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ABSTRACT 

The energy performance of a house employing south-facing 

windows depends upon the amount and type of glass and on the 

thermal mass of the building. A simple graphical procedure is 
presented that can be used to determine the effects of changes 

in these parameters on heating energy consumption. 

La performance Gnerggtique d'une maison dont les fenstres sont 

orientges vers le sud est fonction de la surface vitrge, du 

type de verre et de la masse thermique du batiment. Une 

mGthode graphique simple permettant de dCterminer l'lincidence 
des variations de ces parametres sur la consommation dfCnergie 

de chauffage est dgcrite. 
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How much? 

How little? 

D.M. SANDER 

S.A. BARAKAT, Ph.D. 

T HE NEED for a simple method of estimating the heating 
energy requirement of a house is widely recognized. 

Most computer programs for this purpose1 are too com- 
plicated; they are difficult and too expensive to be used for 
comparing alternatives at the design stage or for deter- 
mining whether designs comply with energy standards. 
Current interest in the construction of low energy houses 
has increased the need for a simple, readily available 
calculation method. 

Two philosophies have emerged for low-energy house 
design. Traditional passive solar d e ~ i g n , ~  sometimes 
known as the "mass and glass" approach, advocates the 
use of large areas of south-facing glass to collect solar 
energy and heavy internal construction to store the excess 
heat collected during the day for later use at night. The 
other, known as the "light and tight" approach and typified 
by the Saskatchewan low energy  house^,^ is to minimize 
the heat loss of the house by means of high levels of insula- 
tion, small glass areas, and air-tight construction. 





Mass 8 Glass 
An evaluation method for low energy houses must, 

therefore, be applicable to both philosophies. The graphical 
technique to be described not only shows sensitivity to 
changes in parameters, but also permits determination of 
the thermally optimum glass area (i.e., that which will result 
in minimum annual heating energy). It is a technique that 
could easily be extended to economic optimization. 

set heat losses. A number of methods of estimating the net 
solar contribution to space heating for direct-gain passive 
solar designs have been developed. The "solar-load ratio" 
(SLR) method developed by the Los Alamos Scientific 
Laboratory4 and the "un-utilizability" method developed by 
the University of Wisconsins are well known. Both involve 
calculations performed on a monthly basis. 

More recently, a method based on the concept of the 
solar utilization factor was developed at the National 
Research Council It is simple to use and is 
applicable to a complete range of houses, from high-mass, 
direct-gain passive solar designs to conventional light- 
weight wood-frame construction. The calculation can be 
performed once for the entire heating season, making it 
practical to perform manually. 

A computer program that utilizes the method on a 
monthly basis8 is also available. 

The graphical procedure is based on a variation of this 
utilization factor method. The seasonal heating energy 
required for a house, H, can be expressed as 

Determining "useful" solar gain 

An important component of any energy calculation 
method is the ability to estimate the amount of solar energy 
collected through the windows of a house and utilized to off- 

use welgl hts 

Construction 

ugnr  - Standard fr: 

construction, 
gypsum board I 
and ceilings, 
woodem rrnnr 

- - . - . , . 
12.7 

inish on ~n 

carpet r 
where L, the net seasonal heating load for the building, is 
the amount of heating that would be required in the absence 
of solar gain, and F,, the purchased heating fraction, is the 
fraction of this net heating load that must be supplied by the 
heating system. The remaining fraction (1 - F,) is the useful 

0.1 53 Mediu love, nur ! 

rnm gypsum board frnist 
walls and 25.4 mm on ceil 

50.8 
1 on 
ina 

Heavy 
101.6 
9YPSUl 

' - Interlor 
mm bric 

rn boarc 

wall finis 
:k, 12.7 . , . . .  for Ottaw le houses 
I rlnlsn 

lI carpet over wac 
'arunmmr HOUSU r Houea 2 

Case CIUO Caab C m  Cass Case 
I 2 3 1 2 3 

heavy - 
Lm .:la:-- 

?te floor-' 
Floo 

Ther 
M.II -. -, 

Wall 

res 
m2 

Ceiti~ 

thermal 

istmnce. 
KIW 

istance. 
KIW 

ing type 0 

h solar 
.. .. 7 

m2 

Glaz 
sour 

5.2 3.Z 9.2 10.5 l U . 3  1U.3 

,ouble Double Trlple Dwlbte Double Triole 

gair 

Base 
10s: 

Inter 
c I 

. - 

merit heat 

;, GJ 
nal galn~. 

