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Course Description

This course will:

Investigate the interplay of color and light: this in
depth course explores the design impact of
lighting, Color Temperature, Color Rendering
Index (CRI), and Light Reflectance Value (LRV).

Additionally, we'll identify problems that occur as

a result of product substitution and color
matching.
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Learning Objectives

At the end of this program, participants will be able to:

* Understand the role of light and the process that occurs between
the brain and the eye for humans to see and perceive color.

* Compare the characteristics of different light sources, specifically
color temperature, and color rendering index and their impact on
color.

e Gain a deeper understanding of LRV.

* |dentify problems that occur due to product substitution and color
matching.



Color and Light

Color is determined by light

Enlightenment period - color
treated as a science

Lighting designer: light
intensity and color
temperature

Scientist: physics and
properties of light at
different wavelengths

Design Professional: color as
scientific and decorative



Evolution of Light

13.7 Billion 4 Billion BC 400,000 BC 5,000 BC 3,000 BC
years ago “The Sun” “Fire” “Oil Lamps” “Candles”
“The Big Bang”

Primary source of
light in the
17t Century




Evolution of Light

1809 1814 1853 1879
Humphrey Davy Invented “Gas Lamps” “Kerosene “Edison Inc.
“Incandescent Filament” Lamps” Lamps”

Hundreds of people

US and Europe flocked on New Years
Street Lamps Eve to see Edison’s
power by gas invention in his Menlo

Park laboratory



Evolution of Light

1936 1955 1959 1960 1962
“Fluorescent “Fiber Optics” “Halogen Lighting” “Lasers” Nick Holonyak Jr.
Lamps” LED-Red
“Father of LED”

Introduced to
the public at
the New York
Worlds Fair in
1939




||||
([
|

i

Hill

Color and the Impact of Light

e 1666 - Sir Isaac Newton discovered light is composed of
a spectrum of colors

* Red, orange, yellow, green, blue, indigo, and violet
(the colors of the rainbow)




Electromagnetic Spectrum

Electromagnetic Spectrum . .
Visible Light
‘1 kilometer 1 meter 1 millimeter 1000 nanometer 1 nanometer

10"? meters

Broadcast Microwaves X-rays Cosmic

band rays
Radar Infrared Ultraviolet Gamma

(IR) (UV) rays

Long Wavelengths p— ' Short Wavelenghts

Visible Light

Infrared Ultraviolet
(IR) O\

700 nanometers 600 nanometers 500 nanometers 400 nanometers

Image : Astronomers Group



Additive / Subtractive Color

Additive Color Subtractive Color

Yellow

Three primary colors of light Three primary pigment colors
added together in equal (substances)
amounts = white light combined = black



Subtractive Color and the Color Wheel

Subtractive color mixing creates
secondary and tertiary colors

Hue - Pure Color

Value - How dark or light

Chroma - Color Intensity

Adding black and white all
values of tints and shades are
represented

Neutral Axis R

v

Image : Munsell Color Space



The Human Eye

Retina
“light sensitive lining”

Cornea
lets in light
=== . Optic Nerve
=~ Object / \ “signals from Rods
= absorbs all Iris and Cones are

wavelengths controls the sent to the brain”
except yellow'  5mount of light



Rods and Cones

Rods & Cones
Send signals to brain that enable us to perceive brightness

- ]

CONES CONES CONES

Colors in the middle of visual spectrum appear brighter

* Rods perceive light and dark (no color) and are used primarily at
night (which is why you don't see colors at night)

 Cones sense colored light - sensitive to red, green, and blue

* Cone fatigue happens when a specific wavelength, or color, of
light, is emitted in high intensity; the relevant cones become
fatigued and less sensitive to that wavelength.









Characteristics of Lighting

Correlated Color Temperature

Color Rendering Index (CRI)




* An ideal radiator that
absorbs light at all
electromagnetic
wavelengths

e When heated the
light emitted
changes colors

* Key to determining

B|aCk Body color temperature
Radiator




Correlated Color Temperature (CCT)

O Kelvin 10000 Kelvin

9,727° C

273° C

-S3000K ot
ght at Sunrise Afternoon or
(Varies d

1850K Candle

4000K Clear
Metal Halide

2700K Incandescent

2700K CFL

4100K Cool
3000K Halogen

Fluorescent

2700-3200K 4000-4500K 5000-6000K 7000-7500K
LED Warm White LED Natural White LED Day White LED Cool White

2000K 3200K 5000K 5500K 9500K

WARM COOL




Color Rendering Index (CRI)

