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LEDucation

Trade Show and Conference

Learning
Objectives

At the end of this course, participants will:

1.

2.
3.

4.

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

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

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

Participants will be abreast of the latest standards development work (specifically ANSI
C78.377) that is in the pipeline.
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Problem 1 :

Light pollution is bad, and is getting worse



PROBLEM: ANTHROPOGENIC LIGHT AT NIGHT (ALAN) IS INCREASING YEAR-
| | " OVER-YEAR s



https://www.mdpi.com/2072-4292/13/16/3311
https://www.science.org/doi/10.1126/science.abq7781

q j
ALAN I&AUSING NEGATIVE ECOLOGICAL IMPAETS

ry |

ALAN is disrupting nocturnal behavior

of a variety of insects, contributing to
the insect apocalypse

A”N is int‘érfering with migratory

behavior of bats and birds on local,

, (
regionaland macroscales
’

'ALAN disorie ea turtle hatchlings
leading to inxzed mortality

ALAN causes circadian disruptions in

plants and animals

ALAN increases some pathogenic risks

_‘fﬂ


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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CONTRIBUTES TO SYSTEMIC INEQUITIES

When dark sky gets brought up, it’s
always brought up as an environmental
issue, not as an equity one. No one is

talking about who has access to the

night sky. It’s just that there is a night
Sky to be seen because that’s what’s

good for the planet.
Lauren Dandridge

—99


https://www.designlights.org/news-events/news/light-at-night-and-the-inequality-gap-update-progress-and-challenges/

Outdoor lighting performance impacts decarbonization efforts

energy efficiency

~ electrification




Problem 2 :

NWL specification is messy



WHICH "BLUE" LIGHT
DO | AVOID?




CHIP LUMINAIRE
MANUFACTURERS MANUFACTURERS SPECIFIERS

11






There is no standard for NWL luminaires for general illumination
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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

CHIP
MANUFACTURERS

“PC Amber”
(binned by chromaticity)

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

“Amber”

(binned by peak
wavelength)

Same product or different pr

LUMINAIRE
MANUFACTURERS

—

SPECIFIERS
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CHIP
MANUFACTURERS

.!
Same product or different pre

LUMINAIRE
MANUFACTURERS

“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...

SPECIFIERS

15



CHIP LUMINAIRE
MANUFACTURERS MANUFACTURERS SPECIFIERS

Same IEroauct or different prc




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

1
E 5 \!‘E'/

less common Minimum qty

—_—

e

~ Longer lead times Ineligible for incentives




Problem 3 :

Lighting products are out-pacing standards

\4 | ;,,{"



There are no simple naming conventions




Chip manufacturers are developing low CCT solutions on their own
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Existing Standards: ANSI C78.377 CCT Quadrangles
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Existing Standards: ANSI C78.377 CCT Quadrangles
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Existing Standards: ANSI C78.377 CCT Quadrangles
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Existing Standards: ANSI C78.377 CCT Quadrangles
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Existing Standards: ANSI C78.377 CCT Quadrangles
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Existing Standards: ANSI C78.377 CCT Quadrangles

048 r
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Existing Standards: ANSI C78.377 CCT Quadrangles
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ANSI| C78.377 CCT Quadrangles

Existing Standards
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Existing Standards: ANSI C78.377 CCT Quadrangles
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Existing Standards: ANSI C78.377 CCT Quadrangles

048 r

0.46 F

044 }

042 F

0.40 F

y 038 F

0.36 F

0.34

032 F

0.30 F

0.28

0.28

0.38

0.40

0.42

0.44

0.46

0.48

0.50

0.52

0.54

0.56

0.58

31



Existing Standards: ANSI C78.377 CCT Quadrangles
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Solution 1 :

Develop new quadrangles to inform standards



Regulations are occurring in the absence of standards

s )+ o |
::T+ Increasing light pollution
X and awareness

Non-lighting experts

Outdated/imprecise info

RYIN

SMe

Range of applications
(environmentally sensitive, close to
J\LC observatory, dark sky community)

34



Existing Standards: ANSI C78.377 CCT Quadrangles
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Existing Standards: ANSI C78.377 CCT Quadrangles

048 r

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

to reduce light pollution.
LEUKOS.
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Develop new quadrangles: 2000 K and 1800 K

0.48

CIE 1931 2° (x,¥) Chromaticity Diagram

oudé ANSI C78.377-2017 Figure E1 Modified ‘
46 F

0.44

0.42

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

040 p

o038

036 F

0.34

030 p

)
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i C a0
by 57

"}jR i il i I Il Il 'l i 1 Il i 'l Il 'l
028 030 032 034 036 038 040 042 044 046 048 050 052 054 056 058

X

Fig. 2. An enlarged portion of the CIE 1931 xy chromaticity diagram. Shown are the proposed expanded quadrangles for CCT
designations of 2000 K and 1800 K alongside the basic and extended ANSI C78.377-2017 quadrangles. Number labels indicate the
CCT of the nearby iso-CCT line with the trailing zeros removed for clarity (e.g., “20" = “2000 K").



