
 

 

 

 

Arlington County  

Street Lighting Masterplan 

 

 

 

 

 
Prepared for:  

Arlington County, VA 

 
 

 
 
 
 
 
 
Prepared by: 

Kimley-Horn and Associates, Inc.  
 

 

 

 

 

 

 

 

September 2016 

 



      
 

 
Arlington County 
Street Lighting Masterplan  Page 2 

Introduction 

Arlington County currently has 600 miles of roadway that are being illuminated by approximately 20,000 
streetlights. Out of 20,000 streetlights, about 7,000 are owned and maintained by Arlington County’s 
Transportation, Engineering and Operations Bureau within the Department of Environmental Services. 
The rest are managed by Dominion Virginia Power (DVP). Arlington County started using intelligent LED 
streetlights in 2010. Since then, 85 percent of County-owned and maintained streetlights in residential 
streets and commercial corridors have been converted to LEDs. The system’s wireless feature allows the 
County to program lights automatically, according to the time of day and type of area (commercial or 
residential).They use approximately 75 percent less power in comparison to traditional technology, which 
reduces overall costs. The lights managed by Dominion Virginia Power (DVP) are non-LED. 

The goals of Arlington County’s street lighting program are: 
 To provide for the safety of nighttime traffic operations. 
 To provide the pedestrian a safe and secure feeling. 
 To deter crime on Arlington County Streets. 

This study involved collecting data for 1,000 Arlington County-owned and DVP-owned street light poles. 
The limits were along Wilson Boulevard and Clarendon Boulevard between N Fort Myer Drive and N 
Glebe Road and from Arlington Boulevard to Columbia Pike between South Washington Boulevard and 
South Walter Reed Drive. This sample was analyzed to update the GIS files and quantify the extent to 
which the information in the County’s and DVP’s GIS files are up-to-date.   

There is a need to determine future needs, costs, and priorities associated with street light improvements 
and for programming future capital improvement projects. This street lighting master plan identifies best 
practices and lessons learned based on interviews with other agencies. It makes recommendations 
applicable to Arlington County regarding its future needs and priorities. As the system continues to grow, 
it is becoming critical to maintain the street lighting system. This masterplan also defines a maintenance 
plan for reliability of the street lighting system and to maintain safety.  
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Data Collection and Updates to GIS Files 

Field data was collected for 1,000 light poles in Arlington County in March and April of 2016. Project limits 
were in two primary locations: along Wilson Boulevard and Clarendon Boulevard between N Fort Myer 
Drive and N Glebe Road and from Arlington Boulevard to Columbia Pike between South Washington 
Boulevard and South Walter Reed Drive.  

Arlington County provided the street lighting GIS maps. These files were used to prepare the GIS 
mapping for the street light data collection. DVP’s Distribution Asset Information was also obtained in GIS 
format. The following street light pole data was collected: 

 Coordinates / Location 
 Technology 
 Pole number 
 Pole type 
 Pole color 
 Pole height (approximate) 
 Globe type  
 Zoning restrictions 

The field collected data was then used to update the GIS files provided for County owned streetlights and 
DVP owned streetlights. 
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Data Analysis and Asset Inventory 

The following tasks were performed to evaluate existing conditions information based on collected data 
and the corresponding GIS analysis: 

 New GIS layer for infrastructures gaps 
o Missing streetlight locations 
o Inadequate spacing or non-existent 

 New GIS layer for streetlights not meeting current standards  
o Non-LED locations 
o Identify street segments with inadequate spacing 

 New GIS layer for inconsistent streetscape  
o Pole number 
o Pole type 
o Pole color 
o Pole height 
o Globe type 
o Pole placement (i.e. median versus curbside location) 
o Interaction with street trees and street furniture 

 

After selecting the light poles within the project limits, individual shape files were created to reflect the 
findings for each task. Each task was first broken down into poles owned by either the County or DVP, 
then evaluated per the given criterion. 

Findings 

Tables 1 and 2 present the light pole criteria used to analyze the light poles. Exhibits representing each 
task are presented in the Appendix. Deviations are listed with each table. Labels used in the tables 
correlate to shapefile names for easier reference with the exhibits in the Appendix . A dash indicates data 
was not available to allow for analysis of that criteria for poles of that ownership.  

Table 1. Light Pole Criteria: Infrastructure Gaps, Non-LED (Non-Standard) 
CRITERIA COUNTY-OWNED DVP-OWNED 

Non-LED Lights 12.9% - 

Inadequate Spacing  0.4% 2.5% 
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Table 2. Light Pole Criteria: Inconsistent Streetscape 
CRITERIA COUNTY-OWNED DVP-OWNED 

Pole Placement 0.9% 1.7% 

Pole Color 9.9% - 

Pole Distance 6.5% 9.6% 

Pole Number 10.3% 24.0% 

Tree Obstruction 4.3% 6.1% 

Pole Type 10.2% 12.7% 

Bulb Type 1.9% 15.2% 

Pole Height 27.1% - 

Recommendations 

Infrastructure gaps were determined by selecting light poles that were more than 150 feet from any other 
surrounding light pole. In Figure 4A, the number correlating with the nearest light pole of that color 
represents the distance measured between that light pole to the nearest light pole. In Table 1A found in 
the Appendix, this is the field ‘NEAR_DIST’. 

Light poles identified as those not meeting current standards were those that were either non-LED or 
those found to have inadequate spacing. Inadequate spacing was determined as Infrastructure Gaps, 
whose criteria are listed above. Non-LED lights were determined by the field ‘BULB_TYPE’ for County-
owned light poles, represented in Table 1A found in the Appendix. No DVP-owned lights were found to be 
LED, therefore that criteria was not evaluated.  

Inconsistent Streetscape identification was broken down by which fields were evaluated to match which 
attributes. Each criteria is described below.  

Pole Placement was determined to be any light pole that was in a median. This was done visually based 
on the geospatial data for both County-owned and DVP-owned light poles.  

Pole Color was determined by the field ‘COLOR’ for County-owned light poles; this field is represented in 
Table 2A found in the Appendix. Pole Color could not be identified as an attribute for DVP-owned lights, 
therefore that criteria was not evaluated. Unique values were assigned for each iteration of pole colors in 
their respective fields (based on ownership) and visually inspected for anomalies based on the adjacent 
pole color patterns. Light poles were automatically selected as inconsistent if the field for that light pole 
was not available, whether it was null (not filled out) or invalid (listed as 0, N/A, etc.). 
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Pole Distance was determined to be any light pole more than 10 feet from the curb from the center of the 
point by geospatial analysis. All poles, both County-owned and DVP-owned were applied a 10 foot buffer 
and then selected on a visual basis from the geospatial data.  

Pole Number was determined by the field ‘POLE_NUM’ for County-owned poles and ‘DECAL_NUMB’ for 
DVP-owned poles. These fields are represented in Table 2A for County-owned Poles and Table 3A for 
DVP-owned Poles in the Appendix. Unique values were assigned for each iteration of pole numbers in 
their respective fields (based on ownership) and visual inspected for anomalies based on adjacent pole 
numbering patterns. Light poles were automatically selected as inconsistent if the field for that light pole 
was not available, whether it was null (not filled out) or invalid (listed as 0, N/A, etc.). 

Tree Obstruction was determined by visually inspecting all DVP-owned and County-owned poles to see if 
any points appeared to be obstructed by trees when mapped by geospatial data. This correlated to the 
inconsistent streetscape criteria of “interaction with street trees.”   

Pole Type was determined by the field ‘MATERIAL’ for County-owned poles and ‘MATERIAL_C’ for DVP-
owned poles. These fields are represented in Table 2A for County-owned Poles and Table 3A for DVP-
owned Poles in the Appendix. Unique values were assigned for each iteration of pole types in their 
respective fields (based on ownership) and visual inspected for anomalies based on adjacent pole type 
patterns. Light poles were automatically selected as inconsistent if the field for that light pole was not 
available, whether it was null (not filled out) or invalid (listed as 0, N/A, etc.). 

Bulb Type was determined by the field ‘BULB_TYPE’ for County-owned poles and ‘LAMP_CD’ for DVP-
owned poles. These fields are represented in Table 2A for County-owned Poles and Table 3A for DVP-
owned Poles in the Appendix. Unique values were assigned for each iteration of bulb types in their 
respective fields (based on ownership) and visual inspected for anomalies based off surrounding bulb 
type patterns. Light poles were automatically selected as inconsistent if the field for that light pole was not 
available, whether it was null (not filled out) or invalid (listed as 0, N/A, etc.). 

Pole Height was determined by the field ‘HEIGHT’ for County-owned light poles. This field is represented 
in Table 2A found in the Appendix. Pole Height could not be identified as an attribute for DVP-owned 
lights, therefore that criteria was not evaluated. Unique values were assigned for each iteration of pole 
colors in their respective fields (based on ownership) and visual inspected for anomalies based off 
surrounding pole height patterns. Light poles were automatically selected as inconsistent if the field for 
that light pole was not available, whether it was null (not filled out) or invalid (listed as 0, N/A, etc.). 
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Literature Review 
Kimley-Horn conducted research and interviewed four comparable jurisdictions. Kimley-Horn provided a 
summary of best practices employed by these jurisdictions on inventory, specifications, budget, 
operations and maintenance, asset management, and technology. This information provided guidance for 
recommending a maintenance plan for Arlington County. 

The selected four U.S. cities are: 
 Seattle, 
 Boston, 
 Cambridge, and 
 Philadelphia. 

Seattle 
The City of Seattle, Washington owns 86,000 street lights. Sixty percent of those lights are LED with the 
goal of transitioning to 100% LED by the year 2018. The City has a total of 51,600 LED fixtures. The City 
has 23 employees on their lighting staff, including twelve crew members, nine technicians/engineers, one 
inspector, and one manager. The Parks Department maintains the park lights, but the Street Department 
maintains the trail lights. Seattle currently has $15 million dollars allocated annually for street lighting. The 
power bill is billed to the City’s General Fund. The City carries an inventory of about two percent of each 
type of fixture they use. Eighty to ninety repair orders are open at any one time and most repairs are 
resolved in a few days. Since the transition to LED, trouble called have lessened and now most stem from 
conduit/connector connections.  
 
Seattle affixes an aluminum plate with a seven digit plastic tag and bar code to each pole for its 
identification. Field workers use tablets or computers to send data to the City IT Department in Excel 
format. A GIS database is maintained for light poles. The City is using Enterprise GIS to map all lights 
and components for survey, but looped radio is not mapped. The database is continually updated when 
as-built drawings are submitted. 

The specifications for Seattle’s LED fixtures are as follows: 
 Cree and Leotek brands 
 135 W for arterial, 197W for principal arterial 
 Residential cobraheads feature 

o 72W 1st gen 
o 52W 2nd gen 
o 38W 3rd gen 

 4000K color temperature 
 Thirty to thirty-five foot light poles on arterials and 25’ on residential, 
 Planned for dimming by installing NEMA 7-pin receptacle for photocell and 3 pin OK for on/off, 
 Plan to incorporate remote monitoring, 
 Solar power not feasible due to cloudy days. 

 
The City has no standards for residential street lighting. They use the European standard for minimum 
light levels. Corridor standards depend on roadway conditions. The City material standards specify LEDs 
and will add shoebox replacement and decorative pedestrian fixture (King fixture) to those standards. The 
City is International Night Sky compliant with zero uplight for all fixtures, except for globes. 
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Three years ago, Seattle began implementing a lighting plan by preparing the City Council and 
broadcasting public service announcements.  As a result, complaint rates dropped from 20% to less than 
2%. The integration of LED fixtures has saved energy consumption and the City benefits from it since 
they are the utility provider. Second generation LEDs with chip and driver efficiency caused a 42% drop in 
residential power consumption and a 62% drop in arterial power consumption.   

Boston 
The City of Boston, Massachusetts has a total of 63,000 total street lights. They purchased street lights 
from the power company in 2002 with a Federal Energy Department Initiative. In 2010, Boston began 
LED conversions and now 95% of street lights are LED.  The City has 40 employees on their street 
lighting staff, including twenty technicians, five engineers, two clerks, three supervisors, nine inspectors, 
and one manager. The City has an annual budget of $21 million. Out of this $8M is for the power bill, 
$10M for maintenance & CIP, and $3M for staffing. They have eight bucket trucks. Boston carries an 
inventory of ten percent of all lights and notes that shipping takes a long amount of time. The lighting 
department receives 10,000 trouble calls per year and the average response time is ten days. The City-
negotiated labor rate is less than the contractor’s rate ($45/ hr savings). They use the National Electrical 
Code exempt where trained City workers (non-electricians) are allowed to repair street lights The City 
Parks and Recreation Department installs and maintains all off-street lighting. 

Boston does not field-identify light poles, but Verizon tags wood poles for its distribution system. All lights 
are in Excel and GIS databases which should be updated every six to twelve months, though the last 
update was done three years ago. 
 
The specifications for Boston’s LED fixtures are as follows: 

 BETA, Leotek, Arieta, Acorns, King Luminaire, 60-100W 
 Pole heights: 

o 24’ arterials        
o 11'-21' decorative  

 4000K color temperature, 
 Testing dimming using 7 prong photo-control, 
 Testing remote monitoring from 2 AM – 7 AM, 
 Solar power not used since their 4’x2’ panel failed wind test. No other vendors were identified. 

 
Boston follows RP-8 standards and uses Arieta shoeboxes for residential, acorns for shopping and 
commercial, and cobraheads for arterials. The City is International Dark Sky compliant with zero uplight. 
Dimming features lead to a 30% cost savings. Another best practice is to stipulate a ten year warranty in 
contracts for their lighting products. 
 
One of the lessons learned for them was that at the beginning, technology was changing quickly. 
Products were constantly being reevaluated to balance quality and cost. The City used federal grant for 
mercury vapor removal.  

Cambridge 
The City of Cambridge, Massachusetts has a total of 7,000 city-owned light poles, of which 5,500 are 
LED.  This quantity includes street lighting and decorative lighting.  The City employs 13 full time people 
for street lighting. Their budget is $600,000 per year for street lighting maintenance and usage. The Parks 
Department maintains the trail lights separately.  The City has four bucket trucks and carries an inventory 
of about 2% for the three types of fixtures they use. The transition to LED from mercury vapor has 
decreased the number of annual repairs 75%. Utility repairs account for the majority of the 300 annual 
repairs. 
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Each light pole is identified in the field with a number on a reflective sticker that specifies whether it is flat 
rate, metered, or off-grid, as well as location on the street. The City also maintains a database of street 
lighting identified by GPS coordinates and each light fixture is marked in Google Maps. The City has not 
completed a redesign of their system, but luminaire replacements are identified in the system as they 
happen. 
 
The specifications for Cambridge’s LED fixtures are as follows: 

 Cree LEDway 40, 80, and 120 (45W-275W), 
 4000K color temperature, 
 Uplight (U=0) for International Dark Sky Compliance, 
 Lumewave (Echelon) Dimmers, and  
 No solar powered units. 

 
Cambridge uses dimming as a cost saving strategy. Default dimming of 35% is used to save energy and 
increase longevity. Seventy percent dimming starts at 10 PM for residential and at midnight for 
commercial areas. Since Cambridge’s lighting control system has a node for each LP, each light pole 
node can be adapted to dimming. 
 
The design criteria and standards for the City were based on pedestrian and vehicular volumes and 
roadway width. The City of Cambridge follows the latest RP-8-14. It is a luminance based design criteria 
for the roadway and an illuminance criteria for the sidewalk areas. The City uses Ty A and B residential 
cobraheads, Ty C in parks and pedestrian areas, Ty D teardrops on commercial arterials, and Ty E 
acorns on commercial arterials with pedestrian traffic. 

