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Technical Note No 50 
 
Shading and solar gain 

 
Shading is widely used and becoming one of the methods of reducing over heating of 
buildings by solar gain.  Shading is also increasingly required to reduce levels of glare in 
internal spaces.  This Technical Note describes ways of achieving appropriate shading and 
the consequences of using shading devices, including the unintentional shading of 
fenestration.   
 
This Technical Note should be read in conjunction with: 
 
 TN 13 Glass breakage 

TN 51 Environmental control glasses 
 
 
Introduction 
This Technical Note gives a background to 
the need for shading including solar gain 
and glare.  It gives guidance on the 
effectiveness and practicalities of different 
types of shading devices. 
 
Appendices give methods for calculating 
shadow patterns. 
 
 
Why shading? 
 
Shading devices may be provided for any 
of the following reasons; 
 

 Reduction of solar gain 
 Control of solar glare 
 Control of sky glare 
 To achieve a particular aesthetic 

 
Other features of the facade, such as 
window reveals and balconies may 
unintentionally shade parts of the building 
envelope.  Also features such as trees, 
and adjacent buildings may considerably 
affect the direct radiation. 
 
 
Solar gain 
 
Incoming solar energy includes radiation 
in the entire range from 300 2500 nm.  
Energy that is absorbed by any surface 

will heat up the surface and this includes 
internal surfaces such as walls, floors and 
furniture. 
 
Shading devices may be designed to 
exclude, or reduce the amount of, solar 
radiation entering the building.   
 
The intensity of the incident short wave 
radiation will depend on the sky 
conditions, the angle of altitude of the sun 
and the angle of incidence on the surface, 
Appendix B.   
 

 
 
Figure 1 Insolation over the UK 
 
Clear sky solar intensities in the U.K. vary 
very little as a result of change of latitude 
(52 – 55o N) and are more dependent on 
altitude.  The maximum intensity of solar 
radiation is in the range 750 – 800 W/m2 
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on a plane normal to the sun’s rays.  In the 
UK it is likely to be greatest in upland 
Northern and Western areas, Figure 1. 
 
 
Glare 
 
Glare is the presence of visible light at a 
level that causes discomfort.  Intense 
levels of light may also additionally reduce 
the ability to see objects.  Glare may be 
caused by direct light, reflected light or 
backlighting.  There is no absolute level of 
light that causes glare.  It is principally the 
contrast between the glare source and the 
object being viewed. 
 
 
Direct view of sun 
The sun has a luminance of 2 x 109 cd/m2 
while a display screen has a luminance of 
300 cd/m2.  Clearly the sun is many times 
more intense than a computer screen or 
similar display screen.  A display screen is 
obviously difficult or impossible to read in 
direct sunlight.  
 
 
Reflected view of sunlight 
Light incident on surfaces may be 
reflected as an image without diffusion.  
Even for glass 8% of light is reflected from 
its surface.  The sun is so bright that its 
reflected image will still be much brighter 
than a display screen.  Sunlight may be 
reflected within a room or from an external 
surface such as an adjacent building. 
 
 
Diffuse light 
Diffuse light is light in which the rays are 
not parallel but scattered in all directions.  
Diffuse light comes from a cloudy sky.  An 
overcast sky is one where all the light is 
diffused and no direct sunlight is visible.  
Such a sky may have a luminance as high 
as 104 cd/m2. 
 
Diffuse light may enter through glazing 
and will be reflected randomly.  However, 
diffuse light may still be of sufficient 
intensity to cause problems when viewing 
display screens. 
 
 

Backlighting 
A display screen seen against the 
background of a diffuse sky may be 
difficult to read and cause a user to 
experience glare.  
 
 
Appearance 
 
Shading devices may be used to achieve 
a particular appearance.  For instance 
brise soleil may be needed on only a few 
windows to resolve issues of solar gain or 
glare but may be fitted to all windows to 
give a uniformity of appearance.  
 
 
Nature of daylight and sunlight 
 
Sun path 
The path of the sun across the sky will 
give different angles of incident light at 
different times of any day and this will be 
different on each day of the year.  The 
path of the sun also depends on the 
latitude at which the building is 
constructed.     
 
 

 
 
 
Figure 2 Altitude and azimuth   
 
 
The angle of the sun above a horizontal 
plane is called the altitude ().  The 
horizontal angle of the sun is called 
azimuth (z).  In this Technical Note 
azimuth is measured either side of South 
but it may be measured from North, Figure 
2. 
 
