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A m d e l  i s  p re sen ted  t o  c h a r a c t e r i z e  s o l a r  
r a d i a t i o n  with j u s t  t h r e e  i npu t  parameters  
f o r  each day. This  -compressed d a i l y  r ad i a -  
t i o n  da t a  may .be  used i n  p lace  of h o u r l y  
d a t a  i n  s i m u l a t i o n s  of pas s ive  s o l a r  
bu i ld ings .  

T h i s  m t h o d  is t e s t e d  with t he  SUNCAT pas- 
s i v e  s imu la t ion .  Global h o r i z o n t a l  and 
d i r e c t  normal r a d i a t i o n  da t a  a r e  i npu t  us ing 
the  compressed d a i l y  form i n s t e a d  of by 
hour .  S imula t ion  r e s u l t s  a r e  found t o  be 
comparable t o  r e s u l t s  based on hour ly  r a d i a -  
t i o n  da t a .  

Ana lys i s  of pass ive  s o l a r  bu i ld ings  i s  done 
most a c c u r a t e l y  with hour ly  s i m u l a t i o n s .  
.Although u s e f u l  t o  . r e s e a r c h e r s ,  annua l  
hour ly  s i o u l a t i o n s  a r e  o f t e n  i n a c c e s s i b l e  t o  
d e s i g n e r s  because they a r e  m n  on a  m i n -  
frame computer. A t t enp t s  t o  use an  h o u r l y  
s i m u l a t i o n  on a  minicomputer have been 
hampered by the need f o r  17,000 hour ly  d a t a  
bnputs f o r  g l o b a l  h o r i z o n t a l  and d i r e c t  
nollaal s o l a r  r a d i a t i o n .  

Th i s  paper d e s c r i b e s  a  w y  t o  c h a r a c t e r i z e  
each s o l a r  r a d i a t i o n  component with j u s t  s i x  
i npu t  parameters  f o r .  each day-three f o r  
g l o b a l  h o r i z o n t a l  and t h r e e  f o r  d i r e c t  
normal r a d i a t i o n .  I f  s u c c e s s f u l ,  t h i s  
nethod would reduce t h e  number of d a t a  
i n p u t s  needed f o r  yea r ly  s o l a r  r a d i a t i o n  
Erm 17,000 t o  2,300, and n a b  hollrly simu- 
l a  t i o n  with minicomputers more f e a s i b l e .  
This se thod .as t e s t e d  with the  SUNCAT pas- 
s i v e  s imu la t ion .  We assume c l ~ a L  a SL'PICAT 
program ope ra t ing  on a  mi+-computer would 
work by t ak ing  che t h r e e  r a d i a t i o n  para- 
a e t e r s  fo r  each day, c a l c u l a t i n g  24 hour ly  
r a d i a t i o n  va lues ,  and f ind ing  the b u i l d i n g  
performance f o r  the  day. Accuracy i s  gauged 
by comparing t h e  r e s u l t s  of SU?ICAT with  
d a i l y  r a d i a t i o n  da t a  t o  the  r e s u l t s  - 4 t h  
a c t u a l  h:>usly daeo. 

Da i ly  r a d i a t i o n  is most e a s i l y  modeled a s  a 
s i n e  curve  of t h e  form: 

Q ( t )  = A c o s  wt [ 1 1  

wi th  t being t h e  hour and s o l a r  noon being 
zero.  This  e q u a t i o n  has  two c o n s t a n t  
parameters ,  t h e  ampl l tude  A and pe r iod  w. 
The u s u a l  method f o r  d e s c r i b i n g  d a l l y  r ad l a -  
t i o n  is t o  s e t  w  f o r  each day acco rd ing  t o  
t h e  day l e n g t h  from s u n r i s e  t o  s u n s e t  (1). 
The ampl i tude  is then set t o  a s s u r e  t h a t  
t o t a l  d a l l y  r a d i a t i o n  i n  t h e  s i n u s o l d a l  
model i s  equa l  t o  t h e  a c t u a l  d a i l y  t o t a l .  
The r e s u l t i n g  va lues  a r e :  

where t d  i s  t h e  day l e n g t h  and QT t h e  t o t a l  
d a i l y  r a d i a t i o n .  

