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Credit(s) earned on completion of material of construction or any

this course will be reported to AIA method or manner of
CES for AIA members. Certificates of handling, using, distributing, or
Completion for both AIA members dealing in any material or product.

and non-AlA members are available
upon request.

Questions related to specific materials, methods, and
services will be addressed at the conclusion of this
presentation.

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
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Learning
Objectives

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

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
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Healthcare & Circadian Needs



Healthcare Industry 2030
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Designing for the 24 hour environment

—

Office environment

N

Healthcare 24 hour environment
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Who Are We Designing For?
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Who Are We Designing For?
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Competing Light Stimulus Needs

Sleep/ Wake
Metabolism/ Digestion
Mood
Immunity/ Recovery

AN /
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Wake
Metabolism / Energy
Cognition / Acuity

Immunity/ Health



Competing Light Stimulus Needs

Design Guideline for
Promoting Circadian
Entrainment with Light for
Day Active People

Je

2 V22021

—'_WELL Healthcare 2023
=/ priorities
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Design Factors for Circadian Impact



ColorTuning # Creadian

“Color Tuning”

“Color Changing”

“Circadian”

leducation.org

Practical Applications of Circadian Metrics P 0



Color Temperature

Practical Applications of Circadian Metrics

-

7AM - 10AM
Circadian Stimulus:0.3

10AM - 11AM
Circadian Stimuivs:0.3 0.2

11AM - 4PM
Circadian SUmulus:0.2

5PM -9FPM
Circadian Stenuis:C.1

9PM -7AM
Ircadian Stmukis:G.1




Early Circadian Metrics Debate

Non- Visual
Photoreceptors

a
_—
=
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melanopic lux
(non-visual system

[

P,

photoreceptors) By A
Y =
Equivalent Melanopic Lux (EML) N4y l«i‘*
Lucas Group (Well Building) - WX

Index of Values tied to CCT
INTERNATIONAL
WELL
BUILDING
INSTITUTE™
@*
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includes only non-visual
photoreceptors (ipRGCs) -
in calculation of EML

NN

54

Visual
Photoreceptors

photopic lux
(visual system
photoreceptors:
illuminance)

Cone

-_—— -

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

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

leducation.org



Circadian Metrics

Equivalent Melanopic Lux

EML O MEDI

Melanopic Equivalent Daylight Illumination

Non Visual Receptors .
Non visual receptors + x

Lux (amount) x daylight

Biologically active light ipRGC reference

peak sensitivity +/- 480 nm

Mathematical relationship to
EML

Practical Applications of Circadian Metrics g
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Circadian Stimulus

CS

Visual and non-visual receptors
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Circadian Metrics

Standard

WELL v2.0
Requirements for

1 point

WELL v2.0
Requirements for
3 points

UL 24480

Temporal pattern

Timing of
exposure

At least between

the hours of Qa.m.

and 1 p.m. Light
levels may be
lowered after 8
p.m.

At least between

the hours of Sa.m.

and 1 p.m. Light
levels may be
lowered after 8
p.m.

7am.—4 p.m,

5-7 p.m.
After 8 p.m.

Duration of
exposure

Minimum of 4 h.

Minimum of 4 h.

Minimum of 2 h,
morning
If not full period

During full period
During full period

Lighting quantity (Note: these are a function of light level and spectrum)

Circadian
stimulus (CS)
(Percent)

>0.30 (if electric
light only)

N/A

>0.30

<0.20
<0.10

Equivalent
melanopic Lux
(EML)
(Melanopic Lux)

>150 (if electric
light only)

>120 from electric
lighting (if certain
daylighting criteria
are met)

>240 (if electric
light only)

>180 from electric
lighting (if certain
daylighting criteria
are met)

Comply with
WELL criteria
shown above
based on desire
for 1 point or 3
points

Melanopic
equivalent
daylight
illuminance
(Melanopic EDI)
(Lux)

> 136 (if electric
light only)

>109 from electric
lighting (if certain
daylighting criteria
are met)

> 218 (if electric
light only)

>163 from electric
lighting (if certain
daylighting criteria
are met)

N/A

N/A
N/A

Note that where alternative compliance paths are offered, either CS, EML, EDI, or Photopic llluminance can meet the criteria.

