 

I1I VS 
EBOB 10 20 30 40 50 60 70 80 ................................. 

JAN .OO .OO .OO -00 .OO .00 .00 -00 .OO .OO .OW-26. 5.  
FEE .23 .53 .82 1.09 1.33 1.53 1.68 1.78 1.84 1.84 .484-29.  5 .  
MAR 1.55 2.22 2.84 3.38 3.84 4.18 4.42 4.53 4.51 4.37 .595 -17. 5 .  ...................................................... 
APE 3.31 3.86 4.32 4.68 4.92 5.04 5.04 4.91 4.67 4.32 .544 -18. 5.  
IUY 3.59 3.78 3.91 3.97 3.96 3.88 3.72 3.49 3.20 2.86 .374 -7. 5 .  
JUN 4.81 4.93 5.00 5.01 4.92 4.77 4.52 4.18 3.79 3.34 .410 1 .  5.  .......................................................... 
Ja 4.60 4.77 4.89 4.94 4.89 4.76 4.54 4.22 3.85 3.41 .422 4 .  5 .  
AUO 2.69 2.92 3.10 3.21 3.26 3.24 3.15 3.00 2.79 2.55 .355 3 .  5 .  
SEP 1.31 1.56 1.78 1.96 2.09 2.18 2.21 2.19 2.12 2.09 .335 -1. 6. 

W .39 -61 .82 1.01 1.17 1.30 1.40 1.45 1.47 1.84 .348 -10. 6.  
NOV .OO .OO .OO .OO .OO .OO .OO .OO .OO .OO .000-19. 6.  
DEC .OO .OO .OO .OO .OO .OO . 00 .00 .OO .00 .OOO -25. 5 .  

BETHEL. AK 

60.78 N LATITUDE 
SURFACE TILT (DEGWS UP FROM HOBIZONTAL) * =--------------------------------------------------- KT rn ws 

HOB 10 20 30 40 50 60 70 80 VEBT ......................................................................... 
JAN .30 .53 .74 .94 1.11 1.25 1.35 1.42 1.44 1.43 .390-16.  6 .  
FEB 1.00 1.41 1.79 2.12 2.40 2.62 2.76 2.83 2.82 2.74 .481-15.  6 .  
MAR 2.33 2.85 3.31 3.69 3.97 4.16 4.23 4.20 4.06 3.81 .532 -12. 6 .  

-- - 

APR 3.78 4.19 4.50 4.70 4.80 4.78 4.65 4.42 4.09 3.67 .511 -5. 6 .  

MAY 4.58 4.81 4.93 4.96 4.89 4.71 4.43 4.09 3.66 3.17 .460 4 .  5 .  

JUN 4.79 4.91 4.95 4.89 4.76 4.52 4.20 3.83 3.38 2.89 .424 10. 5 .  

JDL 4.06 4.19 4.24 4.20 4.10 3.92 3.65 3.35 2.98 2.57 .378 13. 5 .  

AUG 2.90 3.07 3.18 3.22 3.20 3.11 2.97 2.77 2.52 2.27 .339 11. 5.  

SEP 2.21 2.51 2.77 2.96 3.08 3.13 3.11 3.01 2.85 2.68 -397 7.  5 .  
............................................................. 
OCT 1.17 1.50 1.80 2.05 2.25 2.40 2.49 2.51 2.46 2.54 ,406 -1. 5 .  

NOV .43 .67 .90 1.11 1.28 1.43 1.53 1.59 1.61 1.91 .388 -8. 6 .  

DEC .15 .27 .38 .48 .57 .64 .69 .73 .74 1 .ll .304 -15. 6. 



TABtg I ( C o n t i n u e d )  
IN-TION (-1SQ.W. /DAY), 

lEONln EBATIIBE ('I'M, DEo C ) ,  
E WIND (WS, 111s) 

B 

66.92 N U T I  
SURFACE TILT (DEGREES UP WIRIZONTAL) 

................................................... KT WS 

EOR 10 20 30 40 50 60 70 80 ................................................................... 
JAN .03 .ll .19 .27 .33 .39 .43 .46 .48 .93 .338 -26. 3. 
FBB .54 .93 1.30 1.63 1.91 2.14 2.32 2.42 2.46 2.76 .495 -23. 3. 

YULB 1.94 2.57 3.14 3.63 4.03 4.32 4.49 4.54 4.46 4.34 .579 -17. 3. 

APR 3.87 4.45 4.92 5.27 5.49 5.57 5.51 5.32 5.01 4.61 .583 -6. 4. 
HAY 5.35 5.71 5.96 6.07 6.09 5.95 5.69 5.30 4.83 4.25 .554 6. 3. 
JUN 5.85 6.06 6.16 6.16 6.05 5.83 5.48 5.04 4.52 3.92 .514 11. 3. 

JUL 4.93 5.14 5.26 5.28 5.21 5.04 4.77 4.40 3.98 3.48 .462 15. 3. 
AUa 3.39 3.69 3.90 4.05 4.10 4.06 3.93 3.72 3.44 3.12 .425 12. 3. 
SEP 2.12 2.55 2.91 3.21 3.44 3.57 3.62 3.58 3.44 3.31 .460 4. 3. 

OCT .80 1.15 1.47 1.76 2.00 2.19 2.32 2.39 2.39 2.55 .431 -7. 3. 
NOV -13 .33 .51 .69 .84 .98 1.08 1.15 1.19 1.78 .42-  -19. 3. 
DEC .OO .OO .OO .OO . 00 . 00 . 00 .OO .OO . 00 . O@ -24. 3. 

42 .22 N LATITUDE 
S W A C E  TILT ( UP FROM HORIZONTAL) 

........................... 9T 'I'M WS 
HOB 10 20 30 40 50 60 70 80 VEBT ......................................................................... 

JAN 1.22 1.43 1.61 1.76 1.86 1.93 1.95 1.92 1.85 1.74 -326 -6. 5. 
• FEB 1.81 2.05 2.24 2.38 2.47 2.51 2.49 2.41 2.28 2.10 .353 -5. 5. 

MAR 2.72 2.94 3.11 3.21 3.24 3.20 3.09 2.91 2.68 2.39 .380 -1. 5. ........................................................................ 
APR 3.92 4.08 4.17 4.16 4.07 3.89 3.63 3.31 2.92 2.47 .422 7. 5. 
MAY 4.71 4.79 4.76 4.63 4.41 4.11 3.74 3.30 2.80 2.30 .437 13. 5. 
JUN 5.30 5.32 5.23 5.03 4.72 4.35 3.90 3.38 2.84 2.27 .462 18. 4. .......................................................................... 
JUL 5.23 5.28 5.21 5.04 4.76 4.40 3.96 3.46 2.91 2.35 .467 20. 4. 
AUG 4.49 4.63 4.67 4.61 4.45 4.21 3.88 3.48 3.01 2.52 .450 19. 4. 
SEP 3.56 3.82 4.00 4.08 4.08 3.98 3.80 3.54 3.20 2.82 ,445 15. 4. ......................................................................... 
OCT 2.46 2.76 3.01 3.19 3.30 3.33 3.28 3.16 2.96 2.73 .418 10. 4. 
NOV 1.30 1.50 1.67 1.80 1.89 1.94 1.94 1.90 1.82 1.79 .dl7 3. 5. 
DEC .94 1.08 1.20 1.30 1.37 1.41 1.42 1.40 1.35 1.35 .280 -3. 5. 
.......................................................................... 
YRT 1148. 1209. 1245. 1254. 1237. 1195. 1129. 1040. 932. 816. 



BOISE, ID 

43 .57 N LATITUDB 
SUBPACE TILT (D UP 1 

I C T m m  
FRM 10 20 30 40 50 60 70 80 

....................................... 
JAN 1.53 1.90 2.22 2.49 2.70 2.84 2.91 2.91 2.83 2.77 .437 -1. 4. 
FEE 2.64 3.14 3.56 3.90 4.14 4.28 4.31 4.22 4.04 3.78 .537 2. 4. 
MAR 4.11 4.61 5.00 5.27 5.41 5.42 5.29 5.03 4.65 4.19 .591 5. 4. ................................................... - 
L';B 5.76 6.12 6.33 6.39 6.29 6.06 5.68 5.17 4.55 3.84 .628 9. 5. 
MAY 7.18 7.36 7.37 7.20 6.86 6.39 5.79 5.06 4.22 3.37 .668 14. 4. 
JON 7.77 7.83 7.72 7.43 6.96 6.38 5.67 4.84 3.97 3.07 .677 19. 4. 
-------̂ -------UI---Y_-----------IY--------------------------~------ 

JUL 8.23 8.37 8.31 8.05 7.59 6.99 6.24 5.35 4.38 3.39 .736 24. 4. 
AUG 6.92 7.25 7.40 7.37 7.16 6.79 6.27 5.60 4.80 3.92 .700 23. 4. 
SEP 5.48 6.05 6.47 6.73 6.83 6.74 6.49 6.08 5.51 4.83 .697 17. 4. ............................................................... 
OCT 3.58 4.21 4.73 5.14 5.42 5.55 5.54 5.39 5.10 4.71 .632 11. 4. 
NOV 1.98 2.45 2.87 3.21 3.47 3.64 3.72 3.71 3.60 3.49 .5io 4. 4. 
DEC 1.38 1.74 2.07 2.35 2.57 2.72 2.80 2.81 2.75 2.72 .441 0. 4. ............................................................................. 
YRT 1725. 1860. 1952. 1996. 1992. 1942. 1848. 1709. 1533. 1340. 

BOSTON, MIA 

42.37 N LATITUDE 
SURFACE TILT (DEGREES UP FBM HaZOWTAL)  

mKm-------------------------------------------------------- En' a is 
10 20 30 40 50 60 70 80 VEBT 

.............................................................................. 
JAN 1.50 1.82 2.10 2.34 2.51 2.63 2.68 2.66 2.58 2.54 .405 -2. 7. 
FEB 2.23 2.58 2.87 3.50 3.25 3.32 3.32 3.23 3.07 2.86 .437 -1. 7. 
MAR 3.30 3.51 3.74 3.89 3.95 3.91 3.79 3.58 3.30 2.97 .450 3. 7. 
..................................................................... 
APR 4.18 4.37 4.47 4.47 4.37 4.18 3.91 3.56 3.13 2.67 .451 8. 6. 

MAY 5.26 5.35 5.33 5.19 4.94 4.60 4.18 3.67 3.11 2.54 .488 14. 6. 

JON 5.73 5.75 5.65 5.44 5.11 4.70 4.20 3.63 3.04 2.42 .499 20. 5. 
........................................................ 
JUL 5.52 5.57 5.50 5.32 5.02 4.64 4.18 3.64 3.06 2.46 .493 23. 5. 

AUG 4.68 4.84 4.88 4.82 4.66 4.41 4.07 3.64 3.15 2.63 .470 21. 5. 

SEP 3.97 4.28 4.49 4.60 4.61 4.51 4.31 4.01 3.63 3.19 .497 18. 5. 
........................................................................ 
OCT 2.80 3.19 3.50 3.73 3.88 3.93 3.88 3.75 3.52 3.25 -479 13- 6 .  
NOV 1.58 1.88 2.14 2.34 2.49 2.59 2.61 2.58 2.48 2.42 .387 7. 6. 

DEC 1.27 1.56 1.81 2.02 2.19 2.30 2.35 2.35 2.28 2.26 .382 1. 6. 
............................................................. 
XBT 1278. 1361. 1416. 1439. 1430. 1391. 1323. 1226. 1106. 979. 



LY ARMY INS@LATION ($WH/SQ.M'./DAY), 

C (KT), mN MONTBLY 'IIWPERATURE ('Ed, DEE C),  
A E WIND SPEED (WS, MIS) 

BRYCE CANYON, UT 

37.70 N LATITUDE 
SIIWACE TILT (DEGREES UP PELOM HORIZONTAL) 

H----------------------------------------------- KT m WS 

EUR 10 20 30 40 50 60 70 80 VERT 
rn ..................................................................... 

JAN 2.88 3.58 4.19 4.69 5.06 5.31 5.41 5.37 5.18 4.96 .642 -7. 3. 
a PEB 3.89 4.57 5.13 5.57 5.86 6.00 5.98 5.81 5.49 5.05 .655 -5. 4. 

W 5.31 5.89 6.32 6.59 6.69 6.62 6.39 6.00 5.46 4.81 .689 -2. 4. 
............................................................................ 
APE 6.72 7.06 7.22 7.20 7.01 6.66 6.14 5.48 4.70 3.84 .700 3. 4. 

MAY 7.73 7.83 7.74 7.47 7.02 6.44 5.71 4.85 3.94 2.99 .711 9. 4 .  
JUN 8.37 8.34 8.12 7.70 7.10 6.39 5.53 4.57 3.61 2.63 .732 14. 4. ............................................................................ 
JUL 7.64 7.67 7.51 7.17 6.68 6.07 5.32 4.47 3.60 '2.69 .681 17. 3. 
APG 6.80 7.01 7.05 6.92 6.63 6.20 5.63 4.93 4.13 3.28 .666 16. 3. 
SEP 6.05 6.56 6.90 7.07 7.07 6.88 6.53 6.01 5.35 4.57 .713 12. 3. .......................................................................... 
OCT 4.62 5.32 5.88 6.30 6.56 6.64 6.55 6.29 5.87 5.31 .705 6. 3. 
NOV 3.20 3.91 4.53 5.02 5.39 5.61 5.69 5.61 5.39 5.19 .658 -1. 3. 
DEC 2.58 3.26 3.85 4.35 4.73 4.99 5.11 5.10 4.95 4.83 .626 -6. 3. 

44.47 N LATITUDE 
SUBFACE TILT (DEGREES UP FROM HORIZONTAL) 

mNm---.---------------------------------------------------- 'I%! ws 
HOB 10 20 30 40 50 60 70 80 ........................................................................... 

JAN 1.34 1.66 1.93 2.16 2.34 2.47 2.53 2.52 2.46 2.49 .401 -8. 4. - PEB 2.13 2.50 2.82 3.06 3.24 3.33 3,35 3.28 3.13 2.93 ,447 -7. 4 ,> 
BdAB 3.33 3.69 3.97 4.16 4.25 4.24 4.14 3.93 3.64 3.28 .487 -2. 4. ............................................................................ 

L 

APR 4.57 4.82 4.96 4.99 4.91 4.72 4.44 4.05 3.59 3.06 .502 6. 4. 
U Y  5.57 5.69 5.69 5.57 5.32 4.97 4.53 4.01 3.40 2.79 -520 13. 4 -  
JUN 6.15 6.19 6.11 5.90 5.56 5.12 4.60 3.99 3.34 2.67 .536 18. 4. .......................................................................... 
Ja 6.15 6.24 6.19 6.01 5.69 5.27 4.76 4.15 3.48 2.80 ,550 21. 3. 
AUG 5.27 5.49 5.58 5.54 5.38 5.11 4.74 4.26 3.70 3.09 .536 19. 3. 
SEP 3.98 4.33 4.58 4.72 4.76 4.68 4.50 4.21 3.83 3.39 .514 15. 3. ............................................................................ 
OCT 2.63 3.02 3.34 3.58 3.74 3.81 3.79 3.67 3.47 3.22 .475 9. 4. 
NOV 1.37 1.63 1.86 2.05 2.19 2.28 2.32 2.30 2.22 2.17 .366 3. 4. 
DEC 1 -01  1.23 1.43 1.60 1.73 1.81 1.86 1.86 1.81 1.80 .340 -5. 4. ........................................................................... 
YBlT 1326. 1417. 1477. 1503. 1495. 1456. 1386. 1285. 1157. 1024. 



BURNS, OR 

UP -- KT 'IY w 
E008: 10 20 30 40 50 60 70 80 ---- ------------ -- 

JAN 1.55 1.92 2.25 2.52 2.74 2.88 2.95 2.95 2.87 2.80 .442 -3. 2. 
PEB 2.49 2.94 3.32 3.62 3.83 3.95 3.97 3.89 3.71 3.48 .SO1 0. 3. 

3.75 4.17 4.50 4.72 4.83 4.83 4.70 4.47 4.13 3.73 -538 2. 3. 
- - - - - - - - - - I _ L - - - I I - - _ c I - - - - Y - - - U - - - ~ -  

APE 5.20 5.50 5.67 5.71 5.62 5.40 5.06 4.61 4.06 3.46 .5Q7 6. 4. 
YAY 6.47 6.62 6.62 6.47 6.17 5.75 5.22 4.57 3.84 3.10 . a 3  12. 4. 
JUN 7.19 7.24 7.14 6.87 6.45 5.92 5.27 4.52 3.73 2.91 .626 16. 4. ................................... ----- 
JUL 7.75 7.87 7.81 7.57 7.14 6.58 5.89 5.07 4.17 3.26 .693 21. 3. 
AUU 6.56 6.86 7.00 6.96 6.76 6.41 5.92 5.29 4.55 3.72 .664 20. 3.  
SZZ 5.11 5.62 5.99 6.22 6.29 6.21 5.97 5.59 5.07 4.45 .650 15. 3. 
-------Y-Y-Y----C--------------l---------------------- 

QCT 3.28 3.82 4.27 4.62 4.85 4.96 4.94 4.80 4.53 4.19 .579 8. 3. 
NOV 1.87 2.30 2.68 2.99 3.22 3.38 3.45 3.43 3.32 3.23 4 8  2. 3. 
DEC 1.36 1.71 2.03 2.30 2.51 2.66 2.74 2.75 2.69 2.66 .435 -2. 2. 

46.87 N LATIlUDE 
SmFACE TILT (DEGUZS UP mW WBI .................................................... KT m WS 

10 20 30 40 50 60 70 80 

JAN 1.32 1.70 2.03 2.32 2.54 2 . 9  2.80 2.82 2.77 2.74 .449-11. 5. 
FEB 2.28 2.76 3.18 3.52 3.77 3.93 3.99 3.94 3.80 3.65 .520 -10. 5. 

MAR 3.57 4.04 4.41 4.68 4.84 4.87 4.79 4.59 4.28 3.89 .549 -4. 6. 
............................ ------------------- 
AP61 4.46 4.73 4.89 4.95 4.89 4.73 4.47 4.10 3.66 3.16 .SO2 3. 5. 

MAY 4.97 5.10 5.11 5.02 4.82 4.52 4.15 3.10 3.19 2.64 .468 10. 5. 

JUN 5.54 5.60 5.54 5.37 5.09 4.72 4.27 3.75 3.17 2.59 .484 16. 5. 
---------_---------_----I_----------- 

JUL 5.56 5.65 5.62 5.48 5.22 4.86 4.43 3.91 3.31 2.72 .499 19. 4. 

AIFG 4.72 4.93 5.02 5.01 4.88 4.65 4.34 3.93 3.45 2.93 .488 11. 4. 

SEP 3.47 3.78 4.01 4.15 4.19 4.14 3.99 3.76 3.44 3.08 .465 13. 5. 
........................................... 
Om 2.17 2.49 2.77 2.97 3.11 3.18 3.17 3.08 2.92 2.14 .420 6. 5. 

WV 1.16 1.39 1.60 1.77 1.91 1.99 2.03 2.02 1.96 1.92 .346 0. 5. 

DEC .98 1.25 1.50 1.71 1.88 2.00 2.08 2.09 2.06 2.04 .380 -9. 5. 
................................................... 
YKC 1225. 1322. 1391. 1429. 1434. 1408. 1353. 1267. 1154. 1036. 



I (Coatinaed) 

GE DAILY ARRAY IN ION (ICIW/SQ.I./DAY), 
ELZUXUaE (ZH, DEG C), 
('IS, Y/S) 

wm, m 

42.92 N LATITUDE 
S W M : E  TILT (D S UP PPOY ~ R I Z W T A L )  

---I_--_._I- lKT IU I S  

10 20 30 40 50 60 70 80 VEUT ................................................... 
JAN 2.16 2.77 3.32 3.79 4.15 4.41 4.55 4.56 4.46 4.30 .597 -4. 8. 
PBB 3.19 3.85 4.41 4.86 5.19 5.38 5.43 5.34 5.11 4.78 .635 -3. 7. 
HAB 4.55 5.12 5.57 5.88 6.04 6.05 5.91 5.62 5.19 4.68 .645 0. 6. ......................................................... 
APE 5.82 6.17 6.38 6.43 6.33 6.08 5.69 5.17 4.54 3.84 .631 5. 6. 
IUY 6.95 7.11 7.11 6.93 6.60 6.14 5.55 4.84 4.04 3.23 .646 11. 5. 
JON 7.88 7.94 7.82 7.51 7.03 6.43 5.70 4.85 3.96 3.04 .688 17. 5. 
.................................................................. 

7.99 8.11 8.04 7.77 7.32 6.73 6.00 5.14 4.21 3.26 .714 22. 5. 
AUa 7.02 7.34 7.48 7.44 7.22 6.83 6.29 5.61 4.79 3.90 .706 21. 5. 
SBP 5.51 6.07 6.49 6.74 6.82 6.72 6.46 6.04 5.47 4.78 .695 14. 5. 
---------------i-----.---------------------------------------- 

OCT 3.84 4.52 5.08 5.52 5.82 5.96 5.95 5.79 5.47 5.04 .665 8. 5. 
W V  2.42 3.04 3.60 4.06 4.42 4.66 4.77 4.76 4.63 4.48 .604 1. 6. 
D1&6 1.87 2.45 2.97 3.42 3.77 4.03 4.18 4.21 4.13 4.05 .580 -3. 7. 

32.90 N LATITUDE 
SUBFACE TILT (DEGREES UP FRW HORIZONTAL) =-------------------------------------------------- lKT TM ws 

B[OB 10 20 30 40 56) 60 70 80 VEBT ......................................................................... 
JAN 2.34 2.70 3.00 3.24 3.39 3.47 3.46 3.36 3.19 2.97 .444 9. 4. 

e FEB 3.14 3.50 3.79 3.98 4.09 4.10 4.01 3.83 3.56 3.24 .477 10. 5. 
BIAB 4.22 4.52 4.72 4.81 4.80 4.67 4.44 4.11 3.69 3.21 .511 13. 5. 

0 APR 5.46 5.63 5.66 5.57 5.36 5.03 4.59 4.06 3.45 2.79 ,552 18. 5. 
MAY 5.87 5.87 5.74 5.49 5.13 4.67 4.12 3.50 2.86 2.22 ,537 22. 4. 
JUN 5.81 5.74 5.55 5.23 4.83 4.35 3.77 3.17 2.55 1'.96 .512 26. 4. ....................................................................... 
JUL 5.66 5.62 5.46 5.18 4.81 4.36 3.81 3.22 2.62 2.03 .507 26. 4. 
AlJG 5.00 5.07 5.03 4.89 4.64 4.31 3.88 3.39 2.83 2.28 .481 26. 3. 
SEP 4.39 4.62 4.74 4.75 4.67 4.47 4.19 3.81 3.35 2.84 .491 23. 4. 
.......................................................................... 
OCr 3.76 4.15 4.44 4.63 4.71 4.67 4.53 4.28 3.94 3.51 .521 18. 4. 
NROV 2.94 3.40 3.78 4.07 4.26 4.34 4.32 4.19 3.96 3.64 .522 13. 4. 
DEC 2.27 2.66 3.00 3.26 3.45 3.55 3.56 3.49 3.33 3.11 .460 10. 4. ......................................................................... 
YRT 1549. 1628. 1671. 1677. 1647. 1581. 1481. 1350. 1195. 1027. 



