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ABSTRACT 

A discussion of the importance of proper 
sun-shade design i s presented by showing 
r e s u l t s o f thermal performance eva lua t ion 
o f a b u i l d i n g w i th and w i thou t sun-shades. 
The ana lys is was ca r r i ed out by using a 
s imu la t ion model developed by Shaviv and 
Shaviv. The c r i t e r i a f o r eva luat ing sun
shades i s based on the t o t a l energy con
sumption of the b u i l d i n g f o r c o o l i n g , 
heating, and a r t i f i c i a l l igh t ing. We f ind 
that the best solution for shading is ex
ternal sun-shades and we present a method 
developed by Shaviv for their design. 
Several designs of external sun-shades are 
presented. 

1. INTRODUCTION 

The design of windows and their sun-shades 
is very essential to achieve energy conser
vation in buildings. While in winter we 
want to expose the building to the sun to 
reach maximum passive solar energy, i t is 
important to avoid penetration of direct 
sun during summer. Limiting the amount of 
shortwave radiation that penetrates into 
the building during suimer can reduce 
drast ical ly the cooling load on an a i r -
conditioning unit . In places l ike Israel 
along the coastline (which has similar 
climatological conditions to those pre
vai l ing in Southern Cal i fornia), good 
indoor thermal conditions can be achieved 
without air-condit ioning uni t , just by 
having the proper sun-shades, high thermal 
mass and good venti lat ion in the evenings 
and nights. This is the simplest method to 
approach passive cooling in the building 
and from th is point of view i t is analogous 
to passive direct heating. 

Sun-shades have two roles. Until now we 
have discussed only the f i r s t one, namely, 
preventing the excessive heating In summer 
by the direct shortwave radiation penetra
t ion . The second role is to prevent the 
occurrence of high contrast surfaces in the 
room. In countries with plenty of solar 
radiation and high sky luminance, the 

problem in many cases Is not to have enough 
natural i l lumination but to prevent the 
occurrence of very bright surfaces includ
ing the window. In part icular, spots 
Illuminated direct ly by the sun should be 
avoided to reduce glare. High contrasts 
between bright surfaces and dark ones can 
be reduced by means of adequate a r t i f i c i a l 
l ight ings in the relat ively darker areas, 
though the absolute level of i l lumination 
may be more than required for the par t i 
cular job carried out in the room. How
ever, exaggerated sun-shades (or very dark 
f i lm on the glazing) hinder natural i l l um i 
nation, and consequently a r t i f i c i a l l ight ing 
to raise the absolute level of i l lumination 
may be needed. Moreover, unduly large sun
shades reduce the passive solar heating in 
winter. Sun-shades have therefore an opt i 
mal size,and dark films have an optimal 
shading factor i f our objective is to 
approach minimum energy consumption. 

2. THE BEHAVIOR OF A HOUSE WITH AND 
WITHOUT ADEQUATE SHADING 

To eval uate the performance of a gi ven 
design from an insolation point of view 
l e t ' s define the Winter Solar Fraction 
(WSF) as: 
WSF=1-THL/(THL+TSW), 
where THL is the total heating load in the 
building (solar or nonsolar building) and 
TSW is the total shortwave radiation that 
penetrates the building through al l windows 
(including those not facing the south). 

We define in an analogous way the Sunrier 
Solar Fraction (SSF) as: 
SSF=1-(TCL-TSW)/TCL, 
where TCL is the total cooling load and TSW 
is again the total shortwave radiation that 
penetrates the building through al l win
dows. The above definit ions extend over 
the periods of required cooling and heating 
respectively. Obviously, the best designs 
have WSFvl and SSF^E«1. E cannot vanish 
because of the needed natural i l lumination. 
I ts exact value depends on the particular 
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functions carried out in the room. 

The importance of having small SSF (which 
means proper shading) can be seen from the 
following example of a passive solar house 
in Tel-Aviv, Israel . This house was de
signed to have high WSF (=80%). The bui ld
ing was evaluated with and without proper 
shading in summer. The results for an 
average day in August (the hottest month in 
Israel) and for the whole summer are sum
marized In Table 1. 

Table 1. Prediction of the Thermal Per
formance with an Air-Conditionlng Unit. 

TCL (KWH/day) 
TSW (KWH/day) 
SSF 
Tmax C O 
Tave (°C) 
Tmin (°C) 

shaded 
building 

54.0 
9.1 

0.17 
25.4 
25.0 
24.6 

unshaded 
building 

85.4 
92.0 
1.08 
28.8 
27.7 
27.0 

TACL (KWH/day) 4724.0 13394.0 

Tmax, Tave, and Tmin are the maximum, the 
average, and the minimum temperatures in
side the building respectively, and TACL is 
the total annual cooling load. The cooling 
power of the air-conditioning unit (A.C. 
unit) is 6 KW. The policy of turning on 
the A.C. unit is as follows: i f Tin > 
25.5°C the A.C. unit is on unti l Tin = 
24.5°C, when the A.C. unit Is turned of f . 
(Tin is the temperature Inside the bui ld
ing.) Also the A.C. unit should work only 
between 7.00 and 22.00. 