Practical Applications of Circadian Metrics

Photopic
llluminance (Lux)

N/A

N/A

>500

N/A
N/A

Location

Vertical plane at
eye level

Vertical plane at
eye level

Vertical plane at
eye level

leducation.org



Design Factors

Personal Factors

Time Factors Qualities of Light

o
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Who Are We Designing For?
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Personal Factors - Chronotypes
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Personal Factors - Age
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Personal Factors — Lifestyle/ Culture
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Personal Factors - Gender
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Circadian Design Factors

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

CIRCADIAN
DESIGN
FACTORS

INNYLI3dS

leducation.org
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Environmental Design Factors - Timing

23 0 1
0 - 2
v @
3 Sunset 5 Morning Exposure is most effective
¥ 2700 K i

* 4 hours minimum between 9am — 1pm (Well 2.0)
* 2 hours minimum in morning or 7am-4pm (UL)

o
| \» Evening Exposure is lowered
® ' ‘ — * Lower levels after 8pm (Well v2.0)
K
Daw:;:;OO | * Lower levels 5-7pm and less after 8pm (UL)
t; \ Morning ," ~
5000 K
Midday 85% y /
A . 6000 K ®

95%

6;m 9;m 12|gm 31.)m 6;')m 9:)m 12;m 3e'lm G;m

Morning “dosing” of daylight has greater impact than exposure later in the day.
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Environmental Design Factors — Duration (Exposure)

Length of exposure to light

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 30 minutes 90 minutes 6.5 hours

considerations

o
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Environmental Design Factors - Spectrum

Our circadian receptors are more
sensitive to blue wavelengths

Fluorescent

IERSINIEES] Incandescent

LY Daylight

Spectral Power Distribution

Practical Applications of Circadian Metrics

445nM 460nM
phase phase
shifting shifting
for 6.5 I
hour == 71 |

|

|
exposure |

Phosphor Coated LED

480-490nM
traditional focus

CATION.OFE



Environmental Design Factors - Intensity

<
° ° ,\Q)\S\
Magnitude of light exposure &
Cd/m?2
The interior built environment and electric 10'08
light deliver significantly lower intensity light
than daylight. 1000
100
Consider strategies for program that may
qualify as “regularly occupied spaces” for Well 10
accreditation, e.g. offices, lounges. 1
Patient and staff access to views and daylight 01
can help, though nothing beats going outside! 001
Consider staff lounges, offices,
conference room and patient rooms for -
daylight and electric light potential.
g I o, o I
leducation.org
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Environmental Design Factors — Scale / Max /

Light history

«  Sensitivity is influenced by your typical extremes + « Light exposure earlier in the day affects the biological potency
range exposure to light of light later in the day

- The human circadian system adapts to prior light «  Extended periods under dim light may negatively impact
exposure subsequent sleep

« There is considerable interindividual variability in the response
to evening light

leducation.org
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Environmental Design Factors - Distribution

Vertical llluminance is key
Well V2.0 and UL 24480 refer to vertical illumination at eye

Tendency for

overhead lighting 30 -45 Moderate

45 - 90 Optimal

Task oriented horizontal
lighting standards and
targets are less relevant

< 90 Little Effect

Cluttered vertical
surfaces

o
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Strategies by Space Type



Spaces Impacted

Nurse’s Stations & medical staff lounges

Residents’ Facility / Long term care

Night Shift Workers

ICU / Patient Room

NICU

Practical Applications of Circadian Metrics
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Where is it most beneficial to implement circadian strategies?
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Strategies: Resident Care

Daylight Autonomy

Daylight Zone 1

This is the primary daylight zone that can be sufficiently lit during daylight hours
without potential need for electric lighting support. A photocell can determine

when electric lighting is required to supplement the daylight resources in this
area.

Daylight Zone 2 [y

Requires electric lighting to provide sufficient illuminance for residents to be
comfortable and complete tasks. A photocell will determine when electric light-
ing is required to supplement the daylight resources in this area.

Daylight Zone 3 |NNENEG_

Requires electric light in all conditions as there is insuffient access o daylight to
meet required levels of illumination at any time of day or year,

46.9%
A

Architectural Moves
Support Daylight Harvest:
* Fenestration

* Orientation

* Material Finishes

()
Keyplan: Resident Care ©

leducation.org
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Strategies: Resident Care

StatArea_1 StatArea_1
Numinance (Fc) lluminance {Fe)
Average = 61.97

Focal point luminous wall
by reading area

Minimum = 15.6
Avg/Min Ratio = 3.97
MaxMin Ratio = 6.97

Minimwm = 7.2
AvaMin Ratio = 9,18
MaxMin Ratio = 19.44

[ Tunable Dome fixture

Wall Sconce

e

l |
|
|

I
|
L
| !