* CRl is a standardized
method of assessing the Fair
ability of a light sourceto ~ 20-7O CRI
render color accurately

e “
A I Il II.L

* The higher the CRI the Better
better the light is at 70-80 CRI
rendering colors

* A CRI of >80 is adequate Best
=——— forinterior spaces 80-100 CRI

Source: EnergyStar.Gov
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intenisty

intensity

Spectral Power Distribution

Source
. . LED
Visible Light
Daylight Incandescent Fluorescent

*
500 &0 S00 SO0 400 500 &00 700
wiavelengih (nm) wavelength [nm) wovealength (mm]
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Spectral Power Distribution of Light Source

Incandescent

50 ‘
D

300 350 400 450 50D 550 600 650 700 750
Wavelength - Nanometers
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Wavelength - Nanometers

Lighting Research Center Resource Collection



[ES TM30-15

A comprehensive system for calculating objective information
Benefit specifiers, manufacturers, and researchers

Informed decisions about light source spectrum

Ability to evaluate tradeoffs between efficiency and color rendering
Transitioning from CRI to IES TM30-15 will take time!

Color Vector Graph (Interprets the average Hue / Chroma shifts)
XN RS

ZIE N  auV
For more information on TM30-15 WWW.IES.ORG
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Artificial Lighting




Incandescent / Halogen / Compact Fluorescent Lighting

400 500 600
wovelength [nm)

™o

500 400 700
wavalength (nm)]

* Spike Blue, Green, Red

—_—
400 500 400 700

wavelength (nm]

Compact Fluorescent Light (CFL)

Much bluer in tone

Colors appear cool with blues
and greens enhanced - reds
and yellows muted

Color temperatures range from
2700K - 6500K / CRI 80%+

8,000-10,000 hours




Incandescent/Halogen/CFL Applications




Linear Fluorescent (Tube) Lighting

15 5/8” 3rd Generation 2000s

T8 1” 2" Generation 1980s ﬁ

T12 1.5” 1st Generation 1930s
Phased out in 2012

Linear Fluorescent Light

» Spikes at blue end of spectrum -
enhances cooler colors

* Much bluer in tone
e Colors appear cool with blues and greens
enhanced - reds and yellows muted
» Color Temperatures range from Warm
2700K to Cool 6500K / CRI 80+ \
—_— k. e =
e 8,000 - 10,000 hours 400 500 400 700

wizvelength [nm)
 Diffused Light - Evenly distributed,
reduces harsh shadows
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Fluorescent Applications
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400

500 &00
wavelength (nm|

700

Recessed Lighting

Warm White Cool White

500 &00 700
wiavelangin (rm) 400 500 400 700
wavelength [nm)

LED MR & PAR

e LED CRIs continue to improve

e 3000K whites are crisp and colors vivid -
without the yellow/orange of Halogen

e Green, blues, violets emphasized - Cool White

* Color Temperatures range from 2700-5000K /
CRI 90%+

* 30,000-50,000 hours

e When dimmed maintains a consistent color
temperature - No orange

e |Less heat - No UV emitted




Traditional Halogen / LED Applications




Light-Emitting Diodes: LEDs

e Solid State Technology similar to
computer chips emit light

* Visible light is generated by
movement of electrons through the
semiconductor material

* Different wavelengths of light are
achieved by varying the
semiconductor design

Image: SuperiorLighting.Com

 Heat Sink is key component to
removing internal heat and
maintaining the quality of LED

Creating White Light

L

e __,,_\‘
— W

~ White -

| Light | ¢
Ar mixing optics )

_ White e
| ueht [ g

~ e Phosphors

* Three ways to produce white light

Blue or UV LED

Image: Energy.Gov



400

500 £00
wavelengih [rrm)

Warm White

Light Emitting Diodes (LEDs)

400 500 00
wovalangih [rnm)

Cool White

 Warm whites are crisp and colors vivid

e Cool White, Green, blues, violets are
emphasized

e Color Temperatures range from
2700K to 7000K / CRI 80% or higher

» Color Temperature remains relatively
consistent when dimmed

Minimal light loss / instant lighting

Dimmable and controllable

No mercury, UV, or IR

Long Life 30,000-50,000 hours

* Energy efficient




Lighting is changing: “Smart LEDs

Behavioral Lighting
Set the Mood!