Philadelphia 
The City of Philadelphia, Pennsylvania has a total of 128,000 street lights, of which 105,000 are 
cobraheads. There are 5,000 ornamental lights and 18,000 alley lights. The City has a total of 2,000 LED 
fixtures. The City has 17 employees on their street lighting staff, including eleven technicians, one 
engineer, three inspectors, and two managers. The Parks Department maintains the trail lights. 
Philadelphia has a $17 million dollar budget for lighting, out of which $15 million is allocated for the power 
bill. The integration of LED fixtures has saved energy consumption but not money since 85% of the power 
bill is fixed fee; only 15% of it is consumption. The City has six bucket trucks and carries an inventory of 
ten percent of each types of fixtures they use. They receive twelve thousand trouble calls per year. If 
notification of a needed repair is received before 3 PM, the department’s goal is to make the repair the 
same day. The City has a $1.2 million contract with a contractor that responds to 311 calls and completes 
nighttime inspection and repair. Philadelphia is currently testing remote monitoring. Though the 
technology has not been tested long enough to know for certain, initial results are positive.  
 
Every street light is owned by the City, but the wooden poles are not. The lights are not identified in the 
field, only in the system. The City’s IT Department maintains a GIS database of all lighting and the system 
is updated with each change.  

The specifications for Philadelphia’s LED fixtures are as follows: 
 GE ESR Series (123W) for cobraheads, 
 Spring City’s decorative fixtures, 
 4000K color temperature, 
 Testing dimming, and 
 Testing remote monitoring. 
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The design criteria and standards for the City were based on RP-8 and they are 2 foot candle uniform 
throughout the City. Commercial districts use a 14-foot pedestrian-scale light and cobraheads are 
installed in residential areas.  
 
A summary of the street lighting comparison is provided on the next page. A few relevant documents from 
the Cities, including the fixture cutsheets are provided in the appendix.   
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Seattle 86,000 51,600

Residential ‐ cobraheads; 
Commercial ‐ Post‐top 

pedestrian;                
Arterials ‐ cobraheads

30'‐35’ arterials; 
25’ residential

100% 4000K 38W‐135W No No

No standards for residential; European 
standard for minimum light levels; 

Corridor standards depend on roadway 
conditions

$7M CIP and 
staffing; $6M 

LED Conversion; 
$1M O&M; $1M 
maintenance 

contract; power 
billed to City’s 
general fund

23 (Crew 12, 
Engineers/Te

chs 9, 
Inspector 1, 
Manager 1)

6 2% Few days 8,000
Parks Dept – Parks; 
City Street Lighting 

Dept ‐ Trails
GIS  

Continuo
us with 

project as‐
builts

Aluminum 
plate with 
tag and 
barcode

Yes, 
except 
globes

Chip and driver 
efficiency with LED – 
residential 42% drop 
in power, arterial 62% 
drop in power for 2nd 

generation 

Changed standard 3 
years ago; Public 

service 
announcements; 
Prepared City 

Council; Complaint 
rate dropped from 
20% to less than 2%

Boston 63,000 59,850
Residential ‐ shoebox; 
Commercial ‐ acorns; 
Arterials ‐ cobraheads

24’ arterials;       
11'‐21' decorative 

100% 4000K 60‐100W Testing

Yes, 
testing. 
2AM‐
7AM 

dimming 
= 30% 
savings

RP08 standards

$21M total ($8M 
for power bill; 
$10M for 

maintenance & 
CIP; $3M 
staffing)

40 (Techs 20, 
Engineers 5, 
Inspectors 9, 
Manager 1, 
Clerks 2, 

Supervisors 3)

8 10% 10 days 10,000
Parks and 
Recreation

Excel and GIS

Last 
updated 3 
years ago 
(plan to 
do every 
6‐12 

months)

None for 
City 

owned 
light poles

Yes

City‐negotiated labor 
rate < Contractor’s 

rate ($45/ hr savings); 
NEC exempt – trained 
City workers (non‐
electricians) allowed 
to repair street lights

Balance quality and 
cost. Use 10 year 

warranty in contract. 
Used federal grant 
for mercury vapor 

removal. 

Cambridge 7,000 5,500
Residential ‐ cobraheads; 
Commercial arterials ‐ 

teardrops

30’ arterials;       
12'‐21' decorative

100% 4000K 45W‐275W

Active 
dimming by 
Lumewave 
(Echelon) 

No
Based on Pedestrian/vehicular volumes 

and Roadway width

$600K for 
maintenance 
and usage

13, including 
City's interior 

lighting
4 2% 3 days 600 Parks

Database 
coordinates; 
Google Maps

Have not 
done 

redesign; 
primarily 
replacem

ents

Reflective 
sticker Yes

Default dimming of 
35% used to save 

energy and increase 
longevity. 70% 

dimming starts at 10 
PM for residential and 

at midnight for 
commercial areas.

Dimming saves 
power and increases 

longevity. 

Philadelphia 128,000 2,000

Residential ‐ cobraheads; 
Commercial – 14’ 
pedestrian lights;    

Arterials ‐ cobraheads

30’ arterials;       
12'‐14' decorative

100% 4000K 123W Testing Testing
Customize RP08 (2 fc uniform 

throughout currently; dimming to be 
used in the future)

$17M ($15M 
power bill; 
$1.2M 

maintenance 
contract; $0.8M 
maintenance, 

staffing)

17 (Techs 11, 
Engineers 1, 
Inspectors 3, 
Managers 2)

6 10%
1 day for 
before 3 
PM calls

12,000 Parks GIS  
As 

changes 
happen

In system 
only, not 
in the field

Yes for 
LEDs

LEDs save energy but 
not money since 85% 
of power bill is fixed 

fee and 15% 
consumption

Remote monitoring 
looks positive.

Asset Management Best PracticesBudget
STREET LIGHTING COMPARISON

City

Inventory Specifications  Operations and Maintenance Technology
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Review of 4000K Color Temperature 

On June 14, 2016, the American Medical Association (AMA) published its adoption of recommendations 
contained in Report 2-A-16 entitled “Human and Environmental Effects of Light Emitting Diode (LED) 
Community Lighting.” This report was approved as part of the AMA’s Council on Science and Public 
Health (CSPAH) proceedings. As a response, a number of organizations have weighed in on this report 
with their perspectives. These documents are included in the Appendix at the end of this report. Quoted 
below are the highlights of the responses from a few organizations: 

US Department of Energy Solid State Lighting 

1. Low CCTs may be beneficial for reducing nonvisual impacts, but they may also reduce the 
effectiveness of the lighting, potentially even requiring designs with more lumens — which may 
completely negate the effects of reducing the relative amount of blue light emission.  

2. There’s nothing inherently different about the blue light emitted by LEDs; that is, at the same 
power and wavelength, electromagnetic energy is the same, regardless of source type. And as 
the potential for undesirable effects from exposure to light at night emerges from evolving 
research, the implications apply to all light sources — including, but by no means limited to, 
LEDs. Further, these research results are often also relevant to light we receive from televisions, 
phones, computer displays, and other such devices. 

3. If one compares the blue content of an LED source with that of any other source, with both 
sources at the same CCT, the LED source emits about the same amount of blue. This applies to 
halogen, fluorescent, high-pressure sodium, metal halide, induction, and other source types. 

4. The key takeaway from the AMA’s guidance is the importance of properly matching lighting 
products with the given application, no matter what technology is used. More than any other 
technology, LEDs offer the capability to provide, for each application, the right amount of light, 
with the right spectrum, where you need it, when you need it. 

Northwest Energy Efficiency Alliance’s Seattle LED Adaptive Lighting Study  

1. 4000K LED street lighting resulted in significantly better ability of drivers to detect pedestrians at 
greater distances, compared to the other higher and lower color temperatures tested. This might 
make 4000K the best choice from a safety standpoint on streets with pedestrians and cyclists. 

2. Study results indicate that 4000K and 4100K luminaires regularly outperform CCTs of 3500K and 
below, and perform just as well (San Jose) or better (Seattle) than CCTs of 4300K and above. 

3. The illuminance uniformity ratio of the 4100K LED luminaire is the highest (least uniform) of all of 
the LED luminaires, yet this luminaire also has the greatest detection distance. 

4. The studies did show that the 3500K luminaire is not optimal for visibility among the LEDs tested 
in these two locations. 
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5. The results indicate that the 105-watt LED luminaire, with a correlated color temperature (CCT) of 
4100K (symmetric and asymmetric), has the highest detection distance of all of the test areas, 
with a value of approximately 130 feet. This luminaire outperformed even the 250-watt (280 
system watts) and 400-watt (450 system watts) HPS, with over two and four times the wattage 
respectively. Even when reduced to twenty-five percent of full light output during the dry 
pavement test, the LED 4100K luminaires did not have a significantly different detection distance 
compared to the same luminaires at one hundred percent of full light output.  

6. The results of the user field test indicate that the 4100K LED luminaire provides the greatest 
balance in the visibility of all of the target colors, which indicates that the 4100K may be the best 
choice with regard to luminaire CCT. The 4100K and the asymmetric LED luminaires performed 
more impressively than the 3500K and 5000K LED luminaires. However, the other light sources 
also demonstrated benefits; thus regional preferences may still play a key role in CCT selection. 
Careful consideration should be given to the CCT of a given luminaire upon selection. 

7. The 4000K-4500K CCT range is considered “neutral white light.” 

8. Due to the current manufacturing process, cooler colors (higher Correlated Color Temperature, or 
CCT) result in higher efficacies than do warmer colors (lower CCTs). In fact, as of 2013, the 
Department of Energy (DOE) reported cool white LED packages (CCT=4746K to 7040K) with an 
average of 164 lumens per watt and warm white LED packages (CCT=2580K to 3710K) with an 
average of 129 lumens per watt (DOE 2013). 

Lighting Research Center at Rensselaer Polytechnic Institute (RPI) 

1. Correlated color temperature (CCT) is a simplification of the light source spectral power 
distribution (SPD) to represent how people will see the tint of illumination from that source (i.e., 
“warm” or “cool”). The CCT metric ignores nearly all of the important factors associated with light 
exposure (amount, duration, timing) and is only relevant to a single biological response 
(perceived tint of illumination). Therefore, CCT should never be used to characterize light as a 
stimulus for, say, blue light hazard.  

2. The non‐linear response of the human circadian system to white light indicates that for the same 
corneal photopic illuminance and depending on the SPD of the source, a 3500 K source can 
produce greater melatonin suppression than a 5000 K source. In general then, it is erroneous and 
misleading to use a metric developed for one purpose and then apply it to another purpose, 
particularly with regard to the impact of light on human health. 

3. Computer modeling was used to predict the potential melatonin-suppressing effect of exposure to 
street lights. The authors estimate that if you stood on the street under 5900K (high “blue” 
content) LED street lighting for one hour you might experience a small effect. 

National Electrical Manufacturers Association (NEMA) 

1. The AMA recommendation for 3000K or lower is not an appropriate solution for all applications, 
nor is it is supported by the current body of research. NEMA will issue additional technical 
guidance specific to the issues and tradeoffs related to the spectral content of lighting solutions. 
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2. The AMA recommendation encouraging the use of 3000K correlated color temperature (CCT) or 
lower may compromise the ability of the lighting system to meet all critical design criteria for each 
unique application.  

3. NEMA agrees that spectral content should be one factor in effective lighting for outdoor 
installations. However, a single solution is simply not appropriate for all situations. NEMA also 
questions the wisdom of assigning significant weight to this recommendation since outdoor 
lighting design requires a complex analysis of many criteria. Outdoor lighting systems will vary 
depending on the application and local conditions. Tradeoffs in the considerations of visibility, 
environmental impacts, energy efficiency, cost, personal safety and security need to be 
optimized, which cannot be achieved with a single solution. 

Illuminating Engineering Society (IES) 

1. Of primary concern to the IES is the potential for the AMA report and its ensuing press to 
misinform the public with incomplete or inaccurate claims and improper interpretations.  We 
intend to respond to this through a proper analysis. 

2. We are working with a group of researchers familiar with these issues, representing different 
institutions and areas of practice, to review the AMA report. Here is where we are at this point: 

 In 2012, the AMA prepared a Report A-12, “Light Pollution: Adverse Health Effects of 
Nighttime Illumination.”  That 2012 report included 134 references and was consistent with 
IES Standards and findings. The 2012 report recommendations include, “Supports the need 
for further multidisciplinary research on the risks and benefits of occupational and 
environmental exposure to light-at-night”.    

 The new 2016 report contains 37 references, some of which are repeats from the 2012 
report. Our first effort is to establish which of these 37 references, if any, provide any new 
information significant enough to warrant the change in AMA recommendations.  We will also 
determine if any significant references were not included in the report, but should have been, 
to ensure accuracy. 

 The IES was not represented in the deliberations leading to this document. We intend to 
contact the AMA and work with them to ensure that any lighting related recommendations 
include some discussion with the IES. 

Lam Partners 

1. The AMA report notes that the percentage of “blue” light in a 4000K LED source is 29%, vs. 21% 
for a 3000K LED source. Even if exposure to LED streetlights did have a negative health effect, 
3000K instead of 4000K probably would not make much difference, based on the marginal 
difference in percentage of “blue” light. 

2. The exposure to light sources would have to be of sufficient intensity and duration to have any 
effect on melatonin suppression. There is no evidence that the intensity and duration of exposure 
typically experienced from street lighting is sufficient to have any melatonin-suppressing effect. 
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3. Since the satellite data used in the studies in the AMA report was from 2001 to 2009, the lighting 
was most likely high-pressure sodium, and certainly not LED. The studies show an association 
between obesity and sleep disruption and the level of outdoor lighting, but no causal effect. But 
even if a causal connection was proven, it can’t be connected to “blue” light, and would have 
been a problem long before the advent of LED street lighting. 

4. Research from the Rensselaer Polytechnic Institute (RPI) shows that perceived outdoor scene 
brightness is higher with higher color-temperature sources. If you accept the premise that you 
need less light (fewer photopic lumens) from 4000K street lighting than from 3000K street lighting, 
then a 4000K street lighting system could use less energy, and create less light pollution than a 
3000K system. 
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Street Lighting Vision and Guidelines  

Arlington County’s street lighting vision is to provide a safe environment for pedestrians, bicyclists, and 
motorists. A prioritized set of streetlight improvement projects will help meet this while developing a 
structured and objective approach to balance Arlington County’s needs. The following parameters and 
weightages are recommended to prioritize future street lighting projects: 

 Night time crashes (40% weightage) 
 Night time crimes (30% weightage) 
 Retail/entertainment areas (20% weightage) 
 Population density (10% weightage) 

Arlington County maintains several documents for street lighting. These include the Traffic Signal and 
Streetlight Specifications, the Streetlight Policy and Planning Guide, and the Minimum Acceptance 
Criteria. The guidelines in this masterplan report are based on general industry practices. They are for 
informational purposes only for uniform procedures for street lighting design. All Arlington County projects 
involving streetlights will have photometric analysis, full-engineering design, cost estimation, and County 
review and approval before a project goes to construction.  Situations may call for variation from the 
guidelines in this masterplan, to the satisfaction of the County Street Light Engineer. These guidelines are 
not a substitute for engineering knowledge, experience or judgment.  

IESNA’s Roadway Lighting RP-8-14 specifies luminance level (lighting levels) on street depending upon 
the street classification and pedestrian activity. The tables below provide the minimum luminance level 
required for various roadway and intersection situations. 
 