."- 
Alf c 

retr 

Heat 

C M !  

hange 
!, 7th 

loss 

.fficieni 

(at I 
m2 

Optir 
"I! 

4 s o ~ l h  = 01, 
KIW 

num south 
dow area. 

mG 

Minlr~~u~~b 

purchased 

heating. GJ 

G L R  

tal purchaseu nwal - Season 
(room t 

.Ing fractl 
5.5"C) 

Ir cRenga~ Lwr hour uslw an err-mlr b a t  exchanger ai 0 13 

ASHRAE JOURNAL November 1984 



energy obtained from solar gain through windows; this is 
often referred to as the solar heating fraction. 

Fh is 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 the ratio of the seasonal solar 
gain through windows, G,, to the net heating load, L, or, 

G 
GLR = 2 

L 

The mass-gain ratio reflects the thermal storage 
characteristics of the building as well as the area, type, and 

L orientation of the glazing. It is defined as* 

MGR = Clg, 

where C = thermal capacity of the building interior (MJIK), 
g, = average hourly solar gain for heating season 

(MJlhr) 
(g, = G,lhours in heating season) 

The thermal capacity, C, is calculated as the "ef- 
fective mass" of the building multiplied by its specific heat. 
Examples of thermal capacity values for four types of 
construction are given in Table 1. 

Figure 1 shows Fh plotted against GLR for various 
values of MGR for the case in which a room temperature 
rise of 5.5"C is permitted. (Curves for the cases of 0 and 
2.75"C temperature rise are also a~ai lable.~) 

*The units of MGR (hoursIK) are arbitrarily chosen to give values generally 
in the range of 1 to 10. - 
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The net heating load, L, is calculated as 

where 

L, = total seasonal heat loss due to transmission through 
exterior walls, windows, ceilings, etc., 

La = total seasonal heat loss due to indoor-outdoor air 
exchange(infiltrati0n + ventilation), 

Lb = total seasonal below-grade heat loss, 
G, = total seasonal heat gain from internal sources 

(lights, equipment, people, etc.), 

ni = utilization factor for internal gain 

Above-grade losses, L, and La, can be calculated us- 
ing the seasonal average outdoor temperature, which may 
be obtained from weather data  record^.^ The below-grade 
heat loss, Lb, can be calculated using a procedure recently 
developed by Mitalas.lo 

The magnitude of the internal gains, Gi, depends on 
the occupancy of the house. Although data concerning rate 
of heat release by various appliances are available, it is 
always necessary to make arbitrary assumptions regarding 
occupant behavior and, therefore, total internal gain. For 
most situations (in which Gi is less than 25 percent of heat 
losses) all the internal gains can be assumed to be useful 
(ni = 1). 

The net heating load, L, is then obtained from equation 
(4). The seasonal solar gain through windows can be 
calculated using tabulated values of solar radiation incident 

O U R  GAIN 
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Mass & Glass 
4. Draw a vertical line from point E to meet the line XY at F. 
5. Draw a horizontal line from point F to meet the original 
vertical line of Step 1 at point G. The energy value at point G 
represents the purchased heating energy for this south win- 
dow area. 
6. Repeat steps 1 through 5 for other south window areas 
and draw a curve through the points to construct the rela- 
tion between south-facing window area and purchased 
heating energy (solid line designated heating required). 

A change in thermal storage for the same house can 
be simply accommodated by calculating new values of 
MGR and repeating the procedure. A change in window type 
requires that the entire procedure be repeated, beginning 
with recalculation of both G, and L. 