- V

]
‘ ! |
| | | IRESIDENT BEDROOM :
—— | et | ke
dedl A T T 17 )
SIS 4 |
LY '~A=‘:‘~—-&-““;’=?\
|

|
|

13

Key Plan

Typical Resident Care Lighting Layout

Practical Applications of Circadian Metrics S
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Strategies: ICU ( Intensive Care Unit) / Patient Rooms
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Strategies: ICU ( Intensive Care Unit) / Patient Rooms

[ Exam/ Ambient

[ Task Light

O Downlight O Pendant

Keyplan: ICU Rooms Typical ICU Room Lighting Layout

leducation.org
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Strategies: ICU ( Intensive Care Unit) / Patient Rooms

Lighting Scenes and adjustments

KEYPAD AT ENTRY KEYPADS AT HEADWALL
All On/Off o
Ambient =
Exam o Exam ° Amblent =
Downlights "

Cove

Guest
Lower . Lower

()
¢ A \ ! ~A | A
= (—_—\%\ 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
Flat position 45 degrees position 70 degrees position during the day.

leducation.org
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Strategies: ICU ( Intensive Care Unit) / Patient Rooms

T - FR8— 1
UFDs 5a a I
= FP 4 C @ i °4 ¢
13 e
|
—H FDB FD6 -
4 8 AR, 348 FC
- |
-

Result with Ambient fixture:
41.4 FC = 445 |ux

Practical Applications of Circadian Metrics

Result with Cove fixture:
0.7 FC=7.5 lux
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Patient room: Circadian Stimulus needed during the day

Eating position Reclined position Eating position Reclined position Eating position Resting position

S | N PR | | —

7am —9am 12pm —2pm
- A A -
BNl o3 0.25 0.3

STIMULUS
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Circadian Stimulus calculation: Results

7AM-9AM 9AM-12PM 12PM-2PM 2PM-4PM 4PM-8PM 8PM-7AM
| =

‘Min. output to 100% | Min. output to
50%

Ambient Iinear _

SXannaat

On wheL‘\ dn wherfn

’ needeq

Cove

L

Downlights

CIRCADIAN

ST 0.3 0.25 0.3 0.25 0.2 0.1

o
leducation.org
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Strategies: NICU (Neonatal Intensive Care Unit)

Users

Newborn Health Staff Parents / Guest Maintenance

Practical Applications of Circadian Metrics

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

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

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

Illumination of Support Areas : 300 lux

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

leducation.org
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Strategies: Nurse Stations

leducation.org
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Strategies: Nurse Stations Lighting Plan

d | |

d g

-3 3 Linear Fixture

| B
F04 FE?OEM i { EM el 23 Cove Fixture
3 SUBSTN. | — 7 Task Light
-D4 SAC27B |
Key plan: Nurse Stations Typical Nurse Station Lighting Layout
leducation.org
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Strategies: Night Shift Work / Finishes & RGB fixtures

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

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).

Practical Applications of Circadian Metrics



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
[ 4PNI-SPM | 8PM-7AM | | 7AM-4PM | 4PM-8PM | 8PM-7AM
‘ — ‘ : —
LIngar Pgndam ‘ Linear Pendant ‘:: ‘ ‘ ‘ I
ﬁ_ s Min. output to 50% l Min. output to 50% Min. ou‘_tput to TO%
| ‘
Cove lights Cove lights I | ‘ '__
100% 100% 100% 100%
T S I——
Task light e af Task light i
e 100% Max. output to 40% S 100% | 100% Max. output to 40%
,um Downiight
A 1
iy by
CIRCADIAN CIRCADIAN
0.3 0.2 0.1
SIS g 0.3 0.2 0.1
L= = == == N N N e e e I
EML 131 192 | 54 l EML 131 192 i 66

Practical Applications of Circadian Metrics
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Lighting Strategies

* 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 CSin 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

Practical Applications of Circadian Metrics



Lighting Strategies

RECOMMENDATIONS

Light at the eye is critical.

