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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 issues of circadian strategies in healthcare

2. Identify areas of application for circadian lighting

3. Interpret differences between key circadian metrics

4. Apply a range of circadian metric calculation methods to healthcare 
environments

At the end of the this course, participants will be able to:
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Healthcare Industry 2030

16% employment growth 

2.6 million new jobs by 2030
US Bureau of Labor Statistics Occupational Outlook Handbook
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Designing for the 24 hour environment

Office environment

Healthcare 24 hour environment
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Who Are We Designing For?

Patients CarersV
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Who Are We Designing For?

Day
Active

Night
Active
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Competing Light Stimulus Needs

Day Active
Sleep/ Wake

Metabolism/ Digestion
Mood

Immunity/ Recovery

Night Active
Wake

Metabolism / Energy
Cognition / Acuity
Immunity/ Health
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Competing Light Stimulus Needs

Day Active

Night Active

?
V2 2021

Healthcare 2023 
priorities

Design Guideline for 
Promoting Circadian 
Entrainment with Light for 
Day Active People 
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Color Tuning ≠ Circadian

“Color Tuning”

“Color Changing”

“Circadian”
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Color Temperature 

Psychophysical

Physiological

V
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Early Circadian Metrics Debate 

Equivalent Melanopic Lux (EML) 
Lucas Group (Well Building)
Index of Values tied to CCT

Circadian Stimulus (CS)
Lighting Research Council (LRC)
Scale 0-1

includes only non-visual 
photoreceptors (ipRGCs)
in calculation of EML

includes visual photoreceptors (rods, 
cones) in addition to non visual 
photoreceptors in calculation of CS

photopic lux 
(visual system 
photoreceptors:
illuminance)

melanopic lux
(non-visual system 

photoreceptors)

Visual 
Photoreceptors 

Non- Visual 
Photoreceptors 
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EML

Equivalent Melanopic Lux Melanopic Equivalent  Daylight Illumination Circadian Stimulus

Circadian Metrics

Non Visual Receptors 

Biologically active light ipRGC 
peak sensitivity +/- 480 nm

Non visual receptors + x

Lux (amount) x daylight 
reference

Mathematical relationship to 
EML

Visual and non-visual receptors

CSMEDI
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Circadian Metrics
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Time Factors Qualities of LightPersonal Factors

Design Factors
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Who Are We Designing For?

Circadian Phase Shift
Restorative Sleep
Long term Health
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Personal Factors - Chronotypes

Early 
Birds

Night 
Owls

V

Circadian 
phase shift
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Personal Factors - Age

Adolescents ElderlyV

Early 
Sleep 
onset

Delayed 
Sleep 
onset
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Personal Factors – Lifestyle/ Culture

Shiftwork V Regular hours

Social Jetlag
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Personal Factors - Gender

Men WomenV

Later / Earlier Sleep Wake Cycle
Health Issues

Susceptibility to wakefulness
Longer/ shorter intrinsic circadian period
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Circadian Design Factors

There are 6 
environmental factors 
that have the most 
significant impact on 
human circadian 
rhythm.

SPECTRU
M

DISTRIBUTION INTENSITY

DU
RATIO

N

TIM
ING

SCALE /  MAX

LI
GH

T
SO

URC
E

TI
M

E

CIRCADIAN 
DESIGN 

FACTORS
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Morning Exposure is most effective 
• 4 hours minimum between 9am – 1pm (Well 2.0)
• 2 hours minimum in morning or 7am-4pm (UL)

Evening Exposure is lowered 
• Lower levels after 8pm (Well v2.0)
• Lower levels 5-7pm and less after 8pm (UL)

Environmental Design Factors - Timing

TIMING

Morning “dosing” of daylight has greater impact than exposure later in the day.
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• minimum 2 hours of 
daylight exposure each 
day

• lower intensity, longer 
duration of exposure 
can have same impact

• Duration, spectrum
and circadian function 
are integrated 
considerations

Length of exposure to light

min 2hr
outdoors

Environmental Design Factors – Duration (Exposure)
DU

RATIO
N

30 minutes 90 minutes 6.5 hours
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Environmental Design Factors - Spectrum

Our circadian receptors are more 
sensitive to blue wavelengths

Spectral Power Distribution

Daylight

SPECTRUM

480-490nM 
traditional focus

460nM 
phase 
shifting

445nM 
phase 
shifting 
for 6.5 
hour 
exposure

Phosphor Coated LED

Incandescent

Fluorescent
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The interior built environment and electric 
light deliver significantly lower intensity light 
than daylight. 