38.37 N LATITUDE 
EXlWACE TILT (DEGREES UP FBW 1 

m a r s  
EQR 10 20 30 40 50 60 70 80 - - - - - - -  ^ll_---l-----l__-------------------...II- 

JAN 1.57 1.83 2.05 2.22 2.34 2.41 2.42 2.37 2.27 2.14 .359 1. 3. 
FEB 2.22 2.50 2.71 2.87 2.97 2.99 2.95 2.84 2.67 2.45 .387 3. 4. 
MAE 3.18 3.43 3.60 3.70 3.71 3.65 3.50 3.27 2.98 2.64 .417 7. 4. .................................................................... 
APR 4.27 4.43 4.49 4.46 4.33 4.11 3.81 3.43 2.99 2.50 ,447 13. 3.  
BUY 5.16 5.21 5.15 4.98 4.70 4.35 3.91 3.40 2.86 2.29 .475 18. 3. 
JUN 5.60 5.58 5.45 5.20 4.85 4.43 3.92 3.35 2.78 2.18 .489 22. 2. 

JUL 5.30 5.32 5.22 5.00 4.69 4.31 3.84 3.31 2.76 2.18 .473 23. 2. 
AUG 4.78 4.89 4.90 4.81 4.61 4.33 3.96 3.51 3.00 2.47 .469 23. 2. 
SEP 4.01 4.26 4.43 4.49 4.46 4.32 4.09 3.78 3.38 2.93 .476 19. 2. 

OCT 3.07 3.43 3.71 3.91 4.02 4.03 5.95 3.78 3.52 3.20 .4?5 13. 2. 
NOV 1.93 2.25 2.51 2.73 2.87 2.95 2.96 2.89 2.76 2.68 .407 7. 3. 
DEC 1.39 1.63 1.84 2.00 2.12 2.20 2.22 2.18 2.10 2.08 .347 3. 3. 

3 5 .03 N LATITODE 
SlElFACE TILT (DEGBIEES UP FEW HORIZONTAL) 

mmH-------------------------------------------------------- $T TbI I s  
mE 10 20 30 40 50 60 70 80 VEBT 

----------------------------------_________-_-,_---------------------__-_--___- 

JAN 1.98 2.29 2.56 2.76 2.90 2.97 2.97 2.90 2.76 2.67 .403 4. 3. 

FEB 2.70 3.02 3.27 3.45 3.55 3.57 3.50 3.35 3.13 2.86 ,432 6. 3. 

W 3.71 3.98 4.16 4.25 4.25 4.15 3.96 3.68 3.32 2.92 -462 10. 4. 
...................................................................... 
APR 4.88 5.04 5.09 5.02 4.85 4.58 4.21 3.75 3.22 2.65 .499 15. 3. 

M Y  5.46 5.48 5.38 5.17 4.86 4.46 3.97 3.41 2.83 2.23 .SO0 20. 3. 

JU'N 5.77 5.73 5.56 5.27 4.88 4.42 3.87 3.27 2.66 2.07 .SO6 24. 2. 
-I----------__---__--------------------------------------- 

JUL 5.47 5.45 5.31 5.07 4.73 4.30 3.80 3.23 2.66 2.08 .488 25. 2. 

AUG 5.14 5.24 5.22 5.09 4.85 4.52 4.10 3.59 3.02 2.44 .499 25. 2. 

SEP 4.21 4.44 4.58 4.61 4.54 4.38 4.11 3.76 3.34 2.85 .481 22. 2. 
........................................................... 
Om 3.50 3.87 4.16 4.36 4.45 4.44 4.32 4.10 3.79 3.40 -505 15. 2. 
MOV 2.43 2.81 3.13 3.37 3.53 3.61 3.60 3.50 3.32 3.07 .460 9. 3. 

DEC 1.83 2.14 2.41 2.63 2.78 2.86 2.88 2.83 2.70 2.53 .408 5. 3. 
-___________________-------_______-_---_--__------------------------ 
YRT 1434. 1507. 1548. 1554. 1527. 1468. 1377. 1259. 1118. 966. 



CLEVELAND, OH 

41.40 N LATITUDE 

SURFACE TILT (DEGBIE&S UP FROM HORIZMAL) 
................................................. KT TU: WS 

10 20 30 40 50 60 70 80 YEBT ................................................................... 
JAN 1.23 1.42 1.59 1.73 1.82 1.88 1.89 1.86 1.79 1.69 ,317 -3. 6. 

FEB 1.89 2.13 2.33 2.47 2.57 2.60 2.57 2.49 2.35 2.17 .359 -2. 5.  

LlAB 2.91 3.15 3.33 3.44 3.47 3.43 3.31 3.12 2.86 2.56 .401 2 .  6. 
....................................................................... 
APR 4.26 4.44 4.53 4.53 4.42 4.22 3.94 3.57 3.14 2.65 .455 9. 5 .  

MAY 5.87 5.97 5.94 5.77 5.48 5.09 4.60 4.02 3.37 2.72 .543 15. 5. 

JON 5.81 5.82 5.72 5.49 5.14 4.72 4.21 3.62 3.02 2.39 .SO7 20. 4. 
.......................................................................... 
JUL 5.76 5.81 5.73 5.53 5 .21  4.80 4.31 3.73 3.12 2.49 .514 22. 4 .  
AUG 4.99 5.15 5.19 5.12 4.94 4.66 4.29 3.83 3.30 2.74 .498 21. 4. 
SEP 3.90 4.19 4.39 4.48 4.48 4.37 4.17 3.87 3.49 3.06 ,482 18. 4. 
---------------------------------------. . .--IP---------- 

O(rr 2.73 3.09 3.37 3.57 3.70 3.73 3.68 3.54 3.32 3.05 .455 12. 5 .  
W V  1.47 1.71 1.91 3.07 2.18 2.24 2.25 2 .21  2.12 2.07 .346 6.  5 .  
DEC 1 .01  1.16 1.29 1.40 1.47 1.52 1.53 1 .51  1.45 1.46 .287 0 .  5.  

COLUMBIA. SC 

33.95 N LATITUDE 
SURFACE TILT (DEGB1EES UP FROM HORIZONTAt) ........................................................ m m ws 

HOB 10 20 30 40 50 60 70 80 VEaT ........................................................................... 
JAN 2.39 2.79 3.13 3.39 3.57 3.67 3.67 3.59 3.42 3.26 .469 7.  3. 
FEB 3.22 3.61 3.93 4.15 4.28 4 .31  4.23 4.05 3.78 3.44 .501 9.  3 .  
MAR 4.27 4.60 4.82 4.93 4.93 4.81 4.59 4.25 3.83 3.35 .524 12. 4 .  ......................................................................... 

b APE 5.50 5.69 5.74 5.66 5.46 5.14 4.70 4.17 3.55 2.88 .559 18. 4 .  
MAY 5.97 5.99 5.87 5.62 5.26 4.81 4.25 3.61 2.96 2.30 .547 22. 3 .  
JUEl 6.13 6.07 5.88 5.55 5.13 4.61 4.01 3.36 2.70 2.06 .539 25. 3 .  ......................................................................... 
JUL 5.80 5.77 5.61 5.34 4.96 4.50 3.95 3.34 2.72 2.10 .518 26. 3 .  
AUG 5.37 5.46 5.43 5.29 5.03 4.67 4.22 3.68 3.08 2.46 .519 26. 3 .  
SEP 4.53 4.78 4.93 4.96 4.88 4.70 4.40 4.02 3.55 3 .01  .513 23. 3. 
................................................................... 
OCT 3.82 4.24 4.56 4.78 4.88 4.86 4.73 4.48 4.13 3.69 .540 17. 3 .  

2.90 3.38 3.77 4.08 4.29 4.39 4.38 4.26 4.04 3.72 .530 12. 3 .  
DEC 2.28 2.70 3.06 3.35 3.56 3.68 3.70 3.64 3.48 3.26 ,479 8.  3. 
............................................................................ 

1589. 1677. 1727. 1738. 1711. 1646. 1545. 1412. 1253. 1080. 



40.00 N LAT 
SURFACE TILT (D UP 

n m m  
10 20 30 40 50 60 70 80 ---- -- - 

JAN 1.45 1.70 1.91 2.08 2.21 2.28 2.30 2.26 2.17 2.05 .353 -2. 5. 
PEB 2.13 2.41 2.63 2.80 2.90 2.94 2.91 2.81 2.65 2.44 .31t 0. 5. 
IUB 3.09 3.34 3.53 3.63 3.66 3.60 3.47 3.26 2.98 2.65 ,416 4 .  5. ---- -------------- --- --- 
APE 4.27 4.44 4.51 4.49 4.38 4.17 3.88 3.51 3.07 2.58 .451 11. 5 .  
M Y  5.19 5.25 5.21 5.05 4.78 4.44 4.01 3.50 2.95 2.39 .479 16. 4. 
JUN 5.71 5.71 5.60 5.36 5.01 4.59 4.08 3.50 2.81 2.29 .499 21. 3. ............................... - 
Ja 5.53 5.56 5.47 5.26 4.95 4.56 4.08 3.52 2.94 2.34 .493 23. 3. 
AW 4.99 5.13 5.16 5.08 4.89 4.60 4.22 3.76 3.22 2.66 .495 22. 3. 
SIEP 4.04 4.32 4.51 4.59 .4.57 4.45 4.23 3.92 3.52 3.07 .489 19. 3. ............................ -------- 
OCT 2.98 3.36 3.66 3.87 3.99 4.02 3.86 3.80 3.55 3.25 .480 12. 3. 
WV 1.69 1.97 2.21 2.40 2.53 2.60 2.61 2.56 2.45 2.39 .378 6. 4. 
DBC 1.22 1.44 1.62 1.77 1.88 1.94 1.96 1.94 1.87 1.86 .328 0 .  4. 

48.60 N LATITUDE 
SWFACE TILT (DEGmS UP FBW mUZmfi) .............................................. gT TI[ ws 

80B 10 20 30 40 50 QO 70 80 VEBT ..................................................................... 
JAN 1.27 1.67 2.04 2.36 2.62 2.80 2.92 2 .  2.92 2.90 ,478 -9. 6. 
PEB 2.16 2.67 3.10 3.47 3.74 3.92 4.00 3.97 3.84 3.72 ,528 -5. 6. 

3.56 4.07 4.48 4.79 4.97 5.04 4.98 4.79 4.49 4.10 .568 -3. 6. 
-~----Y--______-____-----------_--------------_------------ 

APR 4.68 5.00 5.21 5.30 5.27 5.11 4.85 4.48 4.01 3.47 .537 4. 6. 

BUY 5.93 6.12 6.18 6.10 5.88 5.53 5.09 4.54 3.91 3.22 .562 10. 6. 

JUN 6.45 6.54 6.50 6.32 6.01 5.57 5.05 4.43 3.73 3.04 .564 14. 5. 
. . . . . . . . . . . . . . . . . . . . . . . . . .  _-I_.---__I--__ 

JUL 7.21 7.38 7.40 7.24 6.92 6.44 5.87 5.16 4.35 3.52 .650 18. 5. 

A N  5.98 6.32 6.51 6.54 6.42 6.15 5.76 5.23 4.59 3.84 .625 17. 5. 

SEP 4.26 4.74 5.11 5.35 5.47 5.45 5.30 5.02 4.62 4.11 .588 12. 5. 
-_I__~---__-~__-___--~---~~-------- 

2.74 3.28 3.75 4.11 4.38 4.53 4.57 4.49 4.30 4.01 .562 7. 6. 
EW)V 1.51 1.96 2.35 2.69 2.96 3.16 3.27 3.30 3.23 3.12 .498 -1. 6 .  
DEC 1.05 1.43 1.78 2.08 2.33 2.51 2.63 2.68 2.66 2.60 .461 -5. 7 -  ------ --_______-__-___-I_---~------------- 

YRT 1427. 1561. 1658. 1717. 1735. 1712. 1652. 1554. 1419. 1267. 



TdBLfZ I (Continued) 

IN /SQ.H./DAY) . 
AN RATUBE (TM. DEG C), 

m a m ~  ~VEBAGE WIND SPEED (WS# MIS) 

DAWEIT, CA 

34.87 N LATITUDE 
SURFACE TILT (DEGREES UP PROM HORIZONTAL) 

.................................................. KT m WS 
HOB 10 20 30 40 50 60 70 80 VERT 

* ___________-____-_-_----------------------------------------------- 
JAN 3.02 3.65 4.18 4.62 4.93 5.12 5.17 5.09 4.87 4.57 .609 8.  4. 

PEB 4.03 4.65 5.16 5.54 5.77 5.86 5.80 5.59 5.24 4.77 .642 11. 4.  
a 

MAR 5.59 6.13 6.53 6.75 6.81 6.70 6.42 5.98 5.39 4.68 .695 14. 6. ....................................................................... 
APR 7.17 7.48 7.61 7.54 7.30 6.88 6.29 5.55 4.69 3.73 .732 18. 6 .  
MAY 8.17 8.23 8.08 7.73 7.22 6.55 5.73 4.78 3.80 2.78 .749 23.  7 .  

JON 8.72 8.64 8.35 7.85 7.19 6.40 5.45 4.44 3.41 2.42 .765 27. 7 .  
-------------_----------------------------------------------------,-------- 

JUL 8 .21  8.18 7.96 7.54 6.97 6.26 5.40 4.45 3.49 2.52 .732 31. 5 .  
AW; 7.51 7.71 7.71 7.53 7.17 6.64 5.96 5.14 4.21 3.26 .728 30. 5 .  
SEP 6.33 6.80 7.11 7.23 7.18 6.94 6.53 5.96 5.25 4.42 .722 26. 5.  

OeE 4.78 5.42 5.93 6.29 6.49 6.52 6.38 6.09 5.63 5.05 .688 20. 4 .  
M V  3.35 4.00 4.55 4.98 5.29 5.46 5.48 5.36 5.11 4.73 ,630 . 1 3 .  4 .  
DEC 2.77 3.39 3.93 4.37 4.70 4.91 4.99 4.94 . 4.76 4.46 ,601 9.  4 .  

32.65 N LATITUDE 
S W A C E  TILT (DEGREES UP FRW HORIZ0NI'A.L) 

rnH-------------------------------------------------------- KT m WS 

HOE 10  20 30 40 50 60 70 80 VEBT ............................................................................ 
JAA 2.59 3.01 3.36 3.64 3.82 3.91 3.91 3.81 3.61 3.34 ,488 7 .  5 .  . PEB 3.38 3.78 4.10 4.33 4.45 4.46 4.37 4.18 3.88 3.51 .510 9.  5 .  
llUB 4.48 4.81 5.04 5.14 5.13 4.99 4.75 4.39 3.94 3.41 .540 13.  6 .  ............................................................................ 

z APE 5.13 5.27 5.30 5 . 2 1  5 .01  4.70 4.29 3.80 3.23 2.61 ,517 19. 6. 

MAY 5.95 5.95 5.82 5.56 5.20 4.73 4.17 3.52 2.88 2.21 .545 23. 5 .  
JUN 6.73 6.64 6.40 6.02 5.53 4.94 4.25 3.52 2.76 2.07 .593 28. 5 .  ......................................................................... 
Ja 6.69 6.64 6.43 6.09 5.63 5.06 4.38 3.65 2.90 2.18 .598 30. 5 .  
AUG 6.15 6.25 6 .21  6.03 5.72 5.29 4.74 4.09 3.37 2.64 .592 29. 4 .  
SEP 5 - 0 0  5.28 5.44 5.47 5.38 5.16 4.82 4.38 3.85 3.24 .558 26.  4 .  
........................................................................... 
om 4.03 4.46 4.78 5.00 5.09 5.06 4.91 4.64 4.26 3.80 .555 20. 4 .  
M V  2.95 3.40 3.77 4.06 4.24 4.32 4.30 4.17 3.94 3.62 .519 13.  5 .  
DEC 2.46 2.90 3.27 3.57 3.78 3.90 3.91 3.84 3.66 3.42 ,495 9 .  5 .  
.......................................................................... 
YBT 1691. 1778. 1825. 1829. 1794. 1719. 1606. 1459. 1285. 1095. 



45.25 N LATITUDE 
SURFACE TILT (D UP FROM H O B I Z m U )  

Morn--------------------------------------- FE m WS 
EOB 10 20 30 40 50 60 70 80 

---------------_I_--------------------------, - 
IAN 1.64 2.11 2.52 2.88 3.16 3.36 3.47 3.49 3.42 3.28 ,510 -6. 5. 
FEB 2.66 3.23 3.72 4.11 4.40 4.58 4.64 4.58 4.40 4.11 .573 -3. 5. 
MAR 4.04 4.56 4.98 5.28 5.44 5.47 5.37 5.13 4.76 4.29 .599 -1. 5. ....................................................... 
APR 5.17 5.49 5.69 5.75 5.68 5.48 5.16 4.72 4.18 3.55 .572 4. 5. 
HAY 6.27 6.44 6.46 6.33 6.06 5.66 5.17 4.55 3.86 3.14 .587 10. 4. 
JUN 6.76 6.82 6.74 6.52 6.15 5.66 5.08 4.40 3.66 2.92 .589 15. 4. ................................................................ 
JllL 7.54 7.68 7.65 7.44 7.05 6.52 5.87 5.09 4.22 3.35 .676 19. 3. 
AUO 6.38 6.69 6.85 6.84 6.66 6.34 5.88 5.29 4.57 3.79 .652 18. 4. 
SEP 4.79 5.29 5.66 5.90 5.98 5.93 5.72 5.37 4.90 4.33 .626 12. 4. .......................................................................... 
O(JT 3.22 3.80 4.28 4.66 4.92 5.06 5.07 4.94 4.69 4.36 .596 7. 4. 
MOV 1.90 2.40 2.84 3.21 3.50 3.70 3.80 3.81 3.71 3.60 .527 0. 4. 
DEC 1.42 1.86 2.25 2.59 2.86 3.06 3.18 3.22 3.16 3.11 .So0 -5. 5. 

37.77 N LATITUDE 
SURFACE TILT (DEGREES UP PBZa EIO&TU)mU) 

mrn-------------------------------------------------------- m P I S  

10 20 30 40 50 60 70 80 V m  ............................................................................ 
JAN 2.61 3.20 3.71 4.13 4.44 4.64 4.72 4.68 4.51 4.31 .582 -2. 6. 
FEB 3.53 4.11 4.59 4.95 5.19 5.30 5.28 5.12 4.83 4.45 .605 1. 6. 

MAR 4.66 5.12 5.45 5.66 5.73 5.66 5.45 5.11 4.65 4.11 .604 5. 7. 
..................................................................... 
AP8 5.94 6.21 6.34 6.31 6.14 5.83 5.38 4.82 4.15 3.42 .619 12. 7. 

mY 6.58 6.66 6.58 6.35 5.98 5.50 4.90 4.21 3.46 2.70 .606 18. 7. 

JUN 7.43 7.41 7.22 6.86 6.35 5.74 5.00 4.18 3.35 2.52 .650 23. 6. 
............................................................ 
JDL 7.24 2.26 7.11 6.80 6.34 5.77 5.07 4.27 3.46 2.61 .645 26. 6. 

AUG 6.48 6.67 6.71 6.59 6.31 5.91 5.37 4.71 3.95 3.16 .635 25. 6. 

SEP 5.31 5.12 5.99 6.12 6.10 5.93 5.62 5.17 4.61 3.95 -627 20. 6. 
--------___-_____,__________------_------------------------------ 

OCT 4.10 4.68 5.14 5.47 5.67 5.73 5.64 5.41 5.04 4.56 .627 14. 6. 

WV 2.81 3.39 3.88 4.28 4.57 4.74 4.79 4.71 4.51 4.35 -580 5. 6. 

DEC 2.31 2.87 3.36 3.77 4.08 4.29 4.38 4.36 4.23 4.13 -561 0. 6- 
-----_--____________--------------------_------.-------------- 

YB1' 1797. 1927. 2011. 2047. 2035. 1978. 1873. 1725. 1542. 1345- 



AVERAGE DAILY INSOZATION (KWH/SQ.Y./DAY), 
CLKABNESS TEMPERATURE (TII, DEG C ) ,  

EED (WS, BI/S) 

DULUTH, rn 

46.83 N LATITUDE 

S W A C E  TILT (DEGREES UP FROM HORIZONTAL) ....................................................... KT m ws 
EOR 10 20 30 40 50 60 70 80 VERT 

__-._____________---_------------------------------------------------ 

JAN 1.22 1.55 1.84 2.09 2.29 2.43 2.51 2.52 2.47 2.50 ,415 -14. 5 .  

FEB 2 .11  2.54 2.90 3.20 3.42 3.55 3.60 3.55 3.&2 3.34 ,482-11.  5 .  

MAR 3.26 3.66 3.97 4.19 4 .31  4.33 4.25 4.06 3.78 -3.43 ,501 -5. 5 .  
.................................................................. 
APR 4.33 4.58 4.74 4.79 4.73 4.57 4.32 3.97 3.54 3.04 .487 3.  6. 

MAY 5.18 5.31 5.33 5.23 5.02 4.71 4.33 3,86 3.31 2.74 .487 10. 5 .  

JIIN 5.57 5.63 5.57 5.40 5.12 4.74 4.30 3.77 3.19 2.60 .486 15. 5 .  
........................................................................ 
Ja 5.85 5.95 5.92 5.78 5.50 5.12 4.65 4.10 3.47 2.84 .525 18. 4 .  

AUG 4.87 5.08 5.18 5.17 5.04 4.81 4.48 4.06 3.55 3.02 .503 17. 4 .  
SEP 3.45 3.76 3.98 4.12 4.16 4.11 3.96 3.72 3.41 3.05 .462 12. 5 .  
........................................................................... 
OCT 2.28 2.64 2,9? 3.16 3.31 3.39 3.38 3.29 3.12 2.92 .442 7.  5 .  
NOV 1.20 1.46 1.68 1.87 2.01 2.10 2.15 2.14 2.07 2.03 .359 -2. 5 .  
DEC .92 1.16 1.38 1.56 1.71 1.82 1.88 1.89 1.85 1.85 .356 -10. 5 .  
............................................................................. 
YWT 1227. 1319. 1384. 1418. 1419. 1390. 1332. 1244. 1130. 1014. 

EAGLE, CO 

39.65 N LATITUDE 
SnaFACE TILT (DEGREES UP FROM HORIZONTAL) 

wm--------------------------------------------------------- KT m I S  

IMlB 10 20 30 40 50 60 70 80 VERT 

JAN 2.38 2.96 3.46 3.88 4.20 4.41 4.50 4.48 4.34 4.15 -572 -8. 2 .  
FEB 3.39 3.99 4.50 4.89 5.16 5.29 5.29 5.15 4.89 4.53 .612 -5. 2 .  
MAR 4.74 5.26 5.65 5.91 6.01 5.97 5.78 5.45 4.99 4.45 .634 0 .  3 .  .......................................................................... 