* Overhead lighting is about % less effective in CS
* Light vertical surfaces

* Light panel or light fixture at eye level

*  Work facing a window

* Spectrum matters.

e CCTis not an indicator of CS

leducation.org
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Lighting Strategies — Budget Analysis

FIXTURE COST ($) X X + 40% X + 50%

CONTROLS ($) X X + 40% X + 50%

molie asmendts ounm oo
leducation.org
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Performing Circadian Calculations



Circadian Metrics Debate

Equivalent Melanopic Lux (EML)

LD&A industry 2018 survey

Practical Applications of Circadian Metrics

Melanopic
Lux

(MLor EML)
36%

Circadian
Stimulus
(CS)
64%

Circadian Stimulus (CS)



Studying the room lighting layout

il
AN

(Y

FP5-
13 €

8

5ab
Jo6 °8 o
4c

g) a1 Q F
“n e

FC1

4d _FD6 FD6
°4C (o)

Exam and Ambient fixture

Cove/ linear fixture

Practical Applications of Circadian Metrics

Actions to take care prior starting a CS or EML study:

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)

2 % Cut ib 1 AN === Bwg
— B copy - o
¥ Format Paintar Bt ll = AT === S5 E’jMerg
Clipboard Fo Alignment
A23! Je 387
A B c D E F
203
204|Watt per NM Spectra
220 375 0.000212663
221 376 0.000622755
22z 377 0.000226143
223 378 3.46E-05
224 379 0.000286237
225 380 0.000562644
225 381 1.69E-05
227 382 0.000400392
228 383 0.000213398
229 384 0.000173634
230] 385 0.000101435
231 386 6.46E-07
232 387 0.00045764
233 388 0.00019508
234 389 0.000140606
235 390 4.66E-05
236 391 0.00016973
237 392 0.000405828
238 393 1.508-05
235 394 3.938-05
240 395 0.000254293
24 396 1.25E-05
242 397 0.000150166

Example of the file you will receive with the SPD information

leducation.org



Circadian Stimulus calculation: Website

& C O 8 h tpsy//wvww.Ircrpiedu/c

w

Step 1: Select Sources

Select Available Sources
Manufacturer: Any
CCT: Any
Lamp: Any
Keyword:

| ResetFilters

| Add Custom Source |

Available Sources
CIE A: Standard Incandescent
CIE D50: Horizon Daylight
CIE D55- Mid-Maorning Daylight
CIE D65: Average Daylight
CIE D75: Overcast Daylight
CIE E. Equal Energy
CIE F1: Daylight Fluorescent
GE F2: Cool Whte Fluorescent
CIE F3: Whiie Fluorescent
GIE F4: Warm White Fluorescent

CIE F5: Daylight Fluorescent

Practical Applications of Circadian Metrics

Step 2: Edit Variables

Additional Variables

Biological Input Variables Value

Magcular Pigment Optical Denaity: 05

Source

Source llluminances

nee value in lux o determine a GS va

value

Vertical Photopic llluminance (Ix) Remove Source

Step 3: View Results

Spectral Power Distribution

output Plots

Chiomatioity

Spectral Power Distribution

Calar Rendering Metrics

1.0 10
08 08 3
5
o
06 0.6 7_-:
2 g
£ 04 04 2
L g
I 5
2 g2 02 g
3 8
- 2
0 0 =
E
02 02 2
0.4 04
350 375 ADD 425 450 75 500 525 550 575 600 625 650 675 700 725 750
Wavelength (nm
Combined Source Value Metrics
Measurement Value
CS: 0
Cla: 0
lluminance (Ix): 0
Irradiance (W-m3): 0

S0

ON.OFg



rpi.edu

Step 1: Select Sources

Select Available Sources

Available Sources

CIE A: Standard Incandescent

CIE DS0: Horizon Daylight

GIE D55: Mid-Marning Daylight

GCIE D65: Average Daylight

CE D75: Overcast Daylight

GIE E. Equal Energy

CIE F1: Daylight Flucrescent

CIEE F2: Cool White Fluorescent

CIE F3: White Fluorescent

GIE F4: Warm White Fluorescent

GIE F5: Daylight Fluorescent

Practical Applications of Circadian Metrics P 0

Step 2: Edit Variables

Additional Variables
Biological Input Variables Value

Magular Pigment Optical Density: 0.5

Source llluminances

Source Vertical Photopic llluminance (Ix) Remove Source

Light and

Spectral Power Distribution

Measurement
CS:
ClLa
Huminance (Ix):

