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Non-Visual Benefits of Light

2017 Nobel Prize in Physiology or Medicine
Jeffrey C. Hall, Michael Rosbash and Michael W. Young



Non-Visual Benefits of Light



Non-Visual Benefits of Light
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Circadian rhythms
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Non-Visual Benefits of Light

https://www.solemma.com/Alfa.html



• Non-visual health
• Eye-level light exposure that 

entrains our circadian clock
• Linked to alertness & sleep quality

• WELL Building Standard
• Relies on 4-hours of eye-level light 

exposure for ALL workstations 
during occupied hours
• Prime exposure is in the morning
• 1-point for 150 EML
• 3-points for 275 EML

Non-Visual Benefits of Light



WELL Building Standard – Feature 3, Circadian Lighting Design

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



Custom Simulation Workflow

Multi-step process that combines:
• Radiance daylighting & electric lighting 

simulations
• LARK circadian dosing calculation

Radiance and LARK:
• Daylight availability and excessiveness
• Electric lighting integrated using IES files
• Shading operation schedules
• Equivalent Melanopic Lux (EML) levels

Allows us to calculate: 
• contribution of daylight and electric 

light on circadian potential for a series 
of workstations 

• energy required to meet the 
recommended thresholds using electric 
lighting

• Compare different control and shading 
scenarios across the year



• Increased color resolution via materials and sky definitions:
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Custom Simulation Workflow
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Custom Simulation Workflow



Southwest-facing
CIE Intermediate sky

Daylight
Glare
Probability (DGP)

WELL 2021
150(1pt)
240(2pts)

Electric lighting needed 
to supplement EML 
levels

Proof-of-concept



Daylight
Glare
Probability (DGP)

WELL 2021
150(1pt)
240(2pts)

Electric lighting needed 
to supplement EML 
levels

Southwest-facing
CIE Intermediate sky
Operated Shading

Proof-of-concept



Perimeter

Core

Proof-of-concept
West-facing
TMY3 sky data

WELL 2021 EML (150(1pt) 240(2pts))Daylight Glare Probability (DGP<0.4)



Proof-of-concept
West-facing
TMY3 sky data

WELL 2021 EML (150(1pt) 240(2pts))

Perimeter

Core

Daylight Glare Probability (DGP<0.4)

with operated shading



Equipment for Validation at NEEA



• NEEA Offices
• 88 workstations
• Seating orientations facing primarily 

east/west with some north/south
• 8 zones of LLLC lighting
• Manual shading systems on perimeter

• Simulation Set-up
• Simulated annual, climate-based EML at eye-

level for all workstations
• Simulated dynamic manual blind use under 

LM-83 standard
• Simulated 10-steps of dimming for each zone 

independently
• EML dosing under daylight conditions is 

supplemented using LLLC lighting system
• Annual energy demand is a result of LLLC 

needed to supplement eye-level dose

https://idcl.wsu.edu/lllc-curriculum/
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Percent of time of year (9am-1pm) EML > 150Lux with daylight only and operated blinds (LM-83, individual window groups)
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Percent of time of year (9am-1pm) EML > 275Lux with daylight only
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Percent of time of year (9am-1pm) EML > 275Lux with daylight only and operated blinds (LM-83, individual window groups)
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Blinds always open, without task lighting

1,817 kWh lighting annually*
Lights on 80%Lights off Lights dimmed 50%

*minimum dimming of 20% and maximum dimming of 80%

Total wattage/dimming needed to meet 150 EML



Blinds always open, with task lighting

1,466 kWh lighting annually*
Lights on 80%Lights off Lights dimmed 50%

*minimum dimming of 20% and maximum dimming of 80%

Total wattage/dimming needed to meet 150 EML



2,360 kWh lighting annually*
Lights on 80%Lights off Lights dimmed 50%

* minimum dimming of 20% and maximum dimming of 80%

Interior window shading operated as per IES-LM-83 manual control algorithm, without task lighting

Total wattage/dimming needed to meet 150 EML



1,968 kWh lighting annually*
Lights on 80%Lights off Lights dimmed 50%

* minimum dimming of 20% and maximum dimming of 80%

Total wattage/dimming needed to meet 150 EML

Interior window shading operated as per IES-LM-83 manual control algorithm, with task lighting



Blinds always open without task lighting

3,857 kWh lighting annually*
Lights on 80%Lights off Lights dimmed 50%

* minimum dimming of 20% and maximum dimming of 80%

Total wattage/dimming needed to meet 275 EML



Blinds always open with task lighting

3,619 kWh lighting annually*
Lights on 80%Lights off Lights dimmed 50%

* minimum dimming of 20% and maximum dimming of 80%

Total wattage/dimming needed to meet 275 EML



4,223 kWh lighting annually*
Lights on 80%Lights off Lights dimmed 50%

*does not account for continuous dimming at 20% or demand for private office spaces