I APR 6.09 6.41 6.57 6.58 6.43 6.13 5.69 5.12 4.43 3.69 .643 5.  3.  

MAY 7.11 7.23 7.17 6.95 6.56 6.06 5.42 4.67 3.84 3.00 .656 11. 3.  
JUN 7.91 7.91 7.74 7.38 6.85 6.21 5.44 4.56 3.67 2.75 .690 16. 3 .  .......................................................................... 
JUL 7.52 7.57 7.45 7.15 6.68 6.11 5.40 4.58 3.73 2.83 .670 19. 2 .  
AUG 6.57 6.80 6.87 6.77 6.51 6.12 5.59 4.93 4.17 3.36 .650 17.  2 .  
SEP 5.57 6.05 6.39 6.57 6.59 6.44 6.14 5.68 5.09 4.39 .672 13. 2 .  
........................................................................... 

4.12 4.76 5.29 5.68 5.92 6.02 5.96 5.74 5.38 4.91 .658 6.  2 .  
NoV 2.74 3.36 3.90 4.34 4.66 4.87 4.95 4.90 4.72 4.55 -603 -2. 2 .  
DEC 2 - 1 8  2.76 3.28 3.71 4.05 4.28 4.40 4.40 4.28 4.19 .575 -8. 2 .  ........................................................................... 
PBT 1837. 1981. 2078. 2124. 2118. 2066. 1963. 1814. 1627. 1422. 



Ea (rn, D&6 c,, 

EL PASO, TS 

31.80 N LATITUDE 
SUBFACE TILT (Dm UP FBW H09I 1 

mm------------------------------------------------ KT III WS 

EOR 10 20 30 40 50 60 70 80 VERT 
........................................................ - 
JAN 3.54 4.22 4.80 5.25 5.57 5.75 5.77 5.64 5.36 4.97 ,649 7. 4. 
FEB 4.66 5.34 5.88 6.28 6.51 6.58 6.47 6.20 5.77 5.21 .692 9. 4. 
W 6.02 6.55 6.92 7.11 7.13 6.96 6.62 6.11 5.45 4.68 .718 14. 5. ---------------------------------------------------.----------------- 
APB 7.44 7.71 7.79 7.67 7.36 6.88 6.23 5.42 4.50 3.50 .748 18. 5. 
MAY 8.20 8.20 7.99 7.59 7.03 6.31 5.45 4.47 3.49 2.50 .751 23. 5. 
JUN 8.46 8.32 7.98 7.44 6.77 5.95 5.00 4.02 3.00 2.08 .747 28. 4. ..................................................................... 
JUL 7.72 7.65 7.39 6.96 6.40 5.70 4.87 3.99 3.09 2.23 ,692 28. 4. 
AUG 7.20 7.33 7.27 7.05 6.66 6.13 5.45 4.65 3.77 2.88 .692 27. 4. 
SEP 6.26 6.65 6.88 6.94 6.83 6.55 6.12 5.53 4.82 4.00 .693 24. 4. 

OCT 5.17 5.80 6.29 6.61 6.77 6.76 6.57 6.22 5.70 5.06 .702 18. 4. 
NOV 3.91 4.61 5.20 5.65 5.96 6.11 6.10 5.93 5.61 5.15 ,673 11. 4. 
DEC 3.25 3.92 4.50 4.96 5.30 5.49 5.55 5.45 5.22 4.87 ,635 7. 4. 

33.67 M LATITUDE 
SURFACE TILT (DEGREES UP FEW HORIZONTAt) 

mm-------------------------------------------------------- KT T1I IS 

W R  10 20 30 40 50 60 70 80 VERT 
........................................................................... 
JAN 2.98 3.55 4.03 4.41 4.69 4.84 4.87 4.77 4.55 4.24 ,578 12. 2. 

FEB 3.89 4.44 4.88 5.21 5.40 5.46 5.38 5.16 4.82 4.37 .603 13. 3. 

MAR 5.08 5.51 5.82 5.98 6.00 5.87 5.60 5.19 4.67 4.04 .621 13. 2 .  
----I_---__L___-_-__-------------------------------I- 

APR 6.08 6.29 6.36 6.27 6.05 5.68 5.19 4.58 3.88 3.11 .617 12. 3. 

M Y  6.53 6.54 6.41 6.13 5.73 5.22 4.59 3.88 3.15 2.39 .598 16. 3. 

JUN 6.92 6.84 6.61 6.22 5.73 5.12 4.42 3.66 2.89 2.15 .608 18. 2. 
....................................................................... 
JUL 7.45 7.41 7.19 6.80 6.29 5.64 4.88 4.04 3.18 2.34 .665 21. 2. 

AUG 6.80 6.94 6.91 6.73 6.39 5.91 5.30 4.57 3.75 2.92 .656 21. 2. 

SEP 5.47 5.82 6.03 6.09 6.01 5.78 5.42 4.94 4.34 3.65 .617 20. 2. 
----_____-___________._______________--------------------------------- 

OCT 4.28 4.78 5.17 5.43 5.56 5.55 5.40 5.13 4.73 4.22 .601 18. 2. 

E#)V 3.23 3.79 4.27 4.63 4.88 5.01 5.01 4.88 4.63 4.27 .586 15. 2. 

DEC 2.74 3.31 3.80 4.20 4.49 4.66 4.72 4.65 4.46 4.17 .571 13. 2. 
.................................................... 
YRT 1871. 1986. 2054. 2072. 2044. 1969. 1848. 1686. 1490. 1272. 



TABLE I (Continuedb 

(TM, Dm CIS 

ELKO, NV 

40.83 N LATITUDE 

SURFACE TILT (DEGBEES UP FROM HORIZOWTAL) 
H-------------------------------------------- KT TH 1% 

HOB 10 20 30 40 50 60 70 80 YEBT ....................................................................... 
JAN 2.17 2.71 3.18 3.57 3.88 4.08 4.17 4.16 4.04 3.82 .548 -4. 2. 

FEB 3.26 3.85 4.36 4.76 5.03 5.18 5.19 5.07 4.82 4.46 .608 -1. 3. 

MAR 4.62 5.14 5.55 5.82 5.94 5.92 5.75 5.43 4.99 4.43 .630 2 .  3. 
.................................................................... 
APR 5.99 6.32 6.50 6.52 6.38 6.11 5.69 5.13 4.47 3.71 .638 6. 3. 

MAY 7.26 7.40 7.37 7.16 6.77 6.27 5.63 4.87 4.02 3.15 .672 12. 3. 

3tN 7.98 8.01 7.85 7.51 6.99 6.36 5.59 4.70 3.81 2.86 .697 17. 3. 
......................................................................... 
JQL 8.26 8.36 8.24 7.93 7.42 6.79 6.00 5.08 4.11 3.11 .737 22. 3. 

AUG 7.30 7.60 7.72 7.64 7.38 6.95 6.36 5.62 4.75 3.81 .726 20. 3. 

SEP 5.96 6.55 6.97 7.21 7.27 7.14 6.83 6.34 5.70 4.93 .731 15. 2 .  
---------------------------------------------------------,---------------- 

OCE 4.17 4.86 5.44 5.87 6.16 6.28 6.24 6.04 5.68 5.19 .685 8.  2 .  
NOV 2.56 3.16 3.69 4.12 4.44 4.65 4.74 4.70 4.54 4.39 .590 2. 2. 
DEC 1.95 2.47 2.94 3.33 3.64 3.86 3.97 3.98 3.88 3.81 .543 -4. 2 .  

EVANSVILLE, IN 

38.05 N LATITUDE 
SURFACE TILT (DEGREES UP FROM HORIZONTAL) 

wm~------------------------------------------------------- KT TM WS 

IK)R 10 20 30 40 50 60 70 80 VERT 
- - - - - -  - - 

JAN 1.81 2.14 2.42 2.64 2.80 2.89 2.92 2.87 2.75 2.70 .409 0.  4. 
FEB 2.59 2.94 3.22 3.43 3.56 3.61 3.57 3.44 3.24 2.97 .447 2 .  4. 
MAR 3.63 3.93 4.15 4.27 4.30 4.23 4.06 3.80 3.46 3.07 .473 7. 5. 

APR 4.73 4.91 4.99 4.95 4.81 4.57 4.23 3.80 3.30 2.75 .493 14. 5. 
MAY 5.61 5.67 5.60 5.41 5.11 4.72 4.23 3.66 3.05 2.43 .517 19. 4. 
JVN 6.25 6.23 6.08 5.79 5.38 4.90 4.31 3.65 2.99 2.31 .546 %. 3. ......................................................................... 
JUL 6.05 6.07 5.95 5.70 5.33 4.88 4.33 3.69 3.05 2.37 .540 25. 3. 
AUG 5.47 5.62 5.64 5.53 5.30 4.97 4.53 4.00 3.39 2.76 .537 24. 3. 
SEP 4.42 4.72 4.91 4.99 4.96 4.81 4.56 4.20 3.75 3.24 .523 20. 3. ........................................................................ 
OCT 3.43 3.86 4.20 4.44 4.58 4.60 4.52 4.32 4.02 3.65 ,528 14. 3. 
NOV 2.15 2.52 2.83 3.08 3.26 3.36 3.37 3.30 3.15 3.05 .448 7. 4. 
DEG 1.57 1.87 2.13 2.34 2.49 2.59 2.62 2.59 2.49 2.46 .387 2 .  4. ........................................................................... 
YET 1454. 1538. 1587. 1601. 1579. 1525. 1437. 1318. 2175. 1027. 



TABm I (Conti r~aad)  

AVBPdGE DAILY 

64.82 N LATITUDE 
SUBPACE TILT (DEGREES UP 

rnNTH---- ----------- n m W% 
EOR 10 20 30 40 50 60 70 80 ------------ ----- --- ...................... 

JAN .10 -22 .33 .44 .53 .61 .68 .72 .74 1.51 .331-26.  1. 
FEB -70 1-10 1-48  1.82 2.11 2.35 2.51 2.61 2.64 2.90 .491 -15. 2 .  
MAB 2.13 2.74 3.29 3.76 4.13 4.39 4.53 4.55 4.45 4.25 ,574 -13. 2 .  
- - - - - - - - - -L - - - - - - I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -^ -  

APR 3.76 4.26 4.65 4.93 5.10 5.14 5.05 4.85 4.54 4.12 .545 -1. 3.  
MAY 5.05 5.36 5.55 5.63 5.61 5.46 5.18 4.81 4.36 3.81 .519 9 .  3. 
JUN 5.52 5.70 5.79 5.76 5.64 5.41 5.06 4.64 4.14 3.57 .488 16. 3 .  ..................................................................... 
Ja 4.86 5.06 5.17 5.17 5.09 4.90 4.61 4.25 3.82 3.32 .456 17. 3 .  
AUG 3.52 3.81 4.02 4.15 4.19 4.13 3.98 3.75 3.45 3.10 .432 13. 3 .  
SEP 2.24 2.64 2.99 3.26 3.46 3.57 3.60 3.53 3.38 3.21 .453 7 .  3 .  .......................................................................... 
OCT .92 1.27 1.58 1.86 2.08 2.26 2.37 2.42 2.41 2.53 .420 -4. 2 .  
EK)V .23 .48 .71 .92 1.11 1.26 1.38 1.46 1.50 2.14 .429 -16. 2 .  
DEC .02 .02 .02 .02 .02 . O 1  . O 1  . O 1  .01 .86 .OQ8 -23. 1. 

46.90 N LATITUDE 
SURFACE TILT (DEGBEES UP P B a  RORIZONTAL) 

b#)NTH--------------------------------------------------------- 'IU ws 
W R  10 20 30 40 50 60 70 80 VEBT 

............................................................................ 
JAN 1.31 1.67 2.00 2.28 2.51 2.67 2.76 2.78 2.73 2.80 .444-15 .  6 .  
FEB 2.22 2.68 3.08 3.40 3.64 3.79 3.85 3.80 3,66 3.62 .507 -11. 6 .  

UAR 3.43 3.86 4.21 4.46 4.60 4.63 4.54 4.35 4.05 3.73 .527 -4. 6 .  
....................................................................... * 
APE 4.65 4.94 5.13 5.19 5.14 4.97 4.69 4.31 3.84 3.35 .524 6 .  6.  

MAY 5.78 5.94 5.98 5.88 5.64 5.29 4.85 4.31 3.69 3.06 .544 13. 6.  
JUN 6.29 6.36 6.30 6.11 5.79 5.35 4.83 4.22 3.55 2.89 ,549 19. 5 .  
--------------------------------~-__1_---------1__- 

JUL 6.68 6.82 6.80 6.63 6.31 5.87 5.32 4.67 3.92 3.20 -601 22, 5 .  

AUG 5.75 6.04 6.19 6.19 6.05 5.77 5.38 4.86 4.25 3.59 .594 21. 5 .  

SEP 4.11 4.52 4.83 5.03 5.11 5.06 4.89 4.61 4.22 3.79 ,551 14. 6. 
................................................................... 
OCT 2.75 3.24 3.65 3.97 4.19 4.31 4.33 4.23 4.03 3.79 -534 8 .  6 .  

NOV 1.44 1.80 2.12 2.39 2.59 2.74 2.81 2.81 2.74 2.70 .433 -2. 6 .  

DEC 1.06 1.38 1.67 1.92 2 .12  2.27 2.36 2.38 2.35 2.35 .414-10.  6 .  
----------------_--------------------4------------------------------ 

YRT 13d6. 1502. 1583. 1628. 1635. 1605. 1540. 1440. 1308. 1182. 



INSOLATION ( m 1 S Q . Y .  IDAPI 
mmBE (m, Z G  C), 

Y AVERAGE WIND S P m  (WS, MIS) 

FORT SMITH, AB 

35.33 N LATITUDE 
SURFACE TILT (DEGIZEES UP FROM HORIZOHT&) 

KT m ws 
HOE 10  20  30 40 50 60 70 80 VEBT 

JAN 2.34 2.76 3.11 3.40 3.60 3.71 3.73 3.65 3.49 3.34 .480 3.  4.  
FEB 3.14 3.56 3.89 4.13 4.27 4.31 4.25 4.08 3.82 3.53 .SO6 6. 4.  
MAR 4.13 4.46 4.69 4.82 4.83 4.72 4.52 4.20 3.80 3.38 ,517 10. 4. 
.......................................................................... 
A??P 5.09 5.27 5.32 5.26 5.09 4.80 4.41 3.93 3.38 2.82 .522 16. 4. 
MAY 6.03 6.06 5.96 5.72 5.37 4.92 4.37 3.73 3.07 2.43 .553 21.  3 .  
JIM 6.59 6.54 6.34 6.00 5.54 5.00 4.34 3.64 2.92 2.24 .578 25. 3 .  

----- - - - - - -~ - - 

JUL 6 .51  6.49 6.33 6.03 5.60 5.08 4.45 3.75 3.03 2.33 .581 27. 3 .  
AUG 5.92 6.05 6.04 5.90 5.63 5.24 4.73 4.13 3.45 2.78 .575 27.  3 .  
SEP 4.73 5.02 5.20 5.26 5.20 5.02 4.72 4.32 3.83 3.28 .543 23.  3 .  ........................................................................... 
OCT 3.79 4.23 4.57 4.81 4.93 4.93 4.81 4.58 4.24 3.83 .550 16.  3 .  
W V  2.68 3.13 3.51 3.80 4.01 4.11 4.11 4 .01  3.81 3.56 .511 10. 3 .  
DEC 2.15 2.57 2.93 3.22 3.44 3.56 3.60 3.55 3.41 3.23 .475 5 .  4 .  ........................................................................... 

36.77 N LATITUDE 
SURFACE TILT (DEGREES UP FROM HORIZONTAL) 

~~FTH--------------------------------------------------------- KT TM WS 

MB1 10  20 30 40 50 60 70 80 VERT ............................................................................ 
JAN 2.07 2.44 2.76 3.02 3.20 3.31 3.33 3.27 3.13 2.96 .446 7. 2 .  
FEB 3.18 3.64 4.02 4.29 4.47 4.53 4 - 4 9  4.33 4.07 3 -14  ,532 10 ,  3. 
M 4.94 5.42 5.77 5.99 6.05 5.97 5.74 5.37 4.87 4.29 .631 12. 3 .  ....................................................................... 
APR 6.59 6.90 7.04 7.00 6.80 6.44 5.93 5.28 4.51 3.68 .682 15. 3. 
M Y  7.83 7.91 7.81 7.51 7.04 6.44 5.69 4.81 3.88 2.95 ,719 20.  4.  
J'UN 8.61 8.57 8.32 7.86 7.24 6.48 5.58 4.58 3.57 2.60 .754 24. 4 .  ......................................................................... 
Ja 8.47 8.48 8.29 7.89 7.31 6.60 5.74 4.74 3.76 2.75 ,755 27.  3 .  
AUG 7.64 7.88 7.93 7.77 7.43 6.93 6.25 5.43 4.49 3.53 .746 26.  3 .  
SEP 6.26 6.77 7.12 7.28 7.27 7.06 6.68 6.13 5.44 4.64 .729 23. 3 .  
....................................................................... 
OCT 4 .51  5.15 5.66 6.03 6.25 6.31 6.21 5.94 5.53 5 .01  .675 17 .  2 .  
NOv 2.80 3.33 3.78 4.15 4.40 4.55 4.58 4.49 4.29 4.17 .558 11. 2.  
DEC 1 .81  2.16 2.46 2.71 2.89 2.99 3.03 2.99 2.88 2.88 .423 7.  2 .  
....................................................................... 
YBT 1972. 2092. 2161. 2178. 2142. 2058. 1924. 1745. 1533. 1313. 



TAB= I (Cbntiaaed) 

AVERAGE DAILY 
C SS Eg (KT). mW aE (m. DEIG C). 

AVERAGE WIND 

GRAND rnCrION. CO 

39.12 N LATITIIDE 
SURFACE TILT (DEGBEBS UP FB(Btl HOBIZWAL) 

----- a m  
10 20 30 40 50 60 70 SO 

-----I___-_uIc------------------------------- 

JAN 2.50 3.10 3.63 4.06 4.39 4.61 4.70 4.67 4.52 4.44 .587 -4. 3. 
PEB 3.52 4.14 4.66 5.07 5.34 5.48 5.47 5.33 5.05 4.67 ,626 0.  3. 
MAR 4.90 5.44 5.84 6.10 6.21 6.17 5.97 5.62 5.13 4.56 .650 5. 4. 
-------------------#----------------I------------------p 

APW 6.26 6.58 6.75 6.75 6.59 6.28 5.82 5.22 4.51 3.73 .658 11. 4. 
MAY 7.50 7.62 7.56 7.31 6.89 6.35 5.67 4.85 3.97 3.09 .691 17. 4. 
JUN 8.19 8.19 8.00 7.61 7.05 6.38 5.56 4.63 3.71 2.77 .715 22. 4. ................................................................... 
Ja 7.77 7.82 7.69 7.37 6.87 6.27 5.53 4.66 3.78 2.87 .693 26. 4. 
AUG 6.88 7.12 7.19 7.08 6.81 6.39 5.82 5.12 4.31 3.48 .679 24. 4. 
SBY 5.78 6.28 6.63 6.82 6.83 6.67 6.35 5.87 5.25 4.54 .693 19. 4. 

Om 4.24 4.89 5.42 5.82 6.07 6.16 6.09 5.87 5.49 5.02 .668 12. 4. 
NDV 2.90 3.55 4.13 4.59 4.94 5.16 5.24 5.18 4.99 4.83 .625 4. 3,  
DEC 2.31 2.93 3.47 3.93 4.28 4.53 4.65 4.65 4.52 4,45 ,595 -2. 3. 

GRAND W I D S .  MI 

42.90 N LATITUDE 
STIRFACE TILT (DEGUES UP FRW EOEZIZONTAL) 

....................................................... KT m 1s 
W E  10 20 30 40 50 60 70 80 VEBT 

JAN 1.17 1.37 1.55 1.69 1.80 1.86 1.88 1.86 1.80 1.86 .322 -4. 5 .  
FEB 2.04 2.35 2.61 2.81 2.94 3.00 3.00 2.92 2.77 2.60 .406 -4. 5. 

B[ABL 3.20 3.51 3.75 3.90 3.97 3.94 3.82 3.62 3.33 3.02 .454 0.  5 .  

A P W  4.45 4.67 4.79 4.80 4.70 4.51 4.22 3.84 3.39 2.90 .483 8. 5 .  

WAY 5.53 5.64 5.62 5.48 5.22 4.87 4.42 3.89 3.29 2.70 .514 14. 5. 

JDN 6.17 6.20 6.10 5.87 5.51 5.07 4.53 3.91 3.25 2.60 .538 20. 4. 

JUL 6.04 6.10 6.04 5.84 5.52 5.10 4.59 3.98 3.33 2.69 .539 22. 4. 

AUG 5.28 5.48 5.55 5.50 5.32 5.04 4.65 4.16 3.59 3.01 .532 21. 4. 

SEP 3.98 4.29 4.52 4.64 4.65 4.56 4.36 4.07 3.68 3.27 .SO2 17. 4. 

OCF 2.70 3.08 3.38 3.61 3.75 3.80 3.76 3.63 3.42 3.18 .468 11. 4. 

EADV 1.41 1.65 1.86 2.03 2.15 2.22 2.25 2.21 2.13 2.11 .351 4. 5. 

DEC .98 1.15 1.31 1.43 1.52 1.58 1.60 1.59 1.54 1.56 .302 -2. 5. 
......................................................................... 
YET 1309. 1387. 1434. 1450. 1433. 1387. 1311. 1207. 1080. 958. 



T A B m  I ( C o n t i n u e d )  

AVEBAGE DAILY INSOLATION (KWHISQ. W. /DAY), 

CL mNTBLY RE (TM, DEG a, 
E WIND SPEED (WS, MIS) 

GUANTANAMI) BAY, CU 

19.90 N LATITUDE 

SIJWACE T I L T  (DEGREES UP FROM HORIZONTAL) 
_____________I______.------------------------- KT WS 

EOR 10 20 30 40 50 60 70 80 VEBT .............................................................. 
JAN 4.42 4.96 5.37 5.66 5.80 5.80 5.66 5.38 4.97 4.49 .603 23. 3. 

FEB 5.20 5.66 5.98 6.15 6.18 6.05 5.78 5.37 4.83 4.24 .624 24. 3. 

W 6.07 6.35 6.47 6.44 6.26 5.92 5.45 4.86 4.16 3.43 .642 25. 4. 
..................................................................... 
APR 6.68 6.70 6.57 6.29 5.86 5.30 4.62 3.85 3.03 2.23 .646 26. 4. 

MAY 6.42 6.26 5.96 5.54 5.00 4.35 3.64 2.90 2.17 1.65 .599 27. 3. 