Figr.rre 1 compares t h i s  d a i l y  r a d i a t i o n  node1 
wi th  a c t u a l  hour ly  weather da ta .  .As shown 
i n  t he  f i g u r e ,  t h e  model s h a r p l y  unde res t i -  
mates r a d i a t i o n  du r ing  t h e  hours  of maximum 
i n s o l a t i o n  and o v e r e s t i m a t e s  r a d i a t i o n  dur- 
ing  off-peak hours.  

An a l t e r n a t i v e  i s  eb s e t  L l i i  paramotors 4 
and w based not  on day l e n g t h ,  but on t h e  
maximu~n r a d i a t i o n  f o r  :he day. I n  t h i s  
ne thod,  t h e  ampi l tude  A i s  chosen t o  equa l  
t h e  maximum hour ly  r a d i a t i o n  (Q,), s o  t h a t  
t he  maxinum h o u r l y  r a d i a t i o n  i n  t h e  model 
v i l l  be equa l  t o  t he  a c t u a l  d a i l y  maxi~um. 
The pe r iod  w i s  then s e t  so  t h a t  t o t a l  r a d i -  
a t i o n  e q u a l s  t h e  a c t u a l  d a i l y  t o t a l .  Sucn a  
~ e t h o d  r e s u l t s  i a  the fo l lowing  va lues  f o r  
Fe r lod  and ampl i tude:  

A = 0, and a - Z A I Q y  ( 3 1  

.is shown in  Cig. 2, t h i s  node1 i s  much no re  
a c c u r a t e  than the  nodel  based on day l eng th ,  
but i t  s l i g h t l y  o v e r e s t i m a t e s  r a d i a t i o n  a t  
midday. .\ icore a c c u r a t e  model vould be a 
combination of :kese t ~ o  netbods:  
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Fig. 1. Da i ly  R a d i a t i o n  Model Based on 
Length of Day Conpared t o  Hourly 
Data  
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Pig. 2. Da i ly  Rad ia t ion  Pbdel  Based on Maxi- 
mm R a d i a t i o a  Compared t o  Eour ly  
Data 

.A = f l ( Q m )  + f2[[  L / ~ ) ( ~ ) Q , ]  and [ & I  
'd 

rJ = ? A / ? ~  

n e  c o e f f i c i e n t s  C I  and f 2  a r e  we iah t ing  
f a c t o r s  :hat add t o  u n i t y .  Typica l  v a l u e s ,  
3F f l  and f 2  a r e  0.6 and 0.4, r e s p e c t i v e l y .  

.\ r ecen t  s tudy i n v e s t i ~ a t e d  t h e  use  of t h e s e  
d a i l y  r a d i a t i o n  models i n  s i n u l a t i o n s  oE 
a c t i v e  s o l a r  h e a t i n g  systems ( 2 ) .  I t  con- 
c luded t h a t  s i n u l a t l o n s  ui:h t he  d a i l y  r a d i -  
s c ion  model us ing Eq. 3 '3r y i e l d  r e s u l t s  
.:onparable t o  s imu la t  ions  with hour ly  data .  

Uslng d a l l y  r a d l a t l o n  models i n  s l m u l a t l o n s  
of p a s s l v e  s o l a r  sys tems 1s more d l f -  
f l c u l t .  The models previously d e s c r i b e d  
always r eco rd  maxlmum r a d i a t l o n  a t  noontlme, 
whether t h e  a c t u a l  maxlmum o c c u r s  i n  t h e  
mornlng, noon, o r  a f t e rnoon .  This  i s  ade- 
q u a t e  f o r  s imu la t ion  of a c t i v e  sys tems,  
s i n c e  a c t l v e  system performance depends 
mostly on the  magnltude of s o l a r  r a d l a t l o n  
and l e s s  on t h e  t lme of day. Pas s ive  sys tem 
performance,  by c o n t r a s t ,  i s  sensitive t o  
t h e  t lme of day a s  w e l l  a s  t h e  r a d l a t l o n  
magnltude. Consequently,  t h e  d a l l y  r ad i a -  
t l o n  model desc r ibed  above w i l l  be modif led  
t o  r e f l e c t  t h e  t lme of day. 