Total wattage/dimming needed to meet 275 EML

Interior window shading operated as per IES-LM-83 manual control algorithm, without task lighting



4,133 kWh lighting annually*
Lights on 80%Lights off Lights dimmed 50%

*does not account for continuous dimming at 20% or demand for private office spaces

Total wattage/dimming needed to meet 275 EML

Interior window shading operated as per IES-LM-83 manual control algorithm, with task lighting



Monthly Energy Use
From LLLC lighting system to meet 150EMLux recommendation as per the WELL Standard

0

50

100

150

200

250

300

350

400

January February March April May June July August September October November December

An
nu

al
 L

ig
ht

in
g 

En
er

gy
 U

se
 T

ot
al

 (k
W

h)

No shading w/ task light (kWh) No shading w/o task light (kWh) Operated shading w/ task light (kWh) Operated shading w/o task light (kWh)



Monthly Energy Use
From LLLC lighting system to meet 275EMLux recommendation as per the WELL Standard
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Annual Energy Use
LLLC to meet 150EMLux WELL Standard threshold:
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LLLC to meet 275EMLux WELL Standard threshold:



Annual Energy Use
LLLC to meet 150EMLux WELL Standard threshold:
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19% less energy
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LLLC to meet 275EMLux WELL Standard threshold:



Annual Energy Use
LLLC to meet 150EMLux WELL Standard threshold:
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23% more energy
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LLLC to meet 275EMLux WELL Standard threshold:



Percent of workstations that meet 150EMLux

Blinds always open without task lighting

100%0% 50%



Percent of workstations that meet 150EMLux

Blinds always open with task lighting

100%0% 50%



Percent of workstations that meet 150EMLux

Interior window shading operated as per IES-LM-83 manual control algorithm, without task lighting

100%0% 50%



Percent of workstations that meet 150EMLux

100%0% 50%

Interior window shading operated as per IES-LM-83 manual control algorithm, with task lighting



Percent of workstations that meet 275EMLux

Blinds always open without task lighting

100%0% 50%



Percent of workstations that meet 275EMLux

Blinds always open with task lighting

100%0% 50%



Percent of workstations that meet 275EMLux

Interior window shading operated as per IES-LM-83 manual control algorithm, without task lighting

100%0% 50%



Percent of workstations that meet 275EMLux

Interior window shading operated as per IES-LM-83 manual control algorithm, with task lighting

100%0% 50%



• Based on the WELL standard recommendations, energy use is driven by an 
algorithm that looks to supplement EML dosing for ALL workstations. This means 
that the worst offenders are driving up the lighting energy/dimming levels to 
satisfy that minority of workstations.
• CONTROLS MATTER – future work is needed to explore more optimal approaches

• Results are exacerbated by the fact that the lighting fixtures are operated in 
relatively large groups. 
• BETTER ZONAL CONTROL - Future work could optimize fixture grouping via further simulation 

of smaller groups (2-3 lighting fixtures/each) to capture potential energy savings

• Future work needed to challenge the implementation recommendations for 
WELL to balance health and energy savings more holistically
• FIELD STUDIES NEEDED TO SHAPE STANDARDS

Moving forward







buildings
a big part of the climate 
problem…
and the solutionindustry 28%

transportation 37%

buildings 35%
1802 MMT CO2e

Source: U.S. Energy Information Administration (2019 data)
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energy + seismic 
retrofits
areas of climate benefitting from 
increased façade thermal 
insulation align with areas of 
Cascadian subduction zone and 
present a unique opportunity for 
combining both efforts.



Forest to Façade
using mass timber and digital workflows to retrofit inefficient buildings for climate 
and seismic resilience



Multifamily Façade Retrofit Project Team

This work is generously supported by the 2020 Wood Innovations Program grant number 20-DG-11062765-737 from the USDA U.S. Forest Service 

Project Support



Low-rise multifamily
• 88% of multifamily is 1-3 stories in the PNW
• 1960-1994 before current seismic/energy code 
• 64.7% 2x4 construction
• 64% R8-R12 wall Insulation

(Source: NEEA Residential Building Stock Assessment)



How to Retrofit



Is the building a candidate?



Level of performance?



Seismic vs. Infill



Digital Workflow









Fabricate Panels Offsite











Rig and Fly Panels















questions?

image credit: Flynn Casey, Christiana Hedlund, 
University of Oregon

DOE ZERH
use the monolithic nature of 
mass plywood panels with 
outboard insulation to increase 
envelope performance of 
residential housing. panelized 
prefabrication to reduce costs 
and increase efficiency.













image credit: Flynn Casey, University of Oregon



Questions?
(mfretz@uoregon.edu)
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