Consider strategies for program that may 
qualify as “regularly occupied spaces” for Well 
accreditation, e.g. offices, lounges. 

Patient and staff access to views and daylight 
can help, though nothing beats going outside!

Magnitude of light exposure

Environmental Design Factors - Intensity

INTENSITY

Cd/m2
10,00

0

0.01

0.1

1

10

100

1000

Consider staff lounges, offices, 
conference room and patient rooms for 

daylight and electric light potential.
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Environmental Design Factors – Scale / Max

• Sensitivity is influenced by your typical extremes + 
range exposure to light 

• The human circadian system adapts to prior light 
exposure

SCALE / 
M

AX

Light history

• Light exposure earlier in the day affects the biological potency 
of light later in the day 

• Extended periods under dim light may negatively impact 
subsequent sleep

• There is considerable interindividual variability in the response 
to evening light
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Environmental Design Factors - Distribution

< 90 Little Effect

45 - 90 Optimal

30 - 45 Moderate

Task oriented horizontal 
lighting standards and 
targets are less relevant

Vertical Illuminance is key 

DISTRIBUTION

Well V2.0 and UL 24480 refer to vertical illumination at eye 

Tendency for 
overhead lighting

Cluttered vertical 
surfaces
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Where is it most beneficial to implement circadian strategies? 
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Spaces Impacted

Night Shift Workers

Nurse’s Stations & medical staff lounges

Residents’ Facility / Long term care

NICU

ICU / Patient Room
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Strategies: Resident Care

Keyplan: Resident Care

Daylight Autonomy

Architectural Moves 
Support Daylight Harvest:
• Fenestration
• Orientation
• Material Finishes
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Strategies: Resident Care

Key Plan Typical Resident Care Lighting Layout

Tunable Dome fixture Wall SconceVertical luminance study 
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Strategies: ICU ( Intensive Care Unit) / Patient Rooms
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Keyplan: ICU Rooms Typical ICU Room Lighting Layout
Downlight

Task Light

Exam/ Ambient

Cove

Pendant

Strategies: ICU ( Intensive Care Unit) / Patient Rooms



Flat position 45 degrees position 70 degrees position
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Control Description - ICU Rooms           

(2) Local programmable wall station, located at door 
to room and at head of bed. These controls would 
have a timer with “locked” presets to achieve the CS 
during the day.

Lighting Scenes and adjustments

Strategies: ICU ( Intensive Care Unit) / Patient Rooms



Result with Ambient fixture: 
41.4 FC = 445 lux

Result with Cove fixture: 
0.7 FC = 7.5 lux
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Strategies: ICU ( Intensive Care Unit) / Patient Rooms



Resting positionReclined positionReclined positionEating position Eating position Eating position

7am – 9am 9am – 12pm 12pm – 2pm 2pm – 4pm 4pm – 8pm 8pm – 7am

0.3 0.25 0.3 0.25 0.2 0.1

Practical Applications of Circadian Metrics

Patient room: Circadian Stimulus needed during the day

CIRCADIAN 
STIMULUS
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Circadian Stimulus calculation: Results
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Strategies: NICU (Neonatal Intensive Care Unit)

Users

Newborn Health Staff Parents / Guest Maintenance

Standard 14: Ambient lighting in Infant Care Area: 10 to 600 lux with adjustable, manual controls

Standard 15: Procedure lighting in Infant Care Area:  2000 lux for critical areas while protecting the 
infant's developing retinae

Standard 16: Illumination of Support Areas : 300 lux

Standard 17: Daylighting : Access to daylight, with controls to limit direct sunlight

IESNA Lighting Handbook: Reference and Application. 9th. New York, NY

1. Rizzo P, Rea M, White R. Lighting for Today's Neonatal Intensive Care Unit. Newborn and Infant Nursing Reviews. 2010;10(2):107–113
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Strategies: Nurse Stations 



Linear Fixture

Practical Applications of Circadian Metrics

Strategies: Nurse Stations Lighting Plan 

Cove Fixture

Downlight

Task Light

Key plan: Nurse Stations Typical Nurse Station Lighting Layout



Strategies: Night Shift Work / Finishes & RGB fixtures
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Night Shift Workers

Shift work is associated with increased risks of developing cancer 
and other diseases due to light at night that suppress melatonin.

Recommendations

Studies show that red light increases alertness and performance 
at night, without suppressing melatonin and without disrupting 
circadian rhythms ( similar effect to a cup of coffee).
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Strategies: Night Shift Work / Dim to Warm technology

Comparative Study of Static vs Dim to Warm lighting

Task lighting adjusted to investigate static white vs. dim to warm to see 
Circadian Stimulus and EML variations. 

