
Arch 126: Environmental Building Design
Daylighting Concepts



Primary references and image sources 
for this presentation



Daylighting does not equal sunlight!
Daylighting is about bringing natural LIGHT into a space. 

Many daylit spaces do not WANT or NEED direct sunlight.



Daylighting concepts prefer diffuse or indirect lighting.

With the proper use of shading devices to block direct sun 
penetration into the space, all exposures of the building can receive 
diffuse light rather than direct sunlight.

It is necessary to differentiate strategies as a 
function of building use.



Daylighting is environmentally advantageous because it:

•reduces the need for electric lighting

•therefore reducing the energy needed to power the lights

•reducing the heat generated from the lights

•thereby reducing the cooling required for the space

DIRECT SUNLIGHT is about FREE HEAT.

DAYLIGHT (diffuse light) is about free LIGHT.



Other proven social/health benefits of daylighting:

•improves productivity and worker well being

•this has been translated into a reduction in sick days, which has 
saved some companies hundreds of thousands of dollars

•increased education in children: daylit schools have been proven to 
assist in higher levels of achievement and a decrease in dental 
problems!

•Daylighting is also worth 2 basic LEED points in the Interior 
Environmental Quality category



Light Revealing Architecture: Marietta Millett

Light Revealing Experience

Light Revealing Form

Light Revealing Space

Light Revealing Meaning

Light is an important architectural 
DESIGN TOOL. It has the ability to 
bring architecture to life. It relates 
to the use and cultural identity of 
the building.



Seattle Public Library | 
Rem Koolhaas

Light revealing EXPERIENCE



EMP, Seattle | Frank 
Gehry Architect

Light revealing FORM



British Museum Courtyard | 
Foster + Partners

Light revealing SPACE



The Pantheon, Rome

Light revealing MEANING



When attempting to measure or quantify light, obviously the fewer the
number of different units the better.

For example, there is only one SI unit for distance (the metre) and one
for mass (the kilogram).

Light, however, is a little more complex as it actually goes through a
number of stages during the course of any measurement

production (making), transmission (sending), incidence (hitting) and
reflection (bouncing)

Each stage is a different quantity with a different set of units by which
it is measured.

Measurable Photometric QuantitiesGlossary of Terms



LUMINANCE (production/reflection): The luminous intensity
(photometric brightness) of a light source or reflecting surface
including factors of reflection, transmission and emission. Units are 
candelas per sq.ft. or per sq.m.

LUMINOUS FLUX (transmission): The flow of light from a source to a 
receiving surface, measured in lumens.

ILLUMINANCE (incidence): The measure of light intensity striking a 
surface. The concentration of incident luminous flux, measure in foot-
candles or lux.

Measurable Photometric QuantitiesGlossary of Terms



LUMEN: The basic unit in photometry,  measuring the rate of light 
flow (luminous flux). 

Each square foot (square metre) of spherical surface surrounding a 
one candela (candle power) light source receives one lumen of light 
flux. Lumen is the unit used in both Imperial and SI units. One lumen 
produces a 1 foot-candle (lux) illuminance.

Measurable Photometric QuantitiesGlossary of Terms



CANDELA: an SI unit of luminous intensity. An ordinary candle has a 
luminous intensity of one candlepower.

FOOT-CANDLE: (fc) an imperial measure of illuminance. 
The amount of direct light from one candle falling on a square foot of 
surface one foot away (lumens/ft2)

LUX: An SI measure of illuminance. The amount of light from one 
candle falling on a square metre of surface one metre away 
(lumens/m2).

1 lux = 0.0929 * 1 foot-candle

Measurable Photometric Quantities

IP = Imperial

AS = American Standard

SI = System International

Glossary of Terms



1 lux = 0.0929 * 1 foot-candle

Foot candle is brighter than 
Lux as the Lux is measured 
further away so the light 
intensity is reduced.

1 foot-candle = 10.76 Lux



50 lux (4.65 
footcandle)
•Car Parks
•Main Entrances and 
exits
•Store rooms
•Outdoor platforms
•Stables
•Hotel bedrooms
•Garages

100 lux (9.29 footcandle)
•Corridors and passageways
•Stairs and escalators
•Entrance gates
•Changing rooms
•Rest rooms
•Raw material stores
•Machine rooms
•Loading bays
•Foyers
•Domestic living rooms

CIE (Commission International de l’Eclairage) and IES (Illuminating 
Engineers Society) have published recommended lighting levels for 
various tasks. 

