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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

At the end of this course, participants will:

1. Participants will gain a deep understanding of the negative impacts of light pollution and 
how to combat it. 

2. learn of a series of resources for specifying non-white light fixtures

3. Understand the difficulties in specifying non-white light and will be given a specification 
framework that can be used immediately

4. Participants will be abreast of the latest standards development work (specifically ANSI 
C78.377) that is in the pipeline.



Problem 1 :

Light pollution is bad, and is getting worse
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• Global satellite data indicates ALAN has increased by at least 2% each year over 25 years 
• Citizen science data indicates that ALAN is growing by 9.6% each year over 10 years

https://www.mdpi.com/2072-4292/13/16/3311
https://www.science.org/doi/10.1126/science.abq7781
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• ALAN is disrupting nocturnal behavior 
of a variety of insects, contributing to 
the insect apocalypse 

• ALAN is interfering with migratory 
behavior of bats and birds on local, 
regional and macroscales 

• ALAN disorients sea turtle hatchlings 
leading to increased mortality 

• ALAN causes circadian disruptions in 
plants and animals 

• ALAN increases some pathogenic risks

https://www.sciencedirect.com/science/article/abs/pii/S0006320719307797?via%3Dihub=
https://www.sciencedirect.com/science/article/abs/pii/S0006320718313636
https://doi.org/10.1016/j.tree.2022.12.006
https://doi.org/10.1016/j.tree.2022.12.006
https://esajournals.onlinelibrary.wiley.com/doi/full/10.1002/ecs2.3994
https://www.frontiersin.org/articles/10.3389/fnins.2020.602796/full
https://academic.oup.com/condor/article/122/3/duaa018/5822083?login=false
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https://www.designlights.org/news-events/news/light-at-night-and-the-inequality-gap-update-progress-and-challenges/
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Problem 2 :

NWL specification is messy
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There is no standard for NWL chips for general illumination



There is no standard for NWL luminaires for general illumination

13Photo by Hans-Peter Gauster on Unsplash

https://unsplash.com/@sloppyperfectionist?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/photos/3y1zF4hIPCg?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText


Same product or different product?

“PC Amber” 
(binned by chromaticity)

“Amber PC” 
(binned by 
luminous 
flux/chromaticity)

“Amber” 
(binned by peak 
wavelength)
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Same product or different product? 15

“Amber CCT”                 
“CCT 2000 K”           
“Filtered LED”
“590 nm Amber”        
“Amber (1541 K)”  
CCT of “2K – 580 
nm”
"Wildlife-Friendly 
Amber (585 - 595 
nm)”
And many more…



Same product or different product? 16

“Amber”
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It's not easy to incorporate "amber" luminaires into design

less common Minimum qty

Longer lead times Ineligible for incentives

17



Problem 3 :

Lighting products are out-pacing standards

18



There are no simple naming conventions
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Chip manufacturers are developing low CCT solutions on their own
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1800 K 2000 K

6500 K 5700 K

3500 K
3000 K

2700 K

2500 K

2200 K
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https://led-ld.nichia.co.jp/img/led/lighting_lowcct_1_e.png



Solution 1 :

Develop new quadrangles to inform standards
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Regulations are occurring in the absence of standards

34

Increasing light pollution 
and awareness

Non-lighting experts

Outdated/imprecise info

Range of applications 
(environmentally sensitive, close to 
observatory, dark sky community)
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Esposito T, Radetsky L. 2023. 
Specifying non-white light 
sources in outdoor applications 
to reduce light pollution. 
LEUKOS.

https://led-ld.nichia.co.jp/img/led/lighting_lowcct_1_e.png



Develop new quadrangles: 2000 K and 1800 K

37

Esposito T, Radetsky L. 2023. 
Specifying non-white light sources 
in outdoor applications to reduce 
light pollution. LEUKOS.



Solution 2 :

Specification framework for NWL sources
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Specification structure supports ease of use and reduced light pollution

39

https://unsplash.com/@scottwebb?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/photos/INeZJfQxMLE?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
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Predicting sky glow
• Compute RSG with 

PNNL tool
• Set HPS as baseline
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Predicting sky glow: compute RSG
Step 1: Use real LED SPDS to create polychromatic SPDs 

41
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Predicting sky glow: compute RSG
Step 2: Calculate RSG value for each simulated SPD

42
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Predicting sky glow: compute RSG
Step 3: Limit data set to values within ANSI quadrangles and pc-amber/de-amber range

43



6500 K 
to 

4000 K

Less blue light results in less sky glow

2.5x – 7.5x 
the sky glow relative to 
High Pressure Sodium

“6500 K” or “4000 K”
ANSI C78.377-2017
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3000 K