JUN 6.18 5.95 5.59 5.12 4.55 3.89 3.21 2.50 1.88 1.63 .571 28. 3. 
--- - - 

JUL 6.57 6.35 5.99 5.51 4.91 4.21 3.48 2.71 2.00 1.63 .608 28. 3. 

AUG 6.31 6.25 6.05 5.71 5.25 4.68 4.01 3.28 2.53 1.86 .599 28. 3. 
SEP 5.75 5.89 5.90 5.78 5.52 5.14 4.65 4.06 3.39 2.70 .584 28. 3. .......................................................................... 
OCT 5.00 5.33 5.53 5.61 5.55 5.36 5.05 4.63 4.10 3.54 .569 27. 3. 
PIOV 4.52 5.00 5.38 5.62 5.72 5.69 5.51 5.21 4.78 4.28 .592 26. 3. 
DEC 4.14 4.67 5.09 5.39 5.56 5.59 5.48 5.23 4.86 4.42 .587 25. 3. 

YET 2046. 2110. 2125. 2092. 2011. 1883. 1718. 1518. 1296. 1095. 

GULKANA, AK 

62.15 N LATITUDE 1 
S m F A C E  T I L T  (DEGREES UP FROM HORIZONTAL) 

1 
1 

mNm-------------------------------------------------------- KT 'JX Ws I 

EOR 10 20 30 40 50 60 70 80 VERT 
........................................................................... 
JAN -23 -43 .62 .79 .94 1.07 1.17 1.23 1.26 2.94 ,380-23. 2 .  
FEB .90 1.32 1.71 2.05 2.34 2.56 2.72 2.80 2.80 2.94 .488-16.  2 .  
MAR 2.39 3.00 3.53 3.98 4.32 4.55 4.66 4.65 4.52 4.31 .575 -10. 3.  

JUL 5.08 5.28 5.38 5.37 5.26 5.05 4.72 4.33 3.86 3.32 ,475 14. 4. 
AUG 3.94 4.26 4.48 4.61 4.63 4.55 4.36 4.10 3.74 3.36 .469 12. 4. 
SEP 2.51 2.92 3.27 3.54 3.72 3.82 3.82 3.73 3.55 3.35 .468 6 .  3. 

aT 1.23 1.64 2.02 2.35 2.61 2.81 2.93 2.98 2.94 3.05 .466 -3. 3. 
M V  .37 .62 .86 1.08 1.26 1.42 1.53 1.60 1.63 1.96 .406-14. 2 .  
DEC .09 .16 -22 .27 .32 .36 .40 .42 .43 .79 .259 -20. 2 .  



TABLE I (Contimaed) 

AVERAGE DAI 
C SS 

19.72 N LAT 
WFACE TILT (D S UP PBW HUBImL) 

rnH------------------------------------ KT m ws 
EPOB 10 20 30 40 50 60 70 80 VEBT 

JAN 3.53 3.89 4.16 4.34 4.41 4.39 4.26 4.04 3.72 3.41 .479 21. 3. 
PEB 3.94 4.21 4.40 4.48 4.47 4.36 4.15 3.85 3.46 3.09 .470 21. 4. 
MAR 4.25 4.39 4.44 4.40 4.26 4.03 3.72 3.33 2.88 2.47 .448 21. 3. 

APR 4.52 4.52 4.44 4.26 3.99 3.65 3.23 2.77 2.26 1.83 .437 22. 3. 
MAY 4.90 4.79 4.58 4.29 3.91 3.46 2.96 2.44 1.92 1.57 .457 23. 3. 
JUPl 5.23 5.05 4.77 4.40 3.94 3.41 2.87 2.30 1.79 1.61 .483 23. 3. 

- - - - - - - - - - 

JUL 5.12 4.97 4.72 4.38 3.95 3.45 2.92 2.36 1.84 1.59 .475 24. 3. 
AUG 5.02 4.97 4.82 4.57 4.22 3.80 3.30 2.76 2.20 1.73 .477 24. 3. 
SEP 4.87 4.97 4.97 4.86 4.64 4.33 3.92 3.44 2.90 2.39 ,495 24. 3. .......................................................................... 
OCT 4.33 4.58 4.73 4.78 4.71 4.54 4.28 3.92 3.48 3.05 .492 24. 3. 
NOV 3.49 3.80 4.03 4.16 4.21 4.16 4.01 3.78 3.46 3.14 ,455 23. 3. 
DEC 3.21 3.56 3.82 4.00 4.09 4.08 3.98 3.79 3.51 3.23 .454 22. 3. ............................................................................ 
YET 1594. 1634. 1639. 1609. 1545. 1448. 1325. 1178. 1015. 884. 

59.63 N LATITUDE 
SmFACE TILT (DEGBEES UP FROM HORIZMAL) 

wm--------------------------------------------------------- KT IW WS 

R 10 20 30 40 50 60 70 80 VmT 
------_-____________------------------~-,--------------------------------- 

JAN .38 .64 .88 1.10 1.28 1.44 1.55 1.62 1.64 2.25 .409 -7. 3. 
PEB 1.05 1.45 1.81 2.12 2.38 2.58 2.71 2.77 2.75 2.86 .464 -4. 3. 
MAR 2.39 2.90 3.34 3.70 3.97 4.13 4.19 4.14 3.99 3.81 .524 -3. 3. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
APR 3.93 4.34 4.66 4.86 4.95 4.92 4.77 4.53 4.18 3.78 .522 2. 3. 

MAY 4.99 5.24 5.37 5.40 5.31 5.11 4.80 4.42 3.94 3.41 .498 6. 4. 

JD'N 5.52 5.67 5.72 5.65 5.49 5.21 4.83 4.38 3.86 3.27 .489 10. 3. 
......................................................... 
JUL 5.04 5.22 5.29 5.26 5.14 4.90 4.56 4.16 3.69 3.15 .467 12. 3. 

AUG 3.75 4.00 4.18 4.26 4.26 4.15 3.96 3.70 3.36 2.99 .433 12. 3. 

SEP 2.49 2.85 3.14 3.36 3.50 3.55 3.53 3.42 3.23 3.02 .435 9. 3. 
......................................................... 
OCI' 1.38 1.77 2.12 2.42 2.66 2.84 2.93 2.96 2.90 2.97 .450 3. 3. 
NOV .55 .86 1.15 1.42 1.64 1.82 1.94 2.02 2.04 2.38 .436 -2. 3. 
DEC .20 .34 .47 .59 .69 .78 -84 .88 . W 1.38 .316 -5. 3. 
-__________________------------------------------------------------------ 
YRT 966. 1076. 1162. 1223. 1257. 1261. 1236. 1186. 1109. 1072. 



HONOLULU, H I  

21.33 N LATITUDE 
SWPACE TILT (DEGREES UP FROM HORIZONTAL) ................................................. m rn WS 

HOB 10 20 30 40 50 60 70 80 vmr 
I ___--_--------------------------------.---------------------------- 

JAN 3.72 4.14 4.47 4.69 4.81 4.80 4.69 4.46 4.13 3.77 .522 22. 4 .  
FEB 4.41 4.77 5.03 5.17 5.19 5.09 4.86 4.53 4.10 3.64 .540 22. 5 .  

5 .11 5.33 5.43 5 .41  5.26 5.00 4.62 4.15 3.59 3.03 .546 23. 5 .  ........................................................................... 
APB 5.66 5.69 5.59 5.38 5.04 4.60 4.06 3.45 2.78 2.16 .548 24. 5 .  
M Y  6.15 6.01 5.75 5.36 4.87 4.27 3.61 2.92 2.22 1.69 .571 25. 5 .  
J l JN 6.32 6.10 5.74 5.28 4.71 4.04 3.35 2.62 1.96 1.66 .580 25. 6 .  ........................................................................ 
JUL 6.31 6.13 5.80 5.37 4.82 4.17 3.48 2.76 2.08 1.65 .581 26. 6 .  
AUG 6.20 6.15 5.97 5.66 5.23 4.68 4.04 3.33 2.61 1.95 .588 26. 6. 
SEP 5.70 5.87 5.89 5.79 5.55 5.18 4.71 4.13 3.47 2.80 ,584 26. 5.  
............................................................................ 
OCr' 4.86 5.20 5.41 5.50 5.46 5.30 5.01 4.60 4.10 3.57 .563 26. 5 .  
NOV 3.99 4.42 4.74 4.95 5.05 5.02 4.88 4.62 4.25 3.84 .538 24. 5 .  
DEC 3.57 4.01 4.36 4.61 4.74 4.77 4.68 4.47 4.16 3.82 .523 23 5.  

INDIANAPOLIS, IN 

39.73 N LATITUDE 
SUBFACE TILT (DEGREES UP FROM HORIZONTAL) 

BM)~--------------------------------------------------------- KT Ill WS 

HOB 10  20  30 40 50 60 70 80 VEBT .......................................................................... 
JAN 1.56 1.85 2.09 2.28 2.43 2.51 2.53 2.50 2.40 2.43 .377 -3. 5.  
FEE 2.35 2.67 2.94 3.14 3.26 3.31 3.28 3.18 3.00 2.81 .425 -1. 5.  
MAR 3.27 3.55 3.75 3.87 3.90 3.84 3.70 3.48 3.18 2.88 .438 4.  5 .  ........................................................................ 
APR 4.40 4.58 4.66 4.64 4.52 4.31 4.00 3.61 3.16 2.71 .465 11. 5. 
M Y  5.32 5.39 5.34 5.17 4.90 4.54 4.10 3.57 3.00 2.46 .491 17. 4. 
JON 5.89 5.89 5.76 5.51 5.15 4.71 4.18 3.57 2.96 2.36 .514 22. 4 .  ...................................................................... 
JUL 5.69 5.72 5.63 5.41 5.08 4.68 4.18 3.60 3.00 2.41 .SO8 24. 3 .  
AUG 5.18 5.33 5.36 5.28 5.07 4.77 4.37 3.89 3.32 2.77 .513 23. 3.  
SEP 4.17 4.47 4.66 4.75 4.73 4.61 4.38 4.05 3.64 3.20 ,504 19. 4 .  
......................................................................... 
O n  3-08  3.47 3.78 4.01 4.14 4.17 4.10 3.93 3.67 3.39 -493 13. 4. 
NOV 1.83 2.14 2.41 2.62 2.77 2.86 2.87 2.82 2.70 2.66 .403 5.  5 .  
DEC 1 .31  1.56 1.77 1.94 2.06 2.14 2.17 2.14 2.07 2.09 .348 0 .  5 .  
.......................................................................... 
YBT 1343. 1420. 1466. 1480. 1461. 1413. 1334. 1227. 1098. 977. 



AVEBIIGE DAILY ARRAY INSOLATION (-1 SQ.Y. /DAY . 
CLEAPNIlSS NUMBER (KT). YgAW XOMHLY TEMPERATUfE (PI, DEG C), 

AND ldONTHLY AVERAGE W I N D  SPEED ( IS .  WS) 

39.12 N LATITUDE 
SURPACE TILT (D3GRWB UP FROM HORIZONTAL) 

yoNTH--------------------------------------------- KT In ws 
EOR 1 C  20 30 40 50 60 70 80 VERT .......................... --------- - 

JAN 2.04 2.47 2.84 3.14 3.37 3.51 3.56 3.52 3.40 3.33 .480 -2. 4. 
FEB 2.82 3.24 3.58 3.84 4 0 1  4.09 4.06 3.93 3.71 3.46 .SO0 1. 5. A 

YUB 3.79 4.13 4.38 4.54 4.58 4.52 4.35 4.09 3.73 3.35 .SO3 6. 5. 

APR 4.97 5.18 5.28 5.26 5.12 4.87 4.52 4.07 3.54 2.99 .522 14. 5. 
HAY 5.90 5.97 5.92 5.73 5.41 5.01 4.50 3.90 3.25 2.62 5 4  19. 5. 
JON 6.55 6.55 6.40 6.11 5.68 5.18 4.56 3.86 3.17 2.47 .572 24. 4. 

JQL 6.63 6.66 6.55 6.28 5.88 5.38 4.77 4.07 3.34 2.62 .591 27. 4. 
AUG 5.87 6.05 6.09 5.99 5.76 5.41 4.94 4.37 3.70 3.04 .579 26. 4. 
SRP 4.58 4.91 5.14 5.24 5.23 5.09 4.83 4.46 4.00 3.49 .549 21. 4. 

- - - --- - -- ---- - - --- 

(N;T 3.44 3.90 4.27 4.54 4.69 4.74 4.66 4.47 4.18 3.84 .543 15. 4. 
NOV 2.32 2.77 3.16 3.47 3.70 3.83 3.87 3.81 3.65 3.56 .SO2 7. 4. 
DEC 1.77 2.17 2.51 2.80 3.02 3.16 3.22 3.20 3.10 3.08 .456 1. 4. 

YRT 1544. 1645. 1709. 1733. 1718. 1667. 1577. 1453. 1301. 1151. 

27.52 N LATITUDE 
SURFACE TILT (DEOBEES UP FROM HORIZOHTAL) 

YH)NTH------------------------------------------------------ Tjl W6 

EOR 10 20 30 40 50 60 70 80 VERT 

JAN 2.87 3.24 3.54 3.76 3.89 3.93 3.88 3.73 3.50 3.24 .467 14. 4. 
FEE 3.66 4.02 4.29 4.46 4.52 4.49 4.34 4.10 3.77 3.40 .498 15. 4. m 

MAR 4.52 4.78 4.93 4.96 4.89 4.71 4.42 4.03 3.57 3.08 .513 19. 5. 

APR 5.24 5.33 5.30 5.16 4.91 4.55 4.10 3.57 2.98 2.40 .516 23. 5. 
. 

MAY 5.88 5.82 5.64 5.34 4.93 4.43 3.83 3.20 2.54 1.96 .539 25. 5. 
JUN 6.42 6.27 5.98 5.57 5.07 4.45 3.77 3.07 2.36 1.81 .573 28. 5. ................................................................... 
JUL 6.66 6.54 6.27 5.87 5.36 4.74 4.02 3.29 2.53 1.90 .601 29. 4. 
AUG 6.06 6.09 5.99 5.75 5.40 4.92 4.34 3.68 2.98 2.30 .577 29. 4. 
SEP 5.12 5.33 5.42 5.39 5.24 4.97 4.59 4.16 3.55 2.96 .546 27. 3. 
................................................................ 
OCI' 4.39 4.77 5.04 5.20 5.23 5.14 4.93 4.60 4.17 3.70 .554 23. 3. 
NOV 3.26 3.66 3.98 4.21 4.34 4.37 4.29 4.11 3.83 3.52 .SO2 18. 4. 

DEC 2.67 3.05 3.35 3.58 3.73 3.78 3.75 3.62 3.42 3.18 .459 4 4. 
.......................................................... --- 
YRT 1728. 1793. 1819. 1804. 1750. 1657. 1528. 1372. 1191. 1017. 



TABLE I (Continued) 

LY ARRAY IN 
ELE (TM. DEG C). 

KOROR IS, PI 

7.33 N LAT1TUDE 

SURFACE TILT (DEGREES UP FROM HOUZWl'AL) 
KT m WS 

10 20 30 40 50 60 70 80 VERT 

JAN 4.41 4.69 4.87 4.95 4.91 4.76 4.51 4.15 3.72 3.25 .486 27. 3. 

FEB 4.92 5.12 5.22 5.19 5.06 4.81 4.45 4.01 3.48 2.94 .509 27. 4. 

M 5.13 5.19 5.13 4.96 4.69 4.31 3.85 3.32 2.73 2.15 .SO5 27. 3. 
...................................................................... 
APB 5.33 5.21 4.98 4.65 4.22 3.70 3.12 2.51 1.88 1.53 .518 27. 3. 

MAY 4.94 4.71 4.39 3.98 3.49 2.96 2.40 1.86 1.52 1.48 .491 27. 3. 

JNN 4.59 4.33 3.99 3.57 3.09 2.58 2.07 1.62 1.46 1.43 .464 27. 2. .......................................................................... 
JUL 4.54 4.32 4.00 3.60 3.14 2.66 2.14 1.68 1.46 1.43 .456 27. 3. 
AUG 4.67 4.52 4.28 3.96 3.55 3.08 2.58 2.06 1.58 1.46 .458 27. 3. 
SEP 4.80 4.79 4.67 4.46 4.15 3.77 3.31 2.79 2.23 1.70 .470 27. 3. 

OCT 4.75 4.88 .4.91 4.84 4.66 4.37 4.00 3.55 3.04 2.52 .481 27. 3. 
NOV 4.57 4.83 4.99 5.04 4.98 4.80 4.52 4.14 3.67 3.19 .495 27. 3. 
DEC 4.22 4.52 4.72 4.82 4.80 4.68 4.45 4.13 3.72 3.28 .476 27. 3. ........................................................................... 
YET 1729. 1736. 1707. 1641. 1541. 1412. 1257. 1087. 925. 801. 

W A L E I N  IS. PI 

8.72 N LATITUDE 
SUBFACE TILT (DEGBEES UP FROM HORIZONTAL) 

mNTH------------------------------------------------------ $T TM Ws 

WlB 10 20 30 40 50 60 70 80 VERT 

JAN 4.97 5.34 5.60 5.72 5.71 5.57 5.29 4.90 4.39 3.84 .558 27. 8. 
c FEB 5.53 5.81 5.95 5.96 5.82 5.56 5.16 4.65 4.05 3.41 ,580 27. 8. 

M 5.66 5.74 5.70 5.53 5.23 1.82 4.31 3.71 3.04 2.38 .560 27. 7. ......................................................................... 
a APE 5.48 5.38 5.15 4.82 4.38 3.86 3.26 2.63 1.98 1.54 .531 27. 7. 

M Y  5.12 4.90 4.58 4.16 3.66 3.11 2.53 1.97 1.54 1.51 .SO4 28. 7. 
JUN 5.07 4.79 4.41 3.94 3.40 2.84 2.25 1.74 1.52 1.49 .507 28. 6. ........................................................................... 
Ja 5.07 4.82 4.46 4.02 3.49 2.94 2.35 1.82 1.53 1.50 .503 28. 5. 
AUG 5.31 5.15 4.88 4.51 4.04 3.49 2.90 2.29 1.71 1.53 .518 28. 4. 
SEP 5.08 5.08 4.97 4.76 4.44 4.03 3.55 3.00 2.40 1.83 .498 28. 4. .......................................................................... 
OCT 4.81 4.96 5.01 4.94 4.77 4.50 4.13 3.68 3.16 2.63 .492 28. 5. 
NOV 4.60 4.89 5.07 5.14 5.09 4.92 4.65 4.27 3.81 3.21 .SO7 28. 6. 
DEC 4.58 4.95 5.20 5.34 5.35 5.24 5.01 4.66 4.21 3.72 ,527 27. 8. 
------------------------.------------------------------------------------- 
YBT 1863. 1879. 1853. 1787. 1682. 1545. 1378. 1193. 1011. 871. 



LA CROSSE, WI 

43.87 N LATITUDE 
SURFACE TILT (DEGREES UP mW BOBIZOPrrU) 

kT m ws 
BOB 10 20 30 40 50 60 70 80 

--------I---------------------------_-------__ 

JAN 1.52 1.89 2.22 2.49 2.70 2.85 2.92 2.92 2.84 3.04 .440 -9. 4. 
FEl3 2.41 2.84 3.20 3.49 3.70 3.81 3.83 3.75 3.55 3.37 ,494 -6. 3. 
YUB 3.47 3.85 4.14 4.33 4.42 4.41 4.30 4.08 3.77 3.43 ,501 -1. 4. 
....................................................... 
BPB 4.50 4.73 4.86 4.88 4.80 4.61 4.32 3.94 3.49 3.01 .492 8. 5. 
HAY 5.40 5.51 5.50 5.37 5.13 4.79 4.36 3.85 3.27 2.71 .503 15. 4. 
JUN 6.01 6.04 5.96 5.75 5.41 4.98 4.47 3.87 3.24 2.62 .524 20. 4. 
---------------------------------------p-------------F-- 

JUL 5.99 6.07 6.02 5.83 5.52 5.11 4.61 4.02 3.37 2.75 .536 22. 3. 
AUG 5.25 5.46 5.54 5.50 5.33 5.06 4.68 4.20 3.64 3.07 .532 21. 3. 
SEP 3.91 4.24 4.47 4,,59 4.62 4.53 4.35 4.06 3.69 3.30 .SO0 16. 4. ..................................................................... 
OCT 2.72 3.12 3.45 3.69 3.85 3.92 3.89 3.77 3.55 3.32 .484 13. 4. 
NOV 1.56 1.88 2.16 2.39 2.56 2.67 2.72 2.70 2.61 2.58 .405 2. 4. 
DEC 1.16 1.44 1.69 1.90 2.06 2.17 2.23 2.24 2.18 2.20 ,379 -6. 4. ........................................................................... 
Y E 3  1338. 1433. 1498. 1529. 1524. 1488. 1419. 1319. 1192. 1075. 

30.12 N LATITIIDE 
SLJRFACE TILT (DEGBEES UP mw W B I Z ~ ~ )  ....................................................... m m I S  

10 20 30 40 50 60 70 80 VEBT 
.......................................................................... 
JAN 2.29 2.59 2.82 3.00 3.11 3.14 3.10 3.00 2.82 2.65 .400 11. 4. 

FEB 3.18 3.51 3.76 3.92 3.99 3.97 3.86 3.66 3.38 3.10 .456 12. 5. 

4.14 4.39 4.55 4.60 4.55 4.40 4.16 3.82 3.41 2.99 .484 16. 5. 
............................................................ 
APE 4.95 5.06 5.06 4.94 4.73 4.41 4.01 3.53 2.98 2.45 .493 20. 5. 

WAY 5.83 5.81 5.65 5.37 5.00 4.52 3.95 3.33 2.69 2.11 .534 24. 4. 

JUN 6.21 6.10 5.86 5.48 5.03 4.47 3.82 3.16 2.48 1.93 .551 26. 3. 
--------------____--------------~---------------------.------------ 

JUL 5.63 5.57 5.38 5.08 4.69 4.21 3.66 1.07 2.46 1.94 .506 27. 3. 

AUG 5.23 5.28 5.21 5.03 4.76 4.38 3.92 3.38 2.80 2.27 .500 27. 3. 

SEP 4.68 4.$9 5.00 4.99 4.87 4.64 4.32 3.90 3.40 2.90 .510 25. 3. 
.................................................................... 
OCT 4.12 4.51 4.80 4.97 5.03 4.97 4.80 4.51 4.11 3.69 ,542 20, 3. 

NOV 2.88 3.26 3.57 3.79 3.93 3.97 3.92 3.77 3.53 3.28 .474 15. 4. 

DEC 2.22 2.54 2.80 3.00 3.13 3.19 3.17 3.08 2.92 2.75 .412 12. 4. 
_---___--_____1111_____---_1__----------------------------- 

YBT 1564. 1628. 1657. 1649. 1607. 1530. 1419. 1283. 1124. 974. 