Irradiance (W-m3):

Step 3: View Results

Output Plots

Speclral Power Distribution

Combined Source Value Metrics

leducation.org
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Circadian Stimulus calculation: Walkthrough

Add Custom Source

Available Sources

Step 1: Select Sources LED Hybrid Blue Pump 1

Select Available Sources This window will pop-up LED Phosphor Blue Pump 16

LED Phosphor Blue Pump 23

Manufacturer: Any v
CUStom Source LED Phosphor Blus Pump 24
ceT: Any v
LED Phosphor Blue Pump 26
Lamp: A v . .
p = Source Name: Ambient Fixture V4 LED Phosphor Blus Pump 31
Keyword: Search Sources LED Phosphor Blue Pump 44
ResetFilers Manufacturer: Other LED Phosphor Blue Pump 46
[ Add Custom Source | LED Phosphor Blus Pump 47
— CCT (K): 3500
Available Sources LED Phosphor Blue Pump 48
CIE A: Standard Incandescent LED Phosphor Blue Pump 53
Lamp Type: LED
CIE D50: Horizon Daylight LED Phosphor Blue Pump 54
OZ4F U U00TZZ7000
CIE D55- Mid-Morning Daylight Spectral Power 825 8.39E-05 j\ LED Phosphar Blue Pump 65
CIE D65: Average Daylight Distribution (SPD): 826 0.000103652 LED Phosphor Blue Pump 73
CIE D75: Overcast Daylight 827 0.000120362 LED Phosphor Blus Pump 79
) 828 0.000328625
GIEE. Equal Energy 829 1 00E-06 LED Phosphor Blue Pump 82
R - v
CIE F1: Daylight Fluorescent 830 0.000595045 % LED Phosphor Blue Pump 95
GEE F2: Cool Whte Fluorescent LED Phosphor Blue Pump 98

CIE F3: Whiie Fluorescent

LED Phoephor Blue Pump 104

GIE F4: Warm White Fluorescent ‘ Submit ’ Ambient Fixture
| Copy and paste the SPD from manufacturer | — :
CIE F5: Daylight Fluorescent |-

This will be your lighting fixture

leducation.org

Practical Applications of Circadian Metrics g g



Circadian Stimulus calculation: Walkthrough

Step 2: Edit Variables

Additional Variables

Biological Input Variables Value

Macular Pigment Optical Density: 05
Source llluminances
Enfer 3 vedical illuminance value in lux o determine 2 CS value basedon

your chosen SPD

Vertical Photopic llluminance

Remove
Source (Ix) Source
Ambient a E
Fixture
e 0 &

We place the results of the
calculations (Lux) here

Reminder: Each lighting fixture
needs a separate calculation

Gombined Source Value Metrics

Measurement Value
cs: 0.000
Gl 000
lluminance (Ix):

Practical Applications of Circadian Metrics g g
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Circadian Stimulus calculation: Walkthrough

Step 2: Edit Variables

Additional Variables
Biological Input Variables Value
Macular Pigment Opfical Density 05

Source llluminances

Enfer a vertical lluminance value in lux 1o defermine a GS vaiue basedon
your chosen SPD.

Vertical Photopic llluminance Remove

Source (Ix) Source
Gove Fixture 80 &
Patient Ambient 550 il
fixture

Here is using full intensity,
we are getting over the
desired CS levels.

Step 3: View Results

Output Plots

Spectral Power Distribution Chromaticity Color Rencering Metrics

Speciral Power Distribution

o8

&
1
06 E’J
g b
2 2
§ 04 3
i g
5 =)
g 02 o
Z 3
] -
= 8
g g

02 02

04 N4

350 375 400 425 450 475 500 525 550 575 €00 625 650 675 700 725 750
Waelengh (nm)
Legend

B Gombined Source SPD
M Relaiive Spectral Gantribution of the Gircadian Response*: Gool

Practical Applications of Circadian Metrics g

GCove Fixture
Patient Ambient fxture
= For the Spesified Spectral Power Distribution [Spectrun, Amount]
Information on the calculaton of Circadian Light, Corrigendum
Combined Source Value Metrics

Measurement Value
Gs: 0.342
CL,: 340.91
Bluminance (x): 630

leducation.org



Circadian Stimulus calculation: Walkthrough

Step 2: Edit Variables

Additional Variables
Biological Input Variables Value
Macular Pigment Optical Density: 05

Source llluminances

Enter a verical iluminance value in lux o determine a GS vaiue based on
Your chosen SPD.