Sun paths for different months in the 
South of England (latitude 52o N) are 
given in Figure 3. 
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Figure 3 Sun path diagram (Latitude 52o N) 
 
 
It can be seen that the sun from the East 
and West never gets above altitude 30o 
while the sun from the South can get to 
altitude 62 o in Summer but never gets 
above 14 o in Winter.  
 
A method of calculating the angle of 
incidence of the sun for any day and hour 
is given in Appendix A. 
 
 
Obstructions 
Obstruction such as buildings and trees 
will shade the building.  This can be taken 
into account by plotting the shadow of the 
obstruction on the building envelope.  
Such a plot is known as a gnomic 
projection. 
 
 
Modelling 
The method given in Appendix A can be 
used to calculate shadow patterns for a 
particular day and hour.  Intensities of 
insolation can also be calculated.  
However, it may be useful to have 
average insolation over a period of hours 
or a cooling period (a day or a season).  It 
is also very tedious to calculate insolation 
for the many facets of a complex building 
envelope.  Software is available to 

calculate solar radiation on complex 
buildings, Figure 4. 
 

 
 
Figure 4 Calculation of insolation using 

radiance 
 
Shading 
 
Different shading devices give different 
shadow patterns.  Shadow patterns 
provided by shading devices will vary 
throughout the day but may be: 
 
 Solid 

o Fully shaded 
o Partially shaded 

 Patterned 
 
The effectiveness of a fixed shading 
device will depend on the altitude of the 
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sun measured in a vertical plane normal to 
the façade.  This is the vertical shading 
angle described in Appendix B. 
 
Shading devices may also be adjustable 
so that different shadow patterns can be 
obtained at any one time of the day. 
 
 
Solid shadow 
A solid shadow is provided if the shadow 
pattern is continuous, Figures 5a and 5b.   
 

 
 

  

a) Solid 
shadow – 
fully shaded 

b) Solid 
shadow – 
partially 
shaded 

c) Patterned 
shadow 

 
Figure 5 Shadow patterns 
 
 
Some shading devices may only provide a 
solid shadow for a range of effective 
altitudes.  Figure 6 shows the maximum 
effective altitude () for which a typical 
shading device gives a solid shadow.  
Altitude for any day and hour may be 
calculated according to Appendix A and 
shadow patterns may be derived 
according to Appendix B. 
 

 
Figure 6 Maximum effective altitude for 

solid shade 
 
 
Patterned shadow 
A shading device may provide a patterned 
shadow, Figure 5c at all altitudes if for 
example it is a thin perforated sheet.  

Other devices may be opaque to radiation 
from low altitudes but provide only a 
patterned shadow for radiation from higher 
altitudes, Figure 7. 
 
The effectiveness of the shading device 
will be different for each effective sun 
altitude, Appendix B.  The percentage 
solidity of a shading device for a particular 
vertical shading angle () may be 
calculated by: 
 

% 100
bb

b
  solidity

ot
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Figure 7 Solidity of shadow 
 
 
Variable shade 
Variable shade can be achieved by using 
shading devices that are movable or 
retractable, or in which the components 
move or rotate.  For example a Venetian 
blind may be raised or lowered and the 
blade angle may be changed to give 
different shading characteristics at any 
given time.  
 
 
Transmittance 
Radiation may not be totally excluded from 
the shaded areas in the shadow patterns 
above.  Fabric blinds and perforated metal 
blind slats may allow some transmittance 
of radiation.  When calculating shading 
coefficients it may be necessary to take 
account of transmittance through the 
opaque parts of any shading device 
through perforations or by reflection.  
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Shading devices 
 
Shading can be provided by the following 
means: 
 
Recessed glazing 
Recessing windows within a wall will 
create a solid shadow on the margins of 
the window and reduce the average 
insolation over the window surface.  The 
efficacy of recessing windows is shown in 
Appendix B. 
 
Brise soleil 
Brise soleil are fixed shelves projecting out 
above the window to provide some 
shading of the window.  It should be 
remembered that similar devices may be 
positioned vertically alongside a window. 
 
Brise soleil may provide a solid shadow or 
a patterned shadow.  They seldom 
produce full shading of a window but are 
most effective against high altitude 
summer sun, on a South facing façade.  
They are less effective against low altitude 
sun, typically from the East or West, which 
would require a brise soleil with an 
impossible outstand to achieve full 
shading of a window. 
 