Solution 2 :

Specification framework for NWL sources





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

Predicting sky glow

e Compute RSG with
PNNL tool

e Set HPS as baseline

40



Predicting sky glow: compute RSG

Step 1: Use real LED SPDS to create polychromatic SPDs

SPIy Set




Predicting sky glow: compute

Step 2: Calculate RSG value for each simulated SPD

CTE 1931 27 {x,5) Chromaticky Dlagram
| ANSIC78,.377-1017 Figure E1 Madified

T e B i = i i B —

028 030 031 034 036 03F 040 042 D44 046 048 030 0352 054 036 0.58 X
0.00 " ! " " " " "

x 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80




Predicting sky glow: compute RSG

Step 3: Limit data set to values within ANSI quadrangles and pc-amber/de-amber range

CIE 1931 2° (x,y) Chromaticity Diagram
ANSI C78.377-2017 Figure E1 Modifled




. Less blue light results in less sky glow

“6500 K” or “4000 K”

ANSI C78.377-2017

2.5x —7.5x

the sky glow relative to
High Pressure Sodium



“3000 K”

ANSI C78.377-2017

Less blue light results in less sky glow

1.9%x — 4.8x

the sky glow relative to
High Pressure Sodium



Less blue light results in less sky glow

6500 - e x

3000 K

2700 K
to
2200 K

“2700 K” or “2200 K”

ANSI C78.377-2017

1.1x—4.8x

the sky glow relative to
High Pressure Sodium



Less blue light results in less sky glow

3000 K

2700 K
to
2200 K

“2000 K” or “1800 K”

Esposito and Radetsky [2023]

r

A

2000 K
&
1800 K

0.5x —4.0x

the sky glow relative to
High Pressure Sodium



Less blue light results in less sky glow

6500 K
3000 K

“PC Amber”

Esposito and Radetsky [2023]

2700 K
to
2200 K

2000 K
1800 K

A

0.14x-1.1x

the sky glow relative to
High Pressure Sodium



Less blue light results in less sky glow

0.23x — 0.54x

the sky glow relative to
High Pressure Sodium

300K _
700K -
o~ 1000 K
200K 2000 L B
1800 K

“DE Amber — 590 nm”

Esposito and Radetsky [2023]



Less blue light results in less sky glow

6500 K
3000 K

2700 K
to
2200 K

“DE Red — 620 nm”

Esposito and Radetsky [2023]

2000 K
1800 K

0.1x

the sky glow relative to
High Pressure Sodium




Specification framework

Table 6. Specification structure for categorizing the chromaticity of light sources relative to the ANSI quadrangles.

Category Basis Specification Impact on Relative Sky Glow (RSG)
Target CCTs from 2200 K to 6500 K Basic or Extended “Categorical CCT" Higher RSG than high pressure
Quadrangles from ANSI  Example: sodium (HPS)

C78.377-2017

“3500 K,” “2200 K,” etc.

Target CCTs of 2000 K and 1800 K

Expanded Basic or
Expanded Extended
Quadrangles from
Table 2

“Categorical CCT"
Example:

“2000 K" or
“1800 K"

Many SPDs will have lower RSG
than HPS, especially those with less
short wavelength emission

PC Amber

(PC Amber implies an SPD with a broadband spectral
component generated by a reddish phosphor and may
have a noticeable short wavelength “hump”)

Chromaticity tolerance
specified in Table 3

When there is no
overlap with Expanded
Quadrangles:

“PC Amber”

When there is overlap
with one of the

Expanded quadrangles:
“PC Amber - 2000 K"
Or

“PC Amber — 1800 K"

All likely variations of PC Amber will
have lower RSG than HPS

DE Amber

(DE Amber LEDs are narrowband with a peak
wavelength near approximately 590 nm. They emit
light directly — they do not use a phosphor — and have
no broadband spectral component.)

