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Learning
Objectives

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

1. Create a plan for characterizing light exposure at the eye of the
occupants.

2. Recognize the variation in vertical light levels between seasons and
work locations and apply findings to design work.

3. Describe the relationship between the measured lighting conditions
and occupant outcomes reported via daily surveys

4. Utilize the new tools and research methods presented to conduct
future research regarding light and health in buildings.



Project Background — Why did we do this?



How did we get here? The Recommendations

2001
Discovery of the intrinsically photosensitive retinal ganglion cell (ipRGC) which receives light and

transmits signals to the internal biological clock.

This discovery sparked an interest in characterizing light exposure to understand how light
interacts with our daily functioning.

New Metrics New Recommendations New Tools

X
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Light and Health

Lighting recommendations and metrics for visual needs: ILLUMINANCE AT THE TASK

Lighting recommendations and metrics affecting human health: STIMULUS AT THE EYE

L

INTENSITY SPECTRUM DURATION/ TIMING LIGHT HISTORY

How much? What When? What happened
composition? How Often? before?



Light and Health Metrics

Circadian Stimulus (CS)
Based on nocturnal melatonin suppression resulting from light stimulus. The metric value is the calculated

effectiveness of the stimuli assuming a one-hour exposure.

Melanopic to Photopic Ratio (M/P)
Ratio of melanopic/photopic content in source spectrum, compared to melanopic/photopic content in

equal energy reference spectrum.

Equivalent Melanopic Lux (EML)
Combines spectral qualities (M/P ratio) with stimulus intensity, provides a value to relate to photopic lux.

Melanopic Daylight Efficacy Ratio (mDER)
Ratio of melanopic/photopic content in source spectrum, compared to melanopic/photopic content in D65

daylight reference spectrum.

Melanopic Equivalent Daylight Illuminance (mEDI)
Combines spectral qualities (MDER) with stimulus intensity, provides a value to relate to photopic lux.



What does each metric consider?

INTENSITY SPECTRUM DURATION/
TIMING
@ ® Circadian Stimulus (CS)
[ _ ® Melanopic to Photopic Ratio (M/P)
[ ® Equivalent Melanopic Lux (EML)
[ _ ® Melanopic Daylight Efficacy Ratio (mDER)

[ ® Melanopic Equivalent Daylight llluminance (mEDI)



Light and Health Recommendations

WELL Building Standard - Circadian Lighting Design

UL RP 24480 - Design Guideline for Promoting Circadian Entrainment with Light for Day-Active People
2020 | >0.3 CS at 100% of workstations, 43" AFF, 2+ hours between 7 AM - 4 PM

Recommendations for daytime, evening, and nighttime indoor light exposure to best support
physiology, sleep, and wakefulness in healthy adults

Brown TM, Brainard GC, Cajochen C, Czeisler CA, Hanifin JP, Lockley SW, et al. (2022) Recommendations for daytime, evening, and nighttime indoor light exposure to best support physiology, sleep,
and wakefulness in healthy adults. PLoS Biol 20(3): e3001571.

2022 | >250 mEDI throughout the daytime, 4’ AFF

WELL Education Pilot
2019 | 2125 EML at 75% of desk locations, 4’ AFF, 4+ hours

Criteria for High Performance Schools (CHPS)

2019 | >250 EML OR >0.3 CS at 100% of desk locations, 4’ AFF, 4+ hours



Recommendations Over Time

WELL Building Standard - Circadian Lighting Design

Q2 2016 - v1 | >250 EML at 75% of workstations, 4’ AFF, 4 hours
Q32017 - vl | > 200 EML at 75% of workstations, 4’ AFF, 9 AM - 1 PM

Q2 2019 - v2 | 1 point: >150 EML OR >0.3 CS at 100% of workstations, 4’ AFF, 9 AM - 1 PM
3 points: >240 EML at 100% of workstations, 4’ AFF, 9 AM - 1 PM

Q3 2019 - v1 | Space type specific recommendations for Work Areas, Living Environments, Breakrooms,
and Learning Areas

Q3 2020 - v2 | 1 point: >150 EML OR 20.3 CS->136 mEDI at 100% of workstations, 4’ AFF, 9 AM - 1 PM
3 points: >240 EML OR 218 mEDI at 100% of workstations, 4’ AFF, 9 AM - 1 PM
Different thresholds for Projects with Enhanced Daylight