It is possible to use two brises soleil each 
with half the outstand to achieve the same 
effect as a single large brise soleil.  In this 
case one brise soleil is positioned at the 
head of the window and the other around 
mid-height probably aligned with a 
transom. 
 
 
Light shelves 
Light shelves are placed below high-level 
glazing to reflect light upwards and into 
the building.  This adds to diffuse light 
reflected from the ceiling, creates more 
useful daylight within a room and may 
reduce sun glare. Figure 8. 
 
 

 
 
Figure 8 Typical light shelf 
 
Whilst light shelves create shade they will 
be warmed by insolation and will radiate 
long wave infrared.  If placed wholly inside 
the building they will not reduce solar gain. 
 
 
Blinds 
Blinds are angular selective and only block 
light from a range of incident angles.  If 
they comprise slats that can be rotated 
then they can be adjusted to provide solid 
shade at all times of the day. 
 
Horizontal slats, such as a Venetian blind, 
can be set to exclude all insolation below 
a certain altitude and require no further 
adjustment throughout the day. 
 
Vertical slats will only exclude light from a 
range of azimuths.  On South-facing 
facades the incident sun sweeps through 
1800 of azimuth and a vertical blind cannot 
block insolation throughout the day 
without some adjustment during the day. 
 
Retractable fabric blinds, roller blinds, 
reduce incoming insolation at all angles of 
incidence but they may have to be raised 
at times of the day unless artificial lighting 
is used. 
 
Blinds may be positioned on the inner or 
outer surface of the glazing or mid-plane 
within a glazing unit. 
 
Internal blinds may provide shading 
against glare but because they are inside 
the building they will not be very effective 
at excluding solar gain.  Short wave 
infrared heats the blind, which then warms 
the room by convection and radiation of 
long wave infrared.   
 
Internal blinds are accessible to building 
occupants and are prone to abuse and 
damage. 
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External blinds are most effective at 
providing shading against solar gain and 
may provide shading against glare. 
 
External shading devices have to be 
sufficiently robust to resist the external 
environmental conditions.  They may be 
controllable but control is more difficult to 
arrange than for internal blinds.  Some 
Clients have expressed concern about the 
reliability of control mechanisms and the 
inherent maintenance requirement. 
 
Mid-plane blinds within the glazing cavity 
may provide shading against glare but are 
less efficient than external blinds at 
excluding solar gain. 
 
They will be warmed by insolation yet 
there is no cooling by convection.  As a 
result the blinds become warm and radiate 
long wave radiation in to the room.  This 
can be partly overcome by the use of a 
low-e coating on the inner glass pane. 
Diffusing devices 
Diffusing devices scatter the incoming light 
and reduce the occurrence of sun glare.  
However, they do not reduce the level of 
insolation entering the room and will not 
reduce solar gain.  
 
 
Patterned glasses 
Patterned glasses distort images viewed 
through them and act as very weak 
diffusers.  They will have a very limited 
effect in reducing the occurrence of sun 
glare. 
 
 
Prismatic diffusers 
Hollow plastic glazing materials 
comprising hollow triangular voids will 
cause the light to be reflected and 
diffracted internally so that it is more 
diffuse as it enters the room.  They will not 
prevent sun glare but will reduce its 
occurrence. 
 
 
Translucent materials 
Translucent glazing materials are the most 
effective diffusers, however they also 
reduce the level of incoming visible light.  
Translucency may be achieved by the 

glazing, an etched glass surface, or by a 
translucent infill in the glazing cavity. 
 
 
Shading against solar gain 
 
Solar gain is reduced if any of the 
insolation is prevented from entering the 
building.  Shading devices do not 
therefore need to provide full shade or a 
solid shadow. 
 
Shading devices, environmental control 
glasses (TN51) or both may be used to 
reduce solar gain.  The proportion of 
external insolation passing through a 
window is known as the shading 
coefficient.   
 
The shading coefficient defines the 
amount of solar radiation excluded by the 
shading device and glass combined.  It 
may be calculated as: 
 

zg  S.C.   

 
Where: 
 
S.C. is the shading coefficient 
z is the shading factor 
g is the solar factor of the glass 
 
The shading factor (z) is the effective 
proportion of glass that is shaded.  It may 
not comprise solid shade but is the net 
area shaded and should be adjusted for 
any transmittance through the non-
translucent parts of the shading device.  It 
will vary throughout the day with altitude 
and azimuth of the sun.   
 
Solar transmittance is the amount of solar 
radiation passing the shading device and 
glass and entering the building.  Littlefair 
(2005) gives effective solar transmittances 
for different generic shading devices. 
 
