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On peut,  par un simple ca l cu l ,  es t imer  l16ne rg ie  n'ecessaire au 
chauffage des hab i t a t ions  en f a i s a n t  appel  b l a  not ion  de 
f a c t e u r s  s a i s o n n i e r s  d ' u t i l i s a t i o n  de  l ' gne rg ie  s o l a i r e  der iv6s  
d'une s imula t ion  s u r  ordlnateur  q u i  t i e n t  compte, chaque heure,  

des  donn'ees &t6otologiques  de cinq v i l l e s  du Canada. Ces 
f a c t e u r s  d ' u t i l i s a t i o n  son t  pr'esent'es pour d i v e r s  nlveaux de 
stockage thermique comme une fonct ion  du rapport  des appor ts  
s a l s o n n l e r s  de chaleur  s o l a i r e  b l a  charge sa i sonn i s re  du 
bbtiment. Les courbes son t  t r a c k s  pour des  temperatures 

in t ' e r i eu te s  cons tantes  e t  d e g  & a r t s  de temperature de l ' o r d r e  
de  2,75OS pt. de 5;5aC'. Les dinn'ees experimentales,  obtenues de 

l ' i n s t a l l a t i o o  d ' e s s a l  d e  c h a u f f a g e  s p l a i r e  p a s s i f ,  
corrqspondent aux donnk's  c s l cu l6es  b p a r t l r  des f a c t e u r s  
d ' u t i l i s a t i o n .  
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A Method for Estimating the Utilization 
of Solar Gain through Windows 

D.M. Sander S.A. Barakat 

ABSTRACT 

The heat ing energy requirements f o r  houses may be estimated by a simple ca l cu la t ion  using the  

concept of seasonal  s o l a r  u t i l i z a t i o n  f a c t o r s  derived from hour-by-hour computer s imulat ion 
of ac tua l  weather da ta  fo r  f i v e  Canadian locat ions.  These u t i l i z a t i o n  f a c t o r s  a r e  presented 
f o r  various l e v e l s  of thermal s torage  a s  a funct ion  of t he  r a t i o  of seasonal s o l a r  ga in  t o  
seasonal building load. Curves a r e  presented fo r  condit ions of constant room temperature and 
f o r  temperature swings of 2.75OC and 5.5OC. Experimental da t a  obtained from the  Passive Solar  
Test F a c i l i t y  a r e  shown to  agree with ca lcula t ions  using the  u t i l i z a t i o n  f ac to r s .  

INTRODUCTION 

The need f o r  a simple method of est imating the heat ing energy requirements of houses is widely 
recognized. Such a technique could be used f o r  comparing a l t e r n a t i v e s  i n  t he  design process 
and fo r  evaluat ing house designs t o  determine t h e i r  compliance with energy standards. An 
important component would be the  es t imat ion  of t he  amount of s o l a r  energy co l l ec t ed  through 
the windows s f  houses and u t i l i z e d  t o  o f f s e t  heat  losses .  It has been shown t h a t  south-facing 
double- and tr iple-glazed windows can be n e t  supp l i e r s  of energy during t h e  hea t ing  season f o r  
a l l  loca t ions  i n  southern Canada, provided t h a t  all  of the s o l a r  gains a r e  ut i1ized. l  I n  
r e a l i t y ,  however, i t  i s  poss ib le  t o  use only a f r a c t i o n  of t he  s o l a r  gains. The magnitude of 
t h i s  f r ac t ion ,  which w i l l  be r e fe r r ed  t o  a s  the u t i l i z a t i o n  f a c t o r ,  depends upon seve ra l  

parameters including geographical loca t ion ,  s i z e  and type of g l a s s ,  o v e r a l l  bui ld ing  hea t  
l o s s ,  thermal s torage  proper t ies  of the house, and the  allowable indoor temperature swing. 

A number of methods have been developed t o  es t imate  the  ne t  s o l a r  cont r ibut ion  t o  space 
hea t ing  f o r  direct-gain passive s o l a r  d e ~ i ~ n s . ~ - ~  One t h a t  i s  widely used i n  Canada and the  
USA is the s o l a r  load r a t i o  (SLR) method developed by the  Los Alamos S c i e n t i f i c  Laboratory. 
It has  been applied extensively t o  a l l  types of bui ld ings ,  desp i t e  t he  caut ion  t h a t  " the  
method is not appl icable  t o  the  ana lys i s  of low-mass sun-tempered buildings." 