The results of table 1 Indicate the f o l 
lowing: In the properly shaded building a 
small amount of SW radiation s t i l l pene
trates the building In a form of diffuse 
radiation. This radiation supplies the 
daylight i l luminat ion. The SSF for an 
average day in August is 0.17 and the total 
annual cooling load Is 4724 KWH. An A.C. 
uni t of 6 KW (cooling power) can produce an 
inside temperature of 24.6 to 25.4°C which 
is in the range of the predefined temper
ature swing. The same 6 KW A.C. unit was 
used in the unshaded building. The TCL 
obtained Is 85.4 KWH (instead of 54.0 KWH 
in the shaded case) but could be much 
higher i f a bigger (and more adequate) A.C. 
unit was used. The maximum temperature 
reaches 28.8°C (more than was allowed) and 
the average temperature Inside Is higher 
than outside (27.7°C Inside while outside 
only 27.0°C). This is because the heating 
energy of the SW radiation is more than the 
energy removed by the A.C. unit of 6 KW. 
This fact Is indicated by the SSF that Is , 
In this case, larger than 1 . 

Both buildings were evaluated without a i r -

conditioning units but only with good ven
t i l a t i on in the evenings and nights (when 
Tin > Tout than ACH=10). The results are 
summarized in Table 2. 

Table 2. Prediction of the Thermal Perfor-
ma nee 

Tmax 
Tave 
Tmin 
Temp 
Time 

Without 

(°C) 
(°C) 
(°C) 
swing (° 
lag (H) 

Air-Condi t 

shaded 
building 

27.0 
26.2 
25.1 

C) 1.9 
5 

oning Unit 

unshaded 
building 

30.7 
28.5 
26.5 
4.2 
3 

outside 
temp. 

31.2 
27.0 
23.0 
8.2 

where Temp swing Is the difference between 
Tmax and Tmin and Time lag is the d i f fe r 
ence In hours between Tmax outside and Tmax 
inside the building. 

The results of Table 2 indicate that while 
Tmax in the unshaded building reaches 
30.7°C, Tmax in the properly shaded one is 
only 27.0°C (less than Tmax of the unshaded 
building with A.C. u n i t ! ) . This tempera
ture is quite a convenient one and in fact 
no air-conditioning unit is needed. This 
low Tmax was achieved by having proper 
shading devices, high thermal mass, and 
good venti lat ion at night. The f i r s t two 
parameters mentioned above increase the 
time lag in the shaded building, which 
means that the highest temperature in the 
building occurs when the temperature out
side is already low. However, at chat time 
good venti lat ion can bring cool outside air 
Into the building. This outside air can 
cool the massive walls from inside and out
side to carry away the heat emitted by the 
thermal mass during nighttime (and stored 
in i t during daytime). This is the passive 
cooling phenomenon that can be achieved 
(even when the temperature swing outside is 
only 8.3°C) and is in some respects similar 
to the passive direct heating. 

3. A METHOD FOR DESIGNING EXTERNAL 
SUN-SHADES 

The best shading devices for almost al l 
orientations are external sun-shades (f ixed 
or moveable ones). When the external sun
shades are an integral part of the envelope 
of the building, the appearance of the 
building Is dominated by these sun-shades. 
Architects, therefore, l ike to play with 
sun-shade elements to create an at t ract ive 
facade for the buildings. (See for example 
the Brise-Soleil designed by Le' Corbusler 
In Algeria, Chandlgare and Cambridge, 
Mass.) 

To fac i l i t a te the design of good and non
monotonic solutions for sun-shades (f ixed 
or moveable), a method was developed by 
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Shaviv (4,5,6) and is presented here very 
b r ie f l y . The principles of the method are 
as follows: 

1. Determination of the period and time of 
the day during which penetration of direct 
solar radiation is not desired. The deter
mination of the direct solar radiation 
exclusion period is based on the time the 
building is occupied, i t s function and the 
amount of energy in the form of direct 
solar radiation incident on the window 
during the year and throughout the day. 

2. Deriving the nomogram of a l l possible 
solutions which satisfy the shading re
quirements. 

3. The use of the nomogram to determine 
the form of the sun-shades. The following 
constraints can now be taken into consider
ation: construction, building materials, 
funct ional i ty , and aesthetics. The use of 
the nomogram guarantees that al l so 
designed solutions satisfy the shading 
requirements. 