TABLE I (Continued) 

SOLATION (KWE/SQ.Y./DAY), 
C MONTELY TEMPERATURE (111, DEG C) , 

E WIND SPEED (WS, Y/S) 

JAN 3.48 3.87 4.17 4.37 4.48 4.47 4.37 4.16 3.85 3.52 .495 22. 5 .  
FEB 4.10 4.43 4.67 4.79 4.81 4.71 4.51 4.21 3.81 3.40 .SO7 22. 5. 
MAR 4.65 4.84 4.93 4.91 4.78 4.54 4.21 3.79 3.30 2.81 .SO0 22. 5. 

JUL 5.87 5.71 5.43 5.04 4.55 3.97 3.34 2.69 2.06 1.64 .539 25. 6. 
AOG 5.73 5.70 5.54 5.27 4.88 4.39 3.82 3.18 2.52 1.93 .544 26. 6. 
SEP 5.49 5.65 5.68 5.59 5.36 5.02 4.57 4.02 3.39 2.76 .564 26. 5. 

OCT 4.57 4.89 5.09 5.17 5.14 4.98 4.72 4.34 3.88 3.39 .534 25. 5 .  
NOV 3.64 4.01 4.29 4.48 4.56 4.53 4.40 4.16 3.83 3.48 .497 24. 5. 
DEC 3.32 3.72 4.04 4.26 4.39 4.41 4.32 4.14 3.85 3.54 .494 22. 5 .  ......................................................................... 
YET 1755. 1806. 1818. 1790. 1723. 1618. 1481. 1317. 1133. 970. 

40.07 N LATITUDE 
SURFACE TILT (DEGREES UP FROM HORIZONTAL) 

~NTH-------------------------------------------------------- KT Tbi ws 
IWR 10 20 30 40 50 60 70 80 VERT ........................................................................... 

JAN 2.54 3.20 3.78 4.27 4.64 4.89 5.02 5.00 4.86 4.74 .620 -1. 2.  

a FEB 3.67 4.37 4.96 5.43 5.75 5.93 5.95 5.81 5.52 5.15 .670 2 .  3. 
Mhii 5.23 5.85 6.33 6.66 6.81 6.79 6.59 6.22 5.70 5.10 .704 5 .  3. ...................................................................... 
APR 6.83 7.22 7.44 7.47 7.32 6.99 6.49 5.84 5.05 4.20 .723 9. 4. 
MY 8.05 8.21 8.17 7.92 7.47 6.90 6.15 5.27 4.30 3.34 .744 15. 4. 
JTJN 8.66 8.68 8.50 8.10 7.51 6.80 5.94 4.94 3.94 2.93 .756 16. 4.  ....................................................................... 
JUL 8.77 8.86 8.72 8.37 7.82 7.13 6.28 5.28 4.25 3.20 .782 25. 3. 
AUG 7.83 8.16 8.27 8.18 7.88 7.41 6.76 5.95 5.00 4.01 .776 23. 3. 
SEP 6.39 7.01 7.46 7.71 7.77 7.62 7.28 6.75 6.05 5.25 .775 18. 3. ........................................................................... 
Off 4.57 5.36 6.01 6.50 6.83 6.97 6.93 6.70 6.29 5.77 .738 11. 3. 
mv 2.93 3.65 4.27 4.79 5.18 5.43 5.54 5.50 5.31 5.16 .655 3. 2 .  
DEC 2-25 2.89 3.45 3.93 4.31 4.56 4.70 4.71 4.60 4.54 ,606 -1. 2. ........................................................................... 
YBT 2064. 2238. 2356. 2415. 2413. 2356. 2239. 2067. 1850. 1623. 



HIS, m 

35.05 N LATI 
ACE TILT (DE UP mW AL) 

m 3% m 
EQR 10 20 30 40 SO 60 70 80 

------ 
JAN 2.15 2.51 2.81 3.04 3.21 3.30 3.30 3.23 3.08 3.04 ,436 5. 5.  
FHB 2.98 3.35 3.64 3.86 3.98 4.01 3.94 3.78 3.53 3.26 .476 7. 5. 

4.03 4.34 4.55 4.66 4.67 4.56 4.36 4.05 3.66 3.24 .SO2 11. 5.  
-_.--------------------------------------------------- 

APF 5.16 5.34 5.40 5.33 5.15 4.86 4.46 3.97 3.41 2.82 .528 17. 5 .  
MAY 5.94 5.97 5.86 5.63 5.28 4.84 4.29 3.66 3.02 2.38 .545 22. 4. 
JON 6.44 6.39 6.20 5.86 5.42 4.88 4.25 3.56 2.86 2.21 .565 26. 4. 
-_.---I------------------------------------------~~ 

JUL 6.22 6.20 6.04 5.75 5.35 4.85 4.26 3.59 2.92 2.27 .555 27. 3. 
A W  5.75 5.87 5.86 5.72 5.45 5.07 4.58 4.00 3.34 2.71 .558 26. 3. 
9EP 4.63 4.91 5.08 5.13 5.06 4.88 4.59 4.20 3.71 3.20 .530 23. 3. 
------,-------------------------------------------------------------- 

O(;TT 3.80 4.24 4.58 4.81 4.93 4.93 4.80 4.57 4.22 3.82 .549 17. 3 .  
NOV 2.57 2.98 3.33 3.59 3.78 3.86 3.86 3.76 3.57 3.33 .486 11. 4.  
DEC 1.98 2.34 2.65 2.90 3.08 3.18 3.21 3.15 3.02 2.87 .434 6.  1. 

32.33 N LATITUDE 
SURFACE TILT (DEGREES ITP F B a  HOBIZm&) 

mm--------------------------------------------------------- KT 'FBI WS 

E N I  10 20 30 40 50 60 70 80 V m  
- -- 

JAN 2.34 2.69 2.98 3.20 3.35 3.41 3.40 3.30 3.13 2.92 .436 8. 3. 
FEB 3.19 3.55 3.84 4.03 4.14 4.14 4.05 3.86 3.59 3.28 .479 10. 3 .  
MAR 4.18 4.47 4.66 4.74 4.72 4.59 4.35 4.02 3.61 3.16 ,503 14. 4. 

.............................................................. 
JUL 5.74 5.70 5.53 5.24 4.86 4.39 3.83 3.23 2.61 2.04 .514 27. 2. 

AUG 5.49 5.56 5.52 5.35 5.08 4.70 4.22 3.66 3.04 2.44 .527 26. 2. 

SEP 4.58 4.81 4.94 4.96 4.86 4.66 4.35 3.95 3.47 2.96 .510 24. 2. 
-I--------------_--------------------------------------------------- 

O<;T 3.97 4.38 4.69 4.89 4.97 4.94 4.79 4.52 4.15 3.73 .544 18. 2. 

NOV 2.82 3.23 3.57 3.82 3.99 4.05 4.02 3.89 3.67 3.40 .492 12. 3. 

DEC 2.20 2.56 2.87 3.11 3.27 3.36 3.36 3.29 3.13 2.96 .438 9. 3. 
- - - - _ - _ - _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - * - -  



MILES CITY, Ml' 

46.43 N LATITUDE 
SURFACE TILT (DEGREES UP PROM HORIZONTAL) .......................................... .KT 'Ill ws 

10 20 30 40 50 60 70 80 VBBT ........................................................... 
JAN 1.44 1.86 2.23 2.54 2.80 2.98 3.08 3.10 3.04 2.96 ,478 -10. 4. 

PEB 2.34 2.84 3.26 3.61 3.87 4.02 4.08 4.03 3.88 3.67 .527 -5. 4. 

MAE 3.74 4.23 4.62 4.91 5.07 5.11 5.02 4.80 4.48 4.08 .569 0. 5. 
........................................................................ 
A P R  4.86 5.17 5.36 5.43 5.37 5.19 4.90 4.50 4.00 3.46 .545 7. 5. 

MAY 5.97 6.14 6.17 6.06 5.82 5.45 4.99 4.43 3.77 3.13 .561 14. 5. 

JUN 6.76 6.84 6.77 6.57 6.21 5.73 5.16 4.49 3.75 3.04 .590 19. 5. 
......................................................................... 
JLlL 7.23 7.37 7.36 7.17 6.82 6.32 5.72 4.99 4.16 3.38 .649 24. 4. 

AUG 6.23 6.55 6.72 6.73 6.58 6.27 5.84 5.27 4.58 3.86 .642 23. 4. 
SEB 4.55 5.03 5.39 5.63 5.72 5.67 5.49 5.17 4.73 4.24 .605 15. 4. 
......................................................................... 
O(rr 3.02 3.58 4.05 4.42 4.68 4.82 4.84 4.73 4.50 4.23 .579 9. 4. 
NOV 1.74 2.21 2.63 2.98 3.25 3.45 3.55 3.56 3.48 3.42 .510 0. 4. 
DEC 1.26 1.66 2.03 2.34 2.60 2.78 2.90 2.93 2.89 2.89 .476 -5. 4. ......................................................................... 
YET 1499. 1630. 1725. 1778. 1790. 1760. 1691. 1582. 1438. 1288. 

YISSOULA, MT 

46.92 N LATITUDE 
SURFACE TIU (DEGREES UP PROM HORIZONTAL) 

MNTH------------------------------------------------------ KT +IN ws 
HOB 10 20 30 40 50 60 70 80 VERT 

JAN .98 1.20 1.39 1.55 1.68 1.76 1.80 1.80 1.76 1.78 .334 -5. 2. 
FEB 1.80 2.13 2.41 2.64 2.80 2.90 2.92 2.88 2.76 2.69 .413 -2. 3. 
MAE 5.10 3.46 3.75 3.95 4.06 4.08 3.991f3.82 3.56 3.28 .476 1. 3. ....................................................................... 
APR 4.36 4.62 4.78 4.83 4.77 4.61 4.36 4.00 3.57 3.13 .491 6. 3. 
MAY 5.62 5.77 5.80 5.70 5.47 5.14 4.71 4.19 3.59 2.99 .529 11. 3. 
JUN 6.09 6.16 6.10 5.92 5.61 5.19 4.69 4.10 3.45 2.83 .532 15. 3. ....................................................................... 
JUL 7.34 7.49 7.48 7.30 6.95 6.45 5.84 5.11 4.26 3.46 .659 20. 3. 
AUG 5.92 6.23 6.39 6.39 6.25 5.97 5.56 5.03 4.38 3.71 .612 19. 3. 
SEP 4.28 4.72 5.06 5.27 5.36 5.32 5.15 4.85 4.44 4.00 .574 13. 3. 
............................................................................. 
OCT 2.56 2.99 3.35 3.63 3.82 3.92 3.92 3.83 3.64 3.43 .497 6. 2. 
MOV 1.29 1.59 1.85 2.07 2.24 2.36 2.41 2.41 2.34 2.33 ,389 0. 2. 
DEC -84 1-05 1.23 1.39 1.51 1.60 1.64 1.65 1.62 1.65 .329 -4. 2. .......................................................................... 
YRT 1348. 1446. 1512. 1544. 1540. 1501. 1432. 1330. 1199. 1074. 



58.68 N LATI 

r r n m  
10 20 30 40 50 60 70 80 VEPT --- - ---- --- 

JAN .46 .75 1.02 1.26 1.47 1.64 1.76 1.84 1.86 1.95 .431 -12. 5. 
FBB 1.19 1.63 2.02 2.37 2.65 2.87 3.01 3.05 3.04 3.04 .492-10. 5. 
MAR 2.52 3 3.49 3.85 4.12 4.28 4.33 4.28 4.11 3.91 ,534 -7. 5. ----------- -------- ------------- 
ABB 3.80 4.16 4.44 4.61 4.68 4.63 4.48 4.24 3.90 3.51 .497 -1. 5. 
IUY 4.67 4.89 4.99 5.01 4.92 4.72 4.42 4.06 3.62 3.12 4 6. 5. 
JmJ 4.85 4.97 5.00 4.93 4.77 4.52 4.18 3.79 3.34 2.84 .429 10. 5. 
---I_-----------------------------------_.---- 

JUL 4.36 4.50 4.54 4.50 4.38 4.17 3.87 3.53 3.13 2.6% .404 12. 4. 
AUO 3.30 3.49 3.62 3.67 3.64 3.54 3.37 3.13 2.84 2.52 .377 12. 5. 
SBP 2.45 2.77 3.04 3.23 3.35 3.39 3.36 3.24 3.05 2.85 .417 8. 5.  
---------------------I------------------------ 

OCI' 1.49 1.91 2.27 2.59 2.84 3.01 3.11 3.13 3.06 3.10 .463 1. 5. 
NQV .64 .98 1.30 1.59 1.83 2.02 2.16 2.24 2.26 2.60 .454 -5. 3 .  
DEC .28 .49 .69 .87 1.03 1.15 1.25 1.31 1.33 1.89 .376 -11. 5. ............................................................. 
yBT 915. 1023. 1109. 1171. 1207. 1215. 1195. 1151. 1080. 1033. 

64.50 N UTImM 
SUBFME TILT (DWWEES UP Z m A L l  

$T TEI W& 
10 20 30 40 50 60 70 80 ............................................................. 

JAN .09 .I8 .26 .34 .41 .47 .51 .54 .55 1.12 .286-15. 5. 
FEB .70 1.09 1.46 1.79 2.07 2.29 2.45 2.54 2.56 2.91 .478-16. 5. 

1.99 2.53 3.00 3.40 3.72 3.94 4.05 4.06 3.96 3.82 .529 -14. 5. 
-----_1111-----------_I----------------------------7- 

APE 3.74 4.22 4.60 4.87 5.03 5.06 4.97 4.77 4.46 4.07 .538 -8. 5. 

M Y  4.96 5.25 5.43 5.51 5.48 5.32 5.05 4.69 4.24 3.71 ,508 2. 5. 

JON 5.53 5.71 5.79 5.76 5.64 5.40 5.05 4.63 4.13 3.55 .489 8. 4. 
----_-__I_________---_l_l__l--ll-__I- 

.ii 4.46 4.63 4.72 4.71 4.63 4.45 4.18 3.85 3.46 3.01 .418 10. 5. 
AIJG 3.13 3.36 3.52 3.62 3.63 3.57 3.~13 3.23 2.97 2.66 .382 10. 5. 

SEP 2.41 2.85 3.23 3.54 3.76 3.88 3.91 3-84 3.68 3.48 -482 6. 5. 
------__I____-__I-----__---------1-------------I-- 

om .96 1.32 1.64 1.93 2.17 2.34 2.46 2.51 2.50 2.61 .428 -2. 5. 

WV .20 .37 .53 .67 .80 .91 .99 1 1.06 1.73 .346 -9. 5. 

DEC .02 .02 .02 .02 .02 .02 .02 .02 .01 .86 .054 -15. 4. 
-----I----------------- 

-----_-- ---------- 
YKl' 860. 961. 1042. 1101. 1136. 1145. 1127. 1085. 1020. 1018. 



TABLE I (Continued) 

IDN (KWH/SQ.Y. /DAY), 
C 

SPEED (WS, MIS) 

LK, VA 

36 .90 N LATITUDE 

SWACE TILT (DB(IBEES UP FROM HORIZONTAL) ......................................... KT m I S  

B 10 20 30 40 50 60 70 80 VEBT ---- --I-------------------------------------- 

JAN 2.14 2.54 2.88 3.15 3.35 3.46 3.49 3.44 3.29 3.27 .463 5.  5.  

FEB 2.93 3.33 3.66 3.89 4.04 4.09 4.04 3.90 3.66 3.40 .491 5.  5. 
MAR 4.04 4.38 4.63 4.77 4.79 4.71 4.52 4.22 3.83 3.42 .517 9. 5.  

APR 5.29 5.49 5.58 5.53 5.37 5.08 4.69 4.19 3.61 3.02 .547 14. 5. 

M Y  5.95 6.00 5.91 5.69 5.36 4.93 4.40 3.78 3.13 2.51 .546 19. 5.  

JUT4 6.31 6.28 6.11 5.80 5.39 4.88 4.28 3.61 2.94 2.28 .552 23. 4. ................................................................... 
JUL 5.84 5.84 5.72 5.47 5.11 4.66 4.13 3.52 2.90 2.28 .521 25. 4. 
AUO 5.30 5.42 5.43 5.31 5.08 4.75 4.32 3.80 3.22 2.63 .518 25. 4. 
SBP 4.40 4.67 4.85 4.91 4.87 4.71 4.45 4.08 3.64 3.15 .513 22. 4. ............................................................... 
OCT 3.42 3.82 4.13 4.35 4.46 4.47 4.37 4.17 3.87 3.52 .513 16. 5. 
NOV 2.55 3.01 3.40 3.71 3.93 4.05 4.06 3.98 3.80 3.67 .512 11. 5. 
DEC 1.97 2.37 2.72 3.01 3.22 3.35 3.40 3.36 3.24 3.18 .462 6. 5. .............................................................. 
IZT 1526. 1618. 1674. 1692. 1672. 1617. 1525. 1400. 1250. 1104. 

37.73 N LATITUDE 
SURFACE TILT (DEGREES UP FROM H O R I Z O ~ A L )  

KT 3% ws 
HOB 10 20 30 40 50 60 70 80 VERT ................................................................. 

JAN 2.23 2.68 3.07 3.38 3.61 3.75 3.80 3.75 3.60 3.51 .497 9. 3. 
FEB 3.20 3.69 4.09 4.40 4.59 4.67 4.64 4.49 4.23 3.9L .548 11. 3. 
MAR 4.59 5.04 5.37 5.57 5.63 5.56 5.35 5.02 4.57 4.04 .596 12. 4. 

APR 6.06 6.34 6.47 6.44 6.27 5.95 5.49 4.91 4.23 3.48 .631 13. 4. 
MAY 6.97 7.05 6.97 6.72 6.33 5.81 5.17 4.42 3.62 2.82 .641 14. 5. 
JD'N 7.41 7.39 7.19 6.83 6.33 5.72 4.99 4.17 3.34 2.53 .648 16. 4. ............................................................ 
JXJL 7.32 7.34 7.19 6.87 6.41 5.83 5.12 4.31 3.48 2.65 .653 17. 4. 
AUG 6.47 6.66 6.70 6.58 6.30 5.89 5.35 4.70 3.94 3.17 .634 17. 4. 
SEP 5.36 5.77 6.05 6.18 6.16 5.99 5.67 5.22 4.65 4.01 .632 17. 4. ....................................................................... 
OCT 3.82 4.33 4.74 5.03 5.20 5.24 5.15 4.93 4.59 4.18 .584 16. 3. 
NOV 2.59 3.09 3.51 3.85 4.10 4.24 4.27 4.20 4.01 3.89 ,534 13. 3. 
DEC 2.04 2.50 2.89 3.21 3.46 3.62 3.68 3.65 3.53 3.48 .496 9. 3. 
..................................................................... 
YET 1769. 1885. 1956. 1981. 1959. 1894. 1785. 1635. 1453. 1266. 



28.55 N LATITIIDE 
CE TILT (D  UP ma ---- I 

-------I__------------ a m  
EUE 10 20 30 40 50 60 70 80 

------c-------------- ------- - 
JAN 3.14 3.59 3.97 4.24 4.42 4.49 4.45 4.30 4.04 3.73 .524 15. 4. 
FIB 3.92 4.35 4.68 4.89 4.99 4.98 4.84 4.58 4.22 3.80 .544 16. 5. 
MAR 4.99 5.31 5.51 5.58 5.52 5.33 5.02 4.59 4.07 3.49 .572 18. 5.  
------_U_------------------------------------------ 

APR 5.98 6.11 6.11 5.96 5.68 5.27 4.75 4.12 3.42 2.71 .592 22. 4. 
MAY 6.27 6.23 6.04 5.72 5.29 4.75 4.11 3.43 2.72 2.06 .575 25. 1. 
JUN 5.77 5.66 5.42 5.07 4.64 4.12 3.53 2.93 2.31. 1.79 .514 26. 4. ................................................................ 
JUL 5.68 5.60 5.39 5.07 4.67 4.17 3.60 3.01 2.38 1.84 1 27. 3. 
AUG 5.28 5.31 5.23 5.04 4.74 4.35 3.88 3.33 2.74 2.17 .SO3 27. 0. 
98P 4.71 4.91 5.00 4.97 4.84 4.60 4.26 3.83 3.32 2.79 .SO7 26. 4. ............................................................... 
OCT 4.12 4.48 4.74 4.89 4.93 4.85 4.66 4.36 3.96 3.51 .529 23. 4: 
NOV 3.45 3.93 4.31 4.59 4.76 4.81 4.75 4.56 4.27 3.91 .546 19. 4. 
DEC 2.91 3.37 3.75 4.05 4.24 4.33 4.31 4.19 3.96 3.67 .516 16. 4. 
-~--~--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - -  
YhlT 1711. 1791. 1829. 1827. 1786. 1704. 1584. 1435. 1258. 1077. 

45.68 N LATITUD% 
S W A C E  TILT (DEGBEm UP mW HIZWAL) 

gT W8 
10 20 30 40 50 60 70 80 V m  

JAN 1.09 1.33 1.53 1.71 1.84 1.93 1.97 1.97 1.91 1.85 .346 1. 4. 
FEB 1.93 2.27 2.55 2.78 2.95 3.04 3.06 3.00 2.87 2.71 .422 4 .  4. 

M 3.29 3.67 3.96 4.17 4.28 4.28 4.19 3.99 3.71 3.37 .493 6. 5. 
-----3----------------------------------------------------------- 

Am 4.74 5.02 5.19 5.24 5.18 4.99 4.70 4.31 3.83 3.29 .527 10. 5. 

MAY 6.07 6.23 6.25 6.13 5.88 5.50 5.02 4.44 3.78 3.10 -569 15. 5. 

JDN 6.76 6.83 6.76 6.54 6.17 5.69 5.11 4.43 3.70 2.97 .590 19. 5 .  
..................................................... 
JUL 7.55 7.70 7.67 7.47 7.08 6.56 5.91 5.14 4.27 3.41 .677 24. 4. 

AUG 6.29 6.66 6.76 6.75 6.59 6.27 5.83 5.25 4.55 3.80 .644 22. 4. 

SEP 4.73 5.23 5.60 5.84 5.93 5.88 5.68 5.34 4.88 4.34 .622 18. 4. 
.......................................................... 
OCI' 2.86 3.34 3.75 4.06 4.28 4.39 4.39 4.27 4.06 3.79 -535 11. 4. 
NOV 1.38 1.69 1.95 2.17 2.34 2.45 2.50 2.49 2.41 2.38 .391 5 .  4. 
DEC -92 1.14 1.33 1.49 1.61 1.70 1.74 1.75 1.71 1.72 ,334 2. 4 -  
----1____-1-______--------------------------------------------- 

YET 1453. 1557. 1626. 1657. 1649. 1605. 1526. 1412. 1268. 1118. 



PHILADELPHIA. PA 

3 9.88 N LATITUDE 
SURFACE TILT (DEGREES UP FROM HOHZONTAt) 

__--------_----I----------------------------- KT m rs 
EOR 10 20 30 40 50 60 70 80 VERT .............................................................. 