It was the  objec t ive  of the present  study t o  develop a method of quantifying the  use fu l  
s o l a r  ga in  through windows t h a t  would be appl icable  t o  a l l  types of houses i n  a l l  c l ima t i c  
regions of Canada. A s  the scope of the  method was not t o  be l imi ted  to  passive s o l a r  houses, 
i t  was necessary t o  consider  s o l a r  hea t  ga ins  through a l l  windows (not  only those f ac ing  
south) a s  w e l l  a s  houses with d i f f e r e n t  amounts of thermal mass. The most important 
appl ica t ion ,  however, w i l l  be t he  eva lua t ion  of energy cons~mpt ion  i n  the  l ightweight  wood- 
frame houses prevalent  i n  Canada. In  addi t ion ,  it  was deemed des l r ab le  t o  base the  method on 
seasonal  r a t h e r  than monthly consmpt ion  t o  make i t  e a s i e r  t o  es t imate  the  seasonal  hea t ing  
energy required f o r  a house. This seasonal approach has ,  i n  f a c t ,  resu l ted  i n  a ca l cu la t ion  
procedure only s l i g h t l y  more d i f f i c u l t  t o  apply than the  deg reeday  method. 

This paper descr ibes  the development of the  method and presents  the s o l a r  u t i l i z a t i o n  
f a c t o r s  f o r  various amounts of thermal s torage  and t h r e e  va lues  of indoor temperature swing. 

D.M. Sander and S.A. Barakat, Division of Building Research, National Research Council of 
Canada, Ottawa. 



TBE OTILIZAT3[0N FACTOR CONCEPT 

Instantaneous Heat Balance 

The instantaneous (hourly) heat balance for a house is given by: 

h = lt + 1, + lb - gi -gs 
where 

h = instantaneous heating required 
It = instantaneous heat loss due to transmission through exterior walls, windows, 

ceilings, etc. 
1, = instantaneous heat loss due to air change with outdoors (infiltration plus 

ventilation) 
lb = instantaneous below-grade heat loss 
gi = instantaneous heat gain from internal sources (lights, equipment, people, etc. ) 
gs = instantaneous solar heat gain through windws 

There will be times when gains exceed losses. Under these conditions, the excess heat 

will be stored in the mass of the room, causing the room temperature to rise. In order to 
prevent it from rising above an acceptable limit, the excess heat gain must be eliminated. 
This may be done by closing the blinds, opening the windows, or operating a ventilating or 
air-conditioning system. A portion of the stored heat will become avatlable as useful heat 
when the room temperature drops to the thermostat setting. The remainder of the stored heat 
will have been wasted in the form of increased transmission heat loss through the walls owing 
to the rise in room air temperature. 

Seasonal Heat Balance 

The heat balance equation may be written for a longer time period, such as the heating 
season, by including a utilization factor to account for the usable portion of internal and 
solar gains. 

where 

H = total heating required for season 
Lt = seasonal total of heat losses due to transmission through exterior walls, windws, 

ceilings, etc. 

La seasonal total of heat losses due to indoor-outdoor air exchange (infiltration plus 
ventilation) 

Lb = seasonal total belw-grade heat loss 
Gi = seasonal total of heat gains from internal sources (lights., equipment, 

people, etc. ) 
Gs = seasonal total of solar heat gains through windows 
ni = utilization factor for internal gains 
ns = utilization factor for solar gains 

Utilization of Internal Gains. Since, in most situations, the internal gains are small 
relative to the sum of loss terms (less than 25%), a utilization factor of one may be 
assumed. 

Utilization of Solar Gains. The solar utilization factor can be expressed as a function 
of two normalized parameters, namely, the "gain-load ratio" (GLR) and the "thermal mass-gain 
ratio" (MGR). The gain-load ratio is defined as: 

GLR - Ir s 

Lt + L a  + Lb - niGi 
The gain-load ratio is the ratio of the solar gain through windows to the net heating 

load, where the net heating load is the amount of heating energy required in the absence of 
solar gains to maintain the room temperature at the heating thermostat setting. 