 

 

 

Street 
Classification

Pedestrian Area 
Classification

Average Luminance 

Lavg (cd/m
2
)

Average Uniformity 

Ratio (Lavg/Lmin)

Max. Uniformity Ratio 

Lmax/Lmin

Max. Veiling 
Luminance Ratio 

LVmax/Lavg

High 1.2 3.0 5.0 0.3
Medium 0.9 3.0 5.0 0.3

Low 0.6 3.5 6.0 0.3
High 0.8 3.0 5.0 0.4

Medium 0.6 3.5 6.0 0.4
Low 0.4 4.0 8.0 0.4
High 0.6 6.0 10.0 0.4

Medium 0.5 6.0 10.0 0.4
Low 0.3 6.0 10.0 0.4

Major

Collector

Local

IESNA RP-8-14 Lighting Design Criteria for Streets

High Medium Low
Major/Major 34.0/3.4 26.0/2.6 18.0/1.8 3.0
Major/Collector 29.0/2.9 22.0/2.2 15.0/1.5 3.0
Major/Local 26.0/2.6 20.0/2.0 13.0/1.3 3.0
Collector/Collector 24.0/2.4 18.0/1.8 12.0/1.2 4
Collector/Local 21.0/2.1 16.0/1.6 10.0/1.0 4
Local/Local 18.0/1.8 14.0/1.4 8.0/0.8 6

IESNA RP-8-14 Illumination for Intersections

Average Maintained Illumination at Pavement by Pedestrian Area 
Classification in Lux/fc Eavg/Emin

Functional 
Classification
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IES TM-15-11 on Luminaire Classification System for Outdoor Luminaires defines a classification system 
for outdoor luminaires. LED luminaires are classified with the Backlight-Uplight-Glare (BUG) system since 
LED luminaires do not have lamp lumen ratings. The traditional full cutoff, cutoff, semi-cutoff 
classifications apply to High Intensity Discharge (HID) luminaires. Overly stringent BUG ratings can 
prevent uniform roadway lighting.  For example, some amount of backlight is required to illuminate 
sidewalks. Post top mounted luminaires typically have a certain amount of uplight. 

Lighting zones reflect the base or ambient light levels desired by a community. The use of lighting zones 
(LZ) was originally developed by the International Commission on Illumination (CIE). It was introduced 
first in the US in the IES Recommended Practice for Exterior Environmental Lighting, RP-33-99. Arlington 
County is an urban area with high vehicular and multi-modal traffic. Hence, the commercial corridors in 
Arlington County are considered to be LZ3 for moderately high ambient lighting. The residential streets 
are considered LZ2 for moderate ambient lighting.  

FHWA’s Design Criteria for Adaptive Roadway Lighting states that based on crash analysis and lighting 
performance, a series of criteria and the associated design levels have been developed to provide an 
approach for light level selection and the adjustability of the light level based on the needs of the driving 
environment. It is recommended that each street be evaluated in terms of its lighting needs. However, the 
difference in lighting classes for streets in a given vicinity should be no greater than two. It is also 
recommended that residential areas be adapted to a single lighting level. For roadway facilities, each 
roadway should be assessed individually, but drivers should not experience greater than a two-level 
change in the lighting class. 

FHWA’s Guidelines for the Implementation of Reduced Lighting on Roadways mentions that adaptive 
lighting must evaluate areas of critical visibility, such as curves, short visibility distances or locations 
where traffic and pedestrian volumes are consistent throughout the night. It also states that the optimal 
approach to selecting the timing of the adaptive lighting is to continually monitor the roadway and the 
environment. For example, ITS devices can provide traffic and pedestrian counts as inputs to an 
algorithm that establishes the lighting level in real time. The following criteria can also be used to 
establish times to implement adaptive lighting:  

 Changes in vehicular traffic level 
 Typical closing hours of surrounding businesses 
 Changes in the transportation schedule 
 Changes in parking regulations 
 Sampled pedestrian activity level 

It is important to make exceptions to adaptive lighting during sporting or entertainment events and during 
periods of adverse weather.   
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Maintenance Plan 

Street lighting provide a safe environment for pedestrians, bicyclists, and motorists. Per the Arlington 
County Street Light Policy and Planning Guide, the goals of the street lighting program are: 

 To provide for the safety of nighttime traffic operations. 
 To provide the pedestrian a safe and secure feeling. 
 To deter crime on Arlington County Streets. 

Proper maintenance of a street lighting system is crucial to its reliability, continued good performance, 
and to maintain safety. If a street lighting system is not maintained, there are costs associated in terms of 
compromising safety and deferred maintenance.  

As part of Arlington County’s Street Lighting Masterplan project, four cities were interviewed regarding 
their maintenance practices. These were the Cities of Boston, Cambridge, Philadelphia, and Seattle. The 
detailed benchmarking data is provided under the Literature Review section of this report. The average 
statistics from these four cities are presented below:   

 Maintenance staff = 0.8 per 1,000 street light poles 
 Bucket trucks = 0.3 per 1,000 street light poles 
 Trouble calls = 100 per 1,000 light poles 
 Response time = 4.5 business days 
 Inventory stocks = 60 per 1,000 light poles 

Based on these averages, the following numbers are calculated for Arlington County’s 7,000 street light 
system for an average response time of 4.5 days. These minimum requirements are determined for the 
dedicated streetlight program. 

Resource 
Minimum Number 

Dedicated to Street Lighting 

Total maintenance staff 7 
Manager  1 
Engineer 1 

Supervisor 1 
Technicians 2 

Inspector 1 
Clerk  1 

Bucket trucks 2 
Inventory stocks 6% 

It should be noted that the response time for street light maintenance depends on the type of repair to be 
made. Minor repairs, such as fixture replacements and pole knockdowns, can typically be addressed 
within two days after notification of the problem. However, problems associated with underground wiring, 
aging infrastructure of the electrical system, special order for parts or poles, and inclement weather 
require longer response times. Typical industry response times for these is fourteen (14) days after 
knowledge of the outage.  



      
 

 
Arlington County 
Street Lighting Masterplan  Page 23 

Per the Illuminating Engineering Society of North America (IESNA) Design Guide DG-4-14 - Design 
Guide for Roadway Lighting Maintenance, maintenance management systems for managing lighting 
assets should be considered. These systems would monitor critical functions of the luminaire and detect 
outages. They would plot the most effective route for maintenance crews, providing the specific 
maintenance action at each lamp. The IESNA Design Guide also states that personnel should be 
considered along with materials and equipment. Functions to be included are: Program direction, 
operations supervisor, record keeping, inventory control, and service/troubleshooting. Additionally, all 
service vehicles should be equipped with sufficient tools, traffic safety devices, and cleaning equipment. 
Each vehicles should carry materials, ladders, lift platforms, and buckets appropriate for the luminaire 
mounting heights.  

It is important to prioritize the maintenance projects in order to maintain safety, keep operational costs 
low, and maximize the benefits. The following parameters and weightages are recommended to prioritize 
future maintenance projects: 

 Night time crashes (40% weightage) 
 Night time crimes (30% weightage) 
 Retail/entertainment areas (20% weightage) 
 Population density (10% weightage) 
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Appendix  
 

1. Light Pole Attribute Tables 
2. Lighting Information from Cities Interviewed  
3. Summary of Responses to AMA Report 2-A-16     

             



Table 1A. Infrastructure Gaps, Non-LED (Non-Standard) 

County: Non-LED  
Lights 

DVP: 
Inadequate 

Spacing 

County: 
Inadequate Spacing 

FID BULB_TYPE FID NEAR_DIST FID NEAR_DIST 
0 HPS 0 170.938578 0 177.1 
1 HPS 1 185.382239 1 565.1 
2 HPS 2 156.795906 2 566.4 
3 HPS 3 382.232656 - - 
4 HPS 4 310.42043 - - 
5 HPS 5 280.194094 - - 
6 HPS 6 186.906824 - - 
7 HPS 7 155.538673 - - 
8 HPS 8 172.59108 - - 
9 HPS - - - - 

10 HPS - - - - 
11 HPS - - - - 
12 HPS - - - - 
13 HPS - - - - 
14 HPS - - - - 
15 HPS - - - - 
16 HPS - - - - 
17 HPS - - - - 
18 HPS - - - - 
19 HPS - - - - 
20 HPS - - - - 
21 HPS - - - - 
22 HPS - - - - 
23 HPS - - - - 
24 HPS - - - - 
25 HPS - - - - 
26 HPS - - - - 
27 HPS - - - - 
28 HPS - - - - 
29 HPS - - - - 
30 HPS - - - - 
31 HPS - - - - 
32 HPS - - - - 
33 HPS - - - - 
34 HPS - - - - 
35 HPS - - - - 
36 HPS - - - - 
37 HPS - - - - 
38 HPS - - - - 
39 HPS - - - - 
40 HPS - - - - 
41 HPS - - - - 
42 HPS - - - - 
43 HPS - - - - 
44 HPS - - - - 
45 HPS - - - - 
46 HPS - - - - 
47 HPS - - - - 
48 HPS - - - - 
49 HPS - - - - 
50 HPS - - - - 
51 HPS - - - - 
52 HPS - - - - 
53 HPS - - - - 
54 HPS - - - - 
55 HPS - - - - 
56 HPS - - - - 
57 HPS - - - - 
58 HPS - - - - 
59 HPS - - - - 
60 0 - - - - 
61 HPS - - - - 
62 HPS - - - - 
63 HPS - - - - 
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64 HPS - - - - 
65 HPS - - - - 
66 HPS - - - - 
67 HPS - - - - 
68 HPS - - - - 
69 HPS - - - - 
70 HPS - - - - 
71 HPS - - - - 
72 HPS - - - - 
73 HPS - - - - 
74 HPS - - - - 
75 HPS - - - - 
76 HPS - - - - 
77 HPS - - - - 
78 HPS - - - - 
79 HPS - - - - 
80 HPS - - - - 
81 HPS - - - - 
82 HPS - - - - 
83 HPS - - - - 
84 HPS - - - - 
85 HPS - - - - 
86 HPS - - - - 
87 HPS - - - - 
88 HPS - - - - 
89 HPS - - - - 
90 HPS - - - - 
91 HPS - - - - 
92 HPS - - - - 
93 HPS - - - - 
94 HPS - - - - 
95 HPS - - - - 
96 HPS - - - - 
97 HPS - - - - 
98 HPS - - - - 
99 HPS - - - - 
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Table 2A: Inconsistent Streetscape, County-Owned Poles 

FID POLE_NUM MATERIAL COLOR HEIGHT BULB_TYPE 
0 09S0802N ME BR 12 HPS 
1 FAI4006N CO 0 0 HPS 
2 WIL3502N ME BR 16 HPS 
3 MOR0803N ME BR 12 HPS 
4 NO-NUMBER UN 0 0 HPS 
5 CLA2606N ME BL 12 HPS 
6 TRAFFIC-SIGNAL 0 0 16 0 
7 NO-NUMBER ME SI 0 HPS 
8 NO-NUMBER ME SI 0 HPS 
9 NO-NUMBER ME SI 0 HPS 

10 - - BL 0 HPS 
11 CLA1706N ME GR 16 LED 
12 QUN1704S ME BR 16 HPS 
13 TRAFFIC-SIGNAL ME SI 0 HPS 
14 WIL-1404-N - GR 0 LED 
15 BAR0403S FB GR 12 LED 
16 BAR0401S FB GR 12 LED 
17 BAR0305S FB GR 12 LED 
18 BAR0303S FB GR 12 LED 
19 BAR0203S FB GR 12 LED 
20 05S2001S ME 0 16 LED 
21 05S2002S ME 0 16 LED 
22 TRAFFIC-SIGNAL ME SI 0 LED 
23 TRAFFIC-SIGNAL ME BL 0 LED 
24 TRAFFIC-SIGNAL 0 0 0 LED 
25 TRAFFIC-SIGNAL 0 0 0 LED 
26 WIL3902N 0 0 0 LED 
27 TRAFFIC-SIGNAL 0 0 0 LED 
28 TRAFFIC-SIGNAL ME BL 0 LED 
29 TRAFFIC-SIGNAL 0 0 0 LED 
30 WIL3916N 0 0 0 LED 
31 TAY0804N ME GR 12 HPS 
32 TAY0806N ME GR 12 HPS 
33 WIL3912N ME BL 16 LED 
34 WIL3806N ME BL 16 LED 
35 WIL3802N 0 0 0 LED 
36 TRAFFIC-SIGNAL ME BL 0 LED 
37 - - SI 0 LED 
38 - - BL 0 LED 
39 - - BL 0 LED 
40 OKL092NC ME SI 0 HPS 
41 FAI4006N CO 0 0 HPS 
42 OKL094NC ME SI 0 HPS 
43 09S3603S ME BR 12 LED 
44 NEL0901N ME GR 12 LED 
45 n/a - BL 0 LED 
46 NEL0903N ME GR 12 LED 
47 NEL0905N ME GR 12 LED 
48 09S3903N - BR 0 LED 
49 MOR0903N ME BL 12 LED 
50 FAI3604N ME BR 16 LED 
51 FAI3602N ME BR 16 LED 
52 KNM0804N ME 0 16 LED 
53 FAI3307N ME 0 16 LED 
54 CLA3113N 0 0 0 LED 
55 CLA3110N 0 0 0 LED 
56 NO-NUMBER UN 0 0 HPS 
57 WIL3114N 0 0 0 LED 
58 CLA3109N 0 0 0 LED 
59 CLA3104N 0 0 0 LED 
60 WIL3110N 0 0 0 LED 
61 CLA3105N 0 0 0 LED 
62 CLA3101N 0 0 0 LED 
63 WIL3106N 0 0 0 LED 
64 TRAFFIC-SIGNAL ME SI 0 LED 
65 WIL3102N ME SI 0 LED 
66 WIL2903N FB GR 12 LED 
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67 HRF1205N ME 0 12 LED 
68 WIL2901N FB GR 12 LED 
69 ADS1507N ME 0 16 LED 
70 TRAFFIC-SIGNAL 0 0 16 0 
71 NO-NUMBER ME SI 0 HPS 
72 NO-NUMBER ME 0 12 LED 
73 CLA186NC ME SI 0 HPS 
74 CLA184NC ME SI 0 HPS 
75 CLA182NC ME SI 0 HPS 
76 CLA1708N ME GR 16 HPS 
77 CLA1706N ME GR 16 LED 
78 CLA1702N ME BL 16 HPS 
79 CLA1706N ME 0 16 LED 
80 QUN1701N ME 0 16 LED 
81 NO-NUMBER ME BL 16 LED 
82 WIL1709N ME BL 14 LED 
83 110101NC ME SI 0 HPS 
84 WIL100NC ME SI 0 HPS 
85 WIL102NC ME SI 0 HPS 
86 WIL152NC ME SI 0 HPS 
87 WIL101NC ME SI 0 HPS 
88 WIL103NC ME SI 0 HPS 
89 WIL1104N ME BR 12 LED 
90 WIL111NC ME SI 0 LED 
91 WIL113NC ME SI 0 LED 
92 05S2004S ME BL 0 LED 
93 - - BL 0 LED 
94 BAR0111S - BL 0 LED 
95 BAR0109S - BL 0 LED 
96 BAR0103S FB BL 0 LED 
97 BAR0101S FB BL 0 LED 
98 TRAFFIC-SIGNAL ME SI 0 LED 
99 TRAFFIC-SIGNAL ME SI 0 LED 