Vertical Photopic llumi R
Source (Ix) Source
Cove Fixture 60 &
Patient Ambient 450 &
fixture

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

Step 3: View Results

Oultput Plots

Spectral Power Disiribution

Chromaticity Caolor Rendening Metrics

Spectral Power Distribution

oa
D
[
[
3
e »
:
,g 04 g
5 :
.2 n2 E‘.)
g g
= L]
U §

-0.2 0.2

-0.4 04

850 376 4c0 425 450 475 500 525 BEO 576 600 €25 &30 676 700 725 780
Wavelergth (wn)

Legend
B Combined Source SPD
M Relatve Spectrd Gontribulion of the Gircadian Resporse”. Gool
Gove Fixiure
Patient Ambient fixture
~For the S 1 Speciral Power Distibution [Spectrum, Amount|
Information on the calculation of Gircadian Light, Gonigendum
Combined Source Value Metrics
Measurement Value
= =
GS: 0299
A 272.30
luminance (Ix): 510

Practical Applications of Circadian Metrics g

leducation.org



Circadian Stimulus calculation: Results

7AM-9AM 9AM-12PM 12PM-2PM 2PM-4PM 4PM-8PM 8PM-7AM
| =

‘Min. output to 100% | Min. output to
50%

Ambient Iinear _

SXannaat

On wheL‘\ dn wherfn

’ needeq

Cove

L

Downlights

CIRCADIAN

ST 0.3 0.25 0.3 0.25 0.2 0.1

o
leducation.org
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Nurse Station Example for Equivalent Melanopic Lux (EML)

lecducation.org
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Equivalent Melanopic Lux (EML) Calculation: Walkthrough

12 v [ fe Sample LED 2700 K

4 A B c D E F G | H [ & | J K L. M N
| 4 il | amp data Bg adiankd sual Rdl famp il Iamp v Source _Melanppic Ratio

v 380 0.0000 0 Sample LED 2700 K |~] | 0.445

ol 385 0.0000 0 Click here for data input

= 390 0.0000 0 _!n_strqctiqn;

i 395 0.0000 0 1. Select built-in sample source, or user-entered source (above).

i 400 0.0000 0 2. For user data, paste lamp spectral power distribution (5 nm increments) into Data sheet.

[ 405 0.0000 0 3. To add mere user sources, insert columns to the left of User 2 on the Data sheet.

i 410 0.0001| 1.546E-06 4. Multiply the Melanopic Ratio by measured or modeled |ux to calculate equivalent melanopic lux.
I 415 0.0002| 4.864E-06

0| 420 oeopsfisase0s] | ([[TITITTTTTTTI T T TrT T e viTTrTi i o T e i i i i i vt
1] 425 0.0013| 4.941E-05

2| 430 0.0029| 0.000132

3| 435 0.0054| 0.0002839

4| 440 0.0093| 0.0005334

5 | 445 0.0143| 0.0009004

6 | 450 0.0193| 0.0013243

7_ 455 0.0193| 0.0014749

5 | 460 0.0162| 0.0013707

9| 465 0.0135| 0.0012705

3_ 470 0.0117| 0.0012373

1] 475 0.0106| 0.0012549

2| 480 0.0104| 0.0014915 L - - - -

3 485 0.0103| 0.0017551 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720
4| 490 0.0113] 0.0023541 EEmlampdata —circadian —— visual

5| 495 0.0143| 0.0037358

5‘ 500 0.0184| 0.0061601

7| 505 0.0219| 0.0096499 T NAL

B | 510 0.0246| 0.0143288

9_ 515 0.0259| 0.0200374

2| 520 0.0256| 0.0259292

1] 525 0.0241| 0.0314206

2| 530,  0.042] 0.0219| 0.0363641

3| 535 0.0192| 0.0406455

4 | 540 0.0161| 0.0436114

5_ 545 0.0132| 0.0464989

6 550,  0.049 0.0106| 0.0491079

7 555 0.0084 0.05208

Cir«:at:liancj Data | i [
Add a new Light Source using the SPD provided by the manufacturer &
leducation.org
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Equivalent Melanopic Lux (EML) Calculation: Walkthrough