This gain-load r a t i o  d i f f e r s  from the s o l a r  load r a t i o  (SLR) a s  defined i n  Ref 2 i n  t h a t  
t h e  GLR includes hea t  l o s s e s  through the  windows while  t he  SLR does not. Moreover, t h e  GLR 
includes so l a r  gains through a l l  the  windows, not only those facing south. 

For loca t ions  i n  southern Canada, a house b u i l t  t o  pre-1975 standards would have a GLR of 
l e s s  than 0.2, while  a well-insulated passive s o l a r  house (with a south-facing window a rea  
equal t o  20% of the f l o o r  area)  would have a GLR on the  order  of 0.4 t o  0.6. 

The thermal mass-gain r a t i o  is  defined a s :  

MGR = c/zs 

where 

C = thermal capaci ty of the building i n t e r i o r  (MJ/ K) - 
gs = average hourly s o l a r  ga in  f o r  season (W/h)  

(gs = Gs/hours i n  hea t ing  season) 

Thermal capaci ty,  C,  is  ca lcula ted  a s  the  "e f f ec t ive  mass" of the building mul t ip l ied  by 

i t s  s p e c i f i c  heat.  The e f f e c t i v e  mass i s  t h e  mass a c t u a l l y  ava i l ab le  t o  s t o r e  hea t  from 
d i r e c t  so l a r  gains o r  c lose  contact  with room a i r ,  so t h a t  any change i n  the  room air  
temperature a f f e c t s  t h e  mass temperature. This  normally inc ludes  the  mass i n s i d e  the  
in su la t ing  l aye r  of the walls  and c e i l i n g s  but excludes the  exposed concrete of uninsulated 
basement w a l l s  and f loors .  

The mass-gain r a t i o  r e f l e c t s  the  thermal s torage  c h a r a c t e r i s t i c s  of the  building a s  wel l  

a s  t he  area ,  type, and o r i e n t a t i o n  of t he  glazing. Typical houses of l ightweight  construct ion 
with window areas  equal t o  10% t o  20% of the  f loo r  a rea  have a mass-gain r a t i o  of 

approximately 1 h/K. The medium and heavy cons t ruc t ions  described i n  Tab. I have mass-gain 
r a t i o s  of approximately 3 and 7.5 h / ~ ,  respect ively.  These mass-gain r a t i o s  increase  a s  the 
window a rea  decreases and v i c e v e r s a .  

Figs. 1 t o  3 show the seasonal s o l a r  u t i l i z a t i o n  f a c t o r  p lo t ted  agains t  the GLR f o r  
various values of MGR. Fig. 1 i s  based on the  assumption t h a t  t he  room temperature is  
maintained constant ,  while Figs. 2 and 3 a r e  f o r  cases i n  which room temperature r i s e s  of 
2.75OC and 5.5"C, respec t ive ly ,  a r e  permitted. The development of these s o l a r  u t i l i z a t i o n  
f ac to r s  w i l l  be described. 

DEVELOPMENT OF SOLAR UTILIZATION CURVES 

Computer Simulation 

The so l a r  u t i l i z a t i o n  curves shown i n  Figs. 1 t o  3 were derived from a l a rge  number of  
computer simulations. The computer program performed hour-by-hour ca lcula t ions ,  using 
measured weather da t a  f o r  an ac tua l  year ,  t o  determine hea t  ga ins  and lo s ses ,  the  hea t ing  
energy required t o  maintain room temperature a t  t he  thermostat s e t t i n g ,  and the  room 
temperature r e s u l t i n g  from excess hea t  gains. The s o l a r  r ad ia t ion  incident  on glazed sur faces  
i s  ca lcula ted  from hourly va lues  of measured hor izonta l  r a d i a t i o n  using t h e  c o r r e l a t i o n  
developed by Solar  gain is ca lcula ted  by applying the transmission c h a r a c t e r i s t i c s  f o r  
standard g l a s s  and the  shading c o e f f i c i e n t  of t he  appropr ia te  g laz ing  type.6 

