
Arch 125: Intro to Environmental Design
SOLAR GEOMETRY + ORIENTATION



Texts used in the preparation of this presentation.



There are large 
numbers of 
buildings that treat 
windows as 
patterning devices, 
and that do not 
take advantage of 
the sun in obvious
ways.

In fact, the windows at the 
right ARE Morse Code.



Antoine Predock: Alumni Reception 
Hall, University of Minnesota

…time of day affects 
windows...



In studying Solar Geometry we are 
going to figure out how to use the 
sun’s natural path in summer vs. 
winter to provide FREE heat in the 
Winter, and to reduce required 
COOLING in the summer + USE IT TO 
ANIMATE OUR SPACES.



We use this 
chart to 
determine 
when we DO 
and DO NOT 
want sun 
penetration 
in and 
around our 
buildings.



Understanding solar geometry is 
essential in order to:

• do passive building design (for 
heating and cooling)

• orient buildings properly

• understand seasonal changes in the 
building and its surroundings

• design shading devices

• use the sun to animate our 
architecture



Solar geometry works for 
us because the sun is 
naturally HIGH in the 
summer, making it easy to 
block the sun with shading 
devices on south façades.

And it is naturally LOW in 
Winter, allowing the sun 
to penetrate below our 
shading devices and enter 
the building - with FREE 
heat.



The time zone is important as it affects “solar noon”. All charts are 
based on solar noon not the “hour noon”. Easiest way to find solar 
noon for your location is to note the sunrise and sunset times (in the 
paper/net) and solar noon is halfway in between.



Detailed weather data is available online at:
http://www.weatheroffice.ec.gc.ca/city/pages/on-150_metric_e.html

For example: for 
Collingwood, Ontario for 
Sunday, Jan 22, 2006

Sunrise 7:50, Sunset 
17:15, Moonrise 0:44, 
Moonset 11:12

So… solar noon is 
halfway between 7:50 
and 17:15, so

4:10 + 5:15 = 9:25 / 2 = 
4:42.5 (4 hours 42.5 
minutes), 
so at 42.5 minutes after 
12 noon.

Toronto was 7:44 and 17:14



The rotation of the earth about the sun affects the amount of solar 
radiation we receive at varying times of the year.











The vertical angle at which the sun’s rays strike the earth is called the 
‘altitude angle’, and is a function of latitude, time of year and time of day.    
The simplest situation occurs at 12 noon on the equinox, when the sun’s rays 
are perpendicular to the earth at equator.       Altitude Angle = 90o - Latitude



The exact nature of the 
solar radiation we 
receive is a function of 
our atmosphere.





Not all solar radiation is absorbed by the 
earth - much is reflected and scattered. 
The image of the earth above shows more 
is collected where the sun passes through 
the atmosphere with less travel distance. 
It is also a function of cloud cover.



Part of the reason for the decrease in intensity in WINTER is the 
amount of radiation that is absorbed by the atmosphere during the 
longer trip through it by oblique rays. 



At low angles the sun’s rays pass through more of the atmosphere –
resulting in radiation reaching the surface being weaker –

i.e.: sunset



The angle the sun’s rays make with the earth’s surface also affects solar 
radiation levels. When the angle is oblique, the rays are less intense.





The precise condition of the sky is 
taken into account when 
determining the amount of solar 
radiation that is received by a 
building. The clearer the sky, the 
more energy received.

diffuse

direct



When it is cloudy the rays are diffused and even less radiation reaches 
the earth’s surface. Shadows are less severe and light is more even.



So even within the same 
space, the microclimate
will change due to solar 
conditions from one day 
to the next.

The diffuse light on the 
cloudy day more evenly 
illuminates all faces of 
the building, leaving no 
faces in dark shadow.



The wavelength of the light is also 
affected by its “clarity” and source.



