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LEDs, Earth, and Light at Night

Learning Objectives

My hope is that participants will be able to:
1. Identify the primary global drivers of increased use of light at night.
2. Compare different lighting characteristics in terms of their relative contributions to the appearance 

of light in the night sky.
3. Describe the various levers the community has at its disposal for addressing light in the night sky.
4. Analyze the best paths forward from where we are today.
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Electric Light Remains a Precious Commodity for Much of the World
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Not the World’s Standard by a Large Margin
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Upward Radiance from Earth Increased 2.2% Per Year 2012-2016

“Historically, lighting has been 
subject to a strong rebound effect, in 
which increases in luminous
efficacy result in correspondingly 
greater light use rather than energy 
savings... Regardless of historical or 
geographical context, humans tend 
to use as much artificial light as they 
can buy for ~0.7% of GDP…”
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Some Media Responses were Predictably “Overstated”

Source: Gizmodo.com 
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Not only is the title 
inaccurate, the 
photo has virtually 
nothing to do with 
the study or LED 
lighting either.
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Global Electrification is Occurring at a Rapid Rate

© OECD/IEASource: IEA, Energy Access Outlook 2017

Period
Studied
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http://www.iea.org/access2017/?utm_content=buffer3b4a2&utm_medium=social&utm_source=twitter.com&utm_campaign=buffer#model-description
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Projected Growth, 2017 – 2030

© OECD/IEASource: IEA, Energy Access Outlook 2017

Africa in 2017
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http://www.iea.org/access2017/?utm_content=buffer3b4a2&utm_medium=social&utm_source=twitter.com&utm_campaign=buffer#model-description
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Projected Growth, 2017 – 2030

© OECD/IEASource: IEA, Energy Access Outlook 2017

Africa in 2030

“The IEA's geographic 
analysis shows what 
the night sky over 
Africa would look like 
by 2030 compared to 
today with affordable, 
reliable, sustainable 
and modern energy 
for all”
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http://www.iea.org/access2017/?utm_content=buffer3b4a2&utm_medium=social&utm_source=twitter.com&utm_campaign=buffer#model-description
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Light at Night Concerns are Also Increasing

The Atlantic

IEEE Spectrum
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U.S. Street/Roadway Installed Stock Penetration from 2010 to 2016

Source: Navigant, LED Adoption Report, July 2017

Period 
Studied

6.6%
28.3%

LEDs in the installed stock increased 
significantly during this period, comprised 
mostly of 4000 K, yet U.S. upward 
radiance was reported as “stable” 11

https://www.energy.gov/sites/prod/files/2017/08/f35/led-adoption-jul2017_0.pdf
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Complexity: Most “Blue” Wavelengths Not Measured by DNB

Day-Night Band Measured Spectra

Scotopic FunctionScotopic Function
Day-Night Band (DNB) Measured 
Spectra (500 – 900 nm)
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Complexity: Light in the Sky Includes All Direct and Reflected Sources 

Photo: Caribb on Flickr

Photo: Chris Devers on 
Flickr

Photo: Chris Kyba
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https://www.flickr.com/photos/caribb/38586139856
https://www.flickr.com/photos/cdevers/4208804871
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DOE Sky Glow Investigation – General Findings

Order of effectiveness in reducing 
contribution to sky glow (while still 
maintaining a white light source):
1. Eliminate uplight
2. Reduce light output
3. Change spectral content
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The Sky Glow Comparison Tool

• Spreadsheet developed from 
the results of 215,000+ runs 
of an existing sky glow 
model 

• One set modeled the entire 
visible spectrum in 5 nm 
increments under all the 
other conditions specified

• The Comparison Tool 
essentially interpolates 
within the multidimensional 
matrix of results, for any 
input SPD

• For more info see posted 
webinar at ssl.energy.gov 
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Comparison Tool Outputs

• This slide compares a range of 
sources, 0% uplight baseline 
with equal lumen outputs, 
distant observer position, 
results unweighted for scotopic 
vision
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• Making this more 
representative of a relevant 
situation:

Scotopically weighting 
results to specifically 
account for the sensitivity 
of the human eye

Reducing the lumen 
package of replacement 
products to 60% of 
baseline

• Impacts slightly increase in 
variability and relative 
magnitude
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Comparison Tool Outputs
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Comparison Tool Outputs

• Showing the effect of uplight at 
distance by introducing it to the 
baseline (and thus eliminating 
it in the subsequent 
comparisons)

• In comparison with uplight, 
both fixture light output and 
spectrum are only influencing 
sky glow at the remaining 
margins => getting rid of 
uplight is number one!
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Comparison Tool Outputs

• Older incumbents eliminated to 
better show variation among LEDs 
at various CCTs

• Added an amber LED

• Other characteristics equalized to 
create apples to apples conditions

• Shorter wavelengths in the 
reflected light scatter in the 
immediate area of the lights; amber 
is missing those wavelengths so 
plays well in this comparison
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• Reducing light output has a 
scalar effect, so dimming by, 
e.g., 50% greatly exceeds the 
variations among the white 
light products and saves 
energy in the process

• The narrowed spectrum of the 
amber source offers further 
reductions, which the local  
community may want to 
consider against other likely 
tradeoffs, e.g., visual acuity, 
color quality, energy use

Comparison Tool Outputs
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Conclusions

• Continued growth in the global use of lighting is a virtual certainty

• To be likely accompanied by concerns over associated adverse effects

• The only viable approach for avoiding associated growth in potential 
adverse effects first involves improving the technology – both lighting 
sources and controls

• Also essential are better definitions of when lighting is needed, and when 
and where it isn’t, along with more complete understanding of the various 
tradeoffs between lighting’s benefits and potential adverse effects

• This knowledge needs to be shared, and implemented, on a global scale
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Thank you

Street light pole in St. Croix, USVI, 
2017, following Hurricane Irma 

Source: NOAA

Bruce Kinzey
Pacific Northwest National Lab
Bruce[dot]Kinzey[at]pnnl[dot]gov
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https://www.climate.gov/news-features/understanding-climate/climate-change-atmospheric-carbon-dioxide
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