The thermal s torage  e f f e c t s  a r e  simulated according t o  the  ASHRAE thermal response 
method.' The response f a c t o r s  given i n  t h e  ASHRAE Handbook, however, a r e  not  appropr ia te  f o r  
the type of construct ion used i n  houses. Consequently, f o r  t h i s  study new values 
corresponding t o  t h r e e  d i f f e r e n t  weights of house cons t ruc t ion  ( l i g h t ,  medium, and heavy) were 
obtained using the room thermal response f ac to r  program. For reference purposes, very heavy 
cons t ruc t ion  was defined by t h e  c o e f f i c i e n t s  given i n  t h e  ASBRAE Hafidbook. In addi t ion ,  t h e  
thermal response f a c t o r s  of the th ree  weights of house cons t ruc t ion  were confirmed 
experimentally i n  t h e  NRC passive t e s t  f a c i l i t y .  The cons t ruc t ion  f ea tu re s  of each house 

weight are described i n  Tab. 1. 



Houee Models 

Twenty house models, each with a d i f fe ren t  l eve l  of insula t ion so a s  t o  provide a wide 

range of gain-load r a t i o s ,  were defined; the  window a rea  was f ixed i n  order t o  maintain a 
constant mass-gain ra t io .  Each model was simulated fo r  f i v e  locations representing d i f fe ren t  
Canadian c l imat ic  regions: Vancouver (B.C.) , Summrland (B.C.) , Edmonton (Alta. ) , Ottawa 
(Ont.), and Halifax (N.S.). This procedure was repeated f o r  each of the constructions 

described i n  Tab. I, a s  well  a s  f o r  an i n f i n i t e l y  l i g h t  construction established f o r  reference 
purposes. 

A heating thermostat s e t t i n g  of 21°C was assumed. A s  occupant preference would determine 
the allowable r i s e  i n  room temperature, three  d i f f e r e n t  assumptions were considered, namely, a 
constant room temperature and two allowable r i s e s  i n  room temperature, one of 2.75'C and the 
other of 5.5OC. In t h i s  simulation i t  was a l s o  assumed t h a t  the  room temperature was 
prevented from r i s i n g  above the allowable l i m i t  by ven t i l a t ion  using outside a i r .  

Seasonal Solar Ut i l i za t ion  

The heating season fo r  a l l  locations was assumed t o  consis t  of the months October t o  
April,  inclusive. Seasonal values of so la r  u t i l i z a t i o n  fac to r ,  gain-load r a t i o ,  and mass-gain 
r a t i o  were determined for  t h i s  time period. Curves of so la r  u t i l i z a t i o n  fac tor  a s  a function 

of GLR were obtained f o r  each of l i g h t ,  medim, heavy, and very heavy constructions (MGR equal 
t o  1.0, 2.6, 7.2, and 14.0 h/K, respectively) using the method of l e a s t  squares. The data  
points obtained f o r  Edmonton, Ottawa, and Halifax produced well-defined curves of so la r  I 

u t i l i z a t i o n  fac tor  against GLR fo r  a l l  cases. The root  mean square (rms) e r ro r  between these i 

data  points and curve f i t  i s  l e s s  than 0.015. Data and corresponding curve f i t s ,  f o r  l i g h t ,  1 
medium, and heavy constructions only, a r e  i l l u s t r a t e d  i n  Figs. 1 to  3. Figs. 4 t o  6 were then 
obtained by in terpola t ion between these curves f o r  other values of MGR. I 

The solar  u t i l i z a t i o n  fac tors  obtained for  Vancouver and Summerland, B.C., a r e  somewhat 
lower than those f o r  the o ther  locations. This was a t t r ibu ted  t o  the charac te r i s t i c  of the  
cl imatic pat tern  of the West Coast region. Even f o r  Vancouver, however, which probably 
t y p i f i e s  the  extreme of t h i s  type of winter weather f o r  Canada, maximum e r r o r  i n  u t i l i z a t i o n  
fac tor  is only about 0.08. For a house with a GLR of 0.6, t h i s  corresponds t o  a maximum er ro r  
of 5X i n  estimating heating energy requirements.* 

