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Light Sources

Primary sources of electric light for buildings

Incandescent
Discharge
Solid State

Relative efficacy of various light sources

Efficacy = lumens per watt

Spectral distribution (color) also influences efficacy of lamps. 
For example, warm white lamps have a lower efficacy than 
cool white lamps.

(Source: Heating, Cooling, Lighting by Lechner)
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Light vs Heat

Theoretical maximum efficacy is where 100% of electrical 
energy is converted into light.

Incandescent lamps turns only about 7% of electricity into 
light.

LED turns about 50% of electricity into light.

Increased efficiency in lighting significantly reduces cost and 
environmental harm of both lighting and air conditioning.

Building codes regulate lighting efficiency by specifying max-
imum number of lighting watts permitted per square foot of 
floor area.

(Source: Heating, Cooling, Lighting by Lechner)
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Incandescent and Halogen Lamps

Incandescent 

•	 Low efficiency 
•	 Low bulb life
•	 Heat a tungsten filament until white hot (Tungsten is a 

greyish-white lustrous metal, which is a solid at room tem-
perature. Tungsten has the highest melting point and low-
est vapor pressure of all metals.)

•	 Wear out as the tungsten filament evaporates, becoming 
thinner and eventually breaking.

•	 Evaporation of filament can be reduced by adding halo-
gen elements to the inert gases inside the lamp.

Halogen (also - tungsten halogen, quartz iodine)

•	 Halogen lamps are variations of incandescents. Their 
bulbs are made of quartz, and they can contain inert gas-
es such as fluorine, chlorine, bromine and iodine, called 
halogen elements. 

•	 Can be operated at higher temperatures without shorten-
ing lamp life excessively.

•	 Slightly better efficacy than incandescent 
•	 Advantage of optical control (beam control)

Because tungsten evaporates during the heating process, 
an inert gas like argon is needed to contain the tungsten and 
bounces the atoms back toward the filament to keep it from 
spreading and coating the inside of the bulb.

(Source: Heating, Cooling, Lighting by Lechner)
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Discharge Lamps

Based on phenomenon known as discharge, in which an ion-
ized gas rather than a glowing hot tungsten filament emits 
light.

•	 Require a ballast that ignites the lamp with a high voltage 
and then limits the electric current to the proper operating 
level.

•	 High efficacy
•	 Long life
•	 Some have the liability of using the toxic element mercury

Few types: Fluorescent, Neon, HID

Ionize: to dissociate atoms or molecules into electrically 
charged.

Note: the ballast regulates the current to the lamps and pro-
vides sufficient voltage to start the lamps. Without a ballast 
to limit its current, a fluorescent lamp connected directly to a 
high voltage power source would rapidly and uncontrollably 
increase its current draw.

(Source: Heating, Cooling, Lighting by Lechner)
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Fluorescent

•	 Radiation is emitted from a low-pressure mercury vapor 
that is ionized.

•	 Since much of the radiation is in the ultraviolet part of the 
spectrum, the inside surface of the glass tube is coated 
with phosphors to convert the invisible radiation into light.

•	 By using different phosphors, can be designed to emit 
various types of white light.

•	 Available in variety of sizes, colors, wattages and shapes.
•	 Because light is emitted from the surface of the glass bulb 

rather than from a point-like source, fluorescent lamps are 
not good for beam control.

•	 Best used for area lighting
•	 Popular for offices and schools because of high efficacy, 

long life and good color rendition.

Phosphors: material that emits light, or luminescence, when 
exposed to radiation such as ultraviolet light or an electron 
beam.

(Source: Heating, Cooling, Lighting by Lechner)
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Neon

•	 Use gases such as neon, which gives off red light and 
argon, which gives off blue light.

•	 Through the use of different combinations of gases, col-
ored glass, and phosphors a large variety of colored light 
sources is possible.

•	 Can be custom made to almost any desired shape.
•	 Long life (about 25,000 hours)
•	 Not suitable for area lighting (output is only one-sixth of 

equally long fluorescent lamp)
•	 Good for when shape of lamp is closely integrated with 

the form or when shape of lamp is itself the design

Images
•	 127 John Street, Neon Tunnel, NYC, 1971
•	 Amsterdam designer Pieke Bergmans (blown glass and 

neon)
•	 Coordination Asia uses neon grids to transform a Beijing 

art gallery into a gym for Nike
 
(Source: Heating, Cooling, Lighting by Lechner)
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High-Intensity Discharge (HID)

•	 Very efficient
•	 Size and shape similar to incandescent
•	 Need a ballast 
•	 Light emitted from small arc tube located inside a protec-

tive bulb
•	 Offer some optical control
•	 Require a few minutes to reach maximum light output

(Source: Heating, Cooling, Lighting by Lechner)
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Light Emitting Diodes (LED)

•	 Main light source from a larger group called solid-state 
lighting (SSL).

•	 Are semiconductor devices that convert electrical energy 
into light energy.

•	 Light is emitted from the top of a chip and waste heat is 
emitted from the back through a heat sink

•	 Very efficient
•	 Long life
•	 Small size and flexibility
•	 Ideal sources for applications where spot or narrow beams 

area required
•	 Need a power supply often called a “driver”
•	 Very sensitive to heat and therefore need to be designed 

to dissipate heat (heat sink)
•	 Benefit to the environment and often promoted by gov-

ernments and utility companies (main benefit is energy 
efficiency)

LED Linear - https://www.ledlinearusa.com/

(Source: Heating, Cooling, Lighting by Lechner)

Note: SSL - https://en.wikipedia.org/wiki/Solid-state_lighting 
Semiconductor - A semiconductor is a material that has an 
electrical conductivity value falling between that of a conduc-
tor, such as copper, and an insulator, such as glass.
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Organic Light Emitting Diodes (OLED)

Area sources that come in very thin flexible sheets, which 
emit diffuse light.