 
Shading against sun glare 
 
Sun glare from direct sunlight is 
dependent on the altitude and azimuth of 
the sun, the orientation of the viewed 
surface and the position of the observer.  
Additionally sun glare from reflected 
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sunlight is dependent on the position of 
the reflecting surfaces. 
 
Shading against sun glare has to be a 
specific opaque patch that provides solid 
shade.  The position of the patch on the 
building envelope will vary throughout the 
day as the altitude and azimuth of the sun 
vary.  Shading devices that provide a 
patterned shadow will simple produce a 
patterned shadow pattern on the viewed 
plane with un-shaded parts of the viewed 
surface still affected by sun glare.  
 
Neutral appearance solar control glasses 
tend not to appreciably reduce the 
transmission of visible light and do not 
reduce sun glare.  Highly reflective and 
coloured solar control glasses can reduce 
the visible light transmission significantly.  
 
 
Shading against glare from diffuse light 
 
Reducing overall light levels can achieve 
reduction of glare from diffuse skylight or 
internally reflected light.  This may be 
achieved by using devices that produce 
solid or patterned shadows or by the use 
of environmental control glasses. 
 
 
Shading against glare from 
backlighting 
 
Glare caused by backlighting by diffuse 
light may be controlled by reducing the 
backlight using blinds behind the viewed 
object. 
 
 
Holistic performance 
 
Operation 
Variable shading not under the control of 
the building occupants can lead to conflict 
and irritation if the operation is to frequent 
or distracting. 
 
Daylight 
Any shading, intentional or otherwise, will 
exclude some of the incident daylight.  
This may increase the need for artificial 
lighting with consequential energy costs 
and secondary heating from the lighting. 

Local shading 
Local shading, for instance a projection 
above the screen, can often reduce Sun 
glare on public display screens. 
 
 
Appearance 
Shading devices, particularly external 
ones, have a significant impact on the 
appearance of a building.  They have to 
be included at the outline design stage 
prior to seeking planning approvals. 
 
The effect of shade on a building will 
cause some parts of the façade to be 
more visible than others.  This will clearly 
affect the appearance of the building, 
which will change through the day and 
seasonally. 
 
Shading devices may attract pigeons and 
other birds.  Measures are sometimes 
taken to prevent birds landing on buildings 
and these may be more prominent on 
shading devices such as brise soleil. 
 
Blinds under local control of the building 
occupants will create a random 
appearance as they will all be in different 
positions at any one time.  This may be 
particularly striking at night when the 
building is illuminated internally or during 
the daytime if the blinds are reflective.    
 
 
View in and out 
Shading devices will obstruct views of part 
of the sky; they may also restrict views at 
lower levels.  Care is necessary to ensure 
that shading devices are not obtrusive to 
occupants, particular where they are 
passive or automatic rather than in the 
control of the occupants. 
 
Privacy can be a concern to occupants 
where there is pedestrian access close to 
glazing or at night when the building is 
internally illuminated.  Blinds can be used 
to provide privacy as well as prevent glare. 
 
 
Thermal fracture 
Thermal fracture of glass may occur 
where temperature differentials occur in 
the glass. 
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Shading devices give rise to different 
glass temperatures in the shaded and 
unshaded areas.  The use of any shading 
device, whether mid-plane or behind the 
glass will increase the temperature of the 
glass by reflecting solar radiation. 
 
A thermal fracture check should be carried 
out for any annealed glass adjacent to 
blinds or shaded, intentionally or 
deliberately. 
 
Maintenance 
External shading devices containing 
operating mechanisms will have a 
maintenance requirement.  Maintenance 
costs have to be considered and a 
planned means of access should be 
provided. 
 
External shading devices may prevent 
access for maintenance, for instance 
access for cleaning or to replace glazing.  
It may be necessary to make shading 
devices demountable to allow access for 
maintenance. 
 
Mid-plane blinds may not be accessible for 
repair and their failure may require the 
replacement of the entire glazing unit.  
Placing blinds between the principal 
glazing and a secondary glazing means 
that they are accessible for maintenance 
provided the secondary glazing is 
demountable. 
 
 
Access 
Brise soleil may be used to provide an 
access platform for maintenance and 
repair.  If brise soleil are intended to 
provide a work platform they should be 
designed to carry the access loads 
described in CWCT Standard for 
systemised building envelopes. 
 
