
Lighting Limits

Maximum vertical allowed in the critical range = 50 lux



Electrical System Considerations



Inrush Current

• LED luminaires have a significant inrush current upon starting.

• Depending on the product, inrush current can be more than 100  
times the luminaire input current for a very short duration.

• Consider slow blow fuses in pole handholes or time delay circuit  
breakers

• Obtain in-rush info from luminaire supplier and match breaker and
/or fuse trip rating
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Surge Protection

WHY?

• Protect critical and sensitive  
equipment (electronics)

• Increase equipment longevity

• Reduce downtime

HOW

This is achieved by diverting and limiting  
damaging transient voltages and  
currents



Surge Protection Devices (SPD)

• Such a device should be approved to:
• UL 96A, Standard for Installation Requirements for Lightning Protection Systems (see UL 1449,  

Standard for Surge Protective Devices,  4th Edition)

• IEEE C62.45-2002, IEEE Recommended Practice on Surge Testing for Equipment Connected to Low-
Voltage (1000 V and less) AC Power Circuits Standards for Surge Protective Devices

• Recommend a surge capacity of at least 50 kA with a short-circuit  
current rating of 200 kA.

• The surge protection device must be installed within 6 inches of the  
breakers within the panel, and wiring must run in straight paths with  
minimal bends.



UL1449

• The SPD type refers to the  
location where the SPD can be  
used

• Type 1 – before the service  
disconnect overcurrent device

• Type 2 – after service disconnect  
overcurrent device

• Type 3 – a minimum 10m (30 ft) of  
conductor between service  
disconnect overcurrent device and  
SPD



Operations and Maintenance



Light Loss Factor

• Because an LED luminaire degrades differently than a HID luminaire  
and the LED will likely continue operating but at a steadily decreasing  
lumen output, therefore a light loss factor light loss factor (LLF) is  
applied:

• LLF = LLD × LDD × LATF where
• LLD = lamp lumen depreciation,

• LDD = luminaire dirt depreciation, and

• LATF = luminaire ambient temperature factor.

• Design should be based end of life (say 20 years - 88,000  
hours)



Lamp Lumen Depreciation (LLD) – IES TM-21
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Luminaire Dirt Depreciation (LDD)

• IES RES-1-16 Measure and Report Luminaire
Dirt Depreciation (LDD) in LED Luminaires for  
Street and Roadway Lighting Applications.

• This document is available as a free download
from the IES at:
http://media.ies.org/docs/research/IES-RES-1-
16.pdf .

• This report is the result of a project
commissioned by the IES to quantify the
impact of dirt accumulation on the light  
output of LED luminaires.

• Glass is easier to clean (example of optics  
which is harder clean on next side)

http://media.ies.org/docs/research/IES-RES-1-16.pdf


Cleaning Example



Luminaire Ambient Temperature Factor (LATF)

• The luminaire ambient temperature factor is based on the  
temperature testing of the luminaire at 25° C.

• Given average nighttime ambient temperatures vary a LATF can be  
applied.

• Typically allow 1% for every 5° C above or below 25° C.



LED Conversions – Lessons Leaned

• Luminaire distribution and optical performance varies greatly from supplier  
to supplier.

• Product vary greatly in quality (you get what you pay for).

• Failure rates low - under 1% a year (service calls reduced). Most suppliers  
offer 10-year warranty. We request catastrophic failure requirement.

• Mass conversions typically have 5 to 8-year payback with a good return on  
investment (over say 20 years).

• Some conversions have resulted in public complaints (as result of luminaire  
brightness). Glare shields offered are typically of poor design.

• As result of optical control LED luminaires can create a tunnel of light on  
the roadway with reduced lighting off the roadway (poor surround ratio)



LED Conversions

• Most roads are well over-lit with high pressure sodium (HPS)  
luminaires. This is a result of HPS poor uniformity ratio. Some roads  
are underlit as result of pole spacing.

• LED’s with improved optics can reduce over lighting and improve  
uniformity.

• Colour of the light source (CCT) can improve object detection  
distances (4000K vs 3000K).

• Simple wattage conversions (ie; 100W HPS for 50W LED) are not  
recommended. Best results obtained by reviewing GIS data and  
calculating lighting to ensure proper light levels are met. A conversion  
is huge cost investment so important to do the analysis!



Potential Health and Environmental Impacts



Consider the Negative Impacts of Roadway  
Lighting
• The is some evidence that Solid State Roadway  

lighting has:
• Higher Health Impacts

• Sleep and General Health

• Sky glow

• Impact on Flora and Fauna
• Bugs, Buds, Bears and Bass



Health Impacts and Subjective Color

• Circadian rhythm, hormone secretion: The hormones responsible  
for the circadian rhythm in humans are melatonin, which is released  
in response to increasing levels of darkness and which promotes  
sleep, and cortisol, which is the biological opposite of melatonin  
and an indicator of the level of human activeness.