The information contained i n  the u t i l i z a t i o n  fac tor  curves can a l so  be presented a s  the 

r a t i o  of purchased heating energy t o  load (Purchased Heating Fraction) o r  a s  the  r a t i o  of 
solar  contribution t o  load (Solar Heating Fraction). Curves presenting the data  i n  t h i s  form 

a r e  given i n  Figs. 7 t o  9. In addit ion t o  seasonal values, ca lcula t ions  can a l s o  be performed 
using solar  u t i l i z a t i o n  fac tors  on a monthly basis.8 

COMPARISON WITH EXPERIMENTAL DATA 

The measured energy consumption fo r  the NRC passive t e s t  u n i t s  during the 1981-82 heating 
season was compared with the corresponding consmption calculated using the  s o l a r  u t i l i z a t i o n  
fac tor  concept. The NRC t e s t  f a c i l i t y 9  consis ts  of four two-room t e s t  un i t s  and four single- 
room units .  Three of the  four two-room u n i t s  (Units 1, 2, and 3) a r e  of the  direct-gain type 
and d i f f e r  only i n  the i r  thermal mass: Unit 1 i s  c l a ss i f i ed  a s  l i g h t ,  Unit 2 a s  medium, and 

Unit 3 a s  heavy construction (see  Tab. 1). The south room of each un i t  has a south-facing 
window with a 2.6 m2 glass  area; the north room has a 1 m2 window facing north. The four 
s ingleroom u n i t s  have the same thermal mass a s  Unit 1. Each u n i t  has a 2.6 m2 window facing 
one of the cardinal  directions.  

The two-room un i t s  were operated i n  two modes tha t  were a l ternated every two weeks. I n  
the  f i r s t  mode, each u n i t  was monitored a s  two separate rooms; i n  the  second, a i r  was 
circulated between the south and north rooms, and the whole un i t  was treated a s  a s ingle  
space. A l l  the  rooms were operated with an allowable indoor a i r  temperature swing of 7OC. 
Solar gain values were obtained by measuring the so la r  r ad ia t ion  on the v e r t i c a l  surfaces. 

The load values were determined by multiplying the heat-loss coef f i c i en t  by the  sum of the  
differences between the heating s e t  point and the measured outdoor temperature. 

Comparison of measured and calculated energy consumptions is  presented i n  Tab. 2 fo r  both 
modes of operation. The corresponding seasonal s o l a r  u t i l i z a t i o n  fac to r s  were obtained from 
Fig. 3 by in terpola t ing between the curves f o r  the appropriate value of the  MGR. The 
calculated values show close agreement with measured resu l t s ;  maximum difference between the 

calculated and measured spacehea t ing  energy i s  l e s s  than 5%. 



USE AND LIMITATIONS 

The use of s o l a r  u t i l i z a t i o n  f ac to r  curves t o  est imate the  heat ing energy requirement of 
houses can be summarized i n  t h e  following steps:  

- Calculate each of the  l o s s  and ga in  components of Eq 2. 

- Calculate the GLR from Eq 3. 

- Calculate the MGR from Eq 4 (or  assume 1 f o r  standard l ightweight  construct ion).  

- Obtain the u t i l i z a t i o n  f ac to r  corresponding t o  the GLR and MGR by in t e rpo la t ion  from 
Fig. 1, 2, o r  3 (depending on the  des i red  al lowable temperature r i s e ) .  

- Subst i tu te  t h i s  u t i l i z a t i o n  f a c t o r  i n  Eq 2 t o  obta in  the  heat ing energy requirement. 

The u t i l i z a t i o n  f a c t o r s  a r e  based upon a number of assumptions, some of which impose 

l i m i t a t i o n s  on the  use  of t h e  fac tors .  They apply only t o  simple direct-gain buildings t h a t  
do not use n ight  i n su la t ion  systems on the  windows. They should not  be used f o r  mass-walls, 

a t tached sun spaces, o r  systems u t i l i z i n g  a c t i v e  thermal s torage.  