Indoor
Positioning



Lighting Facts Labels

 New Labels are rated by Lumens instead of Watts

 Lumens: Measures light output - Brightness
—The higher the number, the Brighter the light

 Watts: Measures energy required to light the product.
—The lower the wattage, the less energy used

Halogen PAR38 LED PAR38
Lighting Facts r=rcue

Lighting Facts e cus

Brightness

. | More Light Emitted
Brightness l 1230 Iumem;Jl (Brlghter nght)
Estimated Yearly Energy Cost

$2.05

920 lumens I

Estimated Yearly Energy Cost
Baszed on I hrsiday, 11¢&Wh

Basad an 3 hraiday, 11&%Wh
Cost depends on rates and use

Cost depends on rates and use

LN |
Life I | ite —— .
Bas=d on 3 hrs/day ] Based on 3 hrsiday :-22_3 years : Longe r Llfe
Light Appearance Light Appearance - —
W.Hrm Warm Cioal CO I or
T o . ] Temperature
2800 K 2000 K

LN NN

Energy Used Energy Used

1 'Twats | Less Energy Used
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Sensitivity to light

Sunny day: Red vibrant
flower

Dusk: Dull and lacked
contrast

Purkinje Shift




Evaluate Colors Under Intended Light Source

2700K - 3200K 4000K - 4500K 5000K - 6500K

Incandescent Compact Fluorescent / Halogen

Compact Fluorescent Linear Fluorescent /

Halogen / LEDs LEDs
~ 2700K ~ 3000K ~ 3500K ~ 4100K
iving Rooms Living Rooms Kitchen Garage
-amily Rooms Family Rooms Bathrooms Basements
Commercial Commercial Commercial Commercial
Hospitality Hospitality

~ 5000K

Commercial
Industrial
Institutional

~ 6500K

Commercial
Industrial
Institutional




Reflectance and Paint Sheen

Satin / Semi-Gloss / Gloss Matte / Flat / Eggshell

>,
_——
Specular Reflection Diffuse Reflection




Paint Draw Down




Light Reflectance Value (LRV)

Light Reflective Value (LRV) Scale

0% 10% 20% 30% 40% 50% 60% T0% 80% S90% 100%
Mid
Range
Below 50% Above 50%
Color is Darker Color is Lighter

Absorbing more light than it Reflect more light back into

will reflect the room

back in the room than is absorbed

LRV 84




Light Reflectance Value (LRV)

LRV Guidelines

Residential 50%
Commercial Spaces 70%
Industrial Spaces 65%

Yellows use with caution
highly reflective




CTED 2 of 2

_S(;_lect a Color 1232 foung)

Manufacturer’s Website

Bavarian Cream

LRW: 89

LRV 0% - 30% ] hﬂ

Light Reflectance Value

N

LRV, or Light Reflectance Value, is a
measurement commonly used by
design professionals—such as
architects and interior designers—
that expresses the percentage of
light reflected from a surface. LRV's
range from 2-100, with 100 being 3
pure white and O being absolute

I black. I

e |RVs can be found on
fan decks

e Paint Manufacturer’s
website

e Revit Color Suite Apps




Metamerism




Types of Metameric Failure

Geometric

Observer

Field Size
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[Iluminant Metameric Failure

When viewed under When viewed under
Incandescent Light Fluorescent Light, both
both samples match. samples DO NOT match.




[lluminant Metameric Failure

Color Prescription Color Prescription
Thalo Blue Synthetic Ultramarine
Titanium White Titanium White
Organic Yellow Lamp Black
Iron Oxide Control Match
Sample Sample

N\\//
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Specification

Manufacturer’s base paint, colorants and color
prescriptions are not the same

Undertones in colorants are impacted by color
temperature

Specify Manufacturer, Product and Color

Indicate NO product substitution and NO color
matching




What to consider when selecting a paint color

Light Source
Light
Application Col Color Sheen Reflectance
Type ot Rendering Value (LRV)
Temperature
Index

Indicate on your specification

“No Product or Color Substitution”

Color Name and
Manufacturer Name Product Name Sheen
Color Number




Summary

* The role of light and the process that occurs between the brain and
the eye to see and perceive color.

* Differentiate between various types of light sources and how the
color temperature and color rendering index can influence the
color in the space.

e Demonstrated how a color’'s LRVs can make the most of available
daylight - decreasing the reliance on artificial light sources.

* |dentified important considerations when selecting a Paint Color
(Application, Light Source, LRV, and Sheen).

* And finally, why a manufacturer’s paint, colorants and color
prescriptions can not be matched



Thank you!



BENJAMIN MOORE ADVANTAGE
Exclusive Gennex Waterborne Colorants

Industry leading technology
Proprietary resin
Rich colorants

Fortifies the paint

GENNEX

Maintains consistent viscosity : COLOR; NT B,
across bases " ADVANTAGE | <3

Improves paint performance &
application

Any color - low VOC

Environmentally friendly
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