100 TRAFFIC-SIGNAL ME SI 0 LED 
101 TRAFFIC-SIGNAL ME SI 0 HPS 
102 TRAFFIC-SIGNAL ME SI 0 LED 
103 TRAFFIC-SIGNAL ME BL 0 LED 
104 TRAFFIC-SIGNAL 0 0 0 LED 
105 TRAFFIC-SIGNAL ME SI 0 LED 
106 TRAFFIC-SIGNAL 0 0 0 LED 
107 TRAFFIC-SIGNAL ME SI 0 LED 
108 TRAFFIC-SIGNAL ME SI 0 LED 
109 WIL3902N 0 0 0 LED 
110 TRAFFIC-SIGNAL 0 0 0 LED 
111 n/a - BR 0 HPS 
112 TRAFFIC-SIGNAL ME BL 0 LED 
113 TRAFFIC-SIGNAL ME SI 0 HPS 
114 TRAFFIC-SIGNAL 0 0 0 LED 
115 n/a - BR 0 HPS 
116 WIL3916N 0 0 0 LED 
117 TRAFFIC-SIGNAL ME SI 0 HPS 
118 TRAFFIC-SIGNAL ME SI 0 HPS 
119 TRAFFIC-SIGNAL ME SI 0 HPS 
120 WIL3802N 0 0 0 LED 
121 TRAFFIC-SIGNAL ME BL 0 LED 
122 - - SI 0 LED 
123 - - BL 0 LED 
124 VER0905N ME BR 12 LED 
125 - - BL 0 LED 
126 RSN091NC ME SI 0 HPS 
127 TRAFFIC-SIGNAL ME SI 0 LED 
128 - - BR 0 LED 
129 - - BR 0 LED 
130 TRAFFIC-SIGNAL ME SI 0 LED 
131 TRAFFIC-SIGNAL ME SI 0 LED 
132 TRAFFIC-SIGNAL ME SI 0 LED 
133 TRAFFIC-SIGNAL ME SI 0 LED 
134 TRAFFIC-SIGNAL ME SI 0 LED 
135 n/a - BR 0 LED 
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136 OKL092NC ME SI 0 HPS 
137 TRAFFIC-SIGNAL ME SI 0 LED 
138 TRAFFIC-SIGNAL ME SI 0 LED 
139 RSN093NC ME SI 0 HPS 
140 TRAFFIC-SIGNAL ME SI 0 LED 
141 FAI4006N CO 0 0 HPS 
142 TRAFFIC-SIGNAL ME SI 0 LED 
143 TRAFFIC-SIGNAL ME SI 0 LED 
144 TRAFFIC-SIGNAL ME SI 0 LED 
145 TRAFFIC-SIGNAL ME SI 0 LED 
146 TRAFFIC-SIGNAL ME SI 0 LED 
147 TRAFFIC-SIGNAL ME SI 0 LED 
148 OKL094NC ME SI 0 HPS 
149 TRAFFIC-SIGNAL ME SI 0 LED 
150 n/a - BL 0 LED 
151 n/a - BR 0 LED 
152 n/a - BR 0 LED 
153 n/a - BL 0 LED 
154 n/a - BR 0 LED 
155 TRAFFIC-SIGNAL ME BL 0 LED 
156 n/a - BR 0 LED 
157 n/a - BL 0 LED 
158 TRAFFIC-SIGNAL ME BL 0 LED 
159 09S3903N - BR 0 LED 
160 n/a - BL 0 LED 
161 TRAFFIC-SIGNAL ME BL 0 LED 
162 NO-NUMBER ME BL 14 LED 
163 n/a - BL 0 LED 
164 TRAFFIC-SIGNAL ME BL 0 LED 
165 n/a - BL 0 LED 
166 n/a - BL 0 LED 
167 n/a - BL 0 LED 
168 FAI3311N ME BR 0 LED 
169 FAI3309N ME BR 0 LED 
170 TRAFFIC-SIGNAL ME SI 0 HPS 
171 TRAFFIC-SIGNAL ME SI 0 HPS 
172 TRAFFIC-SIGNAL ME SI 0 HPS 
173 NO-NUMBER ME SI 0 LED 
174 TRAFFIC-SIGNAL ME SI 0 LED 
175 TRAFFIC-SIGNAL ME SI 0 LED 
176 TRAFFIC-SIGNAL ME SI 0 LED 
177 TRAFFIC-SIGNAL ME SI 0 LED 
178 CLA3113N 0 0 0 LED 
179 CLA3110N 0 0 0 LED 
180 WIL3116N ME SI 0 LED 
181 NO-NUMBER UN 0 0 HPS 
182 WIL3114N 0 0 0 LED 
183 CLA3109N 0 0 0 LED 
184 WIL3112N ME SI 0 LED 
185 TRAFFIC-SIGNAL ME SI 0 LED 
186 CLA3104N 0 0 0 LED 
187 WIL3110N 0 0 0 LED 
188 CLA3105N 0 0 0 LED 
189 GAR1202N ME BL 0 LED 
190 TRAFFIC-SIGNAL ME SI 0 LED 
191 WIL3108N ME SI 0 LED 
192 CLA3101N 0 0 0 LED 
193 WIL3106N 0 0 0 LED 
194 TRAFFIC-SIGNAL ME SI 0 LED 
195 TRAFFIC-SIGNAL ME SI 0 LED 
196 TRAFFIC-SIGNAL ME SI 0 LED 
197 WIL3104N ME GR 0 LED 
198 TRAFFIC-SIGNAL ME SI 0 LED 
199 WIL3102N ME SI 0 LED 
200 TRAFFIC-SIGNAL ME SI 0 HPS 
201 TRAFFIC-SIGNAL ME BL 0 LED 
202 TRAFFIC-SIGNAL ME SI 0 HPS 
203 TRAFFIC-SIGNAL ME SI 0 HPS 
204 TRAFFIC-SIGNAL ME SI 0 HPS 
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205 HER1205N ME BL 16 LED 
206 TRAFFIC-SIGNAL ME SI 0 LED 
207 N/A - BL 0 LED 
208 TRAFFIC-SIGNAL ME SI 0 LED 
209 WIL2908N ME SI 0 LED 
210 HRF1201N ME BL 0 LED 
211 TRAFFIC-SIGNAL ME SI 0 LED 
212 CLA2606N ME BL 12 HPS 
213 TRAFFIC-SIGNAL ME SI 0 LED 
214 TRAFFIC-SIGNAL ME SI 0 LED 
215 TRAFFIC-SIGNAL ME SI 0 LED 
216 TRAFFIC-SIGNAL ME SI 0 LED 
217 N/A - BL 0 HPS 
218 TRAFFIC-SIGNAL ME SI 0 LED 
219 TRAFFIC-SIGNAL ME SI 0 LED 
220 - - BL 0 LED 
221 TRAFFIC-SIGNAL ME SI 0 LED 
222 TRAFFIC-SIGNAL ME SI 0 LED 
223 NO-NUMBER ME SI 0 LED 
224 TRAFFIC-SIGNAL ME SI 0 LED 
225 TRAFFIC-SIGNAL ME BL 0 LED 
226 TRAFFIC-SIGNAL ME BL 0 LED 
227 TRAFFIC-SIGNAL ME SI 0 LED 
228 WIL2402N ME SI 0 LED 
229 TRAFFIC-SIGNAL ME BL 0 LED 
230 BAR1601N ME SI 0 LED 
231 WIL2202N ME SI 0 LED 
232 TRAFFIC-SIGNAL ME SI 0 LED 
233 NO-NUMBER ME SI 0 HPS 
234 TRAFFIC-SIGNAL ME SI 0 LED 
235 TRAFFIC-SIGNAL ME SI 0 LED 
236 TRAFFIC-SIGNAL ME SI 0 LED 
237 NO-NUMBER ME SI 0 HPS 
238 TRAFFIC-SIGNAL ME SI 0 LED 
239 NO-NUMBER ME SI 0 HPS 
240 TRAFFIC-SIGNAL ME SI 0 LED 
241 TRAFFIC-SIGNAL ME SI 0 HPS 
242 TRAFFIC-SIGNAL ME SI 0 HPS 
243 NO-NUMBER ME SI 0 HPS 
244 - - BL 0 LED 
245 - - BL 0 LED 
246 - - BL 0 LED 
247 - - BL 0 LED 
248 - - BL 0 HPS 
249 NO-NUMBER ME 0 12 LED 
250 - - BL 0 LED 
251 NO-NUMBER ME BR 0 LED 
252 N/A - BR 0 LED 
253 - - BR 0 LED 
254 - - BL 0 LED 
255 - - BL 0 LED 
256 CLA186NC ME SI 0 HPS 
257 - - BL 0 LED 
258 - - BL 0 LED 
259 - - BL 0 LED 
260 - - BR 0 LED 
261 - - BL 0 LED 
262 - - BL 0 LED 
263 CLA184NC ME SI 0 HPS 
264 - - BL 0 LED 
265 CLA182NC ME SI 0 HPS 
266 TRAFFIC-SIGNAL ME SI 0 HPS 
267 NO-NUMBER ME BR 0 LED 
268 TRAFFIC-SIGNAL ME SI 0 HPS 
269 TRAFFIC-SIGNAL ME SI 0 HPS 
270 CLA1703N ME BR 12 LED 
271 TRAFFIC-SIGNAL ME SI 0 HPS 
272 TRAFFIC-SIGNAL ME SI 0 HPS 
273 N/A - SI 0 HPS 
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274 TRAFFIC-SIGNAL ME SI 12 HPS 
275 110101NC ME SI 0 HPS 
276 N/A - BR 0 LED 
277 WIL100NC ME SI 0 HPS 
278 TRAFFIC-SIGNAL ME SI 0 HPS 
279 TRAFFIC-SIGNAL ME SI 0 HPS 
280 WIL102NC ME SI 0 HPS 
281 WIL152NC ME SI 0 HPS 
282 WIL101NC ME SI 0 HPS 
283 WIL-1404-N - GR 0 LED 
284 TRAFFIC-SIGNAL ME SI 0 HPS 
285 TRAFFIC-SIGNAL ME SI 0 HPS 
286 WIL103NC ME SI 0 HPS 
287 TRAFFIC-SIGNAL ME SI 0 HPS 
288 TRAFFIC-SIGNAL ME SI 0 HPS 
289 NO-NUMBER ME SI 0 HPS 
290 NO-NUMBER ME SI 0 HPS 
291 TRAFFIC-SIGNAL ME SI 0 LED 
292 TRAFFIC-SIGNAL ME SI 0 LED 
293 TRAFFIC-SIGNAL ME SI 0 HPS 
294 TRAFFIC-SIGNAL ME SI 0 LED 
295 TRAFFIC-SIGNAL ME SI 0 HPS 
296 TRAFFIC-SIGNAL ME SI 0 HPS 
297 TRAFFIC-SIGNAL ME SI 0 LED 
298 TRAFFIC-SIGNAL ME SI 0 LED 
299 WIL111NC ME SI 0 LED 
300 WIL113NC ME SI 0 LED 
301 TRAFFIC-SIGNAL ME SI 0 LED 
302 - - BL 0 LED 
303 n/a - BR 0 HPS 
304 n/a - BR 0 HPS 
305 NO-NUMBER ME BR 12 LED 
306 - - SI 0 LED 
307 - - BL 0 LED 
308 - - BL 0 LED 
309 NO-NUMBER ME BR 12 LED 
310 - - BR 0 LED 
311 - - BR 0 LED 
312 n/a - BR 0 LED 
313 n/a - BL 0 LED 
314 n/a - BR 0 LED 
315 n/a - BR 0 LED 
316 n/a - BL 0 LED 
317 n/a - BR 0 LED 
318 n/a - BR 0 LED 
319 n/a - BL 0 LED 
320 n/a - BL 0 LED 
321 NO-NUMBER ME BL 14 LED 
322 n/a - BL 0 LED 
323 n/a - BL 0 LED 
324 n/a - BL 0 LED 
325 n/a - BL 0 LED 
326 JAC0901N ME GR 12 LED 
327 NO-NUMBER ME SI 0 LED 
328 NO-NUMBER UN 0 0 HPS 
329 N/A - BL 0 LED 
330 N/A - BL 0 HPS 
331 EDG1202N ME BL 16 HPS 
332 - - BL 0 LED 
333 NO-NUMBER ME SI 0 LED 
334 BAR1601N ME SI 0 LED 
335 NO-NUMBER ME SI 0 HPS 
336 CHR1503N ME BR 16 LED 
337 NO-NUMBER ME SI 0 HPS 
338 NO-NUMBER ME SI 0 HPS 
339 NO-NUMBER ME SI 0 HPS 
340 - - BL 0 LED 
341 - - BL 0 LED 
342 - - BL 0 LED 
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343 - - BL 0 LED 
344 - - BL 0 HPS 
345 NO-NUMBER ME 0 12 LED 
346 - - BL 0 LED 
347 NO-NUMBER ME BR 0 LED 
348 N/A - BR 0 LED 
349 - - BR 0 LED 
350 - - BL 0 LED 
351 - - BL 0 LED 
352 NO-NUMBER ME BR 16 LED 
353 - - BL 0 LED 
354 - - BL 0 LED 
355 - - BL 0 LED 
356 - - BR 0 LED 
357 NO-NUMBER ME BR 16 LED 
358 - - BL 0 LED 
359 - - BL 0 LED 
360 - - BL 0 LED 
361 NO-NUMBER ME BR 16 LED 
362 NO-NUMBER ME BR 16 LED 
363 NO-NUMBER ME BR 16 LED 
364 NO-NUMBER ME BR 16 LED 
365 NO-NUMBER ME BR 0 LED 
366 NO-NUMBER ME BL 16 LED 
367 NO-NUMBER ME BR 16 LED 
368 NO-NUMBER ME BR 16 LED 
369 N/A - SI 0 HPS 
370 NO-NUMBER ME BR 16 LED 
371 NO-NUMBER ME BR 16 LED 
372 NO-NUMBER ME BL 16 LED 
373 NO-NUMBER ME BR 16 LED 
374 NO-NUMBER ME BR 16 LED 
375 110101NC ME SI 0 HPS 
376 NO-NUMBER ME BR 16 LED 
377 N/A - BR 0 LED 
378 NO-NUMBER ME BR 12 LED 
379 NO-NUMBER ME SI 0 HPS 
380 NO-NUMBER ME SI 0 HPS 
381 MOO1702N ME BR 12 LED 
382 - - BL 0 LED 
383 n/a - BR 0 LED 
384 - - BL 0 LED 
385 TRAFFIC-SIGNAL ME SI 0 HPS 
386 TRAFFIC-SIGNAL ME SI 0 LED 
387 TRAFFIC-SIGNAL ME SI 0 LED 
388 TRAFFIC-SIGNAL ME SI 0 LED 
389 - - BL 0 LED 
390 BAR0111S - BL 0 LED 
391 BAR0109S - BL 0 LED 
392 TRAFFIC-SIGNAL 0 0 0 LED 
393 TRAFFIC-SIGNAL 0 0 0 LED 
394 WIL3902N 0 0 0 LED 
395 TRAFFIC-SIGNAL 0 0 0 LED 
396 n/a - BR 0 HPS 
397 TRAFFIC-SIGNAL 0 0 0 LED 
398 n/a - BR 0 HPS 
399 WIL3916N 0 0 0 LED 
400 WIL3802N 0 0 0 LED 
401 - - SI 0 LED 
402 - - BL 0 LED 
403 - - BL 0 LED 
404 - - BR 0 LED 
405 - - BR 0 LED 
406 n/a - BR 0 LED 
407 FAI4006N CO 0 0 HPS 
408 n/a - BL 0 LED 
409 n/a - BR 0 LED 
410 n/a - BR 0 LED 
411 n/a - BL 0 LED 
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412 n/a - BR 0 LED 
413 n/a - BR 0 LED 
414 n/a - BL 0 LED 
415 09S3903N - BR 0 LED 
416 n/a - BL 0 LED 
417 n/a - BL 0 LED 
418 n/a - BL 0 LED 
419 n/a - BL 0 LED 
420 n/a - BL 0 LED 
421 CLA3113N 0 0 0 LED 
422 CLA3110N 0 0 0 LED 
423 NO-NUMBER UN 0 0 HPS 
424 WIL3114N 0 0 0 LED 
425 CLA3109N 0 0 0 LED 
426 CLA3104N 0 0 0 LED 
427 WIL3110N 0 0 0 LED 
428 CLA3105N 0 0 0 LED 
429 GAR1204N UN BL 16 LED 
430 CLA3101N 0 0 0 LED 
431 WIL3106N 0 0 0 LED 
432 CLA3006N 0 BL 16 LED 
433 HIL1107N UN BL 16 LED 
434 N/A - BL 0 LED 
435 N/A - BL 0 HPS 
436 - - BL 0 LED 
437 TRAFFIC-SIGNAL 0 0 16 0 
438 - - BL 0 LED 
439 - - BL 0 LED 
440 - - BL 0 LED 
441 - - BL 0 LED 
442 - - BL 0 HPS 
443 - - BL 0 LED 
444 N/A - BR 0 LED 
445 - - BR 0 LED 
446 - - BL 0 LED 
447 - - BL 0 LED 
448 - - BL 0 LED 
449 - - BL 0 LED 
450 - - BL 0 LED 
451 - - BR 0 LED 
452 - - BL 0 LED 
453 - - BL 0 LED 
454 - - BL 0 LED 
455 N/A - SI 0 HPS 
456 N/A - BR 0 LED 
457 WIL-1404-N - GR 0 LED 
458 WIL1110N FB BL 12 LED 
459 WIL1108N FB BL 12 LED 
460 WIL1001N FB BL 12 LED 
461 WIL1110N FB BL 12 LED 
462 WIL1100N FB BL 12 LED 
463 WIL1102N FB BL 12 LED 
464 WIL1103N FB BL 12 LED 
465 WIL1105N FB BL 12 LED 
466 WIL1109N FB BL 12 LED 
467 WIL1109N FB BL 12 LED 
468 VEI0701S FB BL 12 HPS 
469 ADS0305S FB BL 12 LED 
470 ADS0303S FB BL 12 LED 
471 ADS0203S FB BL 12 LED 
472 BAR0111S - BL 0 LED 
473 WIL4009N ME BR 16 LED 
474 TAY0804N ME GR 12 HPS 
475 TAY0806N ME GR 12 HPS 
476 WIL3815N ME BR 16 LED 
477 QCY0808N ME BR 16 LED 
478 QCY0812N ME BR 16 LED 
479 TAY0901N ME BR 12 LED 
480 09S3804N ME BR 12 LED 