Light and Health

• Light Impacts the human
• Melanopsin Response

• Peaks around 480 nm

• Impacts circadian rhythms, alertness

• Sleeping etc.

• Same in all mammals

• Interesting – Circadian Response
• Light can keep you awake and alert

• Is that good or bad for a driver?



Response to Spectral Content

Lighting Application for Non-Visual Effects of Light
Andreas Wojtysiak, Alfred Wacker and Dieter Lang, Osram AG



Comparison of SPDs



ANAD Education Life & Career Practice Management Delivering Care About Us

Adopts Guidance to Reduce
Harm from High Intensity Street

Lights
Foi  immediate  release: Jun  14,2016



AMA Report

• AMA has stated –
• Use 3000k

• Reduces Sky Glow

• Reduces impact in Humans

• Reduces impact on Migratory Animals

• Reduces impact on Sea Turtles

• Etc.

• Is it an unbiased recommendation?



Limitations in the Melanopic Research

• Performed at extremely high lighting levels as compared to roadways

• So what is the impact at street lighting levels?

• The ratio would be the same

• But does the magnitude make a difference?



Impacts (Dosage and Duration)
PNNL data



Marianna Figueiro, et al, 2006 research reported in the Journal of Carcinogenesis

Health Impacts and Subjective Color



Potential Impact on Human Health

• Preliminary there may be an  
impact
• Correlation but no causation

• Roadway Lighting Levels are  
below thresholds
• Research is on-going



On-going Project

• DOE Sponsored project considering all roadway users
• Pedestrians

• Sleepers

• Drivers

• Looking at the impact of lighting under 5 different light sources  
(5000K, 4000K 3000K, 2200K, HPS) as compared to no lighting.

• Next Summer



Light Trespass



Sky Glow

• Sky Glow
• Blue Light Scatters more than amber light

• Rayleigh Scattering
• Molecular Scattering – Molecule are about the same size as the wavelength  

for blue light

• Blue Light Scatters more

• Low angle blue content light is particularly bad

• Mie Scattering
• Aerosol Scattering – Particles are much bigger than wavelength

• Not Spectrally Selective



Sky Glow



From CORM 2008, Luginbuhl, Keith & Knox
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Impact on Soybean Growth



Yield and Moisture
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Birds, Bass, Bears and Bees

• Lighting influences anything with  
eyes that are sensitive to visible  
light
• Eg. Robin Song will start as much  

as 2 hours early in areas adjacent  
to Roadways (Kempenaers et al,  
2010)



We are changing the Ecology

• Crayfish hide and do not interact  
as significantly under roadway  
lighting

• Bats now hunt under light  
fixtures

• Slugs are on the rise

• Salmon change their swimming  
depth



Bridges



Actinic Curves (Longcore et al)



The approach to dealing with the drug varies:

Issue Solution

Roadway User Safety Depends

Energy Consumption Lower Light Levels and use Solid State

Public Perception and  
Acceptance

Depends

Environmental Impact Reduce or Remove Lighting

Impact on Surrounding  
Areas

Control Lighting, Reduce or Remove Lighting

Impact on user health Use Warmer Colors / Reduce Lighting



New Standards for Safety

• We are getting much closer to understanding the issues of a safe  
roadway:
• Trying to control driver behavior and the components of the crash trifecta
• Likely not a broad brush approach to lighting
• Lighting requirements may be segment based

• Lower levels on tangents
• Higher levels at conflict points

• Issues for agencies:
• Huge inventory?
• Changing needs?



Evolution of Roadway Lighting Design

89

Move from This To This

Our approach is to slather light around the roadway

We now need to use fine brush strokes to put light when and  
where we need it



Looking for “Just right” in Lighting

• So what is “Just Right”?

• We judge this by a variety of Dimensions
• Roadway User Safety

• Energy Consumption

• Public Perception and Acceptance

• Environmental Impact

• Impact on Surrounding Areas

• Impact on user health

• Our current approach is Adaptive Lighting



Light Source Selection Criteria

• Each of lighting valuation criteria can be weighted to provide  
guidance on how to approach the light source and lighting level  
selection.



Weighing the Impacts



Weighing the Impacts



Today’s Panelists

• Paul Lutkevich,  

paul.lutkevich@wsp.com

• Don McLean, don@dmdeng.com

• Ron Gibbons,  

rgibbons@VTTI.VT.edu

• Rajaram Bhagavathula,  

RBhagavathula@vtti.vt.edu
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Get Involved with TRB

• Getting involved is free!

• Join a Standing Committee  

(http://bit.ly/TRBstandingcommittee)

• Become a Friend of a Committee  

(http://bit.ly/TRBcommittees)
– Networking opportunities

– May provide a path to become a  

Standing Committee member

• For more information: www.mytrb.org
– Create your account

– Update your profile

@NASEMTRB

@NASEMTRB
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