Color Name & Peak
Wavelength

“DE Amber - Peak WL
nm”

Example:

“DE Amber - 590 nm"

All variations of DE Amber will have
lower RSG than HPS

Other narrowband DE LEDs
(SPDs with chromaticities near the spectrum locus and
peak wavelengths longer than approximately 595 nm)

Color Name & Peak
Wavelength

“DE Color Name — Peak
WL nm"

Example:

“DE Red - 640 nm”

Lowest RSG; lower RSG than DE
Amber

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

Decreasing
Sky Glow

(on average)

51



- Side bar:
‘ We can just use CCT to predict
sky glow, right?

¢







N\

THE THE
SAME SAME
OLD OLD

THINKING  RESULTS
v




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!
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Solution 3:

New Specification Tools



e



Multiple tools will be needed

Photo by Karla Hernandez on Unsplash T



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

Sky Glow Comparison Tool

INPUT CONDITIOMS Light Source SPD L
1. Scenario Parameters W/nm per 1,000 lumens Mormalized ta equal lumen output
Observer location e ] 045 3 ——
Atrnozpheric condition [ clear low particulate ¥ 0 "
Weighting Function |scetepic =l 0.35 "

2. Bazeline Light Source Characteristics B3 ¥

Percent uplight |ox =] 0z T
Easeling source | 1.HPS Exampls =l 0z 1

3. Comparison Light Source[=] Characteristic 0.15 --
Percertuplight oz =] o1t
Lurnen output [ of bazelineg) [wox = 005 ] —_
Clear Calculate 0 o '
3E0 420 450 500 5S40 SED 620 660 OO T4D
Wavelength {nm) i i
RESULTS
[4dd new SPDs using the "EPD Input” sheet] Relative Sky Glow with Specified Conditions
Source Label Glow ’ Percent of bassline
_BASELINE: HPS Example 100 | -
1. HPS E zample 1.00 300%
2 MHZ 4047 329
250%
3 bt HIBJA-10000 207
4 LED 2719 K 199 0%
8 LEDY Pump 2724 I, 239 —
B LED 285 4075k 254
7.LED 231 4224k 2.86 1o
8. LED Example B 223 50
9 LPS Example 023
0%
%@ﬁf




Supplemental Calculator in LEUKOS paper

A E C u] EF G H J K L il M o] (2 o]

This sheet can be used to determine non-white light specifications

[Reference: Esposito T, Radetsky L. 2023. Specifying non-white light sources in ocutdoor applications to reduce
3 light pollution. https://dei.org/10.1080/15502724.20. 121285]

.

5 Instructions Figure 1. Test and reference SPDs. Figure 2_ E le SPDs for sel d lighti h

STEP1 Load a TEST spectral power distribution [SPD) using the |ES TM-30 interface on the ‘Calculator' tab.

Refer to the 'Instructions' tab for assistance. Return to this tab after SPD has been loaded. Reference SPD Test SPD PC Amber

PC Amber =—PC Amber

MNote: SPDs have been added to the 'SPD Library' tab for PC Amber, Amber, Red, Far Red, and PC 2000 K
and PC 1800 K LEDs. SPDs for high-pressure and low-pressure sodium have also been added. These 08
5PDs have SPD #s from 350 to 362.

=
ca
T

=)
o
T

STEF2 Choose the lighting technology for the TEST SPD from the drop-down menu in cell C11. There are three
choices:

S
T
2
b
T

(1} Phosphor-Converted [PC) Amber LEDs: these have a peak wavelength near 530 nm, a wide
distribution, and a small or no hump between 400 nm and 500 nm. See Figure 2 for example SPDs
when this technology is selected.

Relative Qutput
Relative Output

b
T
=
2

48 s® 480 780 350 430 580 630 780
‘Wavelength [nm] Wavalength [nm]

=3
=)

(2} Direct-Emission [DE) LEDs: these have a very narrow distribution, typically less than a width of 25
nm at their half-maximum value. See Figure 2 for example 5PDs when this technology is selected.

(3} Other: this includes other SPDs such as those from phosphor-converted white LEDs, high

? pressure sodium, etc. See Figure 2 for example SPDs when this technology is selectad. D Ow n I o a d fre e Exc e I To O I :

STEF3  Ifthe technology type is properly selected and no error message is displayed, the lighting Figure 3. An enlarged portion of the CIE 1931 x¢ ch icity diag howing the ANSICT8.377-2017 7-
specification will be provided in cell C15. step Rasiz and &5 e’ CCT Quad I the prop d fapanded Basic and Expanded Extended