Design Requirements



200 Lux (18.58 footcandle)
•Lifts and lift lobbies
•Waiting rooms
•Medical stores
•Machine assembly rooms
•Finished goods stores
•Vaults and strong-rooms
•Print rooms
•Shopping centre circulation areas
•Airport lounges
•Museum areas (general)
•School assembly halls
•Lecture theatres
•Gymnasiums
•Sports spectator areas

400 Lux (37.16 footcandle)
•Enquiry desks and counters
•Food preparation areas
•Consulting and treatment rooms
•General clerical offices
•Library reading tables
•Assembly hall platforms
•Classroom white-boards
•Laboratories
•Hospital dispensing rooms
•Workshop benches



600 Lux (55.74 footcandle)
•Engine testing rooms
•Cutting and assembly rooms
•Inspection and product testing benches
•Computer rooms
•Drawing board task lighting
•Food sales counters
•Cashier counters
•Supermarkets
•School art rooms
•Vision testing rooms
•Sewing rooms

900 Lux (83.61 footcandle)
•Electronics assembly areas
•Instrumentation workbenches
•Supermarket displays

1200+ Lux (111.48 footcandle)
•Sorting and grading areas
•Clothing inspection areas
•Hand engraving workbenches
•Jewellery workbenches
•Boxing rings 

The more visual acuity required, the more light provided!





Adequate lighting levels are not globally the same!



LUMINANCE (production/reflection): The luminous intensity (photometric
brightness) of a light source or reflecting surface including factors of 
reflection, transmission and emission. Units are candelas per sq.ft. or per 
sq.m.



Design Sky Values
Design Sky values are 
derived from a statistical 
analysis of outdoor 
illuminance levels. 
They represent a horizontal 
illuminance level that is 
exceeded 85% of the time 
between the hours of 9am 
and 5pm throughout the 
working year. Thus they also 
represent a worst-case 
scenario that you can design 
to and be sure your building 
will meet the desired light 
levels at least 85% of the 
time.

279  footcandle
372  footcandle
465  footcandle

697  footcandle
929  footcandle

1,393 footcandle

1,672 footcandle



Examples of different sky distributions: These images are the result of 
taking photographs using a fish-eye lens. Such images capture the full 
hemisphere of the sky, with the horizon around the perimeter and the 
zenith in the centre. 

Sky Types



The different basic sky 
types, clear, uniform and 
overcast, as defined by the 
CIE (Commission 
International de l’Eclairage) 
give varying amounts of light 
for use in daylighting the 
building. Local climate must 
be considered when 
designing for daylight.



The “sky dome” for the 
location must also be 
considered when designing 
for daylighting. Local 
obstructions to the sky 
dome will affect the amount 
and quality of light 
received.



Unlike electric lighting, the total available light is fixed (in this case the 
worst-case Design Sky Illuminance), thus control over the amount of light 
is possible only by changing the means of transmission into the space 
through its apertures, and then to points deeper within the space by its 
distribution system. This means that architectural elements such as 
windows, skylights, lightshelves and even the reflectivity of internal 
surfaces are very important factors in daylighting design. So too are 
external elements such as site obstructions and applied shading devices.



Building spacing and orientation 
will also need to be factored in 
when determining the amount of 
available light or sunlight for the 
building on its various sides.

North-south canyon in housing development at 
Yonge and 401, Toronto





North-south canyon on Avenue Road, north of St. Clair

Looking due east between two tall apartment buildings. Daylight is 
limited in this direction as well.



The daylight factor (DF) is a very 
common and easy to understand 
measure for expressing the daylight 
availability in a room under the 
same sky conditions. 

It describes the ratio of outside 
illuminance over inside illuminance, 
expressed in per cent. The higher 
the DF the more natural light is 
available in the room.

Range is usually 0 - 100%, but for 
most rooms is usually 1 - 10%.

The definition of a daylight factor

Daylight Factor



5% average daylight factor2% average daylight factor

Daylight Factor



Note: LEED daylighting
credits are tied to DF!

Daylight Factor





LEED requires a minimum 
Daylight Factor of 2% to 
qualify for any credits











Reflectance of Materials + Colours



Not only the 
material, but 
also the 
texture of the 
finish affects 
reflectance.



Window

Windows 
both sides

Lightshelf
Images from 
squ1.com

For 
distribution 
concerns 
think of 
bright vs. 
dark spots 
as well as 
room use. 
These 
images are 
for overcast 
bright sky 
conditions

Window Types + Light Distribution



Skylight

Roof monitor

Sawtooth

Images from 
squ1.com

For 
distribution 
concerns 
think of 
bright vs. 
dark spots 
as well as 
room use. 
These 
images are 
for overcast 
bright sky 
conditions –
so no sharp 
shadows…



Images from 
squ1.com

For 
distribution 
concerns 
think of 
bright vs. 
dark spots 
as well as 
room use. 
These 
images are 
for overcast 
bright sky 
conditions –
so no sharp 
shadows…

Spaces nearer the top floor are appreciably brighter. More 
supplementary light is needed on the lower floors.



