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Continuing Education Credit

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



• Brief Review of Light and Human Circadian Response
• EML, CS, CP and new research on light-adapted responses
• Evaluation of Dynamic Light Systems for Circadian Impact

Course Material

Upon completion, participants will be able to:

1.
Demonstrate working 

knowledge of
the limitations of

current Circadian metrics

2.
Examine dynamic lighting 

system spectra for
Circadian efficacy

across multiple metrics

3.
Evaluate flexibility of dynamic 
systems for future research 
and discovery in Circadian + 
non-Circadian human health

4.
Possess a basic 
understanding of 

non-Circadian benefits of 
light and potential use-cases

• Evaluation of Dynamic Light Systems ability to adapt to future research
• Light for health BEYOND Melatonin: Blue + Long Red/Infrared
• The Power of Light for Health



Light + Human Circadian Response
A Brief Review



When light hits our eye…

Retinal Cell Type Primary Cell Function

Rod B&W Night Vision

Cone Color Visualization



When light hits our eye…
It affects our circadian rhythm

Retinal Cell Type Primary Cell Function

Rod B&W Night Vision

Cone Color Visualization

ipRGC Circadian System Governance



Nighttime Light
Exposure

Long Dark Nights
(.001 – 10 Lux)

The Modern Dilemma with Light
100s of Thousands of Years



Nighttime Light
Exposure

Long Dark Nights
(.001 – 10 Lux)

Sunrise/Sunset Light
Exposure

Quick Dim Transition
(10 – 1K Lux)

The Modern Dilemma with Light
100s of Thousands of Years



Nighttime Light
Exposure

Long Dark Nights
(.001 – 10 Lux)

Sunrise/Sunset Light
Exposure

Quick Dim Transition
(10 – 1K Lux)

Daytime Light
Exposure

Long Bright Day
(1K – 10K Lux)

The Modern Dilemma with Light
100s of Thousands of Years



Nighttime Light
Exposure

Artificial Light
Exposure

Daytime Light
Exposure

Shorter Dark Nights
(.001 - 10 Lux)

Long Dim Day
(10 - 1K Lux)

Limited Exposure to Bright
(1K - 10K Lux)

The Modern Dilemma with Light
<100 Years



EML, CS, and CP
The Impact Of New Research On Light-mediated Responses



CS (Circadian Stimulus)
Lighting Research Center
CS > 0.3 morning
CS < 0.1 evening
Prioritize EV/EH

NOTE: The most well-known Circadian metrics are 
based on research on dark-adapted individuals

How do we “solve” for
lack of natural light?

Problem:
• Day: Can’t replicate outdoor intensities indoors
• Night: Unlikely to convince homeowners to use 

candlelight

Solution:
• We can manipulate spectra to help compensate

EML (Equivalent Melanopic Lux)
Lucas Group / WELL Building V2
275 vertical EML 9A-1P (Tier 2)

CP (Circadian Potency)
Greater than 20% blue light during daytime
Less than 2% blue light at night



SOURCE: https://www.pnas.org/doi/10.1073/pnas.2205301119  

Circadian responses to light are different between dark-adapted 
and light-mediated individuals.

Most research measures dark-adapted individuals and their 
responses for up to 1-2 hours beyond initial light exposure.  

New research notes the differences in spectral response for 
Melatonin suppression over extended periods of time (6+ 
hours.)

A light source that does NOT suppress Melatonin production 
after a day’s worth of light exposure may still suppress 
Melatonin if turned on in the middle of the night

Acknowledging Limitations
Of Dark-Adapted Research

https://www.pnas.org/doi/10.1073/pnas.2205301119


https://pubmed.ncbi.nlm.nih.gov/29984614/SOURCE:

Recent Research On White Light
Demonstrating the significant importance of 
blue light on melatonin production

https://pubmed.ncbi.nlm.nih.gov/29984614/


Case Study (1-yr assessment)

Mission Critical 24/7 Control Room
of Global Energy Company

Key Insights
• 50% reduction in employees with excessive sleepiness
• 50% increase in employees alert and fresh at 5AM
• 67% reduction in employees reporting frequent mistakes
• 28% reduction in employees who classify as obese or overweight

Baker, T l; Campbell, S C; Linder, K D; Moore-Ede, M C: Control-room operator alertness and performance in nuclear power plantsSOURCE:

https://www.osti.gov/biblio/7077701


A survey of 248 scientists who have published a total of 2,697 peer-
reviewed scientific articles on circadian clocks and light, reached 24 
conclusions including: 

• Evidence supports the widespread introduction of circadian lighting 
that dynamically adjusts light intensity and blue content throughout 
the day and night for optimal circadian entrainment and health

• Critical wavelengths for (daytime) circadian entrainment are 460–
495nm, with blue light near the sensitivity peak of the ipRGC 
melanopic receptors

• LED lights with high 460-495nm blue content should carry the 
warning label “may be harmful if used at night.”

Make lighting healthier - scientists reach consensus on blue light exposure - YouTubeSOURCE:

Scientific Consensus Survey
Leading researchers are galvanizing around 
a common scientific understanding 

https://www.youtube.com/watch?v=DEED5nk8PSA


The Truth About Blue

There is an abundance of misleading information about risks 
associated with blue light.

Adequate blue light exposure during the day is just as 
important as limiting blue light exposure at night.

Our circadian system relies on exposure to the right light at 
the right time.