3.1 Generating the Nomogram for the Family 
of Sun-Shades Solutions 

In Fig. 1 we can see an example of a nomo
gram for designing sun-shades. The method 

for deriving the nomogram is as follows: 
The window to be shaded is divided into a 
fine gr id. A pole of length 1 is imagined 
at each grid point. The length 1 is calcu 
lated in such a way as to give a shadow 
long enough to reach the frame of the win
dow. The calculation Is carried out for 
the 21st of every month and during the 
hours for which shading is needed. I f 
fixed external sun-shades are desired, the 
maximum of 1 obtained during the whole 
checking period (for each grid point) is 
calculated. The distr ibut ion of 1 in the 
f i e ld of the window is the nomogram for de 
signing the sun-shades. I t gives the mini 
mum depth of sun-shades needed to protect 
the given window during al l the required 
protection time. The design process is 
further eased by drawing the d is t r ibut ion 
of 1 in an axonometric presentation (See 
Fig. 1). The upper numbers In the table 
show the maximum of 1 for each grid point 
that is obtained during the whole checking 
period,and the numbers below are the month 
and the hour when this maximum occurs. 

In the design of moveable sun-shades, one 
can check the correct form for di f ferent 
periods of the year or dif ferent hours 
of the day and get several nomograms for 
each protection period. These di f ferent 
nomograms can indicate how the form of 
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Fig. 1. A nomogram and a table for designing sun-shades. 
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sun-shades should change along the d i f fer 
ent protection periods. 

The method Is a general one. The data for 
each window that should be given i s : the 
longitude and lat i tude of the location of 
the building, the azimuth and size of the 
window, the number of mesh points into 
which the window should be divided, and the 
di f ferent protection periods. 

3.2 Generating Sun-Shades Solutions 
According to the Nomogram 

In Fig. 2 one can see a nomogram that was 
obtained for a northeast window (Fig 2A). 
Figs. 2B-L show the dif ferent geometrical 
solutions that can be designed according to 
the nomogram. However, this is only a 
small part of the possible solutions and 
any architect can f ind , by using this nomo
gram, new forms for the proper sun-shades. 
The nomogram gives a l l the possible solu
tions of shading and one can see i f a 
vert ical solution or a horizontal one Is 
better (or maybe a pyramid shape or a 
diagonal one is the best). 

Fig. 3 shows a solution for fixed external 
sun-shades that was suggested for a hos
p i ta l building to be bu i l t in Haifa, 
Israel . The design is based on a nomogram 
that was obtained by this method. Gener
a l ly the solution varies with the orienta
t ion of the elevation. However, the same 
type of solution can sometimes be generated 
for di f ferent orientations of the bui lding. 

Fig. 4 shows another very simple solution 
for an off ice tower building to be bu i l t 
again in Haifa. The maximum depth avai l 
able is constrained by the architecture of 
the elevation to be 24 cm. (This Is the 
distance between the glazing and a free 
steel structure in front of the building 
that supports the building.) For this par
t icu lar case the obtained nomogram showed 
that the best solution was diagonal sun
shades. The numbers below the drawing 
present the evaluation of the performance 
of the solution with di f ferent depth of 
sun-shades. The evaluation was carried out 
using a simulation model (see Refs. 1,2,3) 
to predict the thermal performance of each 
solution. 

4. EVALUATING THE ENERGY CONSUMPTION OF 
DIFFERENT SHADING SOLUTIONS 

The simulation model developed by Shaviv 
and Shaviv integrates the analysis of the 
available natural i l lumination and the 
needed a r t i f i c i a l i l lumination that should 
be added to supply the level of required 
i l luminat ion. The additional needed a r t i 
f i c i a l i l lumination is added into the 

calculations of the total energy consump
tion of the building. The evaluation is 
based on finding the equivalence between 
the energy flux of shortwave radiation and 
i t s luminous intensity (which integrates 
the human eye sensi t iv i ty over the relevant 
spectra). Hence, the model provides an 
accurate evaluation of the desired level of 
shading, taking into consideration the 
energy needed for winter heating, for sum
mer cooling, and for a r t i f i c i a l l ight ing 
(without glare). The heat produced by the 
a r t i f i c i a l l i gh t is added dynamically to 
the internal heat source. This heating can 
constitute a high load on the air-condi
t ioning uni t . Running this model with any 
shading alternative, one can evaluate the 
performance of each shading device in terms 
of yearly energy saving Including heating, 
cooling, and a r t i f i c i a l l igh t ing . I t was 
found by Shaviv (7) that each window has 
i t s own optimal shading factor I f the total 
energy consumption should be minimized, and 
In most cases fixed external sun-shades are 
superior to dynamic internal ones or to 
dark f i lm added to the clear glazing. 
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Fig. 2. A nomogram for a northeast 
window (A) and several geometrical 
solutions (B-L). 

Fig. 4. Diagonal sun-shades suggested 
for the southeast window in an off ice 
building. 
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F i g . 3. A tab le of d i s t r i b u t i o n of 1 in the f i e l d of the southeast window and pyramid shape 
sun-shades suggested f o r southeast and northwest windows in a hosp i ta l b u i l d i n g . 
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