6500 K 
to 

4000 K

Less blue light results in less sky glow

1.9x – 4.8x 
the sky glow relative to 
High Pressure Sodium

“3000 K”
ANSI C78.377-2017
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3000 K

2700 K
to

2200 K

6500 K 
to 

4000 K

Less blue light results in less sky glow

1.1x – 4.8x 
the sky glow relative to 
High Pressure Sodium

“2700 K” or “2200 K”
ANSI C78.377-2017
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3000 K

2000 K
&

1800 K

2700 K
to

2200 K

6500 K 
to 

4000 K

Less blue light results in less sky glow

0.5x – 4.0x 
the sky glow relative to 
High Pressure Sodium

“2000 K” or “1800 K”
Esposito and Radetsky [2023]

47



3000 K

2000 K
&

1800 K PC 
Amber

2700 K
to

2200 K

6500 K 
to 

4000 K

Less blue light results in less sky glow

0.14x – 1.1x 
the sky glow relative to 
High Pressure Sodium

“PC Amber”
Esposito and Radetsky [2023]

48



3000 K

2000 K
&

1800 K PC 
Amber

DE 
Amber

2700 K
to

2200 K

6500 K 
to 

4000 K

Less blue light results in less sky glow

0.23x – 0.54x 
the sky glow relative to 
High Pressure Sodium

“DE Amber – 590 nm”
Esposito and Radetsky [2023]
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3000 K

2000 K
&

1800 K PC 
Amber

DE 
Amber

2700 K
to

2200 K

DE Red/ 
Orange

6500 K 
to 

4000 K

Less blue light results in less sky glow

0.1x 
the sky glow relative to 
High Pressure Sodium

“DE Red – 620 nm”
Esposito and Radetsky [2023]
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Specification framework

51

Decreasing 
Sky Glow

(on average)

Esposito T, Radetsky L. 2023. Specifying non-white light sources in outdoor applications to reduce light pollution. LEUKOS.



Side bar:
We can just use CCT to predict
sky glow, right?
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CCT is a mediocre predictor of RSG

55



S/P ratio is the best predictor of RSG

56



Color rendering is also a bad predictor. Don’t do it!

57



Solution 3:

New Specification Tools

58
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https://ideogram.ai/



Multiple tools will be needed

60Photo by Karla Hernandez on Unsplash

https://unsplash.com/@karlahrnndz?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/rubik%27s-cube?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText


PNNL Sky Glow Comparison Tool

61Get it from: DOE.SSL.UPDATES@ee.doe.gov
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Supplemental Calculator in LEUKOS paper

Download free Excel Tool:
https://ndownloader.figstatic.com/
files/38896930
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Supplemental Calculator in LEUKOS paper

Step 1:
• From the 

“Calculator” 
tab, select or 
enter SPD data
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Supplemental Calculator in LEUKOS paper

Step 2:
• In the “NWL Specification” tab, choose 

the technology type from the Step 2 
dropdown menu

• The Test SPD and Example SPDs are 
shown at the top to provide guidance.

• Hint: An error will be shown in Step 3 
if you select incorrectly

OR

OR
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Supplemental Calculator in LEUKOS paper

Step 3:
• The Specification box will show the specification, or an error, 

depending on the manual selection made in Step 2.
• The SPD’s chromaticity coordinates are shown in the figures on the left



The future we deserve:

spectral data files and conforming software

66



We need to use better inputs to get better outputs 
(starting with SPDX files)

67



It's not easy to get these files

68



IES TM-30 
Calculator –

Example 
LibraryAsk 

manufacturers

DLC's 
SSL/LUNA QPL

69

https://www.ies.org/standards/standards-toolbox/tm-30-spectral-calculator/
https://www.ies.org/standards/standards-toolbox/tm-30-spectral-calculator/
https://qpl.designlights.org/solid-state-lighting
https://qpl.designlights.org/solid-state-lighting
https://qpl.designlights.org/solid-state-lighting


Using .SPDX files?

IES TM-30 Calculator
70



Many future use cases

71Photo by Alexander Hafemann on Unsplash

Light pollution assessment
Glare assessment

Non-visual biological 
responses

Horticultural lighting
Agricultural 

lighting

https://unsplash.com/@mlenny?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/glacier?orientation=landscape&utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
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.IES files (spatial data)

.SPDX files (spectral data)

Go beyond photometric data

72

ANSI/IES TM-33-18 
.xml files 

(spatial and spectral data)



Looking forward
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• DLC is pushing for .spdx file adoption 

• ANSI Working Group has initiated 

75

Progress is happening
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Thank you!
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Questions?
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Leora Radetsky
DesignLights Consortium

lradetsky@designlights.org

Tony Esposito, PhD
International WELL Building Institute

tony.esposito@wellcertified.com



This concludes The American Institute of Architects Continuing 
Education Systems Course
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