Q32021 -v2 | 1 point: >150 EML OR >136 mEDI at 100% of workstations, 4’ AFF, 9 AM - 1 PM
3 points: >275 EML OR >250 mEDI at 100% of workstations, 4’ AFF, 9 AM - 1 PM
Different thresholds for Projects with Enhanced Daylight
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A Closer Look at Current WELL Guidance

https://v2.wellcertified.com/en/wellv2/light/feature/3

11



A Closer Look at Current WELL Guidance

INTENSITY

SPECTRUM

DURATION/TIMING

MEASUREMENT
TECHNIQUE

https://v2.wellcertified.com/en/wellv2/light/feature/3



A Closer Look at Current WELL Guidance

INTENSITY

SPECTRUM

DURATION/TIMING

MEASUREMENT
TECHNIQUE

https://v2.wellcertified.com/en/wellv2/light/feature/3




A Closer Look at Current WELL Guidance

INTENSITY

SPECTRUM

DURATION/TIMING

MEASUREMENT

TECHNIQUE https://v2.wellcertified.com/en/wellv2/light/feature/3



A Closer Look at Current WELL Guidance

INTENSITY

SPECTRUM

DURATION/TIMING

MEASUREMENT
TECHNIQUE

https://v2.wellcertified.com/en/wellv2/light/feature/3



Comparing Recommendations to Reality

* Test Locations & Conditions
* Vertical plane
* Representative of common occupant position
* 18" Above work surface, flexible for sitting/standing
* Supplemental lighting, including computer screens, should be on if used
* 50 workstations, n =29 | 100 workstations, n = 41
* Distributed in the space, across floors

* Reporting & Compliance
* Reportilluminance levels in lux and the spectral power. Calculate EML (EML = lux x M/P Ratio).
* Calibrated spectrometer
* The median light levels must meet the EML threshold and the lowest value must be at least half the
threshold.
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Capturing Baseline Reality

What quantity and spectral quality of light are
employees exposed to at work?

https://www.etcconnect.com/Global/ETC-Site-Tour.aspx

'?4.0
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ETC HQ — Middleton, WI
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ETC HQ — Middleton, WI
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ETC HQ — Middleton, WI
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ETC HQ — Middleton, WI
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ETC HQ — Middleton, WI

v
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ETC HQ — Middleton, WI
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Project Timeline

Lighting Measurements

Aug. 2022

Sept.

Oct.

Nov. Dec.

Survey
1

Jan.

Feb.

Survey

Mar. 2023

Survey
3
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Blue Iris Labs “Specks” Miniature Spectrometers

1.75”

1.5”

TECHNOLOGY

e Measures SPD in 8 channels
* (Calculates lux, CCT, CS, and EML
e 60 second measurement interval

APPLICATION

Mounted to architectural surfaces (not wearables)
54”7 AFF in Factory Spaces
48" AFF in Office Spaces

10 sensors for 2-3 weeks in each location + repeat



Speck Demo



Data Collection and Processing

“Perfect” Dataset: 4,616,640
-1,198,673 Missing or Zero Measurements
Collected Dataset: 3,417,967
- 2,521,459 Nights, Weekends, Holidays
Final Dataset: 896,508

Daily Data Collection

75%

of expected data

0] 1,440
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Data Collection and Processing
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Data Collection and Processing
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Light Levels in Factory Spaces — How much?
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Light Levels in Office Spaces — How much?

4% 1%

-

80

29% of Office
measurements < 50 Ix

70
88% of Office
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Spectral Measurements in Factory Spaces

% of Measurements
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Spectral Measurements in Office Spaces
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Comparing Photopic Lux and mDER

mEDI = lux*mDER

B <136mepi B 136 - 250 mED
(no points) (1-point)

B > 250 meDI
(3-points)

34



Baseline Reality vs. Recommendations

36% 17%

Factory
136 - 250 mEDI > 250 mEDI

5% 1%
Office

136 - 250 mEDI > 250 mEDI
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Factory:
Illuminance Measurements
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Factory:
Illuminance Measurements

37



Factory:
Illuminance Measurements
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Factory:
Illuminance Measurements

a7
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Measurements by the Hour in Office B