Dynamic Light Systems
Evaluating Circadian Impact



Standard Tunable White (TW)
CCT: 2700K-6500K

TW

% reduction blue Cool/Warm 68%

% blue @ 2700K 8.84%

EML Ratio 2.11



4-Channel System (RGBW)
CCT: 2700K-6500K

TW RGBW

% reduction blue Cool/Warm 68% 70%

% blue @ 2700K 8.84% 7.55%

EML Ratio 2.11 1.68



Enhanced Tunable White (ETW)
CCT: 2700K-5700K

TW RGBW ETW

% reduction blue Cool/Warm 68% 70% 92%

% blue @ 2700K 8.84% 7.55% 1.58%

EML Ratio 2.11 1.68 2.62



2700-6500K 2700K-5700K

TW RGBW ETW 4CH

% reduction blue Cool/Warm 68% 70% 92% 93%

% blue @ 2700K 8.84% 7.55% 1.58% 1.73%

EML Ratio 2.11 1.68 2.62 3.01

Enhanced 4-Channel Systems 
CCT: 2700K-5700K



A Deeper Look: Enhanced Tunable White
Good performance but limited adaptability

Enhanced Tunable White
CCT: 2700K-5700K



4 Channel Systems
CCT: 2700K-5700K

A Deeper Look: 4 Channel Systems
Broad versatility covers any need or application



Beyond Melatonin
Light for Health



• Improves learning and cognitive response
• Improves mood, alertness, visual comfort
• Therapeutic Photobiomodulation (PBM) and

Long Red + NIR

https://static.frontiersin.org/articles/10.3389/fneur.2021.624217/fullSOURCE:

Light’s Impact On Human Health

https://static.frontiersin.org/articles/10.3389/fneur.2021.624217/full


• Improves learning and cognitive response
• Improves mood, alertness, visual comfort
• Therapeutic Photobiomodulation (PBM) and

Long Red + NIR

https://www.sciencedirect.com/science/article/abs/pii/S0169814111001193SOURCE:

Light’s Impact On Human Health

https://www.sciencedirect.com/science/article/abs/pii/S0169814111001193


• Improves learning and cognitive response
• Improves mood, alertness, visual comfort
• Therapeutic Photobiomodulation (PBM) and

Long Red + NIR

https://journals.sagepub.com/doi/abs/10.1177/1477153519828419?journalCode=lrtdSOURCE:

Light’s Impact On Human Health

https://journals.sagepub.com/doi/abs/10.1177/1477153519828419?journalCode=lrtd


• Improves learning and cognitive response
• Improves mood, alertness, visual comfort
• Therapeutic Photobiomodulation (PBM) and

Long Red + NIR

Light’s Impact On Human Health



• May use Cytochrome c oxidase as a photoreceptor
• May cause beneficial changes in cellular interfacial water layers 

(IWL), especially when subject to pulsed light
• Improves cellular “respiration” – facilitates oxygen cycle in the 

cellular mitochondria 
• Upregulates ATP (adenosine triphosphate) in mammalian cells

• ATP is the energy currency of cells, as also is a messenger 
molecule

• Downregulates ROS (reactive oxygen species) in oxidatively 
stressed cells

Long Red + Near InfraRed (NIR) 
How does it work?

https://atm.amegroups.com/article/view/23854/23193SOURCE:

https://atm.amegroups.com/article/view/23854/23193


Long Red + Near InfraRed (NIR) 
What does it do?

https://pubmed.ncbi.nlm.nih.gov/32596723/
https://pubmed.ncbi.nlm.nih.gov/33594706/
https://pubmed.ncbi.nlm.nih.gov/18588438/

SOURCE:

• Improves eyesight in certain populations
• Improves melatonin production
• Improves cognitive function
• Additional benefits

https://pubmed.ncbi.nlm.nih.gov/32596723/
https://pubmed.ncbi.nlm.nih.gov/33594706/
https://pubmed.ncbi.nlm.nih.gov/18588438/


Long Red + Near InfraRed (NIR) 
What does it do?

• Improves eyesight in certain populations
• Improves melatonin production
• Improves cognitive function
• Additional benefits

https://melatonin-research.net/index.php/MR/article/view/19
https://pubmed.ncbi.nlm.nih.gov/23182016/

SOURCE:

https://melatonin-research.net/index.php/MR/article/view/19
https://pubmed.ncbi.nlm.nih.gov/23182016/


Long Red + Near InfraRed (NIR) 
What does it do?

• Improves eyesight in certain populations
• Improves melatonin production
• Improves cognitive function
• Additional benefits

https://pubmed.ncbi.nlm.nih.gov/36371017/SOURCE:

https://pubmed.ncbi.nlm.nih.gov/36371017/


Long Red + Near InfraRed (NIR) 
What does it do?

• Improves eyesight in certain populations
• Improves melatonin production
• Improves cognitive function
• Additional benefits

• Improves skin conditions
• Promotes wound healing
• Promotes hair regrowth
• Reduces swelling + inflammation
• … and more



Key Takeaways



What does this mean for lighting?

1. Along with food, H20, air, and exercise – LIGHT is a vital 

pillar of human health and wellness

2. Scientific research continues to reinforce the connection 

between light and health. Both intensity AND spectra matter

3. Consensus has formed around the importance of Circadian, 

but this is only just the beginning

4. Our industry needs to think deeply about the future and 

“skate to where the puck is going to be”

5. Adoption of flexible dynamic systems is the key to delivering 

the right light at the right time



This Concludes The American Institute of Architects
Continuing Education Systems Course