3 . .
B A AN SN A N AT https://ndownloader.figstatic.com/
Note: a nominal color name is automatically added to Direct-Emission (DE) LEDs. These color names the proposed PC Amber bin [yellow) from Esposito and Radetsky [2023]. * * *

are notably subjective and may vary from person to person. The limits for the color names can be
modified in cells N30:035 of the RefllWL' tab. 048 o
g ol N
3 Flznckizn Locus I es
048 |
.
. Step 2 (manual):  Choose your lighting technology below 44444 ot | ® Centers- Extended Qusd
—s—Zpactrumlocus
. Techneology dropdown menu: | Phosphor-Converted [PC] Amber LED | 04 b @ 20_1% ExtCenters
Technology description: |Phosp onverted [PC) Amber LEDs sometimes have a + TestSPD
blue hump [near 453 nm) and always have a large hump 040 | PCA Tol
12 near 530 nm. CAmberTale
13 ¥
“ Step 3 (automatic): Specification
Specification: PC Amber—1800 K
1)
[L=]
Error Message: |None
17
L] 3 10 0 0 s 5 : : so
19 036 038 040 042 044 046 048 030 032 034 036 038 060
20 X

Version Notes Instructions _ NWL Speci

ication Results Graphical Results Numerical G Simple Report Intermediate Report Fu

62



Supplemental Calculator in LEUKOS paper

DATA INPUT

[See Instructions sheet for additional information]
PLEASE CHECK FOR UPDATES PRIOR TO USE AT:
http:/ fwww.ies.org/redirect/tm-30/

BASIC RESULTS

[Printable results in other sheets]

Select Library SPD:

Version Notes

Instructions

Calculator

Results Graphical

Results Numerical

350 PC Amber - Manf 1
[Enter O for Use SPD] |
Wavelength (nm) User SPD (0) b = Reference Test 0%
. o 230%
380 1.0000 g E E_m% |
[=]
381 1.0000 8 E £ Lo%
- °
382 1.0000 55 2 o Step 1.
383 1.0000 g g E_lu% 4
il o
384 1.0000 w =209 F
- B .o rom the
385 1.0000 380 430 480 530 580 &30 &80 730 780 S
Wavelength (nm) 40%
386 1.0000 ((C I ))
387 1.0000 0.5 a Cu ator
E 2
388 1.0000 32 42 <04 3
f F]
s 10000 E tab, select or
390 1.0000 ~ £
£ o T e oL enter SPD data
392 1.0000 E-t}.z 12 o e =3 3 g 7 3
§-03 " °
393 1.0000 0s ]
394 1.0000 05
395 1.0000

63



Supplemental Calculator in LEUKOS paper

Step 2 (manual): Choose your lighting technology below -1-1—1-1'-1-/

Technology dropdown menu:

Technology description:

Step 2 (manual):

Technology dropdown menu:

Technology description:

Step 2 (manual):

Technology dropdown menu:

Fhozphor-Converted [PC] Amber LED w

Phosphor-converted (PC) Amber LEDs sometimes have a
blue hump (near 450 nm) and always have a large

hump near 590 nm.

OR

Choose your lighting technology below Wil

Direct-Ermiszion [DE] LED [Yery narrowe SPD -- Higk W™

Step 2:

Direct Emission LEDs have narrow SPDs and a very
saturated visual appearance

OR

Choose your lighting technology below A

Cither [e.q.. Phosphor-Converted white] w

Technology description:

Other technologies include High Pressure Sodium,
phosphor-converted white LEDs, RGB color-mixed LEDs,

among others.

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



Supplemental Calculator in LEUKOS paper

- . 046
Step 2 (manual): Choose your lighting technology below il —— Planckian Locus
044 F ® Centers - Basic Quadrangles
Technology dropdown menu: | Phosphor-Cornverted [PC) Arber LED w e Centers - Extended
042 Quadrangles
Technology description: |Phosphor-converted (PC) Amber LEDs sometimes have a —*—SpectrumLocus
blue hump (near 450 nm) and always have a large 040 F 595 + Test SPD
hump near 590 nm.
0.38
Step 3 (automatic): Specification y 036}
034 |
Specification: PC Amber — 1800 K 4 Py
20 j1g
032
Error Message: |None
0.30
028 c8ds,
550
780
0_26 L L L L L L L L L L L L L L
046 048 050 052 054 056 058 060 062 064 066 068 070 072 074 076

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



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

ANSI/IES

ENGINEERING SOCIETY

IES STANDARD FORMAT FOR
THE ELECTRONIC TRANSFER

OF SPECTRAL DATA
AN AMERICAN NATIONAL STANDARD




T

kItLS‘teesy to get these files
e




DLC's
SSL/LUNA QPL

IES TM-30
Calculator —

Example

Ask
manufacturers



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?
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Photo by Alexander Hafemann on Unsplash
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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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Looking forward
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