Other Influences - Seasonal Variation
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View Direction
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Perimeter vs. Core
Workstations

Perimeter Workstation
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Sky Conditions

Clear Skies

2 days
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Survey Questions & Outcomes

804 Responses from factory, office, and R&D employees



Questionnaire Development

Survey participation faster than tying your shoes
Tablets in easy-access areas
No personally identifiable information

No impossible asks - the building isn’t getting new
windows
10 questions rotated for unique daily surveys
* Time spent outside
» Satisfaction with lighting, control, environment
* Motivation, alertness

Repeated for seasonal clues
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Questionnaire Development — Middleton, WI
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Daylight Exposure

During the week, majority of participants

spent 0-30 minutes outside.

Participants reported spending more time

exposed to daylight during the weekends.

How much is enough?



Lighting Satisfaction

Overall, | am satisfied

. L Factory

with the lighting around
my typical work area. Office
R&D

Strongly
Disagree

Strongly
Agree



Lighting Satisfaction

There is an appropriate

amount of light for my Factory
tasks.

Office

R&D

Strongly
Disagree

Strongly
Agree



Personal Control

Factory
Overall, | am satisfied
with my ability to adjust Office
the lighting conditions.
R&D

Strongly Strongly
Disagree Agree



Reality:
Lighting is one factor

10 WELL Concepts
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Reality:
Field research is
challenging

Lighting in Offices
* In 2022, reviewed 12 office
field studies since 2010

* 10 studies collected lighting
time-series data

Read the
article here
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Reality:
Lighting is not a 77

statistically Total Measures
significant factorin pEEEES
many studies

16 9 55

(21%) (12%)
Significant Outcomes Significant Outcomes
Related to Lighting Related to Other Factors

(67%)
Not Statistically Significant




Reality:
More data is not
always better

1 minute

1440 measurements

5 minutes

288 measurements

15 minutes

96 measurements

30 minutes

48 measurements
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Jason McDermott, extensive
experience in molecular and
structural virology and data
resource design, data integration
and prediction of biological
networks, and bridging experimental
and computational biology.
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structural virology and data
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and prediction of biological
networks, and bridging experimental
and computational biology.
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Data Cleaning
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Data Cleaning

“Perfect” Dataset: 4,616,640
-1,198,673 Missing or Zero Measurements
Collected Dataset: 3,417,967
- 2,521,459 Nights, Weekends, Holidays
Final Dataset: 896,508

Daily Data Collection

75%

of expected data

0] 1,440
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What is Realistic for a Designer? A Researcher?

* Test Locations & Conditions

Vertical plane

Representative of common occupant position

18” Above work surface, flexible for sitting/standing
Supplemental lighting, including computer screens,
should be on if used

50 workstations, n = 29 | 100 workstations, n = 41
Distributed in the space, across floors

* Reporting & Compliance

Report illuminance levels in lux and the spectral
power. Calculate EML (EML = lux x M/P Ratio).
» Calibrated spectrometer Realistic?
The median light levels must meet the EML
threshold and the lowest value must be at least
half the threshold.
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Reality:
New recommendations,
ongoing research

* Implementation companion to IES TM-18-18

» Applies to the design of lighting for interior
spaces that are used 7 am to 7 pm

* For populations going about their normal
day, where alertness is desired

* There is mixed evidence that daytime light
exposures directly affect alertness.

The immediate effects of light exposure during
daytime hours on other physiological indicators
remain under debate. Exposure to white light at night
immediately suppresses the release of the hormone
melatonin and increases alertness, effects that underpin
the identification of the ipRGCs and of the action
spectrum for melanopsin, the active photoreceptor
molecule. This has led many to think that exposure to
white light by day must also have similar immediate
alerting effects.



Reality:
New recommendations,
ongoing research
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Speck Demo — Data Review



What’s Next?
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Thank you

Please reach out with your
comments or questions!

Wendy.Luedtke@etcconnect.com

Andrea.Wilkerson@pnnl.gov

Jessica.Kelly@pnnl.gov



mailto:Andrea.Wilkerson@pnnl.gov
mailto:Jessica.Kelly@pnnl.gov

This concludes The American Institute of Architects Continuing
Education Systems Course