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

http://www.novapdf.com


481 TAY0903N ME BR 12 LED 
482 OKL0802N ME BR 12 LED 
483 RSN0903N ME BR 12 LED 
484 RSN0905N ME BR 12 LED 
485 MOR0903N ME BL 12 LED 
486 MOR0906N ME BL 12 LED 
487 MOR0905N ME BR 12 LED 
488 GAR1206N ME BL 16 LED 
489 GAR1107N ME BL 16 LED 
490 FIL1108N ME BL 16 LED 
491 FIL1110N ME BL 16 LED 
492 13S3203N ME BL 16 HPS 
493 WIL2904N ME BL 16 LED 
494 WIL2902N ME BL 16 LED 
495 TRAFFIC-SIGNAL ME SI 0 LED 
496 N/A - SI 0 HPS 
497 WIL113NC ME SI 0 LED 
498 WIL1109N FB BL 12 LED 
499 WIL1109N FB BL 12 LED 
500 WIL1111N ME BL 12 LED 
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Table 3A: Inconsistent Streetscape, DVP-Owned Poles 

FID DECAL_NUMB LAMP_CD MATERIAL_C 
0 10 HPS W 
1 10 HPS W 
2 10 MV W 
3 17 MV W 
4 10 HPS C 
5 10 HPS C 
6 10 HPS C 
7 10 HPS C 
8 10 HPS W 
9 10 HPS W 

10 - - - 
11 10 MV W 
12 10 HPS W 
13 10 HPS W 
14 7 HPS W 
15 - - - 
16 - - - 
17 10 MV W 
18 10 HPS W 
19 10 HPS W 
20 10 HPS C 
21 7 HPS W 
22 10 HPS W 
23 10 HPS W 
24 10 HPS W 
25 - - - 
26 10 HPS W 
27 10 HPS W 
28 - - - 
29 - - - 
30 - - - 
31 - - - 
32 - - - 
33 - - - 
34 - - - 
35 - - - 
36 - - - 
37 - - - 
38 - - - 
39 - - - 
40 - - - 
41 - - - 
42 - - - 
43 - - - 
44 17 MV C 
45 - - - 
46 - - - 
47 - - - 
48 - - - 
49 - - - 
50 - - - 
51 - - - 
52 - - - 
53 10 MV W 
54 - - - 
55 - - - 
56 - - - 
57 - - - 
58 10 HPS C 
59 - - - 
60 - - - 
61 25 HPS C 
62 - - - 
63 - - - 
64 - - - 
65 - - - 
66 - - - 
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67 - - - 
68 - - - 
69 - - - 
70 - - - 
71 - - - 
72 - - - 
73 - - - 
74 - - - 
75 - - - 
76 - - - 
77 7 HPS A 
78 - - - 
79 7 HPS A 
80 7 HPS A 
81 7 HPS A 
82 7 HPS A 
83 - - - 
84 7 HPS A 
85 7 HPS A 
86 7 HPS A 
87 7 HPS A 
88 - - - 
89 25 HPS A 
90 25 HPS A 
91 - - - 
92 - - - 
93 - - - 
94 15 HPS W 
95 25 HPS W 
96 - - - 
97 - - - 
98 25 HPS A 
99 25 HPS W 

100 - - - 
101 10 HPS W 
102 10 HPS W 
103 17 MV W 
104 15 HPS W 
105 10 HPS W 
106 10 HPS W 
107 10 HPS W 
108 - - - 
109 7 HPS W 
110 10 HPS W 
111 10 HPS W 
112 7 HPS W 
113 - - - 
114 - - - 
115 17 MV W 
116 7 HPS W 
117 10 HPS W 
118 10 HPS W 
119 10 HPS C 
120 10 MV W 
121 7 HPS W 
122 10 HPS W 
123 10 MV W 
124 10 HPS W 
125 10 HPS W 
126 40 MV W 
127 40 MV W 
128 - - - 
129 15 HPS W 
130 10 HPS W 
131 10 HPS W 
132 7 HPS W 
133 - - - 
134 10 HPS W 
135 - - - 
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136 - - - 
137 - - - 
138 - - - 
139 - - - 
140 7 HPS A 
141 - - - 
142 - - - 
143 - - - 
144 - - - 
145 - - - 
146 - - - 
147 - - - 
148 - - - 
149 - - - 
150 - - - 
151 7 HPS A 
152 7 HPS A 
153 7 HPS A 
154 15 HPS A 
155 10 HPS A 
156 17 MV C 
157 7 HPS A 
158 25 HPS C 
159 7 HPS A 
160 - - - 
161 7 HPS A 
162 7 HPS A 
163 7 HPS A 
164 7 HPS A 
165 15 HPS C 
166 - - - 
167 15 HPS A 
168 7 HPS A 
169 25 HPS C 
170 40 HPS C 
171 7 HPS A 
172 7 HPS A 
173 7 HPS A 
174 10 HPS A 
175 40 HPS C 
176 - - - 
177 25 HPS A 
178 25 HPS A 
179 25 HPS C 
180 - - - 
181 - - - 
182 - - - 
183 - - - 
184 - - - 
185 10 MV W 
186 15 HPS W 
187 - - - 
188 - - - 
189 40 HPS C 
190 40 HPS C 
191 40 HPS C 
192 25 HPS C 
193 15 HPS S 
194 10 HPS W 
195 10 HPS W 
196 10 MV W 
197 17 MV W 
198 10 HPS W 
199 17 MV W 
200 10 HPS W 
201 10 HPS C 
202 10 HPS C 
203 10 HPS C 
204 10 HPS C 
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205 10 HPS W 
206 10 HPS W 
207 - - - 
208 7 HPS W 
209 - - - 
210 7 HPS W 
211 10 HPS W 
212 10 HPS W 
213 7 HPS W 
214 10 HPS W 
215 10 HPS W 
216 40 MV W 
217 40 MV W 
218 25 HPS A 
219 - - - 
220 25 HPS A 
221 15 HPS W 
222 10 HPS W 
223 10 HPS W 
224 10 HPS C 
225 25 HPS A 
226 - - - 
227 - - - 
228 25 HPS A 
229 25 HPS A 
230 - - - 
231 25 HPS A 
232 25 HPS A 
233 40 HPS C 
234 - - - 
235 40 HPS C 
236 40 HPS C 
237 7 HPS A 
238 7 HPS A 
239 40 HPS C 
240 7 HPS A 
241 7 HPS A 
242 40 HPS C 
243 25 HPS A 
244 25 HPS A 
245 25 HPS W 
246 25 HPS W 
247 40 HPS C 
248 25 HPS A 
249 - - - 
250 15 HPS W 
251 25 HPS A 
252 - - - 
253 - - - 
254 25 HPS S 
255 25 HPS W 
256 - - - 
257 10 HPS W 
258 10 HPS W 
259 10 MV W 
260 10 MV W 
261 - - - 
262 17 MV W 
263 - - - 
264 25 HPS A 
265 7 HPS A 
266 15 HPS A 
267 15 HPS A 
268 7 HPS A 
269 15 HPS C 
270 10 MV W 
271 40 HPS C 
272 25 HPS A 
273 25 HPS A 
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274 25 HPS S 
275 - - - 
276 25 HPS A 
277 25 HPS A 
278 25 HPS A 
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1.  Scope 

This material standard covers the requirements for 
twenty-year design life streetlight photocontrols. 

This material standard applies to Seattle City Light 
Stock Number 013129. 

Standard-life streetlight photocontrols are outside the 
scope of this Standard. 

2.  Appl icat ion 

Photocontrols are used as light-sensing switches to 
control luminaries. Photocontrols are designed to 
switch lamps off during the day and switch lamps on 
at night. 

Twenty-year design life photocontrols are intended for 
use with light-emitting-diode (LED) style streetlight 
luminaires. 

Twenty-year design life photocontrols are technically 
compatible with standard high pressure sodium 
(HPS) luminaires, but due to their relatively high initial 
material cost and long life, are considered a poor 
match for that application. 

3.  Industry Standard 

Photocontrols shall meet the applicable requirements 
of the following industry standard: 

ANSI C136.10-2006 - American National 
Standard for Roadway and Area Lighting 
Equipment—Locking-type Photocontrol 
Devices and Mating Receptacles—Physical 
and Electrical Interchangeability and Testing 

4.  Requirements 

Assembled photocontrols and each of their individual 
components shall be designed and constructed to 
have a nominal life of 20 years. 

 
Color code  Black 

Plug type  Locking type, 
three-pole,  
three-wire 

Photosensor type   Silicon 

Operating voltage range,  
volts, ac   105 to 305 

Load rating, LED, minimum, watts  1,000  

Load rating, incandescent  
lamp, minimum, watts  1,000  

Load rating, high-intensity 
discharge (HID), minimum, VA   1,800 

Operating temperature range, 
ambient, degrees C  -40 to +70  

Turn on response time range, 
seconds   0.5 to 5.0 

Turn off response time range, 
seconds  0.5 to 5.0  

Turn on light level, fc  2.8 +/- 0.6  

Turn off light level,  
maximum, fc   5.1  

Turn-off/turn-on ratio, nominal  1.5 

Failure mode, nominal  Fail-on 

Photocontrol circuit boards shall be constructed of 
glass epoxy material. 

Circuit board components shall be protected from the 
environment with a thin, transparent coating that does 
not promote heat build up. 
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4.  Requirements,  continued 

Each photocontrol shall be provided with a means to 
conveniently and permanently record date of 
installation and date of removal. 

Each photocontrol shall be provided with an internal, 
160 joule minimum, metal-oxide varistor (MOV) type 
surge arrester. 

Photocontrols shall be provided with a means of 
sealing according to the requirements of ANSI 
C136.10, Section 4.3. 

Photocontrol base gasket shall be fabricated from a 
neoprene blend. 

5.  Design Changes 

Manufacturer shall inform Seattle City Light in writing 
of all design changes that could affect the product's 
understood or published capabilities. 

6.  Test ing 

Photocontrols shall be tested according to the 
requirements of ANSI C136.10.  Test results shall be 
provided upon request. 

7.  Marking 

Each individual photocontrol shall be marked with the 
following information: 

• Manufacturer’s name 

• Model number 

• Voltage rating 

• Load rating 

• North orientation 

• Rotation of installation and removal 

8.  Packaging 

Photocontrols shall be individually packaged to 
prevent damage from storage and handling. 

From the outside of each individual package, the 
manufacturer’s name and model number shall be 
clearly visible. 

Each shipping container shall be legibly marked with 
the following information: 

• Manufacturer's identification 

• Product description 

• Seattle City Light's Purchase Order Number 

• Seattle City Light's Stock Number 

Shipping container weight shall not exceed 50 
pounds. 

9.  Issuance 

Stock Unit:  EA 

10.  References 

SCL Material Standard 5693.00; “Streetlight 
Photocontrols” [Standard Life] 
www.ripleylightingcontrols.com 

www.sun-tech.biz 

11.  Sources 

Chao, Yaochiem; SCL Standards Engineer and 
subject matter expert of 5693.10 
(yaochiem.chao@seattle.gov) 

Shipek, John; SCL Standards Engineer, and subject 
matter expert and originator of 5693.10 
(john.shipek@seattle.gov) 

 

 

12.  Approved Manufacturers 
 

Stock No.  

Manufacturers and Catalog Numbers 

Ripley Lighting Controls Dark To Light Sun-Tech (Sunrise Technologies, Inc.) 
013129 6390LL-BK-2.8 DLL 127-2.8-BK-JU TRS-2-8190 
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Pedestrian Luminaires, LED, Post-Top, Classic 

  

1. Scope 

This standard covers the requirements for light-emitting diode (LED), post-top, classic, 
pedestrian luminaires.  