The m o d l f i c a t l o n  works a s  fo l lows.  Three 
Lnputs a r e  r equ l r ed  f o r  each day: t o t a l  
r a d l a t l o n  QT, maxloum r a d l a t l o n  Q,, and t h e  
hour of maximum r a d i a t i o n  tm. Hourly r ad l a -  
t l o n  v a l u e s  a r e  c a l c u l a t e d  us lng  t h e  s lnu -  
s o i d a l  formula. The o r d e r  of t hose  h o u r l y  
va lues  i s  then scrambled so  t h a t  t he  maxinum 
r a d l a t l o n  occurs  a t  t h e  proper  hour.  I f ,  
f o r  example, t h e  t ime of maxlmum r a d l a t l o n  
occu r s  In  mid-afternoon, t h e  peak r a d i a t i o n  
va lues  would be s h i f t e d  t o  mid-afternoon and 
t h e  s m a l l e r  a f t e r n o o n  va lues  would be 
sh lE ted  t o  morning and midday. The e q u a t i o n  
used t o  c a l c u l a t e  modifled h o u r l y  r a d l a t l o n  
va lues  is 

where QH i s  t h e  r a d i a t i o n  f o r  t h e  h o u r l y  
pe r lod  ending a t  t ime tK. Both the  tlme tH 
and t h e  hour of maxinum r a d l a t l o n  t, a r e  
exp res sed  he re  a s  i n t e g e r s  from I t o  2 4 ,  
wi th  12 r e p r e s e n t i n g  noon. Imod Is a  func- 
t i o n  of t and t, wi th  va lues  shown I n  
Table 1. q l g u r e  3 shows t h e  r e s u l t s  of t h i s  
modif l ed  d a i l y  r a d i a t i o n  model and compares 
i t  wi th  hour ly  da t a .  

Compressed weather d a t a  and t h e  modif ied  
d a i l y  r a d i a t i o n  model w i l l  be used with t h e  
SUNCAT-2.h pas s ive  computer s imu la t ion .  
i k s u l t s  w i l l  be compared wi th  SUNCtT s lmula-  
:ion us ing  hnur ly  r a d i a t i o n  da t a .  

The d a l l y  r a d i a t l o n  model 1 s  used wi th  t h e  
SU?ICAT simulation i n  t h e  fo l lowing  nanner .  
SUNCAT c o n s i s t s  of two programs, iJCAT1 and 
iJCAT2. WC4T1 i s  a  r a d i a t l o n  p roces s ing  
s:age t h a t  generaces  t r a n s n i t t e d  radiation 
data  f a r  ~ p o c i f i c  v i  ndow c o n f i g u r a t i o n s .  
YCXTl i s  e s s e n t i a l l y  an a l g o r i t h m  f o r  gener- 
a t i n g  t i l t e d  r a d i a t i o n  values .  I n p u t s  a r e  
hour ly  va lues  !or hoth g l o b a l  h o r i z o n t a l  anri 
d i r e c t  n o r s a l  r a d i a t i o n .  l 3 e  o ~ l t p u t  i s  t he  
t o t a l  hour ly  transmitted r a d i a t i o n .  The 
second s t a g e ,  VC.AT2, i s  :he a c t u a l  S u i l d i 3 g  
s i a u l a t i o n ,  u s ing  t h e  hour ly  t r a n s m i t t e d  
r a d i a t i o n  d a t a  s ene ra t ed  by WCAT1. To be 
u s e f u l ,  t h e  d a i l y  r a d i a t l o n  nodel  must be 
used u i t h  eazh s t a g e  of S'JNCAT. Conse- 
q u e n t l v ,  t h ~  d a i l y  rad' iacior.  model nus t  meet 
:wo c r i t e r i a :  i t  must m d e l  i nc iden t  s o l a r  



Table 1. VALUES OF TEE RIIE-OF-DAY ~DIPICATION 
w a o a  ( * 

*Values show IMoD a s  a  f u n c t i o n  of i n t e g r a l  hour of 
t h e  day ( t H )  and hour of maximum i n s o l a t i o n  (t,). 
Both tH and t ,  a r e  p re sen ted .  
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- Unmodified Daily Radiation Model 
----- Modified Daily Radiation Model 
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- Hourly Data 
----- Values Generated by 