Reasons for less radiation are:

1. Far fewer hours of daylight 
(6 hrs less at 40 degrees 
latitude on December 21st 
than June 21st)

2. Reduced solar radiation due 
to cosine law.

3. Lower sun angles increase 
amount of atmosphere the 
sun must pass through to 
get here

The temperature of the air, and land is primarily a result of the 
amount of solar radiation absorbed by land.



Copernicus is credited 
with establishing that 
the earth orbits around 
the sun –

However for the 
purposes of building 
design let’s again assume 
that the sun revolves 
around the earth, or at 
least that the sun 
revolves around the 
building site in question.















•Space Heating - lower half of solar window, mostly desired in winter only

•Domestic Hot Water Heating - all year round 



Surrounding buildings affect the view from the site to the sky.

As well as cast shadows on the site.





Horizontal 
Projection Sun 
Path Diagram

Vertical 
Projection Sun 
Path Diagram







You should be able to construct this set of diagrams for any site you are working on.

49.5



Designing for solar 
conditions requires that 
you are aware of the 
orientation of the site. If 
you don’t have one of 
these on your plan from 
the beginning, then, you 
are not aware.



These are “aerial plan 
views” of the 
skydome.

Notice that the sun is 
symmetrical about 
the solstices, so we 
get the same lines for 
the spring and fall 
months.



Horizontal 
Projection 
Sun Path 
Diagram

These diagrams always use “solar noon” as 12:00. You 
need to look at the local time conditions to see how 
this aligns to the actual time.



Toronto Latitude: 43° 40‘ North
Kitchener Latitude: 43° 27‘ North



Equator
45 degrees N

North Pole 



Vertical  
Projection 
Sun Path 
Diagram



We use this 
tool to 
understand 
how 
surrounding 
buildings and 
trees will 
shade our site 
at various 
times of the 
year.

















We begin to make 
key layout decisions 
based upon 
exposure to sun for 
heat and light. 



We begin to make 
key layout decisions 
based upon 
exposure to sun for 
heat and light. 
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SOLAR SHADING



Shading is a key strategy of achieving thermal comfort in the summer months.

The tiered approach to reducing carbon 
for COOLING:

Maximize the amount of energy required for 
mechanical cooling that comes from 
renewable sources.
Source: Lechner. Heating, Cooling, Lighting.

Tier 1

Tier 2

Tier 3

Heat Avoidance

Passive Cooling

Mechanical Cooling



Two main methods of preventing overheating:

1. Prevent the sun from hitting the glass: done using 
roof overhangs, special shading devices or 
vegetation.

OR

2. Use special glazing -- “spectrally selective” -- that 
filters the harmful rays out of the sunlight striking 
the glass.



The larger the 
angle of 
incidence 
(steepness of 
the sun angle), 
the less 
transmittance.







Green on the 
Grand in 
Kitchener uses 
spectrally 
selective glazing 
and no shading 
devices to 
control heat 
gain.









Reflective 
glazing

The Disney Concert 
Hall in Los Angeles 
required remediation 
to its shiny skin as 
the curves were 
creating hot points in 
the adjacent streets 
that were dangerous 
to cars and 
pedestrians.



http://www.theguardian.com/uk-news/video/2013/sep/03/london-walkie-talkie-skyscraper-video

Rafael Vignoly’s infamous “Walkie Scorchie” 
skyscraper in London, England

http://www.theguardian.com/uk-news/video/2013/sep/03/london-walkie-talkie-skyscraper-video
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A simple roof overhang 
acts as a shading device.



-A horizontal 
window 
(skylight) 
receives 4 to 
5 times more 
solar radiation 
than south 
window on 
June 21.

-East and 
West glazing 
collects 
almost 3 
times the 
solar radiation 
of south 
window.







Basic shading types



Which ones compromise the view? These also 
compromise daylight and natural light to the room.



Le Corbusier used his 
“Brise Soleil” to shade 
the façades of the 
Unite d’Habitation
(northern 
hemisphere).

Ministry of 
Education, 

Rio De 
Janeiro 

(southern 
hemisphere)















Even though the 
grate is removed 
from the building 
face, its net effect 
is somewhat the 
same.