 
Specification 
 
Shading devices may be specified to the 
contractor in terms of: 
 
 Shading coefficient at different angles 
 Effective solar transmission 

 Effective shading coefficient over a 
cooling period 

 Drawings 
 Assumptions made in a building 

energy model 
 
Shading coefficients by angle 
Shading coefficients may be specified for 
different combinations of altitude and 
azimuth or for different hours of a day, for 
instance a July day.  It is important to 
distinguish between the need for solid or 
patterned shadows. 
 
Effective solar transmission 
An effective solar transmission may be 
specified over a cooling period.  The 
period should reflect the construction and 
operation of the building.  It may be the 
summer cooling season but shorter 
periods may be appropriate if nighttime 
cooling occurs.  Again it is important to 
distinguish between the need for solid or 
patterned shadows 
 
Effective shading coefficient 
An effective shading coefficient may be 
specified over a cooling period.  This is 
similar to specification of an effective solar 
transmission.  
 
Drawings 
Drawings may be prepared by the 
architect to show the shading devices that 
are included in the building energy model. 
 
Input to a building energy model 
Information input into a building energy 
model may be used as the basis for 
specification.  For instance he position and 
outstand of a brise soleil.  It is important to 
distinguish between the need for a solid or 
patterned shadow. 
 
 
References 
 
CWCT Standard for systemised building 
envelopes, CWCT, 2006, ISBN 1 874003 30 0 
 
CWCT TN 13 Glass breakage, CWCT, 1999 
 
Littlefair, P. J., Summertime performance of 
windows with shading devices, BRE Trust, 
2005, ISBN 1 86081 739 4 



Shading and solar control TN 50 
 

9/16 

Bibliography 
 
CIBSE, TM35 Environmental Performance 
Toolkit for Glazed Facades, CIBSE, 2004, 
ISBN 1 90328 753 7 
 
Littlefair, P. J., Site layout planning for daylight 
and sunlight - A guide to good practice, BR 
209, Building Research Establishment, 1991, 
ISBN 1 86081 041 1 
 
Littlefair, P. J., Solar shading of buildings, BR 
364, Building Research Establishment, 1999, 
ISBN 1 86081 275 9 
 
Muneer, T., Abodahab, N., Weir, G. and Kubie, 
J., Windows in buildings - Thermal, acoustic, 
visual and solar performance, Architectural 
press, 2000, ISBN 0 7506 4209 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

© CWCT 2007 
 
CWCT 
The Studio, Entry Hill, Bath, BA2 5LY 

T: +44 (0) 1225 330945 
cwct@cwct.co.uk 
www.cwct.co.uk 

 



Shading and solar control TN 50 
 

10/16 

Appendix A 
 
 
This Appendix gives methods for calculating sun paths and the angle of sun for any time and 
day.  The following terms and notation are used: 
 
Declination (D): The angle of the sun's rays to the equatorial plane, positive in summer. 
  
Latitude (L): The angle from the equator to a position on Earth's surface. 
  
Hour angle (H): The angle the Earth needs to rotate to bring the meridian to noon. Each hour 

of time is equivalent to 15 deg. 
  
Day Number (N): The day number within the year, January 1st is 1. 
  
Altitude (): The angle of the sun above the horizon plane. 
  
Azimuth (Z): The compass direction of the sun. Measured in degrees East or West of 

South. 
 
 
 
Sun path diagram 
Figure A1 show sun paths plotted for different months of the year at latitude 52o N.  The 
altitude and azimuth may be read for any hour of the day in any month.   
 
 

 
Figure A1 Sun path diagram (Latitude 52o N) 

 
 
The sun paths are plotted for the 21st day of each month as this captures data for the longest 
and shortest days of the year.  Value for other days of the year may be calculated as 
described below. 
 
The time scale assumes that the sun is due South at Noon.  The time must be corrected by 
one hour during periods of summertime if clocks are adjusted.  The azimuths are given in 
degrees from South.  Before Noon they are to the East and after Noon they are to the West. 
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The sun paths are plotted for a site at latitude 52o N.  Sun paths for other latitudes may be 
plotted using the method given below.   
 
To calculate the altitude and the azimuth of the sun the first step is to calculate the 
declination of the sun for a particular day of the year.  This is given by: 
 

 






 


365

N284360
sin23.4  D

 

 
Knowing the declination and latitude the altitude of the sun at any hour can be calculated 
from: 
 

 L sinD sin  H cosL cosD cosasin   

 
The azimuth can then be calculated  from: 
 












 cos

L cosD sin - L sinH cosD cos
 cosaz

 

 
Repeating the calculation for every hour or half hour within a spreadsheet and plotting the 
results will give a sun path diagram for the day. 
 