Daily Radiation Model 

(a) Modlflcatlon In Daily Radlatlon Model (b) Comparlson wlth Hourly Data 

F ig .  3. Dai ly  Rad ia t ion  k d e l  M d i f i e d  t o  R e f l e c t  Tlme of Day Compared  to^ Hourly Data f o r  a  
Day v i t h  Maximum I n s o l a t i o n  Occurr ing  i n  Afternoon 

radiation a c c u r a t e l v  enough Eor t h e  pas s ive  ;he  modified SUNCAT uses  compressed weather 
s i m u l ~ t i o n  ('JUT?), end i t  must a l s o  model d a t a  t o  exp res s  both g l o b a l  h o r i z o n t a l  and 
b l o b a l  h o r i z o n c a l  and d i r e c t  normal r ad i a -  d i r e c t  normal r a d i a t i o n .  The iJCAT1 s t a g e  
t i o n  wi th  s u f f i c i e n t  accuracv co calculate g c n c r a t c s  hourLv va lues  Eor q l o b a l  h o r i -  
ti?:ed r a d i a t i o n  values  ( W a T l ) .  , z o n t a l  and d i r e c t  normal r a d i a t i o n ,  ca lcu-  



l a t e s  hour ly  t r a n s m i t t e d  r a d l a t l o n  v a l u e s ,  
and o u t p u t s  t h e  t r a n s m i t t e d  r a d i a t i o n  a s  
d a i l y  r a d i a t i o n  da t a .  The GICATZ s t a g e  
a c c e p t s  t h e  d a i l y  t r a n s m i t t e d  r a d i a t i o n  d a t a  
and c a l c u l a t e s  hour ly  v a l u e s  f o r  slmula- 
t l o n .  I n  t h i s  way, t h e  SUMCAT program on ly  
ho lds  24 hour ly  r a d l a t l o n  v a l u e s  a t  one 
time. The 17,520 r a d i a t i o n  d a t a  i n p u t s  f o r  
WUT1 and ' 8,760 l n p u t s  f o r  CJCAT2 a r e  
r ep l aced  by 2,300 and 1,190 I n p u t s ,  respec-  
t i v e l y .  The n o d l f l c a t l o n  adds  15 FORTRAN 
s t a t emen t s  t o  WCATl and 5 s t a t e m e n t s  t o  
WCAT2. 

Dai ly  r a d l a t l o n  Ls c a l c u l a t e d  us ing-  Eqs. 1 ,  
4 ,  and 5. The c o e f f l c l e n t s  f l  and f 2  i n  
Ea. 4 a r e  s e t  a s  fo l lows :  

For g l o b a l  h o r i z o n t a l  r a d i a t i o n  
f 1  = 0.6 and f 2  = 0 . 4 .  . 

For d i r e c t  no&l r a d i a t i o n  f l  = 1 
and f 2  = 0. 

For i n c i d e n t  r a d i a t i o n  f l  = 0.7 
and f 2  = 0.3. 

These c o e f f i c i e n t s  a r e  a s s igned  d i f f e r e n t  
va lues  because of t he  changing r e l a t i v e  
importance of the  l e n g t h  of day. Hourly 
va lues  of t h e  d i r e c t  normal r a d i a t i o n  
r e f l e c t  t he  hours of b r i g h t  sunshine  r a t h e r  
than the  a ~ t u a l  day l eng th .  Consequent ly ,  
t h e  ~ w i g h t i n g  f a c t o r  f o r  day l e n g t h  f 2  i s  
s e t  a t  zero.  

m e  t e s t  of t he  compressed forms of s o l a r  
r a d i a t i o n  data  involved running t u ~  b u i l d i n g  
models (a  high mass c a s e  and a  low mass 
c a s e )  through the  SUNCAT programs. The 
b u i l d i n g  models e r e  developed f n r  an ongo- 
ing bu i ld ing  e n e r g  a n a l y s i s  s i m u l a t i o n  code 
v a l i d a t i o n  program a t  SERI. S lnu la  ti011 
r e s u l t s  based on the  compressed r a d i a t i o n  
d a t a  a r e  compared t o  s i s u l a t i o n  r e s u l t s  with 
r e g u l a r  hour ly  d a t a .  Typica l  ? f e t e o r o l o g i c a l  
Year ('MY) &:a from Albuquerque. N. S x . ,  
and Madison, Wfs., were chosen, a s  t h e s e  
c i t i e s  r ep re sen t  extremes i n  c l ima t  LC con- 
d i t i o n s  and provide a  good t e s t  of t he  d a t a  
conpres s ion  technique .  To examine t h e  
importance of the  time of day on pas s ive  
s i m u l a t i o n ,  t he  WCATZ compressed da t a  ca se  
was run twice:  once with the  modified d a i l y  
r a d i a t i o n  model and once with t he  o r i g i n a l  
( s ;mmetr ic)  d a i l y  r a d i a t i o n  model, wi th  nax- 
imum r a d i a t i o n  always occu r r ing  a t  noon. 