Examples are presented in Figures 3 and 4 for two dif- 
ferent house envelope constructions (thermal resistance) in 
Ottawa, Canada. For each, three options are evaluated: 
1. Light-construction house, all windows double-glazed, 
2. Same as 1, but house has four times the amount of ther- 
mal storage, 
3. Light-construction house, all windows triple-glazed. 

The details of the six cases are given in Table 2 along 
with the minimum purchased heating required for each 
case and optimum south window area. 

on surfaces of different orientation." The gain-load ratio 
(GLR) and mass-gain ratio (MGR) can be determined using 
equations (2) and (3). Fh can then be obtained from the 
graph of Figure 1 and the heating requirement from equa- 
tion (1). 

Graphical method 

The effect of varying the south-facing glass area can 
be studied by repeating the foregoing calculation for dif- 
ferent glass areas. This effect can be shown more easily, 
however, by a direct graphical procedure. The purchased 
heating fraction plot may be reformatted as shown in Figure 
2. For a particular house design the following can then be 
plotted against south-facing window area: 

Solar gain, G,, is a linear function of south-facing window 
area. It can therefore be plotted by calculating G, for two 
different areas and drawing a straight line through these 
points. (It is normally convenient to use zero south-facing 
area as one of the points.) This is represented by the line for 
solar gain. 

Net load, L, is also a linear function of window area and 
has been plotted in a similar fashion. 

The gain-load ratio, GLR, is a non-linear function of win- 
dow area and can be calculated (using values of G, and L 
from the above plots) at a number of points. A curve can be 
drawn through these points. 

Summary and observations 

A simple graphical procedure is presented that can be 
used to determine, for any house construction, the optimum 
combination of south-facing window area, window type and The mass-gain ratio, MGR, is also non-linear with window 

area, but can be calculated at a number of points to p ro  
duce a characteristic curve. 

The procedure for constructing the relation between 
window area and purchased heating requirement, using 
Figure 2, is as follows: 
1. For any value of south-facing window area draw a vertical 
line to intersect the solar gain line, the net load line, the GLR 
curve, and the MGR curve at points A, B. C, and D, respec- 
tively. 
2. Draw a horizontal line from point C to intersect the pur- 
chased heating fraction plot for the appropriate MGR (deter- 
mined by point D) at point E. The heating requirement, H, is 
equal to the product of Fh and L, and can be obtained 
graphically in the next three steps. 
3. Draw a horizontal line from point B to intersect the ver- 
tical line of Fh = 1.0 at X. Connect a line between point X 
and point Y (the point of intersection of the vertical line 
through Fh = 0 and the horizontal axis). 

POUBLE GLhZ 
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Mass 8 Glass 
thermal storage mass. The following observations regar- 
ding direct-gain passive solar houses in the Canadian 
climate were derived by applying this method to a number 
of house designs for the Ottawa climate. 
1. The curves of purchased heating versus south-facing 
window area are very shallow around the optimum area. In 
general, a 50 percent change in south window area on 
either side of the optimum value would result in a small 
change in purchased energy requirement (a maximum of 4 
percent in the six cases presented). 
2. The optimum south window area decreases as the house 
becomes more energy conserving. For double-glazed win- 
dows and lightweight construction the optimum area is 
about 8 percent of floor area for an 80 GJ house (Houss 1). 
This reduces to 3.5 percent of the floor area for the more 
energy-conserving 48 GJ house (House 2). 
3. Although an increase in thermal storage allows use of 
more windows and results in a reduction in purchased 
energy, a larger reduction would be possible with a smaller 
area of triple-glazed, rather than double-glazed windows. 
Taking the optimum double-glazing configuration as 
reference, a four-fold increase in mass can achieve a 7 per- 
cent reduction in purchased heating for House 1 and 2 per- 
cent reduction for House 2. Use of triple-glazing could 
achieve a reduction in purchased heating of 15 and 21 per- 
cent for Houses 1 and 2, respectively. 

The method is currently being extended to permit 
determination of the effect of night-time use of insulating 
shutters on the space heating requirement. It will then be 
used to develop guidelines for the design of direct-gain 
passive solar houses in Canada. 
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