JAN 1.75 2.10 2.41 2.65 2.84 2.95 2.99 2.96 2.85 2.78 .425 0 .  5 .  
FEB 2.50 2.86 3.16 3.39 3.53 3.60 3.57 3.46 3.27 3.05 .454 1. 5. 

3.49 3.81 4.04 4.17 4.22 4.16 4.01 3.77 3.45 3.11 .470 5 .  5 .  
................................................................... 
APR 4.52 4.71 4.80 4.78 4.65 4.43 4.12 3.72 3.25 2.77 .478 12. 5 .  

MAY 5.23 5.29 5.25 5.09 4.82 4.47 4.04 3.52 2.97 2.42 .483 17. 4 .  
JUN 5.71 5.71 5.59 5.35 5.00 4.58 4.07 3.49 2.90 2.31 ,498 22. 4 .  ......................................................................... 
JUL 5.54 5.57 5.48 5.27 4.95 4.56 4.08 3.52 2.94 2.36 .494 25. 4 .  
AUG 4.96 5.10 5.13 5.05 4.86 4.57 4.19 3.73 3.20 2.66 ,492 24. 4 .  
SBP 4.04 4.32 4.50 4.59 4.57 4.44 4.22 3.91 3.51 3.08 .489 20. 4 .  

- 

OCE 3.02 3.40 3.71 3.93 4.05 4.08 4.01 3.85 3.60 3.31 .485 14. 4 .  
NOV 1.95 2.31 2.61 2.86 3.03 3.14 3.16 3.11 2.98 2.91 .434 8. 4 .  
DEC 1.48 1.79 2.07 2.29 2.46 2.56 2.61 2.59 2 .51  2.49 .396 2 .  5 .  

- - - 

YET 1347. 1431. 1484. 1504. 1490. 1447. 1371. 1266. 1138. 1010. 

33 .43 N LATITUDE 
SURFACE TILT (DEGREES UP FR(1Bi HORIZONTAC) ........................................................ KT rSa WS 

HOB 10 20 30 40 50 60 70 80 VEBT 
- --- -- -  - -  -- 

JAN 3.21 3.85 4.39 4.83 5.14 5.31 5.35 5.25 5.01 4.77 .619 11. 2 .  
FIB 4.33 4.98 5.50 5.89 6.13 6.21 6.13 5.89 5.50 5.02 .667 13. 3 .  
MR 5.72 6.25 6.62 6.83 6.86 6.72 6.42 5.95 5.34 4.65 .697 16. 3. ......................................................................... 
APE 7.42 7.72 7.83 7.74 7.46 7.00 6.37 5.59 4.68 3.70 .752 20. 3 .  
HAY 8.44 8.47 8.29 7.90 7.35 6.64 5.77 4.77 3.76 2.74 .773 26. 3 .  
JUN 8.64 8.53 8.21 7.69 7.02 6.21 5.26 4.26 3.22 2.28 .760 31. 3 .  ........................................................................ 
Ja 7.84 7.79 7.55 7.14 6.58 5.89 5.07 4.18 3.27 2.40 .700 34. 3 .  
A m  7.23 7.38 7.36 7.15 6.79 6.27 5.61 4.82 3.93 3.06 .697 32. 3 .  
SEP 6.35 6.79 7.07 7.16 7.08 6.82 6.39 5.81 5.09 4.28 .714 29. 3 .  



42.92 N LATITIlFte 
S W B  TILT (D UP ma -------------- --- KT m @% 

10 20 30 40 50 BO 70 80 

- - - - - - - - - - - - - - - - - - - 

JUL 8.19 8.32 8.25 7.97 7.51 6.W 6.15 5.26 4.30 3.33 .732 22. 4. 
AUG 7.06 7.39 7.53 7.49 7.27 6.88 6.34 5.64 4.82 3.94 .711 21. 4. 
SEP 5.58 6.15 6.57 6.83 6.91 6.82 6.55 6.12 5.54 4.86 .703 15. 4. ................................................................... 
OCT 3.79 4.46 5.01 5.44 5.73 5.87 5.86 5.69 5.38 4.87 ,637 9. 4. 
NOV 2.17 2.70 3.16 3.54 3.84 4.03 4.12 4.10 3.98 3.88 ,543 2. 5. 
DEC 1.50 1.91 2.26 2.57 2.80 2.97 3.Q6 3.07 3.00 2.88 .465 -3. 5. 

- -  - - - -  

YET 1763. 1905. 2000. 2047. 2044. 1995. 1899. 1757. 1576. 1382. 

43 .65 N LATITClBe 
SmWE TILT (DEG61EES UP FEW W U Z m f i )  

KT m WB 
EtOB 10 20 30 40 50 60 70 80 m T  ......................................................................... 

JAbl 1.42 1.75 2.03 2.27 2.45 2.57 2.63 2.63 2.55 2.54 .407 -5. ?. 
PEB 2.14 2.50 2.79 3.03 3.19 3.27 3.28 3.20 3.05 2.87 .437 -4. 4. 

3.06 3.36 3.59 3.74 3.80 3.78 3.67 3.48 3.21 2.92 .440 0 .  5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AeB 4.11 4.31 4.42 4.43 4.35 4.17 3.91 3.57 3.15 2.72 . a 9  6. 5. 
MAY 4.94 5.03 5.02 4.90 4.67 4.37 3.98 3.52 3;OO 2.49 .460 12. 4. 
JUN 5.40 5.42 5.34 5.15 4.85 4.48 4.03 3.50 2.95 2.48 .470 17. 4. 
-__-___________I___C__________I___I___I__------------------ 

Ja 5.23 5.29 5.24 5.07 4.80 4.45 4.03 3.53 2.98 2.44 .468 20. 3. 
AUG 4.60 4.76 4.82 4.77 4.62 4.38 4.05 3.64 3.17 2.68 .465 19. 3. 

SEP 3.65 3.93 4.13 4.24 4.26 4.17 4.00 3.73 3.39 3.01 .465 15. 4. 
--_-_I---_-_______----------------------------------------------------- 

CICC 2.59 2.96 3.25 3.41 3.62 3.67 3.64 3.52 3.32 3.09 .458 9. 4. 
WV 1.45 1.73 1.97 2.16 2.31 2.40 2.43 2.40 2.32 2.29 .374 1. 4. 

DEC 1.14 1.41 1.64 1.84 1.99 2.09 2.14 2.14 2.59 2.09 -367 -3. 4- 
................................................................ 
YBT 1211. 1293. 1347. 1372. 1367. 1333. 1271. 1182. 1069. 959. 



ION (K?WSQ.M./DAY). 

AVERAGE WIND 

34.65 N LATITUD 

SURFACE TILT (DEGBEBS UP FRW HOBIZWAL) 
KT TIL WS 

EOR 10 20 30 40 50 60 70 80 VBBT 
_.__-____1--1----1---------------------------_111-- 

JAN 3.20 3.89 4.47 4.95 5.29 5.50 5.56 5.47 5.24 4.98 .641 3. 3.  

PEB 4.20 4.86 5.40 5.80 6.05 6.15 6.09 5.87 5.50 5.04 .666 4. 4. 

U 5.61 6.15 6.53 6.76 6.81 6.70 6.41 5.97 5.38 4.71 .694 7. 4 .  
I-----------I_---_----------------------------------------- 

A ,  7.17 7.48 7.60 7.53 7.29 6.86 6.27 5.53 4.66 3.74 .732 11. 5.  

BAY 8.29 8.35 8.19 7.83 7.31 6.63 5.79 4.82 3.83 2.83 .760 16. 5. 
JUN 8.71 8.62 8.33 7.82 7.17 6.37 5.42 4.41 3.38 2.41 .764 22. 5 .  
--------L----------------------------------------------------- 

JUL 7.28 7.25 7.06 6.70 6.20 5.59 4.86 4.04 3.22 2.41 .650 24. 4 .  
AlBO 6.60 6.74 6.73 6.57 6.25 5.80 5.22 4.53 3.74 2.96 .639 22. 3. 
SBP 6.16 6.60 6.89 7.00 6.94 6.70 6.30 5.75 5.06 4.28 .701 20. 4. ......................................................................... 
OCT 4.87 5.52 6.04 6.41 6.61 6.64 6.50 6.19 5.73 5.15 .697 14. 3. 
NOV 3.59 4.31 4.91 .5.40 5.74 5.93 5.96 5.84 5.56 5.17 .670 7. 3. 
DEC 2.92 3.60 4.19 4.67 5.03 5.26 5.35 5.29 5.10 4.80 .630 3. 3 .  

YET 2088. 2233. 2323. 2355. 2332. 2253. 2119. 1936. 1713. 1472. 

BED BLUFF, CA 

40.15 N LATITUDE 
S W M E  TILT (DEGREES UP FROM HORIZONTAL) ..................................................... KT TU WS 

10 20 30 40 50 60 70 80 
------- - - - - - - - - - - - - - - - - 

JAN 1.80 2.17 2.50 2.76 2.96 3.09 3.13 3.10 3.00 2.85 .441 7. 4. 
PEB 2.81 3.25 3.63 3.91 4.10 4.19 4.18 4.06 3.84 3.56 .514 10. 4 .  
MAE 4.27 4.72 5.06 5.27 5.36 5.32 5.15 4.85 4.45 3.96 .576 11. 5.  

OCT 3.87 4.46 4.94 5.30 5.53 5.62 5.56 5.36 5.03 4.61 .625 18. 4 .  
MOV 2.23 2.68 3.06 3.38 3.61 3.75 3.79 3.74 3.60 3.51 .SO0 11. 4.  
DEC 1.61 1.98 2.30 2.56 2.76 2.90 2.96 2.95 2.86 2.85 .435 7. 4 .  ...................................................................... 
YET 1823. 1946. 2023. 2050. 2027. 1960. 1847. 1689. 1498. 1295. 



44.27 N LATI 
E TILT (D UP EMIZmAL) - ------------- 

EOR 10 20 30 40 50 60 70 80 V m  
............................ 
JAN 1.55 1.94 2.29 2.59 2.82 2.98 3.06 3.06 2.99 2.98 
PEB 2.44 2.89 3.27 3.58 3.80 3.92 3.95 3.88 3.71 3.48 
WLB 3.75 4.20 4.54 4.78 4.90 4.91 4.79 4.56 4.22 3.82 
-----_I_-------------------------------------- 

APB 5.31 5.63 5.82 5.87 5.79 5.57 5.23 4.78 4.22 3.60 
MAY 6.55 6.72 6.73 6.59 6.29 5.87 5.34 4.69 3.94 3.21 
JUN 7.21 7.27 7.18 6.92 6.51 5.98 5.34 4.59 3.79 3.00 

--- - - 

JUL 7.71 7.84 7.79 7.56 7.15 6.60 5.92 5.11 4.22 3.34 .690 20. 3. 
AUG 6.52 6.83 6.97 6.95 6.76 6.42 5.94 5.32 4.58 3.79 .662 18. 3 .  
SEP 4.99 5.50 5.88 6.11 6.19 6.12 5.89 5.52 5.02 4.44 .642 14. 3. 
-_.__---U--------------------------------------------d------------------- 

OCT 3.15 3.67 4.11 4.45 4.67 4.78 4.77 4.64 4.39 4.08 .566 9. 3. 
WV 1.81 2.23 2.60 2.91 3.15 3.31 3.38 3.37 3.27 3.20 ,479 4. 3. 
DEC 1.34 1.71 2.04 2.32 2.54 2.70 2.78 2.80 2.75 2.73 .4i5 1. 3 .  ....................................................................... 
PBYT 1596. 1720. 1805. 1847. 1844. 1801. 1717. 1592. 1433. 1267. 

37.50 N LATITUDE 

swmce TILT ( D ~ ~ S I  UP PEW HORIZONTAL) ....................................................... KT rn as 
EQR 10 20 30 40 50 60 70 80 VmT 

JAN 1.99 2.36 2.68 2.93 3.11 3.22 3.25 3.19 3.06 2.97 .440 3. 4. 
FEB 2.76 3.13 3.44 3.66 3.80 3.85 3.80 3.67 3.45 3.20 .469 4. 4. 
MAB 3.82 4.14 4.36 4.49 4.52 4.44 4.26 3.99 3.62 3.23 ,493 8. 4 .  

----- - -  - 

APE 4.94 5.13 5.21 5.17 5.01 4.75 4.39 3.94 3.41 2.86 .513 14. 4. 

MAY 5.55 5.60 5.52 5.33 5.03 4.64 4.15 3.59 2.99 2.42 .511 19. 4. 

JUN 5.90 5.88 5.73 5.46 5.08 4.62 4.07 3.46 2.84 2.23 .516 23. 3. 
............................................................. 
JlJL 5.59 5.60 5.48 5.25 4.92 4.50 4.00 3.42 2.84 2.25 ,499 25. 3. 

AUG 5.05 5.17 5.17 3.06 4.85 4.54 4.14 3.66 3.11 2.56 ,494 24. 3. 

SEP 4.24 4.51 4.68 4.75 4.71 4.56 4.31 3.96 3.54 3.07 .499 21. 3. 
---II--__C-----_-_----_____------------------------------ 

Oer 3.26 3.64 3.93 4.14 4.25 4.26 4.17 3.98 3.70 3.37 .495 14. 3. 

MOV 2.31 2.71 3.05 3.32 3.51 3.62 3.63 3.56 3.40 3.29 .472 9 .  3. 

DEC 1.79 2.15 2.46 2.71 2.90 3.02 3.06 3.02 2.92 2.88 .430 4. 3. 
............................................................. 
YKC 1437. 1523. 1574. 1591. 1573. 1521. 1437. 1321. 1182. 1043. 



TABLE I (Conti  

C 
E WIND SPEED (WS, MIS) 

43.12 N LATI 
SUBFACE TILT (DEGREES UP FROM BtORIZONTAL) 

H--------------------------------------------- n TM ws 
IHOB 10 20 30 40 50 60 70 80 VERT ............................................................ 

JAN 1.15 1.35 1.53 1.67 1.78 1.84 1.87 1.84 1.78 1.81 .321 -4. 6. 
FEB 1.76 2.00 2.19 2.34 2.44 2.48 2.46 2.39 2.27 2.13 .353 -4. 6. 

M 2.85 3.11 3.30 3.43 3.47 3.44 3.33 3.15 2.91 2.63 .406 0. 5. 
.................................................................. 
APR 4.22 4.43 4.53 4.54 4.45 4.27 4.00 3.64 3.21 2.76 -459 8. 5. 

IUY 5.06 5.16 5.14 5.01 4.77 4.46 4.06 3.58 3.04 2.52 .471 14. 5. 
JUN 5.73 5.75 5.66 5.46 5.13 4.72 4.24 3.67 3.08 2.48 .499 19. 4. 
--------------------------- -- - -~ - 

JUL 5.61 5.67 5.61 5.43 5.14 4.76 4.29 3.74 3.15 2.56 .SO2 22. 4. 
AUG 4.79 4.95 5.01 4.96 4.80 4.54 4.20 3.77 3.27 2.75 .483 21. 4. 
SEP 3.65 3.93 4.13 4.23 4.24 4.15 3.97 3.70 3.35 2.98 .462 17. 4. ........................................................................... 
OCI' 2.46 2.79 3.05 3.24 3.36 3.40 3.36 3.25 3.05 2.84 .429 11. 4. 
KQV 1.27 1.48 1.65 1.79 1.88 1.94 1.95 1.92 1.84 1.83 .321 5. 5. 
DEC .88 1.02 1.14 1.23 1.30 1.34 1.35 1.33 1.29 1.32 .276 -2. 5. 

ROCK SPRINGS. BY 

41  .60 N LATITUDE 
SURFACE TILT (DEGREES UP FROM HORIZONTAL) .................................................... KT Tld WS 

BN)kl 10 20 30 40 50 60 70 80 VEaT ............................................................................ 
JAN 2.32 2.95 3.51 3.98 4.35 4.60 4.73 4.73 4.61 4.46 .604 -6. 6. 
FEB 3.43 4.11 4.70 5.16 5.49 5.68 5.72 5.60 5.34 4.99 .655 -5. 6. 
U 4.83 5.42 5.88 6.19 6.35 6.35 6.18 5.86 5.39 4.84 .668 -2. 6. 
----^___---------------------------------------------------------------- 

AeR 6.13 6.48 6.69 6.72 6.60 6.33 5.90 5.34 4.66 3.92 .657 4. 6. 
MAY 7.39 7.55 7.53 7.33 6.95 6.44 5.79 5.02 4.15 3.29 .685 10. 5 .  
JZUN 8.11 8.15 8.01 7.67 7.15 6.51 5.74 4.84 3.92 2.98 .708 16. 5 .  

JUL 8.03 8.13 8.03 7.74 7.26 6.66 5.91 5.04 4.10 3.16 .717 20. 4. 
AUG 7.06 7.36 7.48 7.42 7.17 6.77 6.21 5.51 4.68 3.80 .706 19. 4. 
SEP 5.77 6.35 6.76 7.00 7.07 6.95 6.66 6.20 5.59 4.58 .715 13. 5 .  
----------------------------------------------------------.-.-------------- 
OCT 4.11 4.82 5.41 5.86 6.16 6.30 6.27 6.08 5.73 5.27 ,689 7. 5. 
NOV 2.61 3.26 3.83 4.31 4.67 4.91 5.02 4.99 4.83 4.69 .618 -1. 5. 
DEC 2.05 2.66 3.20 3.66 4.03 4.29 4.43 4.46 4.36 4.30 .593 -5. 5. ......................................................................... 
YRT 1884. 2048. 2162. 2223. 2229. 2184. 2085. 1936. 1743. 1537. 



33.30 N LATITUDE 
SURFACE TILT (D UP ---------- 1 

WNTH- -------- B T m w  
IKW 10 20 30 40 50 60 70 80 ----------------- ------- -- - 

JAN 3.30 3.96 4.52 4.97 5.29 5.47 5.51 5.41 5.16 4.82 .632 4. 4. 
FEE 4.33 4.97 5.49 5.87 6.11 6.19 6.10 5.87 5.48 4.99 . 6 M  7. 5. 
YAB 5.70 6.22 6.59 6.79 6.82 6.68 6.37 5.91 5.30 4.61 .693 11. 5. 
-------------I_-------------------- ------ --- 
APR 6.99 7.22 7.34 7.25 6.99 6.56 5.97 5.24 4.40 3.51 .708 17. 6. 
MAY 7.76 7.78 7.61 7.26 6.76 6.12 5.33 4.43 3.53 2.61 .710 22. 5. 
JUN 8.23 8.13 7.82 7.33 6.71 5.94 5.05 4.10 3.13 2.24 .724 27. 5. ------.--------------------------------------------- - 
JUL 7.69 7.64 7.41 7.00 6.46 5.78 4.98 4.11 3.22 2.37 .687 28. 4. 
AWI 7.07 7.21 7.18 6.98 6.63 6.12 5.48 4.71 3.85 3.00 .682 27. 4. 
SEP 6.03 6.43 6.67 6.75 6.67 6.41 6.01 5.46 4.79 4.03 .677 23. 4. .................................................................. 
OCT 4.82 5.42 5.89 6.21 6.38 6.38 6.22 5.91 5.44 4.87 .672 17. 4. 
W V  3.56 4.21 4.76 5.19 5.48 5.63 5.64 5.50 5.22 4.83 .639 9. 4. 
DBC 3.00 3.65 4.21 4.66 4.99 5.19 5.26 5.39 4.98 4.68 .617 4. 4. 

44 .92 N LATITUElE 
SwPACE TILT (DEGWEES UP mW HQHZOWTAL) 

$T 18 
mE 10 20 30 40 50 6 70 80 V m  ..................................................................... 

JAN 1.05 1.25 1.42 1.57 1.68 1.75 1.78 1.76 1.71 1.65 -320 4. 4. 
PEB 1.85 2.15 2.40 2.60 2.73 2.81 2.81 2.75 2.63 2.47 ,394 6. 3. 

MAR 2.99 3.30 3.54 3.70 3.77 3.76 3.66 3.48 3.23 2.93 ,441 7. 4. 
- 

&'R 4.32 4.55 4.69 4.71 4.64 4.46 4.20 3.84 3.40 2.93 .477 9. 3. 

MAY 5.48 5.60 5.61 5.49 5.25 4.91 4.48 3.97 3.38 2.79 .512 13. 3. 

5.83 5.87 5.80 5.60 5.29 4.88 4.59 3.83 3.22 2.61 .SO8 16. 3. 
---l-------r-----_____________1_---_1___--__1_---_--------- 

Ja 6.75 6.86 6.82 6.63 6.28 5.82 5.25 4.57 3.81 3.07 .605 19. 3. 

--UG 5.59 5.84 5.95 5.92 5.76 5.47 5.08 4.57 3.96 3.33 .570 19. 3. 

SEP 4.19 4.57 4.86 5.03 5.08 5.01 4.82 4.52 4.11 3.66 .544 16. 3. 
............................................................. 
OCT 2.42 2.77 3.06 3.28 3.42 3.48 3.46 3.35 3.17 2.96 .444 11. 3. 

MIV 1.30 1.54 1.76 1.94 2.07 2.15 2.18 2.16 2.09 2.06 .353 7. 3. 

DEC .87 1.05 1.20 1.32 1.42 1.48 1.51 1.50 1.46 1.48 .302 5 .  4. 
............................................................ 

1301. 1383. 1436. 1456. 1443. 1400. 1328. 1227. 1100. 972. 



ION (KWE/SQ.M./DAY)n 
RE ( T 1 1 n  DEG @ I .  
MIS) 

SALT LAKE CITY, UT 

40.77 N LATITUDE 

SimplrCE TILT (DEGREES UP FROM HORIZONTi%) 
- - - - - - I - - - - - - - I - - - - ^ - - - - - - - - - - - - - - -  KT 'IYI ws 

HOP 10 20 30 40 50 60 70 80 VERT 
e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

JAN 2.02 2.49 2.90 3.24 3.50 3.67 3.74 3.72 3.61 3.50 .SO8 -2. 4 .  

FBB 3.11 3.66 4.13 4.49 4,74 4.87 4.88 4.76 4.52 4.22 .580 1. 4. 
d 

LIAB 4.59 5.11 5.51 5.77 5.89 5.87 5.70 5.38 4.94 4.43 .626 5. 4. .................................................. 
APP 5.97 6.30 6.47 6.50 6.36 6.08 5.66 5.11 4.45 3.74 .636 9. 4 .  

LUX 7.45 7.59 7.56 7.34 6.95 6.43 5.77 4.98 4.10 3.23 .689 15. 4 .  

JUN 8.07 8.09 7.94 7.58 7.05 6.42 5.64 4.74 3.83 2.89 .704 20. 4. 
- - - - - - - - - - - - - - - - - - - - - - - - - 

JUL 8.16 8.25 8.14 7.83 7.33 6.70 5.93 5.02 4.07 3.10 .728 25. 4. 