Static White Dim to Warm on task lights



• High CS during the day, esp in the morning (>0.3) . 
Promotes alertness. A simple thing you can do is go for a 
morning walk for an hour after daybreak. 

• Low CS in the evening (<0.1) to promote entrainment. 

• Deliver red light with low CS in the even & overnight when 
you need to be alert – think shift work, esp. health care.

• Tunable lighting does not = circadian lighting

• Research is showing that light levels are more influential 
than color tuning
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Lighting Strategies

RECOMMENDATIONS



• Light at the eye is critical. 

• Overhead lighting is about ½ less effective in CS

• Light vertical surfaces

• Light panel or light fixture at eye level

• Work facing a window

• Spectrum matters.

• CCT is not an indicator of CS

Practical Applications of Circadian Metrics

Lighting Strategies

RECOMMENDATIONS
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Lighting Strategies – Budget Analysis 

CONTROLS ($)

FIXTURE COST ($)

STATIC WHITE DYNAMIC WHITE
BIO-CENTRIC + 
DYNAMIC WHITE

x

x x +  40%

x +  40%

x +  50%

x +  50%
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Equivalent Melanopic Lux (EML) Circadian Stimulus (CS)V

Melanopic 
Lux 
(ML or EML) 
36%

Circadian 
Stimulus 
(CS) 
64%

Lesniak, Natalia and Ed Clark, “Putting it Into 
Practice: Circadian Survey.” LD+A Oct 2018, p44-48

LD&A industry 2018 survey 
“Which circadian metric do you use?”
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Circadian Metrics Debate 



1-Select fixture: Optics and CCT.
2-Select Manufacturer
3-Ask to the Manufacturer to provide “Spectral Power distribution” (SPD)
4- Start Light level calculations ( could be on AGI-32)

Exam and Ambient fixture Cove/ linear fixture

Practical Applications of Circadian Metrics

Studying the room lighting layout

Example of the file you will receive with the SPD information

Actions to take care prior starting a CS or EML study: 
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Circadian Stimulus calculation: Website
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Circadian Stimulus calculation: Walkthrough
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Circadian Stimulus calculation: Walkthrough

Copy and paste the SPD from manufacturer

This window will pop-up

This will be your lighting fixture
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Circadian Stimulus calculation: Walkthrough

We place the results of the 
calculations (Lux) here

Reminder: Each lighting fixture 
needs a separate calculation



Here is using full intensity, 
we are getting over the 
desired CS levels.
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Circadian Stimulus calculation: Walkthrough
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Circadian Stimulus calculation: Walkthrough

We adjusted the lighting 
levels and now we are 
getting the desired CS Level.



Circadian Stimulus calculation: Results
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Nurse Station Example for Equivalent Melanopic Lux (EML)



Equivalent Melanopic Lux (EML) Calculation: Walkthrough
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Add a new Light Source using the SPD provided by the manufacturer



Wavelength results are on 
increments of 5

Add the wavelength results 
from manufacturer
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Equivalent Melanopic Lux (EML) Calculation: Walkthrough

PLEASE NOTE:
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Equivalent Melanopic Lux (EML) Calculation: Walkthrough
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Equivalent Melanopic Lux (EML) Calculation: Walkthrough



Linear Fixtures
Result: 
29.7 FC = 300 lux

EML = 300 LUX * 0.585 MR = 174

Practical Applications of Circadian Metrics

Equivalent Melanopic Lux (EML) Calculation: Walkthrough

EML = LUX ( ON VERTICAL EYE) * MELANOPIC RATIO



Linear Fixtures

Cove Light Downlights

Task Light
Result: 
297 FC = 300 lux

Result: 
0.3 FC = 6.5 lux

Result: 
0.9 FC = 10 lux

Result: 
0.2 FC = 2.5 lux

Equivalent Melanopic Lux (EML) Calculation: Walkthrough

Practical Applications of Circadian Metrics



Architects

Practical Applications of Circadian Metrics

Healthcare Design and Collaborative Process

Healthcare staff

Client

They understand their needs and the 
patients

Feedback on outcomes with designed 
circadian in recommended spaces

Lighting Designer

Educate Architect and client on how to achieve circadian 
entrainment 

Coordinate data from Lighting 
Designer to translate into 

project design
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Tools 
Webbased LRC CS Calculator: https://www.youtube.com/watch?v=d70aOYQUr48
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This concludes The American Institute of Architects Continuing 
Education Systems Course