The r e s u l t s  of t he  SUYGT s imula t ion  runs  
a r e  shown i n  Table 1 and T i e s .  < and 5. 
Table 2 shows t h a t  yea r ly  h e a t ~ n g  loads  f o r  
t he  conpressed d a t a  runs  a r e  always w i t h i n  
2 . 2 2  o f .  t he  runs u s ing  hour ly  r a d i a t i o n  
va lucs  and ycnr1.1 coo l ing  loads  a re  w i t h i n  
1 .2%.  n e s e  e r r o r s  a r e  smal l  compared t c  

Results Based on 
(a) Hourly Data & 

(b) Compressed Data -+- 

J  F M A M J  J A S O N D  
Month 

Pig. 4. Gmpar i eon  of l b n t h l y  S imula t ion  
Besults: . Albuquerque. N. Uex. 

Results Based on 
(a)  Hourly Data - 
(b) Compressed Data - -0- - 

l 4  r 7 Heating 
Load 
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Fig. 5. Cospar ison o f  Monthly R e s u l t s :  
Madison, Ws. 



h b l .  2. m A 8 . Y  aMI I I saP  

Monthly 
Eourly Compressed Data Simulation H S  DeviationL* 

Data Building . Yearly Data 
Stations M e  Loads Simulation S y ~ s t r i c  Nodifled S y t r i c  Modified 

Albuquerque High h s s  Beating 10.76 10.57 (-1.8%) 10.53 (-2.2%) 3.1X 3.5X 
Cooling 42.68 42.38 (-0.7%) 42.34 ( 4 8 % )  3.6% 3.7% 

Albuquerque Lov Mass h a t i n g  39.35 39.30 (-0.1%) 39.15 (-0.5%) 1.6X 2.1X 
Coollng 75.25 75.20 (-0.1X) 75.03 (-0.3%) 2.6X 2.8X 

Madieon u g h  h a s  h a t i n g  55.41 55.18 (-0.4%) 55.18 (-0.4%) 0.6% 0.62 
Cooling 17.86 18.08 (+l.2%) 18.08 (+1.2%) 2.8% 2.82 

Madison LOW h s s  . h a t i n g  75.67 75.62 (-0.1%) 75.60 (-0.1%) 1.5% 1.5% 
Coollag 37.73 38.05 (+o.ax) 38.07 (+0.9%) 4.2% 4.1X 

-- 

*Loads are a l l  In HMBtu/yr. Percentage deviatioos between hourly data and compressed data simulatiom are 
shown. 

* * M S  deviation in mnthly load values bLeveea hourly data and comprcaaed data simulations 1s crpreseed here 
as a percentage of average wnthly  lomd. 

o t h e r  e r r o r s  (such a s  t h e  c h a r a c t e r i z a t i o n  
of i n f i l t r a t i o n  o r  ground coup l ing )  Lnherent 
i n  t h e  bu i ld ing  energy s i m u l a t i o n  p roces s .  
The monthly h e a t i n g  and coo l ing  loads ,  shown 
i n  Flgs.  4 and 5, show a  g r e a t e r  d ive rgence  
t h a n  t h e  y e a r l y  loads .  The d e v i a t i o n  
between compressed d a t a  runs  and hour ly  d a t a  
runs  i s  10% o r  l e s s  f o r  a l l  but a  few notiths 
w i th  smal l  h e a t l n g  o r  coo l ing  loads .  The 
a b s o l u t e  d i f f e r e n c e s  f o r  t hese  months a r e  
minlmal compared t o  t h e  average  monthly 
loads .  Table 2  shows t h e  roo tmean- squa re  
( M S )  d e v i a t i o n  i n  monthly loads ,  exp res sed  
a s  a  percentage  of t h e  average  monthly 
load. The l a r g e s t  IMS d e v i a t i o n  is 4.21. 