A variety of 
approaches is 
possible.



Louvered shades are 
commonly used to:

•prevent snow build up 

•allow for ventilation at the 
façade

•lighter when it comes to 
loading and support than solid 
shades









Solar 
Exposure of 
Window is a 
Function of: 

Time of 
Year

vs.     

Temperature



A problem inherent in any fixed overhang is its 
inability to respond to seasonal lag.  The warmest 
period of the summer occurs in early August about 
5 or 6 weeks after the summer solstice (June 21 
when the sun is highest in the sky).  A fixed 
overhang designed to provide complete shading on 
June 21 allows unwanted sunlight to enter the 
window when the daily temperatures are warmest 
five weeks later.

Conversely designing  to provide complete shading 
during the warmest period (in early August) also 
results  in similar complete shading from mid-May 
when solar heat may still be desirable.  







Adjustable overhangs provide a solution to seasonal lag.

Some ideas might work well “in a drawing”, but think carefully before 
you use any devices that require hinges or motion in climates where 
snow and ice will cause wear.



Living Awnings 
such as 
deciduous trees  
and trellises 
with deciduous 
vines are very 
good shading 
devices.  They 
are in phase 
with the 
thermal year –
gain and lose 
leaves in 
response to 
temperature 
changes.



Ketchum Residence, ON,   
Sustainable EDGE Inc.

Center for Regenerative 
Studies, Cal Poly Pomona





…extend 
device for 
full shading



The above two use 
louvers or grates 
that will let snow, 
rain and wind 
through.

This one uses 
ceramic fritted glass 
that is sloped, to 
allow some light but 
shed rain and wet 
snow.







Since little winter heating can be expected from east and west 
windows, shading devices on those orientations can be designed 
purely on the basis of the summer requirement.



Since little winter heating can be expected from east and west 
windows, shading devices on those orientations can be designed 
purely on the basis of the summer requirement.



1. The best 
solution by far is 
to limit using 
east and 
especially west 
windows (as 
much as possible 
in hot climates)

2. Next best solution is to have windows on 
the east and west façades face north or 
south 



3. Use Vertical Fins. Spacing is an issue, as well as fin length. Must be 
understood that if to be effective, they will severely restrict the view.





The sun also hits the façade 
from the north east and 
north west during the 
summer. Fins can be used to 
control this oblique light as 
well. It is a function of the 
latitude, window size and 
fin depth/frequency.



Once the heat is IN, it is IN!



These do NOT control heat gain -- only issues of glare.



Interior blinds CAN be used to assist in daylighting and light distribution 
within the space. They do not control heat from solar gain.













• important to get a quick and dirty understanding 
of your building and its shadow patterns (both 
INTERIOR and EXTERIOR)

• need to do this BEFORE you commit to extensive 
designs

• can use computers to simulate

• can do sun angle diagrams

• can build a quick massing model and model it on 
a HELIODON



Plotting shadows allows you to understand your site and the effects 
of the sun on your site at different times of the day and year.



This type of analysis is a 
“must do” for every 
building that you 
design.

What is MISSING here, is 
the shading diagrams 
from the neighbouring
properties (all sides). 
Their shadows will 
impact your building 
too.





Shadow at 11 
a.m. on June 
21





Shadow at 3 
p.m. on Dec 
21





Notice that March 21 and 
Sept 21 are identical









Vancouver Airport Authority: summer solstice 
noon



YVR: summer solstice 3pm



YVR: summer solstice 6 pm



YVR: winter solstice noon



YVR: winter solstice 3 pm



YVR: spring/fall equinox noon



YVR: spring/fall 
equinox 3 pm



YVR: spring/fall 
equinox 6 pm



Summer 
shading

Summer 
shading

North wall
- no shading

North wall
- no shading



Exterior shading 
devices 
(horizontal fins) 
are proposed for 
the south side of 
the terminal wall 
to cut down on 
solar gain in the 
highly glazed 
space during the 
summer months. 
Solar gain is still 
permitted during 
the winter.
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