(Source: Heating, Cooling, Lighting by Lechner)

OLED - https://en.wikipedia.org/wiki/OLED
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Luminaires / Lighting Fixtures

Four major functions

•	 Support lamp with some kind of socket
•	 Supplying power to the lamp
•	 Modifying the light from the lamp to achieve a desired light 

pattern
•	 Reduce glare

Divided into 6 generic categories by the way they distribute 
light 

•	 Direct
•	 Semi-direct
•	 General diffuse
•	 Direct-indirect
•	 Semi-indirect
•	 Indirect
 
Distribution of light often defined by a curve on a polar-co-
ordinate graph where distance from center represents the 
candlepower (candelas) in that direction.

ERCO (Jilly Specs and download)

https://www.erco.com/en/products/indoor/pendant-lumi-
naires/jilly-linear-6914/#articles?specsheet=50675.000

(Source: Heating, Cooling, Lighting by Lechner)
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Baffles, Louvers, and Eggcrate Devices

Devices that limit glare by restricting the angle at which light 
leaves the luminaire.

Can be small and part of the luminaire or large and part of 
the architecture.

(Source: Heating, Cooling, Lighting by Lechner)

 

Eggcrate Ceiling Baffle Ceiling
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Parabolic Louvers

Parabolic wedges with specular finish

•	 Extremely effective in preventing direct glare because the 
light distributed is almost straight down

•	 High visual comfort probability (VCP)
•	 Good at preventing veiling reflections (computer moni-

tors, etc.)

(Source: Heating, Cooling, Lighting by Lechner)
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Diffusing Glass or Plastic

Translucent or surface-frosted sheets diffuse the emitted 
light more or less equally in all directions

(Source: Heating, Cooling, Lighting by Lechner)
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Lenses and Prisms on Clear Sheets

Surface of clear sheets formed into small lenses or prisms

•	 Good optical control possible
•	 Light is refracted so that more of the distribution is down 

and direct glare reduced
•	 Round fixtures can use Fresnel lenses that can either 

concentrate the light or disperse the light

(Source: Heating, Cooling, Lighting by Lechner)
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Lighting Systems

General lighting

•	 Usually consists of more or less uniformly spaced, ceil-
ing-mounted direct lighting fixtures.

•	 Flexibility in arranging and rearranging work areas due to 
overall even lighting

•	 Low energy efficiency because noncritical work areas re-
ceive as much light as task areas

Localized Lighting

•	 Nonuniform arrangement in which lighting fixtures are 
concentrated over work areas

•	 Fairly high efficiency (non work areas are not illuminated 
to the same degree as work areas)

Accent Lighting

•	 Whenever an object or part of a building is to be high-
lighted

•	 Should be about ten times higher than the surrounding 
light level

(Source: Heating, Cooling, Lighting by Lechner)
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Lighting Systems

Ambient Lighting

•	 Indirect lighting reflected off the ceiling and walls.
•	 Diffused, low-illumination level lighting that is sufficient for 

easy visual tasks and circulation
•	 Usually used in conjunction with task lighting and then 

known as task/ambient lighting 
•	 Direct glare and veiling reflections can be almost com-

pletely avoided with this approach.

Task Lighting

•	 High flexibility, quality, and energy efficiency
•	 Individual control possible with personal lighting systems 

offers psychological benefits

Task/Ambient

•	 Luminaires often required to complement task lighting
•	 Most sustainable by using less energy and usually 

high-quality lighting

(Source: Heating, Cooling, Lighting by Lechner)
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Visualizing Light Distribution

Point Source - Illumination is inversely proportional to the 
square of the distance.

Line Source - Illumination is inversely proportional to the dis-
tance.

Surface Source - Illumination does not vary with distance.

(Source: Heating, Cooling, Lighting by Lechner)
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Visualizing Light Distribution

Graphing Illumination

A. Using points of equal illumination to plot contour lines of 
the light pattern in plan (isofootcandle (isolux) lines)

B. Graph of the light distribution superimposed on a section 
of the space.

(Source: Heating, Cooling, Lighting by Lechner)
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Architectural Lighting

Cove Lighting

•	 Indirect lighting of the ceiling from continuous wall-mount-
ed fixtures

•	 Soft, diffused ambient light
•	 Creates feeling of spaciousness
•	 Placed high enough so out of direct view
•	 Far enough from the ceiling to avoid excessive brightness 

(hot spots)

Coffer Lighting

•	 Pockets in the ceiling that can be illuminated on variety of 
ways

(Source: Heating, Cooling, Lighting by Lechner)
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Architectural Lighting

Luminous-Ceiling Lighting

•	 Provides large areas source of uniform illumination by 
means of continuous diffuser elements suspended below 
uniformly placed lamps (typically fluorescent).

(Source: Heating, Cooling, Lighting by Lechner)
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Architectural Lighting

Wall Illumination - Lighting fixtures mounted on the ceiling 
or walls can increase the brightness of the walls, emphasize 
texture, or accent certain features.

Valance (Bracket) Lighting 

•	 Illuminates the wall both above and below the shielding 
board.

Cornice (Soffit) Lighting

•	 Valance board moved up to the ceiling
•	 Wall only illuminated from above
•	 Ceiling receives no light

(Source: Heating, Cooling, Lighting by Lechner)
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Architectural Lighting

Louvre-Lens

The Louvre-Lens is an art museum located in Lens, France, 
approximately 200 kilometers north of Paris.

Architect - SANAA

ArchDaily
https://www.archdaily.com/312978/lovre-lens-sanaa

ERCO Lighting
https://www.youtube.com/watch?v=9U5CkpJi960