Table 2 a l s o  compares !?CAT? runs ,  us ing the  
symmetric d a i l y  r a d i a t i o n  model wi th  runs  
us.ine t h e  mod i f i ca t ion  t o  r e f l e c t  time of 
day. Table 1 shows no s i g n i f i c a n t  d i f f e r -  
ences  between t h e  symnietric and modif ied  
r a d i a t i o n  model r e s u l t s .  The re fo re ,  we con- 
c lude  t h a t  t h e  time-of-day mod i f i ca t ion  i s  
not necessary  i n  t h e  s i m u l a t i o n  s t a g e  
(WCAT2) but on ly  i n  t he  r a d l a t i o n  p roces so r  
( V U T l ) ,  xhich  c a l c u l a t e s  t l l e e d  LncldeltL 
r a d i a t l o n  values .  

Using. compressed weather d a t a  Ln the  r ad i a -  
t l o n  t i l t i n g  a lgo r l t hm is very  a c c u r a t e .  
Ca lcu la t ed  i n c i d e n t  r a d i a t i o n  va lues  based 
on compressed weather d a t a  may be compared 
wi th  c a l c u l a t e d  va lues  based on hour ly  
d a t a .  The c a l c u l a t e d  monthly t o t a l  i n c i d e n t  
r a d i a t i o n  va lues  ag ree  t o  w i t h i n  22 o r  
h e t t e r ,  and t h e  c a l c u l a t e d  annual  t o t a l s  
ag ree  t o  w i th in  0.5;;. 

A t r i a l  run m s  a l s o  n d e  us ing the  s:m- 
metri: r a d i a t i o n  node1 a s  i npu t  t o  bo th  
SUNCAT s t a g e s  i nc lud ing  t h e  r a d i a t i o n  
p roces so r .  Resu l t s  a r e  l e s s  a c c u r a t e  t han  
the  a s symne t r i c  runs ,  but of s u f f i c i e n t  
accu racy  to  be u s e f u l .  The e r r o r  i n  y e a r l y  
load c a l c u l a t i o n  i s  l e s s  than 4 % ,  and the  
e r r o r  i n  c a l c , ~ l a t e d  yea r ly  i nc idau t  r a d i a -  
t i o n  i s  2 2 .  Ve h e s i r a t e  t o  recommend use of 

t he  symmetric model i n  t h e  WCATl s t a g e  
because  i t s  accu racy  may depend on t h e  
b u i l d i n g  vindov c o n f i g u r a t i o n .  F u r t h e r  
r e s e a r c h  is neces sa ry  t o  de termine  vhe the r  
t h e  t i l t i n g  a l g o r i t h n  i n  t he  WCAT1 s t a g e  can  
be run a c c u r a t e l y  wi th  t h e  g l o b a l  h o r i z o n t a l  
and d i r e c t  normal r a d i a t i o n  i n p u t s  con- 
p re s sed  i n  symmetric form. 

4. CONCLUSION 

U t h o u g h  f u r t h e r  i n v e s t i g a t i o n  i s  needed, 
t h e  d a i l y  r a d i a t i o n  model p re sen ted  h e r e  
a p p e a r s  t o  be s u f f i c i e n t l y  a c c u r a t e  t o  be 
used i n  s i m u l a t i o n s  of pas s ive  s o l a r  bu i ld -  
i ngs .  Fur thermore ,  t h e  d a i l y  r a d i a t i o n  
model may be used a s  input  t o  an  a l s o r i t h m  
t h a t  g e n e r a t e s  t i l t e d  r a d i a t i o n  da t a .  We 
b e l i e v e  t h a t  use of d a i l y  r a d i a t i o n  models 
can  f a c i l i t a t e  t h e  development of pas s ive  
s o l a r  des ign  t o o l s  t h a t  may be run i r i thout  
t h e  a i d  of a  rain-frame computer. , 
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of t h e  U.S. Department of Energy. 

(1) a a r l e y ,  C. D. "Pass ive  S o l a r  % d e l i n g  
wi th  Daily Weather Data ,"  Zroceedings  of t h e  
Fnurth Xat ional  Pass ive  So la r  Conference ,  
Kansas i ' i ey ,  ?I0 (3 -3  October 1979). 

( 2 ) S i l l m a n ,  S. 1nves : iga t ion  of S inp le  
Dai lv  Q d i a t i o n  :.bdels S u i t a b l e  f o r  Us2 i n  
t h e  Design o f  So la r  R a t i n g  Systems, SERI/ 
RR-721-6:5, S o l a r  Energy Research I n s t i t u t e .  
Golden, CO. 

( 3 )  ? a l m i t e r ,  t. "SIiNCAT ' le rs ion  2.4 User 
Sotes ."  