A W  7.11 7.39 7.50 7.42 7.16 6.74 6.17 5.46 4.62 3.74 ,707 24. 4. 
SEP 5.81 6.36 6.76 6.98 7.03 6.90 6.60 6.13 5.51 4.79 ,711 18. 4. ............................................................ 
OCT 4.07 4.74 5.29 5.71 5.98 6.10 6.05 5.86 5.50 5.05 .669 11. 4.  
WV 2.48 3.05 3.55 3.95 4.26 4.45 4.53 4.49 4.33 4.22 .570 4. 4 .  
DEC 1.80 2.25 2.65 2.99 3.25 3.43 3.52 3.52 3.42 3.39 .499 -1. 3.  .................................................................... 
YRT 1848. 1989. 2083. 2125. 2115. 2059. 1953. 1799. 1609. 1407. 

SAN ANGEU), TX 

31.37 N LATITUDE 
SURFACE TILT (DEGBEES UP FROM HORIZONTU) 

WNrn------------------------------------------------------- KT m WS 

I&OR 10 20 30 40 50 60 70 80 VEBT ....................................................................... 
JAN 3.03 3.53 3.96 4.28 4.51 4.61 4.61 4.49 4.25 3.95 .547 8. 5 .  

a FEB 3.81 4.28 4.65 4.91 5.05 5.06 4.96 4.73 4.39 3.98 .560 10. 5 .  
lIAB 5.07 5.45 5.70 5.82 5.80 5.65 5.35 4.94 4.41 3.82 .601 14. 6. 

--------------------------------------------- 

JlJL 6.69 b.62 6.40 6.04 5.57 4.98 4.30 3.57 2.81 2.11 .599 28. 4.  
AUG 6.20 6.28 6.23 6.03 5.70 5.25 4.69 4.03 3.30 2.58 .594 28. 4 .  
SEP 5.06 5.33 5.47 5.49 5.38 5.15 4.80 4.34 3.79 3.19 ,558 24. 4. ........................................................................ 
OCl' 4.22 4.65 4.98 5.19 5.27 5.23 5.06 4.77 4.37 3.90 .563 19. 4. 
NOV 3.28 3.79 4.21 4.53 4.73 4.82 4.78 4.63 4.37 4.02 .558 12. 4. 
DEC 2.81 3.33 3.77 4.11 4.36 4.49 4.51 4.42 4.21 3.95 ,543 8. 5 .  
--.------------------------------------------------------------------------- 

PBT 1805. 1901. 1952. 1958. 1921. 1840. 1717. 1559. 1370. 1173. 



SAN mAN, Pit 

18.43 N LATITU 
TILT (DEGREES UP 

KT rn ws 
HOB 10 20 30 40 50 60 70 VERT 

B ---------- --------- ---- 
JAN 4.18 4.63 4.98 5.20 5.30 5.28 5.12 4.85 4.46 3.99 -553 24. 4. 
FEB 4-85 5.22 5.47 5.60 5.59 5.45 5.18 4.79 4.30 3.73 .569 24. 4. (I 

MAR 5.63 5.85 5.93 5.88 5.69 5.36 4.92 4.37 3.73 3.05 .589 25. 4. 
---------U__---------------------mP-I_-----------_______ 

APR 5.96 5.96 5.82 5.56 5.17 4.68 4.08 3.41 2.70 1.99 .575 26. 4. 

MAY 5.72 5.57 5.30 4.92 4 4 4  3.88 3.26 2.62 2.00 1.57 .536 26. 4 .  
JUN 5.73 5.51 5.17 4.74 1.21 3.60 2.98 2.34 1.78 1.58 .534 27. 4. 
--------------------------------*---------PP--p 

JUL 5.91 5.70 5.38 4.95 4.42 3.80 3.16 2.47 1.87 1.58 .5S1 27. 5. 
AWI 5.79 5.72 5.52 5.21 4.78 4.25 3.65 2.99 2.32 1.71 -551 27. 4. 
SBP 5.27 5.38 5.37 5.23 4.99 4.63 4.18 3.64 3.04 2.41 .532 27. 4. 
-------------------------------------------U___------------------ 

OCT 1.78 5.06 5.23 5.27 5.20 5.00 4.70 1.29 3.79 3.23 .535 27. 3.  
NOV 4.31 4.74 5.05 5.24 5.31 5.25 5.07 4.77 4.36 3.87 .S51 26. 4. 
DEC 3.90 4.34 4.69 4.93 5.04 5.04 4.92 4.68 4.33 3.90 .535 25. 4. .......................................................................... 
YPT 1887. 1937. 1943. 1907. 1828. 1708. 1556. 1373. 1173. 990. 

41 .87 N LATITUDE 
SURFACE TILT (DEGBEES UP FRW HORIZONTAL) 

mmH--------------------------------------------------------- !a rn W8 

BOB 10 20 30 40 50 60 70 80 VEBT 
-------.------------------------------------------------------------------ 
JAN 2.13 2.69 3.19 3.60 3.93 4.15 4.26 4.26 4.15 4.12 .563 -4. 5. 
PEB 2.99 3.54 4.01 4.38 4.64 4.78 4.80 4.70 4.47 4.16 ,576 -1. 5. n 

MAR 4.12 4.58 4.93 5.17 5.28 5.26 5.11 4.84 4.45 3.99 .574 2 .  6.  

APR 5.26 5.54 5.69 5.71 5.59 5.36 5.00 4.54 3.97 3.35 .565 8. 6. 
. 

MAY 6.09 6.21 6.18 6.02 5.72 5.32 4.81 4.20 3.52 2.85 .565 14. 5. 

JUN 7.05 7.08 6.96 6.67 6.24 5.71 5.06 4.32 3.55 2.76 .615 19. 5. 
................................................................... 
JUL 7.20 7.28 7.20 6.94 6.53 6.00 5.35 4.59 3.78 2.97 .643 23. 4. 

AUG 6.30 6.55 6.65 6.59 6.37 6.01 5.53 4.92 4.20 3.45 .631 22. 4. 

SEP 5.04 5.49 5.82 6.01 6.04 5.94 5.68 5.29 4.77 4.19 .626 16. 4. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
OCT 3.61 4.19 4.66 5.02 5.26 5.36 5.32 5.15 4.85 4.47 .609 9 .  4. 

WV 2.28 2.81 3.28 3.66 3.95 4.14 4.22 4.19 4.05 3.94 .547 2. 5. 

DEC 1.81 2.32 2.77 3.15 3.45 3.66 3.78 3.79 3.71 3.66 .532 -3. 5. 
_---_________-______-------------------------------------------- 
YRT 1642. 1775. 1868. 1915. 1917. 1877. 1792. 1666. 1504. 1335. 



(Cont inus 

INSOLATION (m/SQ.BI./DAY), 

WIND SPm (WS, HIS) 

SEATI'LEUTACW, WA 

47.45 N LATITUDE 

=FACE TILT (DEGREES UP FROM HOBIZOKTAL) ......................................... KT m WS 
10  20  30 40 50 60 70 80 VEBT 

______----_------------------------------------------..--------- 
JAN .83 .98 1.12 1.23 1.32 1.37 1.40 1.39 1.35 1.41 .290 4.  5 .  
FEB 1.55 1.81 2.04 2 .21  2.34 2 .41  2.42 2.38 2.28 2.26 .363 6 .  4 .  

U 2.69 2.99 3.23 3.39 3.47 3.48 3.41 3.25 3.03 2.79 .419 6.  5 .  
........................................................................ 
APB 4.09 4.33 4.47 4.52 4.47 4.32 4.08 3.76 3.36 2.93 .462 9.  4 .  

BU][ 5.42 5.57 5.60 5.51 5.30 4.98 4.57 4.08 3.50 2.92 .511 12. 4.  

3lM 5.66 5.73 5.67 5.51 5.23 4.85 4.39 3.86 3.27 2.69 .495 15. 4.  
........................................................................ 
JUL 6.24 6.37 6.35 6.20 5.91 5.50 5.01 4 .41  3.72 3.06 .562 18. 4 .  
AUG 5.06 5.30 5.42 5.42 5.29 5.05 4.71 4.28 3.75 3.17 .525 17. 4.  
SEP 3.64 3.98 4.24 4.40 4.45 4 .41  4.26 4.01 3.68 3.29 .492 15. 4.  ...................................................................... 
O(rr 2.05 2.36 2.61 2.81 2.94 3.00 2.99 2.91 2.76 2.58 .404 11. 4. 
WV 1.07 1.28 1.47 1.62 1.74 1.82 1.85 1.84 1.79 1.74 .330 7.  4. 
DEC -57 .79 .90 .99 1.06 1.11 1.13 1.12 1.09 1.10 .270 5 .  4 .  
I----------------------------------------------------------------------- 

YET 1189. 1265. 1315. 1335. 1326. 1288. 1225. 1135. 1022. 911. 

44.77 N LATITUDE 
SURFACE TILT (DEGREES UP FROM HORIZONTAL) 

mm--.---------------------------------------------------- KT TM WS 

HOB 10 20 30 40 50 60 70 80 VERT ......................................................................... 
JAN 1.63 2.07 2.47 2.80 3.07 3.25 3.35 3.37 3.29 3.19 .495 -6. 3 .  

a FEB 2.48 2.96 3.38 3.71 3.95 4.09 4.13 4.06 3.89 3.65 .525 -3. 4 .  
MAR 3.80 4.26 4.63 4.88 5.02 5.03 4.92 4.69 4.35 3.94 .559 0 .  4 .  ........................................................................ 
AFR 4.85 5.13 5.29 5.34 5.26 5.07 4.76 4.36 3.85 3.30 .534 6.  4 .  
MAY 5.93 6.08 6.09 5.96 5.70 5.33 4.85 4.28 3.63 2.98 .555 12. 4 .  
JUN 6.80 6.86 6.77 6.54 6.16 5.67 5.08 4.39 3.65 2.91 .593 17.  4 .  ........................................................................ 
JTL 7.34 7.47 7.43 7.21 6.83 6.31 5.68 4.93 4.09 3.26 ,658 22. 3.  
AUG 6.32 6.63 6.77 6.75 6.57 6.25 5.79 5.20 4.49 3.73 .644 21. 3.  
SEP 4.73 5.21 5.56 5.77 5.85 5.78 5.57 5.23 4.76 4.22 ,613 14. 3.  
........................................................................ 

3.17 3.71 4.17 4.52 4.76 4.88 4.88 4.75 4 .51  4.20 .577 8 .  3 .  
N V  1.86 2.33 2.73 3.07 3.34 3.52 3.60 3.60 3.50 3.42 ,505 0 .  3 .  
DEC 1.39 1.80 2.17 2.48 2.73 2.91 3.02 3.04 2.99 2.97 .476 -4. 3.  
.......................................................................... 
YKl' 1534. 1661. 1751. 1799. 1804. 1769. 1694. 1579. 1429. 1270. 



32.47 N LAT 
TILT (D =---- --- 1 ----- n m ws 

IhOB 10 20 30 40 50 60 70 80 
- - - - - - - - - - - 

JIW 2.40 2.76 3.07 3.30 3.46 3.53 3.52 3.42 3.24 3.04 4 4  8 .  4 .  
FEB 3.27 3.65 3.95 4.16 4.27 4.28 4.19 4 .W 3.71 3.40 .493 10.  5 .  
MAR 4.23 4.52 4.72 4.81 4.78 4.65 4.42 4.08 3.66 3.22 .SO9 14. 5 .  
------I__-------------------------------- 

......................................................... 
OCT 4.11 4.55 4.89 5 .11  5.20 5.17 5.02 4.74 4.36 3 . H  .565 19. 3 .  
NOV 2.92 3.36 3.73 4 .00  4.18 4.25 4.23 4.10 3.87 3.57 5 1  13. 4 .  
DBC 2.30 2 .69  3.02 3.28 3.47 3.57 3.58 3.50 3.34 3.14 .460 9. 4.  ......................................................... 
YET 1642. 1724. 1766. 1768. 1732. 1658. 1547. 1405. 1237. 1065. 

SIOUX CITP, U 

42.40 N LATITUDe 
SmFACE TILT (DEGREES UP FWW WIHZOElTAL) 

I----------------------------------------------- I$I WS 
80B 10 20 30 40 50 60 70 80 ............................................................. 

JIW 1.79  2.23 2.61 2.93 3.18 3.34 3.42 3.41 3.32 3.18 .485 -8. 5 .  
PEB 2.65 3.11 3.50 3.81 4.02 4.13 4.14 4.05 3.86 3.60 .519 -4. 5.  
MAR 3.69 4.08 4.38 4.57 4.66 4.63 4.50 4.26 3.93 3.53 .519 1. 6 .  
.................................................. 
APU 4.97 5.23 5.37 5.39 5.29 5.07 4.74 4.30 3.78 3.21 .537 10. 6 .  
MAY 5.99 6.11 6.09 5.93 5.64 5.25 4.76 4.17 3.50 2.85 ,556 16. 5 .  
JDN 6.69 6.73 6.61 6.36 5.95 5.46 4.86 4.16 3.44 2.71 .584 22. 5 .  
............................... -----------_I_--- 

JDL 6.69 6.77 6.69 6.47 6.09 5.62 5.03 4.34 3.60 2.86 .598 24. 4 .  
AUG 5.82 6.04 6.13 6.07 5.87 5.55 5.12 4.57 3.92 3.25 .584 23. 4 .  
SEP 4.48 4.86 5.13 5.28 5.31 5.21 4.99 4.65 4.20 3.70 -561 17. 4 .  
....................................................... 
OCT 3.27 3.77 4.19 4.50 4.70 4.79 4.75 4.60 4.33 4 .01  .559 11. 5 .  
NOV 2.03 2.47 2.86 3.19 3.43 3.58 3.65 3.62 3.50 3.41 .496 2 .  5 .  

DEC 1.48 1.86 2.19 2.47 2.69 2.84 2.92 2.92 2.85 2.83 .446 -5. 50 
.................................................. ----- 
YRT 1510. 1623. 1698. 1734. 1730. 1688. 1609. 1492. 1345. 1190. 



TABLE I (Coatiaued) 

s m w ,  

47.63 N bA.:ITUDE 

SWFACE TILT ( UP PROM HOBIZONTAL) ------------- --..-------------I KT m I S  

10 20 30 40 50 60 70 80 VERT 

JAN .99 1.23 1.45 1.63 1.77 1.87 1.93 1.93 1.89 1.92 .353 -3. 4. 

FEE 1.90 2.28 2.61 2.88 3.07 3.19 3.23 3.19 3.07 3.00 .448 0. 4. 

YLAB 3.28 3.70 4.03 4.27 4.41 4.44 4.37 4.19 3.91 3.59 .513 3. 4 .  

APR 4.72 5.03 5.22 5.30 
YIAY 6.04 6.23 6.28 6.18 
JUN 6.56 6.65 6.60 6.41 .................... 
JUL 7.43 7.60 7.60 7.43 
AlTO 6.12 6.46 6.64 6.66 
S&P 4.52 5.03 5.42 5.67 ---------------- 
OCT 2.65 3.12 3.53 3.84 
NOV 1.25 1.55 1.82 2.04 
DBG .UO 1.01 1.19 1.35 

SPRINaPIELD, w 

37 .23 N LATITUDE 
SWACE TILT (DEGREES UP FROM HORIZONTAL) ............................................... KT m WS 

EOB 10 20 30 40 50 60 70 80 ..................................................................... 
JAN 2.15 2.57 2.92 3.20 3.41 3.53 3.57 3.51 3.37 3.21 .472 0.  5 .  
PEB 2.91 3.32 3.64 3.88 4.03 4.09 4.04 3.90 3.66 3.37 .492 2 .  6. 
IUB 3.90 4.22 4.45 4.58 4.61 4.53 4.34 4.06 3.69 3.27 . S O 1  7. 6. ...................................................................... 
APR 5.06 5.25 5.33 5.29 5.13 4.87 4.49 4.03 3.48 2.89 .525 13. 6. 
U Y  5.93 5.98 5.90 5.69 5.36 4.93 4.41 3.79 3.14 2.49 .545 18. 5. 
JUN 6.54 6.52 6.34 6.03 5.59 5.07 4.44 3.74 3.03 2.34 .572 23. 4 .  
--l_ll--------l------------------------------------ 

Jm, 6.50 6.51 6.37 6.09 5.69 5.18 4.57 3.87 3.16 2.45 .580 25. 4 .  
Am 5.91 6.06 6.08 5.96 5.70 5.33 4.85 4.26 3.58 2.90 .578 24. 4. 
SEP 4.66 4.98 5.18 5.26 5.22 5.06 4.79 4.40 3.92 3.39 .547 20. 4. 
---------------------------------------------------------.---------- 
Oer 3.61 4.05 4.41 4.66 4.80 4.82 4.72 4.51 4.20 3.82 .545 14. 5 .  
NOV 2.44 2.87 3.24 3.53 3.74 3.85 3.87 3.79 3.61 3.50 .495 7. 5. 
DEC 1-90 2-29 2.63 2.91 3.11 3.24 3.29 3.25 3.14 3.09 -452 2 .  5. ................................................... 
PBT 1569. 1664. 1721. 1738. 1716. 1658. 1563. 1433. 1277. 1116. 



30.38 PI LATImI1E 
S W A C E  TILT (DEG UP FBElBI H a  

F I S  
M E  10 20 2C 40 50 60 70 80 

----------__I_-------------- ----- 
JAN 2.76 3.16 3.50 3.75 3.91 3.98 3.96 3.83 3.62 3.35 .485 11. 3. 
FEB 3.59 3.99 4.30 4.51 4.61 4.61 4.49 4.27 3.95 3.57 .516 12. 3. 
MAR 4.66 4.98 5.18 5.27 5.23 5.06 4.79 4.40 3.92 3.39 .547 15. 4. 
-------I---------_-------------------------- 

APR 5.75 5.89 5.91 5.78 5.53 5.16 4.68 4.09 3.43 2.75 .573 19. 3. 
MAY 6.10 6.08 5.92 5.62 5.23 4.73 4.13 3.46 2.79 2.14 ,559 23. 3. 
JUN 5.93 5.83 5.61 5.26 4.83 4.31 3.70 3.08 2.43 1.88 ,526 26. 3. .................................................................. 
JIR. 5.51 5.45 5.27 4.98 4.60 4.14 3.60 3.03 2.43 1.90 .494 26. 2. 
AUG 5.28 5.34 5.27 5.10 4.82 4.44 3.97 3.43 2.84 2.2' .SO5 26. 2. 
SEP 4.70 4.92 5.03 5.03 4.91 4.69 4.36 3.94 3.44 2.90 .514 25. 3. ....................................................................... 
aT 4.16 4.56 4.86 5.05 5.11 5.06 4.88 4.59 4.19 3.73 .550 20. 3. 
NOV 3.17 3.63 3.99 4.27 4.44 4.50 4.45 4.30 4.04 3.71 .526 14. 3. 
DEC 2.55 2.97 3.31 3.57 3.75 3.84 3.84 3.74 3.55 3.31 .478 11. 3. ..................................................................... 
YRT 1649. 1728. 1769. 1770. 1733. 1657. 1545. 1403. 1234. 1060. 

TAMPA, FL 

27.97 N LATITUDE 
SURFACE TILT (DEliBEES UP Fg(1BI HOBIZWAL) 

WNrn-------------------------------------------------------- KT m I S  

10 20 30 40 50 60 70 80 VERT ........................................................................... 
JAN 3.18 3.63 4.00 4.28 4.45 4.51 4.46 4.31 4.05 3.72 .523 15. 4. 

PEB 3.97 4.40 4.72 4.93 5.03 5.00 4.86 4.60 4.23 3.80 -545 16. 4. 

MAR 5.02 5.34 5.53 5.60 5.53 5.33 5.01 4.58 4.05 3.46 ,573 19. 5. 
...................................................................... 
APR 6.01 6.14 6.12 5.97 5.68 5.26 4.73 4.10 3.39 2.68 .594 22. 5. 

MAY 6.30 6.25 6.05 5.72 5.29 4.74 4.09 "3.40 2.68 2.03 .578 25. 4. 

JUN 5.82 5.70 5.46 5.10 4.66 4.13 3.52 2.91 2.29 1.77 .520 26. 4. 
-------------_--__-------__--____.---------------- 

JUL 5.53 5.44 5.24 4.93 4.53 4.05 3.49 2.92 2.31 1.81 .498 27. 3. 

AUG 5.21 5.24 5.16 4.96 4.67 4.28 3.80 3.26 2.68 2.12 .497 27. 3. 

SEP 4.70 4.89 4.97 4.94 4.80 4.55 4.21 3.78 3.28 2.74 .SO4 26. 4. 
----I_--I-LII-----I-__-------------L--------------------------------- 

OCT 4.25 4.62 4.89 5.04 5.07 4.99 4.79 4.47 4.06 3.59 .541 23. 4. 

NOV 3.49 3.96 4.33 4.61 4.77 4.81 4.74 4.55 4.26 3.89 .543 19. 4. 

DEC 2.94 3.39 3.76 4.05 4.23 4.31 4.29 4.16 3.93 3.64 .512 16. 4. 
................................................................. 
YRT 1717. 1795. 1832. 1828. 1785. 1701. 1580. 1429. 1252. 1070. 



r n P A H ,  NV 

38.07 N LATITODE 

SrWFACE TILT (DEGBBES UP FROM HORIZONTAL) 
KT 'I'M ws 

EOR 10  20 30 40 50 60 70 80 VERT 

APB 7.09 7.47 7.66 7.66 7.47 7.10 6.56 5.85 5 .01  4.09 ,740 9. 5 .  

U Y  8.13 8.25 8.16 7.87 7.40 6.79 6 .01  5.10 4.12 3.13 .748 15. 5 .  

JUN 8.79 8.77 8.54 8.10 7.47 6.72 5.82 4.80 3.78 2.76 .768 20. 5 .  

3T.E 8.52 8.56 8.39 8.01 7.45 6.75 5.90 4.92 3.92 2.89 .759 24. 4 .  

AUG 7.69 7.96 8.03 7.90 7.58 7.09 6.42 5.61 4.66 3.69 .755 22. 4 .  

SEP 6.44 7.01 7.41 7.62 7.63 7.45 7.07 6.52 5.80 4.97 .762 18. 4 .  

OCl' 4.79 5.56 6.18 6.65 6.94 7.05 6.97 6.70 6.27 5.69 .738 11. 4 .  
NOV 3.25 3.99 4.64 5.17 5.56 5.80 5.89 5.82 5.59 5.40 .676 4. 4 .  
DEC 2.61 3.31 3.94 4.46 4.86 5.14 5.27 5.27 5.12 5.02 .642 0.  4 .  ......................................................................... 
YET 2126. 2299. 2413. 2467. 2459. 2394. 2269. 2087. 1862. 1617. 