Lightwell – provides more light directed to the lower floors



Cross section from ECOTECT showing how illumination vectors become more 
horizontal as sidelight travels deeper into a space.
Light intensity and distribution within the space must also be addressed as light is not 
uniform.  This affects USE placement as well as supplementary and TASK lighting. 



This splayed opening 
distributes light more 
widely than a deep 
cut would.

Designing Openings





Also a function of relationship to equator and personal preferences.



•Visual comfort is taken to mean the absence of physiological pain,
irritation or distraction.
•Visual comfort within a space depends on the contrast levels and
luminance variations across the space. Glare is one of the most
common causes of visual discomfort and can result in the occupant
having to interact with the lighting system.

•Occupant interaction with lighting and lighting control systems can
significantly impact the energy use patterns of spaces.
•If issues of glare and visual discomfort are understood during the
initial design process, they could be designed for and hence affect
predicted energy requirements.

Visual Comfort



Types of Glare Affecting Visual Comfort:

There are two main types of glare. 

1. The first occurs when the eye has adapted to an environment over 
time and the environment undergoes rapid change. 

2. The other occurs when the eye has adapted to an environment and 
a source of light appears that is much brighter than anything else 
around it.

The Problem of Glare





Disability Glare: This is glare which results in a direct reduction in the 
person’s ability to see objects in the field of view. Brilliant light sources, like 
car headlamps at night, or the view of the sun from a window at the end of 
a corridor are examples of this sort of discomfort.



Glare in this instance is also exacerbated by the reflective nature of the sidewalk and 
curtain wall finishes.



Discomfort Glare: Glare in which there is no significant reduction in the 
ability to see, although discomfort still persists, due to the bright 
sources in the field of view is called discomfort glare. e.g. the view of 
an excessively bright sky near the line of sight of the worker. It might 
be necessary for the occupant to shade one’s eyes with a hand to 
reduce discomfort.



Veiling Reflections: Veiling reflections are caused when the reflected 
image of a source of light is brighter than the luminance of the task, e.g. 
the image of a window or luminaire off the surface of a computer screen. 
Pencil handwriting where the graphite acts as a mirror is more 
susceptible to veiling reflections than other types of ink.



Reflected Glare: When light from a light source is reflected off specular 
surfaces into the eye or field of view, it is called reflected glare. An 
example would be the discomfort produced by the sun’s reflection from 
a swimming pool.





Lightshelves





Revenue Canada, 
Surrey, B.C.



BC. Gas (Terasen), Surrey, BC



It is interesting to note that the actual 
images are much darker than the 
computer renderings of the 
simulation…













Daylighting and LEED



The Impact of Daylight on LEED Credits
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Primary references and image sources 
for this part of the presentation:

(the two on the right will be available on 
the 226 course homepage)



From the perspective of energy savings, 
environmental benefit and occupant 
comfort, daylighting is being increasingly 
studied and perfected for use in 
commercial and institutional buildings.

Daylighting – A Canadian Perspective



Daylighting for Canadian Buildings divides this into a 10 step process. We will look at 
steps 1 to 5. We have already studied shading (#6). Steps 8 thru 10 will be addressed 
in your Lighting and HVAC courses.



It is necessary to know the potential daylighting benefit by looking up the solar 
radiation values for the city in question. Incoming radiation varies based upon 
orientation (as well as latitude and time of year/day)

Daylight 
Availability





















Building Orientation and Form













Available daylight is a 
function of the amount of 
light that accesses 
exterior windows. It is a 
function of the angle as 
illustrated, calculated 
from the centre of the 
window.

Daylighting the Perimeter







Separate the functions of window for daylight and for view.



Higher windows and the use of light shelves with clerestories will give 
a larger depth of penetration for daylight.





Exterior light 
shelves 
require special 
considerations 
for snow 
accumulation! 
NOT shown in 
this example.







Skylights are an effective means of getting daylight deeper into the 
building plan, but are only useful on the top floor of the building...

Daylighting the Core



Toplighting can produce more even illumination than simple side 
lighting.











Kimbell Gallery: Louis Kahn

skylight detail







Window and Glazing Selection

















Energy Saving Driven Strategies



Different types of light fixtures have 
different light distribution. The type of 
fixture used in combination with daylight 
must be carefully chosen for its most 
appropriate characteristics -- as well as 
to make sure that the light is reaching 
the most suitable surface.



Controls can be 
used that adjust 
the lights to come 
on and off based 
on the illumination 
levels in specific 
zones of (deep) 
rooms, rather than 
having everything 
on or off. These 
controls can also 
be specified to be 
dimmable as well, 
for more even 
lighting.







UV can under no 
circumstance hit artwork. If it 
does, the gallery is a failure!

Menil Gallery:
Houston, Texas
Renzo Piano Architect

Galleries: 
A Special 
Problem























Lightwells in the National Gallery of Canada, Moshe Safdie
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