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Credit(s) earned on completion of 
this course will be reported to AIA 
CES for AIA members. Certificates of 
Completion for both AIA members 
and non-AIA members are available 
upon request.

This course is registered with AIA CES
for continuing professional 
education. As such, it does not 
include content that may be deemed 
or construed to be an approval or 
endorsement by the AIA of any 

material of construction or any 
method or manner of
handling, using, distributing, or 
dealing in any material or product.
___________________________________________
Questions related to specific materials, methods, and 
services will be addressed at the conclusion of this 
presentation.



Learning
Objectives

1. Understand the physiological effects of light. 
2. Calculate vertical foot-candles in designs
3. Meet criteria for WELL and CS without compromising 
energy efficiency
4. Employ color constancy in design applications

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



Agenda

• What do we agree on? 
• What we don’t agree on, yet? 
• How to do vertical light calculations
• How to meet the WELL criteria without compromising energy 

efficiency
• How to take this whole thing to the next level



Light and Health: What do we agree on? 
• What it is

– ipRGCs mediate different physiological effects
• Direct effects

– Alertness
– Melatonin secretion
– Cognition
– Mood

• Indirect effects
– Circadian entrainment
– Sleep
– Mood (yup, again)

• Where it should be
– Vertical not horizontal light

• How much
– Each physiological effect appears to be greater than what is required for vision

• Brighter days and darker nights in the built environment
• Anything we do is better than what we are currently doing

ipRGCs contain 
Melanopsin

Project to non-
image forming parts 

of the brain



What we don’t agree on
• The exact role of rods and cones
• Which model should be used

– LRC CS Model Vs. melanopic lux model Vs. CIE model
• Timing

– First hour of the day?
– First 4 hours of the day?  
– All day?

• Exactly how much?
– 150 m-lux? (WELL V2 - 1 point) 
– 200 m-lux? 
– 240 m-lux? (WELL V2 – 3 points)
– 500 m-lux?  
– CS = 0.3?  

• A lot of the “movement” in criteria has been more of an interaction between 
what’s best for light and health and what’s best for comfort and energy 

• Make no mistake, from a light and health standpoint, brighter is better. 



CIE S 026 versus Lucas Model (WELL) for melanopsin
• CIE created a Melanopic DER (Daylight Efficiency 

Ratio)
– How much melanopsin is stimulated by a light 

source relative to D65 (Daylight)
• Melanopic EDI (Similar to melanopic lux)

– A high melanopic EDI during the day is usually supportive 
for alertness, the circadian rhythm and a good night's 
sleep.

– A low melanopic EDI in the evening and at night facilitates 
sleep initiation and consolidation.   [CIE position 
statement]

• Melanopic Daylight Efficiency Ratio
• D65 would yield a melanopic DER of 1.  
• Highest sensitivity at 490nm

• WELL model (Melanopic Lux)
– How much melanopsin is stimulated by a light 

source relative to Equal Energy Spectrum (~5555K)
• Highest sensitivity at 490nm
• Equal energy would yield an m/p = 1.  
• D65 would yield an m/p = 1.1

– WELL m/p is about 10% higher than melanopic DER. 

• Exact same weighting function!

Image credit: CIE S 026 EDI Toolbox userguide
https://www.nsvv.nl/wp-content/uploads/2019/03/CIE-S-026-EDI-Toolbox-Userguide-vE1.05x.pdf

https://www.nsvv.nl/wp-content/uploads/2019/03/CIE-S-026-EDI-Toolbox-Userguide-vE1.05x.pdf


WELL versus CS

• The LRC has two models in one
– Warm model is almost identical to 

WELL and CIE DER
• Peak sensitivity at 485nm instead of 

490nm

– Cool model has this sub-additivity 
that they always talk about

– Crossover is around 3500K
• 3500K and warmer is “warm” model
• Cooler than 3500K is “cool” model
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• Standard LED at 2200K requires 40FC vertical for BOTH CS 
and WELL

• Standard LED at 3000K requires 28FC vertical for BOTH CS 
and WELL

• Standard LED at 3500K requires 24FC vertical for BOTH CS 
and WELL

• Spectrally Optimized will drop this down to 17FC

• At 3500K and warmer, the two models are the 
same

• Standard LED at 4000K requires 21FC for WELL and 3.3 
times that for CS

• Standard LED at 5000K requires 18FC for WELL and 1.9 
times that for CS

• Standard LED at 6000K requires 16FC for WELL and 1.5 
times that for CS

• When the two models are NOT the same, CS 
requires significantly more light

Application: How much we need for daytime versus color 
temperature

17FC

Optimized Spectrum



Which color temperature do we want to use in our 
everyday daytime spaces?