I The ca l cu la t ion  method assumes t h a t  a l l  of  the  l o s s  components can be o f f s e t  by s o l a r  

ga ins  whenever and wherever t he  l a t t e r  occur. This  i s  a v a l i d  assumption f o r  small  open 
spaces or  where forced-air c i r c u l a t i o n  is  provided; i f  an a rea  (such a s  a basement o r  a north- 
f ac ing  room) is  remote from o r  thermally separated from t h e  windows providing the  s o l a r  gains,  
however, the l o s s  from such an area  should not  be included i n  the  "load" used t o  ca l cu la t e  

t he  gain-load r a t i o .  Furthermore, t he  mass i n  t h i s  a r e a  should not  be included i n  the  
ca lcula t ions  of the  MGR. These considerat ions a re  e spec ia l ly  important when est imating the  

energy requirements of houses wi th  zone-controlled hea ters .  

The accuracy of the heat ing energy es t imate  is  more dependent on the ca l cu la t ion  of hea t  
l o s s e s  and ga ins  than i t  is  on t h e  l i m i t a t i o n s  of t h e  s o l a r  u t i l i z a t i o n  curves themselves. 
Heat l o s s  and gain ca lcula t ions  must allow f o r  such f a c t o r s  a s  the lowering of the  thermostat 

s e t t i n g  a t  night;  e x t e r i o r  shading of windows by t r e e s ,  bui ld ings ,  overhangs, etc . ;  use  of 
b l inds  and drapes by the  occupant; and co r rec t  es t imat ion  of a seasonal average air-change 
ra te .  

One should a l s o  keep i n  mind t h a t  the  u t i l i z a t i o n  f a c t o r s  permit ca l cu la t ion  of hea t ing  

energy on the  assumption t h a t  t h e  designer has  provided some means of l imi t ing  r i s e  i n  room 
temperature. A t  high gain-load r a t i o s  it  is  q u i t e  poss ib le  t h a t  problems with i n t e r i o r  
comfort could a r i s e  a s  a r e s u l t  of overheat ing and g lare .  

Despite a l l  the  indicated l imi t a t ions ,  the s o l a r  u t i l i z a t i o n  f ac to r  does provide a simple 

method of ca l cu la t ing  t h e  cont r ibut ion  of s o l a r  h e a t  ga ins  f o r  direct-gain passive s o l a r  
designs a s  wel l  a s  f o r  houses of conventional and superinsulated construct ion.  
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TABLE 1 

House Weights f o r  Computer Simulation 

Thermal 

Capacity 
M . J / K = ~ ~  

Floor Area 

Descript ion 

Light 0.060 Standard frame construct ion,  12.7 mm 
gyproc walls  and ce i l i ngs ,  carpe t  over 
wooden f loo r .  

Medium 0.153 A s  above, but 50.8 mm gyproc walls  and 
25.4 mm gyproc ce i l ing .  

Heavy 0.415 I n t e r i o r  wall f i n i s h  of 101.6 mm br i ck ,  
12.7 mm, gyproc ce i l i ng ,  carpe t  over 
wooden f loor .  

Very Very heavy commercial o f f i c e  building,  
heavy 0.810 304.8 mm concrete f loor .  
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DISCUSSION 

S.J. Treado, National Bureau of Standards, Washington, DC: Could the authors please comment on 

the sensitivity of the solar utilization factor calculation to the assumptions which must be 
made regarding heat loss due to envelope transmission, air exchange, and below-grade transmission? 

D.M. Sander: The sensitivity of the solar utilization factor to the heat loss is as shown in 
the graphs of rl versus GLR. This is not affected by assumptions made in calculating losses. 
Any errors in tze calculation of losses due to simplifying assumptions will, of course, affect 
the accuracy of the energy estimate using the utilization factors. 



This paper, while being distributed in 
reprint form by the Division of Building 

Research, remains the copyright of the 

original publisher. It should not be 
reproduced in whole or in part without the 

permission of the publisher. 

A list of all publications available from 
the Division may be obtained by writing to 

the Publications Section, Division of 
Building Research, National Research 

Council of Canada, Ottawa, Ontario, 

KIA 0R6. 