This standard applies to the following Seattle City Light (SCL) stock numbers: 

Stock 
No.  Color Description 
013679 Black Serenade S56 
013680 Dark green Serenade S56 
013681 Black K56 Cleveland 
013682 Red K56 Cleveland 

2. Application 

Classic LED luminaires are: 

 Installed in City-designated areas and SCL-designated streetlight districts. 
 Post-top mounted on streetlight poles with a 4-in pole-top outer diameter.  
 Equipped with a built-in slipfitter with a tool-less door to house a standard, three-pin 

photocontrol.  
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3. Industry Standards 

Classic LED luminaires shall meet the applicable requirements of the following  
industry standards:  

ANSI/NEMA/ANSLG C78.377-2008; Specifications for the Chromaticity of Solid State 
Lighting (SSL) Products 

ANSI C136.10–2010; Locking-Type Photocontrol Devices and Mating Receptacles 

ANSI C136.31–2010; American National Standard for Roadway Lighting Equipment – 
Luminaire Vibration 

ANSI C136.37–2011; American National Standard for Roadway and Area Lighting 
Equipment – Solid State Light Sources Used in Roadway and Area Lighting 

ANSI C136.41–2013; Dimming Control Between an External Locking Type Photocontrol 
and Ballast or Driver 

ASTM B117-09; Standard Practice for Operating Salt Spray (Fog) Apparatus 

ASTM D1654-08; Standard Test Method for Evaluation of Painted or Coated Specimens 
Subjected to Corrosive Environments 

ASTM D523-08; Standard Test Method for Specular Gloss 

ASTM G154-06; Standard Practice for Operating Fluorescent Light Apparatus for UV 
Exposure of Nonmetallic Materials 

C136.15–2011 (or latest); American National Standard for Roadway and Area Lighting 
Equipment – Internal Labeling of Luminaires 

C136.22–2004 (R2009); American National Standard for Roadway and Area Lighting 
Equipment – Ingress Protection (Resistance to Dust, Solid Objects and Moisture) for 
Luminaire Enclosures 

Federal Trade Commission (FTC); Green Guides, 16 CFR Part 260; Guides for the Use 
of Environmental Marketing 

IEC 60529; Degrees of Protection Provided by Enclosures (IP Code), consolidated 
edition 

IEEE C62.41.2–2002; IEEE Recommended Practice on Characterization of Surges in 
Low-Voltage (1000 V and less) AC Power Circuits 

IES LM-79-08; Approved Method: Electrical and Photometric Measurements of 
Solid-State Lighting Products 

IES LM-80-08; Approved Method: Measuring Lumen Maintenance of LED  
Lighting Sources 

IESNA TM-15-11 (revised); Luminaire Classification System for Outdoor Luminaires 

RoHS (European Union Directive 2002/95/EC for Restriction of Hazardous Substance) 

Title 47 of the Code of Federal Regulations (CFR), Part 15; Radio Frequency Devices 

UL 1598; Luminaires; UL 
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4. Requirements 

4.1 Luminaire Performance 
Operating temperature, range  

 °C -40 to +55 

 °F -40 to +130 
Correlated Color Temperature (CCT), nominal, °K, per 
ANSI/NEMA/ANSLG C78.377 

4000 ± 200 

Color rendering index (CRI), minimum 70 
L70 Lumen depreciation of LED light sources per IES LM-80, 
hours, minimum 

100,000 

Light distribution, IES Type 5 
Luminaire efficacy, lumens/watt, minimum, per IES LM-79, 
Section 11.0 

102.6 

Off-state power consumption, W, maximum 0.5 

4.2 Power Supply/Driver 
Input voltage, functional range, 60 Hz, Vac 120 to 277 
Dimming control signal interface operative range, Vdc 0 to 10 
Power factor, minimum 90 

4.3 Construction 
The luminaire shall be designed and constructed to meet the requirements of ANSI 
C136.37. 

Luminaire features conforming to ANSI C136.37 shall include, but not be limited to: 

 Mounting provisions 
 Latching and hinging 
 Terminal blocks 
 Dimming 
 Ingress protection 
 Wiring and grounding 
 Photocontrol receptacle 

Luminaire shall be RoHS compliant. Luminaire shall have less than the maximum 
concentration values of the following RoHS-restricted substances: 

 Mercury (Hg) 
 Cadmium (Cd) 
 Chromium VI (Cr +6) 
 Polybrominated biphenyl (PBB) 
 Polybrominated biphenyl ether (PBDE) 
 Lead (Pb) 
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4.4 Fixture Housing 

Luminaire weight (lb) maximum 60 
Effective projected area (EPA), ft2, maximum 2.2 
External housing, ingress protection per IEC 60529 IP65 
Optical chamber, ingress protection per IEC 60529 IP66 

Luminaire housing shall be cast aluminum and allow for tool-less entry.  

Photocontrol receptacle shall be located at the base of the luminaire and allow for 
tool-less entry.  

Luminaire cooling system shall consist of passive heat sink without fans, pumps,  
or liquids. 

All fasteners shall be stainless steel. 

All polycarbonate components shall be UV stabilized. 

4.5 Electrical 
Power supply/driver shall be UL Recognized for dry and damp locations. 

All other electrical components shall be UL Listed or UL Recognized for wet locations. 

Luminaire photocontrol receptacle shall be designed and constructed to accept a 
standard plug type, locking, three-pole, three-wire, streetlight photocontrol, and shall be 
located at the base of the fixture.  

Photocontrol receptacle shall have a minimum of five positions as defined in ANSI 
C136.41-2013. Two dimming contacts shall be connected to the 0-10 Vdc control signal 
interface on the power supply/driver with quick-disconnect connectors. 

Rotational adjustment of the photocontrol shall be tool-less. 

Luminaire circuitry shall include quick connect/disconnects to allow easy separation and 
removal of driver and power door. 

A three-pole terminal block capable of accepting #14 to #6 AWG wire shall be mounted to 
the housing inside the electrical compartment. 

Terminal block shall be capable of operation with a standard #2 flat blade screwdriver. 

Luminaire shall meet the requirements of Title 47 of the Code of Federal Regulations 
(CFR), Part 15 – Radio Frequency Devices. 

4.6 Mounting 
Luminaire shall be designed for post-top mounting onto a pole with a top diameter of  
4 inches. 

Tenon mounting area opening shall be limited to 1/4-in over the range of tenon sizes and 
leveling adjustment to prevent entrance of wildlife as specified in ANSI C136.37. 

4.7 Lens 
Lens shall be lightly diffused and resistant to ultraviolet light deterioration.  

Lens shall be smooth on the exterior to discourage the unwanted growth of moss and 
mold. 

4.8 Finish and Color 
Finish on housing shall be a powder coating with a minimum thickness of 100 microns. 

Finish shall meet salt spray requirements of ASTM B 117 and the humidity resistance 
requirements of ASTM D 2247.  
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4.9 Luminaire Requirements 
Physical and electrical details for specific luminaires are provided below. 

Stock Numbers 013679 and 013680 – Serenade S56   
System power consumption (W)  36 
Weight (lb)  60 
EPA, (ft2)  2.17 
Tenon mounting requirements, outside diameter by length (in)  4"Ø x 4" 
Dimensions, height by width (in)  41.75" x 17" 

Figure 4.9a. Serenade Luminaire Dimensions 
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Stock Numbers 013681 and 013682 – K56 Cleveland 

System power consumption (W) 40 
Weight (lb) 50 
EPA, (ft2) 3.5 
Tenon mounting requirements, outside diameter by length (in) 4"Ø x 3.5" 
Dimensions, height by width (in) 45.5" x 17" 

Figure 4.9b. Cleveland Luminaire Dimensions 
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5. Testing 

Manufacturers shall provide test data that establishes compliance with the requirements 
of this material standard upon request. 

Certificate of RoHS compliance shall be provided upon request. 

6. Design Changes 

Manufacturer shall inform Seattle City Light in writing of all design changes that could 
affect the product's understood or published capabilities. 

7. Marking 

7.1 Internal Labeling 
A readily visible label shall be permanently affixed to the inside surface of each luminaire 
housing. 

Internal label shall meet the requirements of ANSI C136.22. 

Internal label shall include, but not be limited to, the following information: 

 Manufacturer's name and catalog number 
 Month and year of manufacture 
 Line input voltage 
 Frequency if other than 60 hertz 
 Driver type, if applicable (may be on driver if readily visible) 
 Photocontrol voltage if different from line input voltage 
 Lamp type, wattage, and voltage (if applicable; may be on driver if readily visible) 
 Descriptive wiring diagram showing input terminals, ballast, capacitors, starting aid, 

photocontrol receptacle, lamp, and the like, as necessary 
 Plant location 
 Input power consumption 
 Driver output current 
 Driver output adjustment 
 IEC IP rating 
 Correlated color temperature (CCT) 
 IES light distribution type 
 IESNA TM-15 BUG ratings 
 Serial number 

7.2 Barcode 
A barcode label shall be provided as specified in the purchase order. 

7.3 Compliant Identification 
All UL Listed or UL Recognized components shall be labeled as such. 
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8. Packaging 

Luminaires and accessories shall be separately packaged to prevent damage during 
shipping, inside storage, and casual handling prior to installation. 

Each luminaire package shall be legibly marked with: 

 Manufacturer's name 
 Manufacturer's catalog number 
 Product description 
 Date of manufacture (month and year) 
 Seattle City Light stock number 
 Seattle City Light purchase order number 

Each package of accessories shall be legibly marked with: 

 Product description 
 Seattle City Light stock number 

9. Issuance 

EA 

10. Approved Manufacturers 

Stock No. 013679 

Manufacturer:  Philips Lumec 
Catalog Number:  S56-35W-32LED-4K-R-ACDR-LE5-VOLT-SFX-FN10-PH8/RCD-BKTX 

where:  
S56 = model, S56 

35W = wattage, 35 W 
32LED = number of LEDs, 32 

4K = color temperature, 4000 K 
R = LED type, Philips Lumileds LUXEON R 

ACDR = hood and globe, seamless acrylic globe with inner prismatic surface 
LE5 = light distribution, type 5 

VOLT = voltage, 120-277 Vac 
SFX = options, slipfitter 

FN10 = options, F10 finial style 
PH8/RCD = options, 5-pin photocell receptacle, pre-wired 

BKTX = finish, textured black 
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Stock No. 013680 

Manufacturer:  Philips Lumec 
Catalog Number:  S56-35W-32LED-4K-R-ACDR-LE5-VOLT-SFX-FN10-PH8/RCD-GN8TX 

where:  
S56 = model, S56 

35W = wattage, 35 W 
32LED = number of LEDs, 32 

4K = color temperature, 4000 K 
R = LED type, Philips Lumileds LUXEON R 

ACDR = hood and globe, seamless acrylic globe with inner prismatic surface 
LE5 = light distribution, type 5 

VOLT = voltage, 120-277 Vac 
SFX = options, slipfitter 

FN10 = options, F10 finial style 
PH8/RCD = options, 5-pin photocell receptacle, pre-wired 

GN8TX = finish, textured dark green 
 

Stock No. 013681 

Manufacturer:  King Luminaire 
Catalog Number:  K56-C-K24-P4AR-V-40W-SSL-7030-120:277-PR-BK-4000K 

where:  
K56 = model, K56 

C = style, Cleveland 
K24 = pole adaptor, K24 capital 

P4AR = optical system, P4 flat array acrylic rippled 
V = light distribution, type 5 

40W = wattage, 40 W 
SSL = type, solid-state lighting 

7030 = LED series, 7030 
120:277 = voltage, 120-277 Vac 

PR = options, 7-pin twist-lock photo receptacle 
BK =  finish, textured black 

4000K = color temperature, 4000 K 

Stock No. 013682 

Manufacturer:  King Luminaire 
Catalog Number:  K56-C-K24-P4AR-V-40W-SSL-7030-120:277-PR-RAL3000-4000K 

where:  
K56 = model, K56 

C = style, Cleveland 
K24 = pole adaptor, K24 capital 

P4AR = optical system, P4 flat array acrylic rippled 
V = light distribution, type 5 

40W = wattage, 40 W 
SSL = type, solid-state lighting 

7030 = LED series, 7030 
120:277 = voltage, 120-277 Vac 

PR = options, 7-pin twist-lock photo receptacle 
RAL3000 = finish, textured red 

4000K = color temperature, 4000 K 
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11. Sources 

Aristo, Ed; King Luminaire Lighting Manufacturer Representative with Sea-Tac Lighting 
and Controls, LLC, and subject matter expert for 5723.11 

Borek, Tom; SCL Streetlight Engineer and subject matter expert for 5723.11 
(tom.borek@seattle.gov) 

Chao, Yaochiem; SCL Standards Engineer and originator of 5723.11 
(yaochiem.chao@seattle.gov) 

King Luminaire; Drawing no. SEATTLE CITY LIGHT-3; revision January 27, 2015 

King Luminaire; Drawing no. SEATTLE CITY LIGHT-5; revision January 27, 2015 

Li, Jesse; SCL Streetlight Engineer and subject matter expert for 5723.11 
(jesse.li@seattle.gov) 

Philips Lumec; Drawing no. SPEC20150219_131557_74679_2.doc; revision February 
19, 2015 

Philips Lumec; Drawing no. SPEC20150219_131557_74679_3.doc; revision February 
19, 2015 

Thomas, Greg; Philips Lumec Lighting Manufacturer Representative with Sea-Tac 
Lighting and Controls, LLC, and subject matter expert for 5723.11 
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Pedestrian Luminaires, LED, Post-top, Transitional 

  

1. Scope 

This standard covers the requirements for light-emitting diode (LED), post-top, 
transitional, pedestrian luminaires.  

This standard applies to the following Seattle City Light (SCL) stock numbers: 

Stock No.  Color Description 
013859 Black UrbanScape post-top LED luminaire 
013860 Gray UrbanScape post-top LED luminaire 
013870 Light Gray Bounce post-top LED luminaire 
013871 Light Gray Bounce photocontrol housing 

2. Application 

LED transitional pedestrian luminaires are: 

 Installed in City-designated areas and SCL-designated streetlight districts. 
 Post-top mounted on streetlight poles with a 4-in pole-top outer diameter. 
 Equipped with built-in photocontrol housing with tool-less access for a standard, 

three-pin photocontrol.  
 Controlled by 20-year design life streetlight photocontrols as specified in SCL 5693.10. 

Stock No. 013871, Bounce photocontrol housing, is required for installation with Stock 
No. 013870, Bounce post-top LED luminaire. For installation, a longer setscrew threads 
through the luminaire base into the pre-drilled hole of the photocontrol housing to provide 
stronger attachment. 
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3. Industry Standards 

LED transitional pedestrian luminaires shall meet the applicable requirements of the 
following industry standards: 

ANSI/NEMA/ANSLG C78.377-2008; Specifications for the Chromaticity of Solid State 
Lighting (SSL) Products 

ANSI C136.10–2010; Locking-Type Photocontrol Devices and Mating Receptacles.\ 

ANSI C136.15–2011 (or latest); American National Standard for Roadway and Area 
Lighting Equipment – Internal Labeling of Luminaires 

ANSI C136.22–2004 (R2009); American National Standard for Roadway and Area 
Lighting Equipment – Ingress Protection (Resistance to Dust, Solid Objects and Moisture) 
for Luminaire Enclosures 

ANSI C136.31–2010; American National Standard for Roadway Lighting Equipment – 
Luminaire Vibration 

ANSI C136.37–2011; American National Standard for Roadway and Area Lighting 
Equipment – Solid State Light Sources Used in Roadway and Area Lighting 

ANSI C136.41–2013; Dimming Control Between an External Locking Type Photocontrol 
and Ballast or Driver 

ASTM B117-09; Standard Practice for Operating Salt Spray (Fog) Apparatus 

ASTM D523-08; Standard Test Method for Specular Gloss 

ASTM D1654-08; Standard Test Method for Evaluation of Painted or Coated Specimens 
Subjected to Corrosive Environments 

ASTM D2247; Standard Practice for Testing Water Resistance of Coatings in 100% 
Relative Humidity 

ASTM G154-06; Standard Practice for Operating Fluorescent Light Apparatus for UV 
Exposure of Nonmetallic Materials 

Federal Trade Commission (FTC); Green Guides, 16 CFR Part 260; Guides for the Use 
of Environmental Marketing 

IEC 60529; Degrees of protection provided by enclosures (IP Code), consolidated edition 

IEEE C62.41.2–2002; IEEE Recommended Practice on Characterization of Surges in 
Low-Voltage (1000 V and less) AC Power Circuits 

IES LM-79-08; Approved Method: Electrical and Photometric Measurements of 
Solid-State Lighting Products 

IES LM-80-08; Approved Method: Measuring Lumen Maintenance of LED Lighting 
Sources 

IESNA TM-15-11 (revised); Luminaire Classification System for Outdoor Luminaires 

RoHS (European Union Directive 2002/95/EC for Restriction of Hazardous Substances) 

Title 47 of the Code of Federal Regulations (CFR), Part 15; Radio Frequency Devices 

UL 1598; Luminaires; UL 
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4. Requirements 

4.1 Luminaire Performance 
Operating temperature, range  
 °C -40 to +55 
 °F -40 to +130 
Correlated color temperature (CCT), nominal, °K, 
per ANSI/NEMA/ANSLG C78.377 

4000 ± 200 

Color rendering index (CRI), minimum 70 
L70 Lumen depreciation of LED light sources per 
IES LM-80, hours, minimum 

100,000 

Light distribution, IES Type 5 
Luminaire efficacy, lumens/watt, minimum, per IES 
LM-79, Section 11.0 

66 

Off-state power consumption, W, maximum 0.5 

4.2 Power Supply/Driver 
Input voltage, functional range, 60 Hz, Vac 120 to 277 
Power factor, minimum 90 
Dimming signal, control range, Vdc 0 to 10 

4.3 Construction 
4.3.1. General 

The luminaire shall be designed and constructed to meet the requirements of ANSI 
C136.37. 