Favorite 
CCT

I would 
never

6500K XX% XX%

5000K XX% XX%

4000K XX% XX%

3500K XX% XX%

3000K XX% XX%

2700K XX% XX%

Reminder: CIE, LRC, and WELL all agree at 3500K and warmer



• My results from previous questionaires
• In order to maximize melanopic stimulus within the 

preference range, we have to consider the 
interaction with color vision
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• Colder color temperatures have the most 
capacity for melanopic rich spectrum

• We still have to make sure color rendering 
isn’t compromised
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Quick how to (WELL):

• Figure out M/P ratio
– Some manufacturers will 

provide
– Or you can calculate yourself

• Plug M/P ratio as a LLF
• Create a vertical calc plane



Figuring out the m/p 
• Calculator can be found at: 

https://standard.wellcertified
.com/tables#melanopicRatio

• Click data tab to input your 
own SPD data

https://standard.wellcertified.com/tables




• Calculator can be found at: 
https://standard.wellcertified.com
/tables#melanopicRatio

• Click data tab to input your own 
SPD data

• In this instance, we see an m/p of 
0.911 (We’ll use 0.9 for our 
example)

https://standard.wellcertified.com/tables


Open Office with a troffer

• Open Office 66’ x 31’
• 5 or 6 long tables with 

workstations
• Notes: tables facing 

walls are going to suffer 
on vertical lux



Adding m/p ratio into calcs
• Uploading m/p (0.9) 

as a LLF



Setting up vertical calcs
• Must use 2 point 

calculation
• Tilt light meter 90 

degrees
– Orientation dictates 

which direction 
looking

– Turn on meter 
indicator to see 
direction

• 4’ above finished 
floor



Elevation view of horizontal calc plane and 
vertical calc plane







Standard Troffer 
design w/ Standard 
4000K LED

High output 
design to meet 
WELL criteria

Troffer (3,950 lm @ 
37.4W) – Spectrally 
optimized 3500K LED

Fixture Output 4,179 lm 5,403 lm 3,950 lm

Fixture Wattage 32.2 W 42.5 W 37.4 W

Fixture efficacy 129 lm/W 129 lm/W 104 lm/W

CCT 4000K 4000K 3500K

m/p 0.61 0.61 0.83

LPD .187 .246 .215

Horizontal lux 345 [32 FC] 446 [41.5 FC] 326 [30 FC]

Vertical lux 191 [18 FC] 246 [23 FC] 181 [16.8 FC] 

Vertical m-lux 116 150 150

Data

Spectrally optimized fixtures may ”under perform” in efficacy, but when do 
better in total energy consumption when trying to achieve circadian metrics



In review

• Brighter days and darker nights is the goal
– The brighter the day, the better
– The darker the night, the better (didn’t get into this much, but trust me)

• Vertical lux is what we need, not horiztonal
• ALL MODELS AGREE AT 3500K and warmer
• That’s GREAT, because we like 3500K and warmer.  



Getting more vertical lux
• More luminous pendants 

can get more vertical lux

Previous example



Data

Luminous pendant 
design w/ Standard 
4000K LED

High output 
design to meet 
WELL criteria

Luminous pendant 
design w/ Spectrally 
optimized 4000K LED

Fixture Output 2,339 lm 2,690 lm 2,339 lm

Fixture Wattage 27.2 W 32.3 W 33.4 W

Fixture efficacy 85 lm/W 85 lm/W 70 lm/W

CCT 4000K 4000K 4000K

m/p 0.61 0.61 0.91

LPD .384 .44 .45 

Horizontal lux 320 [30 FC] 368 [34 FC] 320 [30 FC]

Vertical lux 214 [20 FC] 246 [23 FC] 214 [20 FC]

Vertical m-lux 130 150 194



Putting the light where you need it
• Take a page out of task lighting’s 

handbook
• But now, the “task” has changed



But let’s go a little further

• Why do we dislike 6500K, when it’s 6500K outside
• What if we can change preference?  
• What if what you see is not what you get? 



Demonstration 1



• Our color vision is 
compromised in the most 
central field of view
– Lack of S cones
– Macular pigment

• We use surrounding 
information and information 
about the light source to 
calculate a perceived color

• Blue colored sky is important 
to making colder lights appear 
warmer

• Nature is nominally 6500K
– Nothing is actually 6500K
– A gradient of colors warmer 

than 5000K and colder than 
6500K

Color Constancy (adaptation)

Which is warmer? 

This is important to shifting 
the preference curve



Demonstration that is WAY better in person

Color perceived as 3000K to 3500K

Actual color is 5500K



Color gradients (Task Lamp)

4500K perceived 
as much warmer

12,000K – 20,000K

Lighting 
Apparatus

Intended  view of o
bserver

8,000K –
12,000K

5500K –
7500K

5000K



Color gradients (Task Lamp)



Color gradients (Task Lamp)

• 6500K directed at the eye 
(1.5 m/p ratio)
– 3 vertical lumens for 1 

horizontal lumens
• Provides 200 melanopic lux 

when placed next to a 
monitor
– Takes all the design work out 

of meeting WELL
• Biophilic component
• Individualized control



Health and Wellness lighting: 
• We’re in enough agreement in order to really get started
• Think about spectrum and color together
– 490nm peak during the daytime
• Use coolest acceptable CCT for maximum benefit (note: full 

agreement at 3500K)
– 450nm peak at night 
• Use warmest acceptable CCT for maximum benefit

• Standard (not spectrally optimized) LED can achieve daytime 
requirements, but it will come at the cost of energy and 
comfort

• Spectrally optimized solutions can provide an energy efficient 
and comfortable daytime environment 

• Luminous pendants can increase the vertical lux compared to 
traditional light sources

• Color separation can take circadian lighting to the next level
• Task lighting is going to take a new evolution

Final recap



Catnap Mural 
by Michael Sommers
Location: Carlsbad, CA



This concludes The American Institute of Architects Continuing 
Education Systems Course