36.20 N. LATITUDE 
SURFACE TILT (DEGREES UP FROM HORIZONTAL) 

...................................................... KT 'I'M WS 
HOB 10  20 30 40 50 60 70 80 VEBT 

- - - - - - - - - - - - - - - - - - 

JAN 2.30 2.73 3.10 3.40 3.61 3.73 3.76 3.69 3.54 3.48 .486 2 .  5 .  
FEB 3.08 3.50 3.84 4.08 4.24 4.28 4.23 4.07 3.82 3 .51  .SO7 5 .  5 .  
MAR 4.12 4.46 4.70 4.83 4.85 4.76 4.56 4.26 3.85 3.40 .522 9. 6 .  .......................................................................... 
APB 5.05 5.23 5.30 5.25 5.08 4.80 4.43 3.95 3.41 2.82 .520 16.  6. 
MAY 5.74 5.78 5.69 5.48 5.15 4.73 4.22 3.63 3.00 2.38 .527 20. 5 .  
JUN 6.37 6.34 6.16 5.84 5.41 4.89 4.28 3.60 2.91 2.25 .558 25. 5 .  .......................................................................... 
Ja 6.40 6.40 6.25 5.96 5.55 5.05 4.44 3.75 3.06 2.36 .571 28. 4 .  
AUG 5.88 6.02 6.03 5.89 5.63 5.25 4.76 4.17 3.49 2.82 .573 27. 4 .  
SEP 4.64 4.93 5.12 5.19 5.13 4.96 4.68 4,29 3.81 3.28 .537 23. 4 .  ......................................................................... 
W 3.67 4 .11  4.45 4.69 4.82 4.82 4.72 4.50 4.17 3.78 .542 17.  4 .  
H V  2.60 3.06 3.44 3.74 3.95 4.06 4.07 3.98 3.79 3.54 .510 9. 5 .  
DEC 2.08 2.50 2.87 3.16 3.38 3.52 3.56 3.52 3.39 3.21 .475 4.  5 .  
......................................................................... 
PBtT 1582. 1677. 1733. 1750. 1729. 1669. 1572. 1441. 1284. 1120. 



19.28 N LATITODE 
TILT (D UP 

lfmTE-- n n w  
EiX 10 20 30 40 50 60 70 80 ---- ---- --- 

JAN 4.26 4.74 5.11 5.36 5.41 5.47 5.33 5.05 4.66 4.19 .573 25. 6. 
FBB 4.96 5.37 5.64 5.79 5.80 5.66 5.40 5.00 4.50 3.92 .589 25. 6. 
1MB 5.71 5.95 6.01 6.00 5.82 5.50 5.05 4.50 3.85 3.16 .60(1 25. 7. 
---I--- ----------------- 
APBL 6.16 6.17 6.04 5.78 5.38 4.87 4.26 3.56 2.82 2.09 .595 25. 7. 
YUY 6.48 6.31 5.99 5.56 5.00 4.34 3.62 2.87 2.14 1.60 . a 5  26. 7. 
JUN 6.45 6.20 5.80 5.30 4.69 3.98 3.26 2.51 1.86 1.61 .598 27. 6. -- -------------- --------- 
Ja 6.07 5.87 5.54 5.10 4.56 3.93 3.26 2.56 1.92 1.a .564 28. 6. 
AW 5.90 5.83 5.64 5.33 4.90 4.37 3.75 3.08 2.39 1.77 .560 28. 5. 
SEP 5.47 5.60 5.60 5.47 5.22 4.86 4.39 3.83 3.20 2.54 .555 28. 6. 

OCT 4.96 5.27 5.46 5.52 5.46 5.27 4.96 4.51 4.01 3.43 .560 28. 6. 
NOV 4.53 5.01 5.37 5.60 5.70 5.65 5.47 5.16 4.72 4.21 .587 27. 7. 
DBC 4.13 4.64 5.05 5.33 5.49 5.51 5.39 5.14 4.77 4.31 .578 25. 7. 

WICHITA, kA 

37.63 N LILTITUm 
E TILT (DEG UP =OM HOBI 1 

KT ldI WS 
H[)BL 10 20 30 40 50 60 70 80 V m  

-_I--_Y---------_--------------------------__-----------_______ 

JAM 2.47 3601 3.47 3.85 4.13 4.30 4.36 4.31 4.15 4.09 .549 -1. 6. 

PEB 3.33 3.85 4.27 4.60 4.81 4.90 4.87 4.71 4.44 4.09 .568 2. 6. 

HAkI 4.43 4.85 5.16 5.34 5.40 5.32 5.12 4.80 4.36 3.86 .574 6. 7. 
-__I_---_-___---------------------_----------- 

APR 5.62 5.86 5.97 5.94 5.77 5.47 5.06 4.53 3.90 3.23 .584 14. 7. 

WAY 6.41 6.48 6.40 6.17 5.82 5.35 4.77 4.10 3.38 2.66 .590 19. 6. 

7.14 7.11 6.93 6.58 6.10 5.52 4.82 4.04 3.25 2.48 -624 24. 6. -- - -  ____C____ __-------------- ------ 
JUL 7.06 7.07 6.93 6.62 6.18 5.62 4.95 4.17 3.39 2.59 .629 27. 5. 

AW 6.41 6.59 6.62 6.50 6.23 5.83 5.29 4.64 3.90 3.14 .628 26. 5. 

SEP 5.09 5.47 5.71 5.83 5.80 5.63 5.33 4.91 4.37 3.77 .600 21. 5. 
-----__---II-_-----___----_CI-------------------------- 

OiX 3.94 4.47 4.90 5.20 5.38 5.42 5.33 5.11 4.76 4.33 .601 15. 6 .  
NOV 2.74 3.29 3.75 4.13 4.40 4.56 4.60 4.52 4.33 4.19 -563 7. 6 -  

DEC 2.18 2.68 3.12 3.48 3.75. 3.93 4.01 3.98 3.85 3.79 -526 1. 5 -  
____-__--___________--------___1---1_---------------- 

IWT 1731. 1849. 1925. 1955. 1940. 1882. 1779. 1636. 1462. 1283. 



WICHITA PALLS, TX 

33.97 N LATITUDE 
ACE TILT (DEGREES UP PROM EOUZOWTU) 

KT TM WS 
10 20 30 40 50 60 70 80 VEirr 

------------_.---------------------------------- 

JAN 2.71 3.21 3.63 3.96 4.19 4.32 4.34 4.25 4.05 3.92 .532 5. 5. 

FEB 3.54 4.01 4.39 4.66 4.82 4.87 4.79 4.60 4.29 3.92 .551 7. 5. 

IMB 4.64 5.02 5.28 5.41 5.42 5.30 5.06 4.69 4.22 3.70 .569 12. 6. 
---------- 7-------------__C_-------------------------- 

APR 5.55 5.74 5.79 5.72 5.51 5.19 4.75 4.21 3.58 2.92 .564 18. 6. 

MAY 6.36 6.38 6.25 5.99 5.60 5.11 4.50 3.81 3.11 2.40 .583 22. 5. 

JUN 7.00 6.93 6.70 6.31 5.81 5.20 4.48 3.72 2.93 2.20 .615 27. 5. 

JUL 6.83 6.79 6.60 6.26 5.80 5.23 4.55 3.80 3.04 2.30 .610 29. 5. 
AIJG 6.21 6.33 6.31 6.14 5.84 5.42 4.87 4.22 3.50 2.78 .600 29. 5. 
SEP 5.04 5.35 5.53 5.58 5.50 5.30 4.97 4.53 3.99 3.39 .571 24. 5. .................................................................. 
OCT 4.07 4.54 4.90 5.15 5.27 5.26 5.12 4.86 4.48 4.03 .576 18. 5. 
NOV 3.01 3.52 3.95 4.28 4.51 4.62 4.61 4.49 4.26 3.95 .551 11. 5. 
DEC 2.52 3.02 3.45 3.80 4.05 4.20 4.24 4.18 4.01 3.77 ,530 6. 5. 

PET 1751. 1852. 1911. 1925. 1896. 1825. 1712. 1561. 1382. 1193. 

41.33 N LATITUDE 
SWACE TILT (DEGREES UP FBOM HORIZONTAL) =------------------------------------------------------ KT TBd WS 

10 20 30 40 50 60 70 80 V m  ....................................................................... 
JAN 1.44 1.71 1.95 2.14 2.28 2.37 2.40 2.38 2.29 2.19 .370 -4. 4. 
FEB 2.17 2.48 2.73 2.93 3.05 3.11 3.09 3.00 2.84 2.64 .411 -2. 4. 
MAE 3.13 3.40 3.61 3.74 3.78 3.73 3.61 3.40 3.12 2.80 .431 2. 4. ...................................................................... 
APR 4.22 4.41 4.50 4.49 4.38 4.19 3.90 3.54 3.11 2.65 .452 9. 4. 
MAY 5.01 5.09 5.05 4.91 4.66 4.34 3.94 3.46 2.92 2.40 .464 15. 4. 
JUN 5.55 5.56 5.46 5.24 4.91 4.51 4.03 3.48 2.91 2.33 .484 20. 3. .................................................................... 
Ja 5.50 5.54 5.47 5.28 4.97 4.59 4.12 3.58 3.00 2.42 ,491 22. 3. 
Am 4.77 4.92 4.96 4.89 4.71 4.45 4.09 3.66 3.15 2.64 ,476 21. 3. 
SEP 3.77 4.05 4.23 4.32 4.31 4.20 4.00 3.72 3.35 2.96 .466 17. 3. 

- - - - -  - - ~ - ~  - - - - - -  ~ 

OCT 2.73 3.08 3.37 3.57 3.69 3.73 3.67 3.53 3.31 3.06 .455 11. 3. 
NOV 1.54 1.80 2.02 2.20 2.32 2.40 2.41 2.37 2.27 2.24 .362 5. 4. 
DEC 1.16 1.38 1.56 1.72 1.83 1.91 1.93 1.91 1.85 1.86 .331 -1. 4. ....................................................................... 
YET 1249. 1323. 1368. 1383. 1367. 1325. 1254. 1157. 1038. 918. 



35.02 N LAT 
SURFACE TILT (D S UP ......................... 1 ----- m m w  

IfOB 10 20 30 40 50 60 70 80 ------ ---- --------- 
JAN 3.10 3.76 4.33 4.79 5.13 5.33 5.39 5.31 5.10 4.86 .629 0. 3.  
FEB 4.18 4.84 5.38 5.79 6.05 6.15 6.10 5.88 5.52 5.06 .668 3 .  4 .  
MAR 5-62 6-17 6.57 6.80 6.86 6.75 6.47 6.03 5.44 4.76 .699 7 .  4 .  
----I-----_. - ----- -------- 
APR 7.19 7.51 7.64 7.59 7.34 6.92 6.33 5.59 4.72 3.79 .736 12. 5 .  
MY 8.18 8.24 8.10 7.75 7.24 6.57 5.75 4.80 3.82 2.83 .750 17. 5 .  
JUN 8.55 8.47 8.19 7.70 7.06 6.29 5.37 4.37 3.36 2.41 .750 23. 5.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
JOL 7.40 7.38 7.18 6.82 6.32 5.70 4 . N  4.12 3.28 2.16 .660 25. 4 .  
AUO 6.75 6.91 6.91 6.74 6.42 5.96 5.37 4.66 3.85 3.05 .65S 24. 4 .  
SEP 6.07 6.52 6.80 6.92 6.86 6.63 6.24 5.70 5.03 4.26 .694 20. 4 .  

OCT 4.77 5.41 5.93 6.29 6.49 6.52 6.39 6.09 5.64 5.08 .689 13.  3 .  
WV 3.53 4.23 4.84 5.32 5.66 5.85 5.89 5.77 5.50 5.12 .665 6 .  3 .  
DEC 2.82 3.48 4.04 4.51 4.86 5.08 5.17 5.12 4.93 4.65 .617 0 .  3 .  

46.57 N LATITUDE 
SOBPACE TILT (DEGREES UP mBIZWAL) 

mm------------------------------------------------ m rn WB 

EOR 10 20 30 40 50 60 70 88 VERT ................................................................. 
JAN 1.15 1.44 1.69 1.91 2.08 2.20 2.26 2.27 2.22 2.14 .385 -2. 3 .  
PEB 2.09 2.50 2.86 3.14 3.35 3.48 3.52 3.47 3.33 3.14 ,473 2 .  3 .  4 

MAR 3.54 3.99 4.35 4.61 4.75 4.78 4.69 4.49 4.19 3.81 .540 5 .  4 .  ...................................................... 
APB 5.04 5.37 5.58 5.65 5.60 5.42 5.11 4.70 4.18 3.59 .565 10. 4 .  

MAY 6.33 6.52 6.56 6.45 6.19 5.80 5.31 4.70 4.00 3.29 .595 15.  4 .  
JlJN 6.84 6.92 6.85 6.64 6.28 5.80 5.22 4.54 3.79 3.06 -597 19. 4 .  
............................... --------_------ 
JDL 7.43 7.59 7.58 7.39 7.02 6.52 5.89 5.14 4.28 3.45 .668 22. 3 .  

AUG 6.22 6.55 6.72 6.73 6.57 6.27 5.84 5.27 4.59 3.85 .641 21. 3. 

SEP 4.67 5.18 5.57 5.82 5.92 5.88 5.70 5.37 4.92 4.39 .623 16. 3 .  

OCT 2.80 3.30 3.71 4.04 4.26 4.38 4.39 4.29 4.08 3.83 -539 9 -  3 -  

NOV 1.40 1.73 2.03 2.27 2.46 2.59 2.66 2.66 2.59 2.55 -414 3.  3 -  

DEC -93 1.17 1.38 1.56 1.71 1.81 1.87 1.88 1.85 L.86 -354 0 .  2 -  
......................... -I_----------------- 

YET 1478. 1593. 1672. 1713. 1712. 1673. 1597. 1485. 1339. 1185. 



59.52 N LATI 
UP FRW HORI 

10 20 30 40 50 60 70 80 ..................................................................... 
JAN .32 .49 .65 .80 .92 1.02 1.09 1.14 1.15 1.24 .332 -5. 3. 
FElB .84 1.10 1.34 1.54 1.71 1.84 1.91 1.94 1.92 1.94 .367 -2. 4. 

1.97 2.33 2.64 2.89 3.07 3.18 3.21 3.16 3.03 2.88 .429 -1. 3. ............................................................. 
APR 3.31' 3.61 3.84 3.98 4.04 4.00 3.87 3.66 3.37 3.03 .438 2. 3. 
M Y  4.00 4.16 4.25 4.25 4.17 4.00 3.76 3.46 3.09 2.69 .399 6. 4. 
JTN 4.24 4.33 4.35 4.28 4.15 3.94 3.65 3.32 2.94 2.51 .375 10. 3. ...................................................................... 
JUL 3.81 3.91 3.94 3.90 3.79 3.61 3.37 3.08 2.74 2.36 .353 12. 3. 
AIJa 2.97 3.14 3.24 3.28 3.25 3.16 3.00 2.80 2.54 2.27 .343 12. 3. 
SBP 2.00 2.23 2.42 2.55 2.63 2.65 2.62 2.52 2.37 2.23 .348 9. 3. ................................................................... 
I)C;T 1.08 1.34 1.56 1.75 1.90 2.00 2.05 2.05 2.00 2.07 .352 5. 4. 
WV .43 .62 .73 .94 1.08 1.18 1.25 1.29 1.30 1.56 .332 0. 4. 
D W  .I6 .23 .29 .35 .40 .44 .47 .48 .49 .85 ,246 -2. 4. ........................................................................... 
PBT 766. 858. 893. 930. 947. 944. 920. 879. 819. 780. 





.. Honthly OptiaPrrsl Tilts- 
Tilt Angle (sl) bstresu the Plans of the 

Flat Array and Horizontal for Optimum Incident Energy . 
Month sl((Dsgre6 r .. _YI-...........-......-........... 
January .................................... $ + 29 

February ................................... $ + 18 

March ...................................... $+  3 

April ...................................... $- 10 

May ........................................ $ - 22 

....................................... June $- 25 

. July ....................................... $ 24 

. August ..................................... $ 10 

September .................................. $- 2 

October .................................... $ + 10 
................................... November $+  23 

December ................................... $ + 30 

*Array is assamad to be south facing 

**$ is latitude in degrees 



Sinusoidal  
L o a d s  

R a t i o  o f  

Prom Code No. 92 

Pam NO. A d 6  A-88 

Hour  

o f  

P e a k  

Monthly Average Daily Load Shapes for Which Data Are Given in Table III. 
(The n~mber A-xx shorn for each shape is the gage nmber in this appendix 

on which the correrponding system perfomance graphs can be fo-d) 

TABLE 111 KEP 



Only the load shape is important in selecting the proper graph. 
The magnitude of the load enters through the parameter QE/L. 
These shapes encompass a11 the two-digit SIC applications 

listed in Ref. 7. 



Bimodal 
Loads 

Monthly Average Daily Load Shapes for Wbich Data Are Given in Table III. 
(The nwber A-xx shorn for each shape is the page a m b e r  in this appendix 

onwhich the corresponding system perfomance graphs can bo foond) 

TABLE 111 KEY 



Only the load shape is important in selecting the proper graph. The 
magnitude of the load enters through the parameter QEIL. These shapes 

encompass all the two-digit SIC applications listed in Ref. 7. 



LOAD PROFILE 

FEBRUARY 
MARCH 
APRk 
AUGUST 
SEPTEMBER 

MAY 

SOLAR FRACTION 

STORAGE PARAMETER POTENTIAL SOLAR FRACTIQN 

~ h l ( r n ~ 0 ~ )  

NOVEMBER 

DECEMBER 

JANUARV 

KEY for reading TABU III 



S P R I N G - F A L L  

TABLE IIi  S Y S W  mWWCE O W H I  
For Reading Key See Page A-63 

WINTER 
QE/L 



.oo 

TABLE I11 BY 
For Reading Pep Iee Page A 4 3  

SPR I NG-FALL 



S I N U S O I D R L  

TABLE I11 SY 
For Beading Key Sea P a ~ e  A-63 

I W I N T E R  I 



%'.oo I 1  6.00 -00 
T I M E  OF DRY 

TABLE 111 SY 
Pot  Reading Key See Page A-63 

SPRING-FRLL 

0 

W I N T E R  
0 



TABLE I11 
For  

6'. 00 19.00 1b.00 2k.00 
T I M E  OF D A Y  

Reading Key See Page A-63 

0 

W I N T E R  
0 



1h.00 ib.00 25.00 
TfHE OF DAY 

or Pardin8 fay Ssr P r ~ r  A-63 



SPRI NG-FRLL 

TABLE 111 SY 

W I N T E R  I 



INUSOIDRL#12.3 

l l . 0 0  lb.00 2 i  

LE I11 S Y S m  PEBF 
Reading Key Bee Pn 

0 

SPRING-FALL 
0 



S P R I N G - F R L L  

WINTER 
QE/L 



.OO 
T I H E  OF DRY 

TABLE 111 SP a GWHS 
Pot Beadin& Kay See Page A-63 

0 

W I N T E R  
b 



SPRING-FRLL 

I W I N T E R  1 



db:.oa s'.oo 15.00 1b.00 21.00 
T I M E  OF DAY 

TABLE I11 9Y 
For Beading P 



S P R I  NG-FRLL  

WINTER 
QE/L I 



.DO 
T I H E  OF DRY 

a GBAPEIS 
For Peading Esy Sss Pals A-63 

0 

WINTER 
D PE/L 



SPRING-FALL S I N U S O I D A L # l S ~  

TABLE I11 SYS1gM PERFORMANCE GRAPES 
For Reading Key See Page A-63 

. 



.oo 
T l H E  OF D A Y  

TABLE I11 SY CE O W B S  
For Reading Isy Sea Page A-63 

SPRING-FALL 



S P R I N G - F A L L  

;b:.oo 61.00 1b.00 tb.00 2 i  
TIME OF O A Y  

0 

WINTER 
o QE/L 



For Beading Key 9ss Page A-63 

SPRING-FRLL 



S P R I N G - F A L L  

TABLE I11 SYSTEM 
For Reading Key See Page A-63 

WINTER 
QE/L 



.oo 
T I H E  OF DAY 

TABLE 111 SYSTEM CE GWHS 
For Reading Key See Page A-63 

SPRING-FALL 

W I N T E R  



TABLE 111 SYSTEM PEBP 

W I N T E R  
QE/L 



TABLE I11 BY G W 8 8  
Por Readin8 Kay Sae Page A-63 

SPRING-FALL 

WINTER 
OE/L 



S P R I N G - F R L L  

TABLE 111 SY 
For Beading Key h e  Page A-63 

I WINTER I 



TABU 111 S Y S W  
For Beading Key Sea Page A-63 

SPRING-FALL 

C) 

WINTER 
PE/L 



SPRING-FALL 

W I N T E R  



TABLE 111 S Y m M  GBMBHS 
For Beading Key See Page A-63 



SLIMMER 

TABLE I11 SYSTEM 

WINTER 
QE/L 



TABLE I11 SYSTEM CE GRAPHS 
For Beading Key Soo Page A-63 

SPRING-FALL 



SPRING-FRLL 

TABLE I11 SY 
For Beading Key See Page A d d  

WINTER 
QE/L 



TABLE 111 SY 

SPRING-FALL 



S P R I N G - F A L L  
UNIMOD 

TABLE I11 SYSTEM 
For Reading Key Sae Page A-63 

W I N T E R  
QE/L 



TABU I11 SY 
For Readin8 Key gee Page A-63 



S P R I  NG-FALL 

0 

WINTER 
S QE 



I 

. ao 
TIME OF DRY 

TABLE I11 S P m Y  PE 
For  Readin8 Key See Page A-63 

m 
W I N T E R  

o QE/L 



0 

SLIMMER 
9 QE/L 

1.2 

1 .o 

0 .B 

0.6  

0 .4  

0.2 

B/A r )  

0 

WINTER 
o QE/L 



q . 0 0  si.oo ~ h . o o  1b.00 2'4.00 
T I H E  DF D A Y  

TABLE 111 SYSmd 
For Reading Key See Page A-63 

SPR I NG-FRLL 

0 

W I N T E R  
0 



S P R I N G - F A L L  

WINTER 
QE/L 



4.00 6l.00 1k.00 l b . 0 ~  2k.00 
T I M E  OF D A Y  

TARLE III SYSmM PeaF 
For Reading Key See Page A-63 

W I N T E R  
QE/L 



SPR I NG-FflLL 

15.00 1b.00 22 
TIME OF D A Y  

TABLE I11 SYSTEM PERFORMANCE GRAPHS 
For Rending Key See Page A-63 

0 

W I N T E R  
o QE/L 



cb'-00 5'.00 l!2-00 lb.00 2h.00 
T I M E  OF D A Y  

TABLE I11 SYSTEM PEm 
For Reading Kay See Page A-63 

0 

S P R I N G - F A L L  

WINTER 
BE/L 



0 

S P R I N G - F R L L  
QE/L 

1.2 

1 .o 

0.8  

0.6 

LL 

0 - 4  

0.2 

0 

SUMMER 
3 QE/L 

1.2  

1 .o 

0.8  

0.6 

0.4 

0 .2  

B I M  

T I H E  OF D A Y  

TABLE 111 sysmm PEBFOBWLNCE GRAPHS 
For Reading Key See Page A-63 

WINTER 
QE/L 
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WORKSHEET 1 

Location Tr = [Cl I3 = [C-ll 

Latitude 'Ir = [%I = [%I 
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