Luminaire features conforming to ANSI C136.37 shall include but not be limited to the 
following: mounting provisions, latching and hinging, terminal blocks, dimming, ingress 
protection, wiring and grounding, and photocontrol receptacle. 

Luminaire shall be compliant with RoHS (European Union Directive 2002/95/ED for 
Restriction of Hazardous Substances). Luminaire shall have less than the maximum 
concentration values of the following RoHS-restricted substances: 

 Mercury (Hg) 
 Cadmium (Cd) 
 Chromium VI (Cr +6) 
 Polybrominated biphenyl (PBB) 
 Polybrominated biphenyl ether (PBDE) 
 Lead (Pb) 
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4.3.2. Fixture Housing 
Luminaire weight, lb, maximum  40 
Effective projected area (EPA), ft2, maximum  1.7 
External housing, ingress protection per IEC 60529 IP65 
Optical chamber, ingress protection per IEC 60529 IP66 

Luminaire housing shall be cast aluminum and allow for tool-less entry.  

All tool-less fasteners and latches shall be stainless steel and have the same finish as the 
luminaire housing.  

Photocontrol receptacle shall be located at the base of the luminaire and allow for 
tool-less entry.  

Photocontrol mounting shall accommodate all City Light-approved photocontrols listed in 
material standard 5693.10. 

Luminaire cooling system shall consist of a passive heat sink without fans, pumps, or 
liquids. 

All fasteners shall be stainless steel. 

All polycarbonate components shall be UV stabilized. 

4.3.3. Electrical 
Power supply/driver shall be UL Recognized for dry and damp locations. 

All other electrical components shall be UL Listed or UL Recognized for wet locations. 

Luminaire photocontrol receptacle shall be designed and constructed to accept a 
standard plug type, locking, three-pole, three-wire, streetlight photocontrol, and shall be 
located at the base of the fixture.  

Photocontrol receptacle shall have a minimum of five positions as defined in ANSI 
C136.41-2013. Two dimming contacts shall be connected to the 0-10 Vdc control signal 
interface on the power supply/driver with quick connectors. 

Rotational adjustment of the photocontrol shall be tool-less. 

Luminaire circuitry shall include quick connectors to allow easy separation and removal of 
driver and power door. 

A three-pole terminal block capable of accepting #14 to #6 AWG wire shall be mounted to 
the housing inside the electrical compartment. 

Terminal block shall be capable of operation with a standard #2 flat blade screwdriver. 

Luminaire shall meet the requirements of Title 47 of the Code of Federal Regulations 
(CFR), Part 15 – Radio Frequency Devices. 

4.3.4. Mounting 
Luminaire shall be designed for post-top mounting onto a pole with a top diameter of  
4 inches. 

Tenon mounting area opening shall be limited to 1/4-in over the range of tenon sizes and 
leveling adjustment to prevent entrance of wildlife as specified in ANSI C136.37. 

4.3.5. Lens 
Lens shall be lightly diffused and resistant to ultraviolet light deterioration.  

Lens shall be smooth on the exterior to discourage unwanted growth. 
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4.3.6. Finish and Color 

Finish on housing shall be a powder coating with a minimum thickness of 100 microns 
and shall meet the salt spray requirements of ASTM B117 and the humidity resistance 
requirements of ASTM D2247.  

5. Detailed Requirements 

Physical and electrical details for specific luminaires are provided below. 

5.1 Stock Numbers 013859 and 013860, Urbanscape 
System power consumption (W) 37  
Weight (lb) 32 
EPA (ft2) 1.7 
Tenon mounting requirements, 
outside diameter by length (in) 4"Ø by 4" 
Dimensions, height by width (in) 34 7/8" by 17 3/4" 
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5.2 Stock Number 013870, Bounce 

System power consumption (W) 60 
Weight (lb) 70 
EPA (ft2) 1.2 
Tenon mounting requirements, outside diameter by length (in) 4"Ø by 4" 
Dimensions, height by width (in) 31 1/4" by 31" 
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5.3 Stock Number 013871, Bounce Photocontrol Housing 

Application 
Photocontrol housing for  
Stock No. 013870, Bounce 

Tenon mounting requirements, outside diameter by length (in) 4" by 4" 
Dimensions, height by width (in) 20 3/4" by 5 5/8" 

 

6. Testing 

Manufacturers shall provide test data that establishes compliance with the requirements 
of this material standard upon request. 

Certificate of RoHS (European Union Directive 2002/95/EC for Restriction of Hazardous 
Substance) compliance shall be provided upon request. 

7. Design Changes 

Manufacturer shall inform Seattle City Light in writing of all design changes that could 
affect the product's understood or published capabilities. 
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8. Marking 

8.1 Internal Labeling 
A readily visible label shall be permanently affixed to the inside surface of each luminaire 
housing. 

Internal label shall meet the requirements of ANSI C136.22. 

Internal label shall include, but not be limited to, the following information: 

 Manufacturer name and catalog number 
 Month and year of manufacture 
 Line input voltage 
 Frequency if other than 60 Hz 
 Driver type, if applicable (may be on driver if readily visible) 
 Photocontrol voltage if different from line input voltage 
 Lamp type, wattage, and voltage, if applicable (may be on driver if readily visible) 
 Descriptive wiring diagram showing input terminals, ballast, capacitors, starting aid, 

photocontrol receptacle, lamp, etc., as necessary 
 Plant location 
 Input power consumption 
 Driver output current 
 Driver output adjustment 
 IEC IP rating 
 Correlated color temperature (CCT) 
 IES light distribution type 
 IESNA TM-15 BUG ratings 
 Serial number 

8.2 Barcode 
A barcode label shall be provided as specified in the purchase order. 

8.3 Component Identification 
All UL Listed components shall be labeled or recognized as such. 

9. Packaging 

Luminaires shall be individually packaged to prevent damage during shipping, inside 
storage, and casual handling prior to installation. 

Each package shall be legibly marked with: 

 Manufacturer name 
 Manufacturer catalog number 
 Product description 
 Date of manufacture (month and year) 
 Seattle City Light stock number 
 Seattle City Light purchase order number 

Accessories shall be individually packaged to prevent damage during shipping, inside 
storage, and casual handling prior to installation. 

Each package shall be legibly marked with: 

 Product description 
 Seattle City Light stock number 
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10. Issuance 

EA 

11. Approved Manufacturers 

11.1 Stock Number 013859 
Manufacturer:  Philips Lumec 
Catalog Number:  MPTC-35W-32LED-4K-T-LE5-UNIV-PH8-BKTX 

where:  
MPTC = model, S56 

35W = wattage, 35 W 
32LED = number of LEDs, 32 

4K = color temperature, 4000K 
T = LED type, Philips Lumileds LUXEON T 

LE5 = light distribution, type 5 
UNIV = voltage, 120-277 Vac 
PH8 = options, 5-pin photocell receptacle, pre-wired 

BKTX = finish, textured black 

11.2 Stock Number 013860  
Manufacturer:  Philips Lumec 
Catalog Number:  MPTC-35W-32LED-4K-T-LE5-UNIV-PH8-GY3TX 

where:  
MPTC = model, S56 

35W = wattage, 35 W 
32LED = number of LEDs, 32 

4K = color temperature, 4000K 
T = LED type, Philips Lumileds LUXEON T 

LE5 = light distribution, type 5 
UNIV = voltage, 120-277 Vac 
PH8 = options, 5-pin photocell receptacle, pre-wired 

GY3TX = finish, textured gray 

11.3 Stock Number 013870 
Manufacturer:  Kim Lighting 
Catalog Number:  ETOKIM016853-DM/BNS1-H5-E35-60L-4K-120-RAL7035TX 

where:  
ETOKIM016853 = modifications, Seattle City Light 

DM = mounting, direct mount 
BNS1 = fixture, BNS1 

H5 = light distribution, type 5  
E35 = drive current, 350 mA 
60L = source, 60 LEDs 
4K = color temperature, 4200 K 

120 = voltage, 120 V 
RAL7035TX = finish, textured grey RAL 7035 
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11.4 Stock Number 013871 

Manufacturer:  Architectural Area Lighting 
Catalog Number:  ETOAAL008880-PCA-UF-(16A-1046)-RAL7035TX 

12. References 

SCL Material Standard 5693.10; “Streetlight Photocontrols, 20-Year Design Life” 

13. Sources 

Borek, Tom; SCL Streetlight Engineer and subject matter expert for 5723.15 
(tom.borek@seattle.gov) 

Chao, Yaochiem; SCL Standards Engineer and originator of 5723.15 
(yaochiem.chao@seattle.gov) 

Jurgens, Julie; Kim Lighting Manufacturer Representative with Lighting Group 
Northwest and subject matter expert for 5723.15 

Li, Jesse; SCL Streetlight Engineer and subject matter expert for 5723.15 
(jesse.li@seattle.gov) 

Philips Lumec; drawing no. SPEC20150717_152115_74679_7.doc; revision July 17, 
2015 

Thomas, Greg; Philips Lumec Lighting Manufacturer Representative with Sea-Tac 
Lighting and Controls, LLC and subject matter expert for 5723.15 
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Pedestrian Luminaires, LED, Post-Top, Traditional 

  

1. Scope 

This standard covers the requirements for light-emitting diode (LED), post-top, traditional, 
pedestrian luminaires.  

This standard applies to the following Seattle City Light (SCL) stock numbers: 

Stock No. Color Description 

013672 Dark green Marina post-top LED luminaire 

013748 Jet black Marina post-top LED luminaire 

013868 Black Promenade post-top LED luminaire 

013869 Black Photocontrol housing for Promenade 

2. Application 

Traditional, LED, pedestrian luminaires are: 

 Installed in City-designated areas and City Light-designated streetlight districts. 
 Post-top mounted on streetlight poles with a 4-in pole-top outer diameter.  

Stock Nos. 013672 and 013748 are equipped with a built-in slipfitter with tool-less door to 
house a standard, three-pin photocontrol.  

Photocontrol housing for Promenade (Stock No. 013869) is required for installation with 
Promenade post-top LED luminaires (Stock No. 013868). 
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3. Industry Standards 

Traditional, LED, pedestrian luminaires shall meet the applicable requirements of the 
following industry standards: 

ANSI/NEMA/ANSLG C78.377-2008; Specifications for the Chromaticity of Solid State 
Lighting (SSL) Products 

ANSI C136.10–2010; Locking-Type Photocontrol Devices and Mating Receptacles. 

ANSI C136.22; American National Standard for Roadway Lighting Equipment – Internal 
Labeling of Luminaires   

ANSI C136.31–2010; American National Standard for Roadway Lighting Equipment – 
Luminaire Vibration 

ANSI C136.37–2011; American National Standard for Roadway and Area Lighting 
Equipment – Solid State Light Sources Used in Roadway and Area Lighting 

ANSI C136.41–2013; Dimming Control between an External Locking Type Photocontrol 
and Ballast or Driver 

ASTM B117-09; Standard Practice for Operating Salt Spray (Fog) Apparatus 

ASTM D1654-08; Standard Test Method for Evaluation of Painted or Coated Specimens 
Subjected to Corrosive Environments 

ASTM D523-08; Standard Test Method for Specular Gloss 

ASTM G154-06; Standard Practice for Operating Fluorescent Light Apparatus for UV 
Exposure of Nonmetallic Materials 

C136.15–2011 (or latest); American National Standard for Roadway and Area Lighting 
Equipment – Internal Labeling of Luminaires 

C136.22–2004 (R2009); American National Standard for Roadway and Area Lighting 
Equipment – Ingress Protection (Resistance to Dust, Solid Objects and Moisture) for 
Luminaire Enclosures 

Code of Federal Regulations (CFR), Title 47, Part 15; Radio Frequency Devices 

Federal Trade Commission (FTC) Green Guides; 16 CFR Part 260; Guides for the Use 
of Environmental Marketing 

IEC 60529; Degrees of protection provided by enclosures (IP Code), consolidated edition 

IEEE C62.41.2–2002; IEEE Recommended Practice on Characterization of Surges in 
Low-Voltage (1000 V and less) AC Power Circuits 

IES LM-79-08; Approved Method: Electrical and Photometric Measurements of 
Solid-State Lighting Products 

IES LM-80-08; Approved Method: Measuring Lumen Maintenance of LED  
Lighting Sources 

IESNA TM-15-11 (revised); Luminaire Classification System for Outdoor Luminaires 

Restriction of Hazardous Substances Directive 2002/95/EC, (RoHS 1) 

UL 1598; Luminaires; UL 
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4. Requirements 

4.1 Luminaire Performance 

Operating temperature, range  

 °C -20 to +50 

 °F -4 to +122 

Correlated Color Temperature (CCT), nominal, °K, 
per ANSI/NEMA/ANSLG C78.377 4000 ± 300 

Color rendering index (CRI), minimum 70 

Lumen depreciation of LED light sources per IES 
LM-80, hours, minimum 

60,000 

Light distribution, IES Type 5 

Luminaire efficacy, lumens/watt, minimum, per IES 
LM-79, Section 11.0 67 

Off-state power consumption, W, maximum 0.5 

4.2 Power Supply/Driver 

Input voltage, functional range, 60 Hz, Vac 120 to 277 

Dimming control signal interface operative range, Vdc 0 to 10 

Power factor, minimum 90 

4.3 Construction 

4.3.1 General 

Luminaires shall be designed and constructed to meet the requirements of  
ANSI C136.37. 

Luminaire features conforming to ANSI C136.37 shall include, but not be limited to the 
following: mounting provisions, latching and hinging, terminal blocks, dimming, ingress 
protection, wiring and grounding, and photocontrol receptacle. 

Luminaires shall be RoHS (European Union Directive 2002/95/ED for Restriction of 
Hazardous Substances) compliant. Luminaire shall have less than the maximum 
concentration values of the following RoHS-restricted substances: 

 Mercury (Hg) 
 Cadmium (Cd) 
 Chromium VI (Cr +6) 
 Polybrominated biphenyl (PBB) 
 Polybrominated diphenyl ether (PBDE) 
 Lead (Pb) 
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4.3.2 Fixture Housing 

Luminaire weight (lb), maximum 40 

Effective projected area (EPA) (ft2) maximum 2.2 

External housing, ingress protection per IEC 60529 IP65 

Optical chamber, ingress protection per IEC 60529 IP66 

Luminaire housing shall be cast aluminum and allow for tool-less entry.  