The method given above is a simplified method that is suitable for most design purposes.  In 
practice the timing of the sun’s path may vary by up to 20 minutes. 
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Appendix B 
 
 
This Appendix gives methods for calculating shadow patterns.  The first step is to calculate 
the altitude and azimuth for the hour and day under consideration, Appendix A.  The shading 
pattern also depends on the orientation of the building envelope surface.  The calculation 
method described below is applied to a vertical surface.   is taken as the angle between the 
incident sun and the wall measured in the horizontal plane, the solar wall azimuth.  It is the 
difference between the azimuth angle and the orientation of the vertical wall. 
 
The geometry of the shading device and a ray from the sun are shown in Figure B1.  It is 
assumed that the shading device is a horizontal rectangular solid shelf projecting a distance 
b from the vertical wall. 
 

 
 

Figure B1 Shading diagram 
 
In the diagram: 
 
 is the altitude of the sun. 
 is the effective azimuth 
b is the outstand distance of the shading device. 
 
It follows that: 
 




 cos
b
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Shadow patterns 
 
The depth of the shadow (d) and the angle or offset (c) may be used to draw a shadow 
pattern. 
 
Figure B2 shows shadow patterns for brise soleil on walls facing East, South East, South, 
South West and West are shown for different hours of the Day on 21 July. 
 
To plot shadow patterns for inclined brise soleil the out-stand is measured horizontally (b) 
and the depth of shadow calculated is the depth beneath the outer edge of the brise soleil 
(d), Figure B3.  Note that the angle  is no longer appropriate and the offset (c), Figure B1, 
has to be used to plot the shade pattern. 
 
 

 
 
Figure B3 Effective outstand 

 
 
Figure B4 Vertical shading angle 

 
 
Vertical shading angle (Effective altitude) 
 
Many shading devices are designed and depicted as sectional drawings.  When designing in 
this way it is the altitude of the sun in the plane of the section that is critical for design.  The 
vertical shading angle may be calculated on the basis of Figure B4 and: 
 




















 cos
 tan

 atan
b
d

 atan  
 

 
This is also the angle used when calculating the effectiveness of slatted blinds.  Note that 
the vertical shading angle is greater than the actual altitude for all effective azimuths other 
than 90o. 
 
 
Position of shading devices 
 
Brise soleil are most effective if they are positioned immediately above the glazing they are 
required to shade.   
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Figure B2 Shadow patterns for different vertical wall orientations during July. 
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Figure B5 shows the effect of positioning the brise soleil some distance above the glazing 
where they are less effective or have no effect at all.  Figure B5 also shows the effective 
increased shadow area associated with a wider brise soleil. 
 

 
 

Figure B5 Effect of size and position of shading devices. 
 
 
Shade in recesses 
 
The wall will shade a recessed window in the same way that it may be shaded by a brise 
soleil.  However it should be remembered that the jamb reveal as well as the soffit will 
provide shading.  The shadow pattern is then as shown in Figure B6. 
 
 
 

 
 

Figure B6 Shading in a recess 
 
 
The soffit causes a shadow of depth d (Figure B1) and the jamb reveal causes a shadow of 
width c (Figure B1). 
 
 
Angle of incidence and intensity 
 
The angle of incidence for a surface is the angle between the sun’s rays and a line normal to 
the surface (i), Figure B7.  For altitude  and effective azimuth  the angle of incidence is 
given by: 
 

) cos acos(cos  i    
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Figure B7 Angle of incidence 
 
 
If the intensity of the insolation is w, measured normal to the sun’s rays then the intensity 
measured on the incident plane will be: 
 

  cos  cos w  i cos w  w'  

 
The transmission properties of glass depend on the angle of incidence, TN 51.  At angles of 
incidence in excess of 60o the transmittance is considerably reduced and at an angle of 
75o it is typically half of the transmittance for an incident angle of 0o. 
 
Note also that shallow recesses and projecting frames have a significant shading effect at 
angles of incidence in excess of 75o. 
 
 
Sloping surfaces 
 
All of the above derivations and calculations are for shade patterns on a vertical wall.  For 
sloping surfaces the reader is invited to construct diagrams similar to Figures B1, B3, B4, B6 
and B7 and derive suitable geometrical relationships. 
 
 
 
 
 