4 A B C D E F | o | P | Q
ple D ample D ample oresce ample oresce ample oresce Equal Energy
1 Waveleng N 00 Ml 4000 e 950 Ml 4000 Ml 6500 e Constant
2 | 380 0 0 1.469086667 0.088942857 1.316893333 1.218
3 | 385 0 0 1.65856 0.087871429 1.70446
4 | 390 0 0 1.87856875 0.086866667 2.20519375 Insert columns to left of
5 | 395 0 0 1.928986667 0.808844444 2.598086667 User 2 to add additional
6 400 0 0 7.646746316 2.477175 10.73393659 sources.
7 | 405 0  0.001459025 14.32851284 1.068 14.23881
8 | 410 0.0012778 0.0026689 4.943801961 0.848142857 4.8469
9 | 415 0.002231086  0.004704371 1.92730625 1.448585714 4.9355125
10 | 420 0.003787683  0.008960765 1.81836 2.37715 5.644473333
1 425 0.006768392  0.016133333 1.790826667 11.75395652 6.331693333
12| 430/ 0.01137806 0.026225 11.25750127 22.86331753 21.26188296
13| 435| 0.016858824  0.040314286 40.61630899 6.404441176 44.453268
14 440 0.02319  0.059346552 19.96685856 4.28675 19.90576394
15 445 0.030214286  0.080282692 2.28079375 4.121685714 9.580693333
16 450 0.03485 0.091275 1.960486667 4.23 10.34961333
17 | 455 0.030726923  0.078393548 1.9239125 3.900814286 11.0898
18 460 0.022845  0.060321212 1.92348 3.571657143 11.76982
19 465, 0.017192308 0.048725 2.004453333 3.187814286 12.39346667
20 | 470 0.0136  0.039966667 2.0921875 3.132028571 12.94182941
21 | 475 0.0115 0.03465 2.256786667 6.116533333 13.35968667
22| 480 0.010728571  0.032333333 2.382973333 10.72654615 13.68372667
PLEASE NOTE: 23 | 485 0.010366667  0.032428571 2.574125 9.566345455 13.9710625
24 490| 0.011316667  0.034471429 2.879453333 6.189957143 14.19598
25 495 0.014446154 0.0381 3.177446667 3.3182 14.38378667
wavele"gth results are on 26 500/ 0.019071429 0.04229 3.55624375 1.539942857 14.373225 Add the wavelength results
increments of 5 27 | 505 0.023692308  0.045542857 4.144153333 1.210757143 14.26049333 from manufacturer
28 | 510/ 0.028486667 0.0482 4.921406667 0.826914286 14.16479375
29 | 515/ 0.032945455 0.0510625 5.86085 0.8258 14.02823333
30 | 520 0.03652 0.053825 6.900866667 0.934114286 13.83470667
31 | 525 0.0396125  0.055711111 7.89455625 5.608104545 13.63913125
32| 530/ 0.042185714  0.057933333 8.789933333 29.53066796 13.42994
33 | 535 0.044428571 0.06026 9.621433333 75.41515328 13.27275333
34 | 540 0.045714286 0.0628375 14.069025 61.27502029 17.82160549
35 | 545| 0.047433333  0.064533333 24.65848229 13.64250476 29.567098
36 550 0.049357143 0.0664 21.1113713 3.532754545 18.44561818
37 555 0.05208  0.068257143 13.12353684 1.391525 12.6899625
38 | 560 0.0552 0.07 13.37198667 1.199028571 12.59653333
39 | 565 0.058609091 0.0716 14.07691333 6.377933333 12.54113125
40 | 570/ 0.062558333  0.073133333 14.91957059 15.62201143 12.42783333
41| 575 0.066666667  0.074283333 17.19122333 14.76690909 14.39066977
42 | 580 0.07042 0.0753 18.82074 18.47862308 15.01757059
43 | 585 0.0735125 0.0761 17.30793125 16.49222903 12.04747333
44 | 590| 0.076433333 0.0765 17.26683333 7.89120625 12.0537
45 595/ 0.078933333 0.0765 17.64614375 4.030433333 12.0601375

Circadian | Data ©)

leducation.org
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Equivalent Melanopic Lux (EML) Calculation: Walkthrough

| Circadian | Data @

Practical Applications of Circadian Metrics g g

0.012922

0.013495

0.012313

0.009662

0.007951

0.010301
0.019092

0.038091

0.078919

0.147827

0.260679
0.453126
0.762135

0.917092

0.668188

0.430468

0.326746

0.240587

0.189967
0.194385
0.219979

0.268793

0.334647
0.402177

0.457941

0.505024
0.540487
0.569923
0.595366

0.618731

0.646312
0.674781
0.705893

0.738055

0.767541
0.802639
0.836276

0.866826

0.897447

0.92899

0.958029
0.986486

0.990118

Equal Energy
Constant
1.218

Insert columns to left of
User 2 to add additional
sources.

leducation.org



Equivalent Melanopic Lux (EML) Calculation: Walkthrough

H2 > fe | FP7

0.0000

5.543E-07

< Mel ic Ratio

[rp7 =l T 0.585

0.0000

7.753E-07

0.0000

1.619E-06

0.0001

2.672E-06

0.0001

3.865E-06

0.0002

5.089E-06

0.0005

1.246E-05

0.0015

4.162E-05

0.0052

0.0001524

0.0148

0.0005761

0.0375

0.0017148

0.08326

0.0043898

0.1820

0.0104219

0.3613

0.0227116

0.5078

0.0348495

0.4207

0.032073

0.3048

0.0258281

o L e e A o) A ol i ol o il e

0.2566

0.0241465

0.2070

0.0218886

=15

0.1743

0.0213903

0.1877

0.0270234

0.2179

0.0372424

0.2688

0.0559143

0.3320

0.0865396

0.3885

0.129903

0.4224

0.1865194

0.4358

0.254027

0.4244

0.3287243

0.3987

0.4046453

0.3628

0.4722442

0.3213

0.533346

0.2796

0.5912781

0.2373

0.6437412

0.1970

0.6919865

0.1592

0.7343281

0.1244

0.7675415

Click here for data input
Instructions

1. Select built-in sample source, or user-entered source (above).

2. For user data, paste lamp spectral power distribution (5 nm increments) into Data sheet.

3. To add more user sources, insert columns to the left of User 2 on the Data sheet.

4. Multiply the Melanopic Ratio by measured or modeled lux to calculate equivalent melanopic lux.

380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720

EEmlampdata ———circadian =~ visual

Circadian | Data | (&

Practical Applications of Circadian Metrics g
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Equivalent Melanopic Lux (EML) Calculation: Walkthrough

EML = LUX ( ON VERTICAL EYE) * MELANOPIC RATIO

[ H '

0.0000)

0.0000] 1.6 Instructions

0.0001 2.6726-06 1. Select built-in sample source, or user-entered source (above
0 6 2. For user data, paste lamp spectral power distribution (5 nm

3. To add more user , insert columns to the left of User Data sheet.

4. Multiply the Melanopic Ratio by measured or modeled lux to calculate equivalent melanopic lux.

rements) into Data sheet.

0.0052] 0.0001524
0.0148] 0.0005761]

0.0375 0.0017143]

0.3048] 0.0258281]
0.2566] 0.0241465|
0.2070[ 0.0218886|

i

380 400 420 440 460 480 SO0 520 540 560 SBO 600 620 640 660 680 700 720

EEmlampdats ——circadian  ——visual

K; WELL o

FD3 EMANL |
4 o010 \
SUBSTN. |
45AC27B |

T G =

Linear Fixtures ‘Source ! 'Melanopic Ratio
2 .2 | 0.585

Click here for data input

Result:
29.7 FC =300 lux

EML = 300 LUX * 0.585 MR = 174

leducation.org
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3 SUBSTN. | L aTack
-p4 SAC27B

Linear Fixtures

Result:
297 FC = 300 lux

Cove Light

Result:
0.3 FC = 6.5 lux

| FD3EM

5] SUBSTN.
BACS7B |

Task Light

Result:
0.2 FC= 2.5 lux

\ ,——-..;._o o

SUBSTN.
na5AC278 |

Downlights

Result:
0.9 FC =10 lux

Equivalent Melanopic Lux (EML) Calculation: Walkthrough

7AM-4PM

4PM-8PM

8PM-7AM

Linear Pendant

|
Min. output to 50%

Max. output to 40%

Practical Applications of Circadian Metrics g g

EML 131 192 66
leducation.org




Healthcare Design and Collaborative Process

Architects — o Healthcare staff

Coordinate data from Lighting
Designer to translate into
project design

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

leducation.org
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