Photocontrol receptacle shall be located at the base of the luminaire and allow for  
tool-less entry.  

Luminaire cooling system shall consist of a passive heat sink without fans, pumps,  
or liquids. 

All fasteners shall be stainless steel. 

All polycarbonate components shall be UV stabilized. 

4.3.3 Electrical 

Power supply/driver shall be UL Recognized for dry and damp locations. 

All other electrical components shall be UL Listed or UL Recognized for wet locations. 

Luminaire photocontrol receptacle shall be designed and constructed to accept a 
standard plug type, locking, three-pole, three-wire, streetlight photocontrol, and shall be 
located at the base of the fixture.  

Photocontrol receptacle shall also be configured with two conductive pads as defined in 
ANSI C136.41-2013. The use of four conductive pads is optional. 

The two conductive pads shall be connected to the 0-10 Vdc control signal interface on 
the power supply/driver with quick-disconnect connectors. 

Rotational adjustment of the photocontrol shall be tool-less. 

Luminaire circuitry shall include quick connect/disconnects to allow easy separation and 
removal of driver and power door. 

A three-pole terminal block capable of accepting #14 to #6 AWG wire shall be mounted to 
the housing inside the electrical compartment. 

Terminal block shall be capable of operation with a standard #2 flat blade screwdriver. 

Luminaires shall meet the requirements of Title 47 of the Code of Federal Regulations 
(CFR), Part 15 – Radio Frequency Devices. 

4.3.4 Mounting 

Luminaires shall be designed for post-top mounting onto a pole with a top diameter 
of 4 in. 

Tenon mounting area opening shall be limited to 1/4-in over the range of tenon sizes and 
leveling adjustment to prevent entrance of wildlife as specified in ANSI C136.37. 

4.3.5 Lens 

Lens shall be one-piece and seamless. 

Lens shall be lightly diffused and resistant to ultraviolet light deterioration.  

Lens shall be smooth on the exterior to discourage unwanted growth. 



Seattle City Light 
MATERIAL STANDARD 
Pedestrian Luminaires, LED, Post-Top, Traditional 

Standard Number: 
Superseding: 

Effective Date: 
Page: 

5723.19 
August 14, 2015 
February 8, 2016 
5 of 9 

 
4.4 Finish and Color 

Finish on housing shall be a powder coating with a minimum thickness of 100 microns 
and shall meet salt spray requirements of ASTM B 117 and the humidity resistance 
requirements of ASTM D 2247.  

Color choices for fixtures are standard. See Section 11. 

5. Detailed Requirements 

Physical and electrical details for specific luminaires are provided below. 

Marina Post-Top Luminaire, Stock Nos. 013672 and 013748 

System power consumption (W) 45 

 

Weight (lb) 32 

EPA (ft2) 2.12 

Tenon mounting requirements,  
outside diameter by length (in) 4 x 3  

Dimensions, height by width (in) 37.75 x 29.5 

Promenade Post-Top Luminaire, Stock No. 013868 

System power consumption (W) 72 

 

Weight (lb) 38 

EPA (ft2) 1.54 

Tenon mounting requirements,  
outside diameter by length (in) 4 x 4  

Dimensions, height by width (in) 39 x 19 

 

Photocontrol Housing for Promenade, Stock No. 013869 

Tenon mounting requirements,  
outside diameter by length (in) 4 x 4  

 

Dimensions, height by width (in) 20-3/4 x 5-5/8 
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6. Testing 

Test data that establishes compliance with the requirements of this material standard 
shall be provided upon request. 

Certificate of RoHS (European Union Directive 2002/95/EC for Restriction of Hazardous 
Substances) compliance shall be provided upon request. 

7. Design Changes 

The manufacturer shall inform Seattle City Light in writing of all design changes that 
could affect the product's understood or published capabilities. 

8. Marking 

8.1 Internal Labeling 

A readily visible label shall be permanently affixed to the inside surface of each  
luminaire housing. 

The internal label shall meet the requirements of ANSI C136.22. 

The internal label shall include, but not be limited to, the following information: 

 Manufacturer's name and catalog number 
 Month and year of manufacture 
 Line input voltage 
 Frequency if other than 60 Hz 
 Driver type, if applicable (may be on driver if readily visible) 
 Photocontrol voltage if different from line input voltage 
 Lamp type, wattage, and voltage, if applicable (may be on driver if readily visible) 
 Descriptive wiring diagram showing input terminals, ballast, capacitors, starting aid, 

photocontrol receptacle, lamp, and the like, as necessary 
 Plant location 
 Input power consumption 
 Driver output current 
 Driver output adjustment 
 IEC IP rating 
 Correlated color temperature (CCT) 
 IES light distribution type 
 IESNA TM-15 BUG ratings 
 Serial number 

8.2 Barcode 

A barcode label shall be provided as specified in the purchase order. 

8.3 Component Identification 

All UL Listed components shall be labeled or recognized as such. 
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9. Packaging 

Luminaires shall be individually packaged to prevent damage during shipping, inside 
storage, and casual handling prior to installation. 

Each package shall be legibly marked with: 

 Manufacturer's name 
 Manufacturer's catalog number 
 Product description (including color) 
 Date of manufacture (month and year) 
 Seattle City Light stock number 
 Seattle City Light purchase order number 

Accessories shall be individually packaged to prevent damage during shipping, inside 
storage, and casual handling prior to installation. 

Each package shall be legibly marked with: 

 Product description 
 Seattle City Light stock number 

10. Issuance 

EA 

11. Approved Manufacturers 

11.1 Stock No. 013672 

Manufacturer:  Cyclone Lighting 

Catalog Number:  CN11T4-GCPP-SKY-5-34W-4K-120-GCN04-PTDR-DIM-CP4306-
RAL6012TX 

where:  

CN11T4 = luminaire 

GCPP = globe, GCPP (partially obscured non-diffused polycarbonate 75% diffusing) 

SKY-5 = optic, type 5hot 

34W = watt, 34W 

4K = color temperature, 4K 

120 = voltage, 120-277 VAC 

GCN04 = guard, GCN04 

PTDR = option, twist-lock dimmable photocontrol receptacle with seven pins 

DIM = option, dimmable driver 

CP4306 = Cyclone project, 4306 

RAL6012TX = finish, textured dark green 
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11.2 Stock No. 013748 

Manufacturer:  Cyclone Lighting 

Catalog Number:  CN11T4-GCPP-SKY-5-34W-4K-120-GCN04-PTDR-DIM-CP4306- 
RAL9005TX 

where:  

CN11T4 = luminaire 

GCPP = globe, GCPP (partially obscured non-diffused polycarbonate 75% diffusing) 

SKY-5 = optic, type 5hot 

34W = watt, 34W  

4K = color temperature, 4K 

120 = voltage, 120-277 VAC 

GCN04 = guard, GCN04 

PTDR = option, twist-lock dimmable photocontrol receptacle with seven pins 

DIM = option, dimmable driver 

CP4306 = Cyclone project, 4306 

RAL9005TX = finish, textured jet black 

11.3 Stock No. 013868 

Manufacturer:  Architectural Area Lighting 

Catalog Number:  ETOAAL008854-PRMN-T5-LDL-48LED-4K-450MA-RAL9005TX BLACK 

where:  

ETOAAL008854 = modifications, quick connectors 

PRMN = model, Promenade 

T5 = distribution, type 5 

LDL = lens, lightly diffused lens 

48LED = source, 48 LEDs 

4K = color temperature, 4000 K 

450MA = drive current, 450 mA 

RAL9005TX 
BLACK = finish, textured black RAL 9005 

11.4 Stock No. 013869 

Manufacturer:  Architectural Area Lighting 

Catalog Number:  ETOAAL008842-PCA-UF-(15A-1103)-RAL9005TX BLACK 

where:  

ETOAAL008842 = modifications, quick connectors 

PCA-UF = model, PCA-UF 

(15A-1103) = drawing number, 15A-1103 

RAL9005TX 
BLACK = finish, textured black RAL 9005 
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12. Sources 

Architectural Area Lighting; drawing 15A-1016; January 14, 2016 

Architectural Area Lighting; drawing 15A-1103; January 11, 2016 

Borek, Tom; Seattle City Light Streetlight Engineer and subject matter expert of 5723.19 
(tom.borek@seattle.gov) 

Chao, Yaochiem; Seattle City Light Standards Engineer and originator of 5723.19 
(yaochiem.chao@seattle.gov) 

Cyclone Lighting; file CN11T4-CP4306-SQ_015396-CITY OF SEATTLE REV2.DOC; 
February 5, 2015 

Freed, Ken; Cyclone Lighting Manufacturer Representative with Lighting Group 
Northwest and subject matter expert for 5723.19 

Li, Jesse; Seattle City Light Streetlight Engineer and subject matter expert of 5723.19 
(jesse.li@seattle.gov) 
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Pedestrian Luminaires, LED, Side-Mount, Modern 

  

1. Scope 

This standard covers the requirements for light-emitting diode (LED), side-mount, 
modern, pedestrian luminaires.  

This standard applies to the following Seattle City Light (SCL) stock numbers: 

Stock No. Description 

013988 Dark bronze, Arieta side-mount LED luminaire 

013989 Gray, Arieta side-mount LED luminaire 

2. Application 

Modern, side-mount, LED, pedestrian luminaires are: 

 Intended for replacement of 100-watt high-pressure sodium (HPS) shoebox-type 
luminaires 

 Installed in City-designated areas and SCL-designated streetlight districts 
 Equipped with built-in photocontrol housing with tool-less access for a standard, 

three-pin photocontrol 
 Controlled by 20-year design life streetlight photocontrols as specified in SCL 5693.10 

3. Industry Standards 

LED streetlight luminaires shall meet the applicable requirements of the following  
industry standards: 

ANSI/NEMA/ANSLG C78.377-2008; Specifications for the Chromaticity of Solid State 
Lighting (SSL) Products 

ANSI C136.10–2010; Locking-Type Photocontrol Devices and Mating Receptacles. 
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ANSI C136.31–2010; American National Standard for Roadway Lighting Equipment – 
Luminaire Vibration 

ANSI C136.37–2011; American National Standard for Roadway and Area Lighting 
Equipment – Solid State Light Sources Used in Roadway and Area Lighting 

ANSI C136.41–2013; Dimming Control Between an External Locking Type Photocontrol 
and Ballast or Driver 

ASTM B117-09; Standard Practice for Operating Salt Spray (Fog) Apparatus 

ASTM D1654-08; Standard Test Method for Evaluation of Painted or Coated Specimens 
Subjected to Corrosive Environments 

ASTM D523-08; Standard Test Method for Specular Gloss 

ASTM G154-06; Standard Practice for Operating Fluorescent Light Apparatus for UV 
Exposure of Nonmetallic Materials 

C136.15–2011 (or latest); American National Standard for Roadway and Area Lighting 
Equipment – Internal Labeling of Luminaires 

C136.22–2004 (R2009); American National Standard for Roadway and Area Lighting 
Equipment – Ingress Protection (Resistance to Dust, Solid Objects and Moisture) for 
Luminaire Enclosures 

Federal Trade Commission (FTC); Green Guides, 16 CFR Part 260; Guides for the Use 
of Environmental Marketing 

IEC 60529; Degrees of protection provided by enclosures (IP Code), consolidated edition 

IEEE C62.41.2–2002; IEEE Recommended Practice on Characterization of Surges in 
Low-Voltage (1000 V and less) AC Power Circuits 

IES LM-79-08; Approved Method: Electrical and Photometric Measurements of 
Solid-State Lighting Products 

IES LM-80-08; Approved Method: Measuring Lumen Maintenance of LED  
Lighting Sources 

IESNA TM-15-11 (revised); Luminaire Classification System for Outdoor Luminaires 

RoHS (European Union Directive 2002/95/EC for Restriction of Hazardous Substance) 

Title 47 of the Code of Federal Regulations (CFR), Part 15; Radio Frequency Devices 

UL 1598; Luminaires; UL 
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4. Requirements 

4.1 Luminaire Performance 

Operating temperature, range  
 °C -40 to +40 

 °F -40 to +104 

Correlated Color Temperature (CCT), nominal, °K, 
per ANSI/NEMA/ANSLG C78.377 4000 ± 200 

Color rendering index (CRI), minimum 70 

L70 lumen depreciation of LED light sources per 
IES LM-80, hours, minimum 

100,000 

Light distribution, IES Type 3 

Luminaire efficacy, lumens/watt, minimum, per IES 
LM-79, Section 11.0 100 

Off-state power consumption, W, maximum 0.5 

Vibration withstand, minimum, per ANSI C136.31 
Level 2 (bridge/overpass application) 

4.2 Power Supply/Driver 

Input voltage, functional range, 60 Hz, Vac 120 to 277 

Dimming control signal interface operative  
range, Vdc 

0 to 10 

Power factor, minimum 90 

4.3 Construction 

4.3.1 General 

Luminaires shall be designed and constructed to meet the requirements of 
ANSI C136.37. 

Luminaire features conforming to ANSI C136.37 shall include, but not be limited to: 
mounting provisions, latching and hinging, terminal blocks, dimming, ingress protection, 
wiring and grounding, and photo-control receptacle. 

Luminaires shall be RoHS (European Union Directive 2002/95/ED for Restriction of 
Hazardous Substance) compliant. Luminaires shall have less than the maximum 
concentration values of the following RoHS restricted substances: 

 Mercury (Hg) 
 Cadmium (Cd) 
 Chromium VI (Cr +6) 
 Polybrominated biphenyl (PBB) 
 Polybrominated biphenyl either (PBDE) 
 Lead (Pb) 

4.3.2 Fixture Housing 

Luminaire weight, lb, maximum 20 

Effective projected area (EPA), ft2, maximum 0.8 

External housing, ingress protection per IEC 60529 IP65 

Optical chamber, ingress protection per IEC 60529 IP66 

Luminaire housing shall be cast aluminum and allow for tool-less entry.  

All tool-less fasteners and latches shall be stainless steel and have the same finish as the 
luminaire housing.  

Photocontrol receptacle shall be located at the base of the luminaire and allow for 
tool-less entry.  
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Photocontrol mounting shall accommodate all SCL-approved photocontrols as stated in 
SCL 5693.10. 

Luminaire cooling system shall consist of passive heat sink without fans, pumps, or 
liquids. 

All fasteners shall be stainless steel. 

All polycarbonate components shall be UV stabilized. 

4.3.3 Electrical 

Power supply/driver shall be UL Recognized for dry and damp locations. 

All other electrical components shall be UL Listed or Recognized for wet locations. 

Luminaire photocontrol receptacle shall be designed and constructed to accept a 
standard plug type, locking, three-pole, three-wire, streetlight photo control, and shall be 
located at the base of the fixture.  

Photocontrol receptacle shall have a minimum of five positions, as defined in 
ANSI C136.41-2013. Two dimming contacts shall be connected to the 0-10 VDC control 
signal interface on the power supply/driver with quick-disconnect connectors. 

Rotational adjustment of the photocontrol shall be tool-less. 

Luminaire circuitry shall include quick connect/disconnects to allow easy separation and 
removal of driver and power door. 

A three-pole terminal block capable of accepting #14 to #6 AWG wire shall be mounted to 
the housing inside the electrical compartment. 

Terminal block shall be capable of operation with a standard #2 flat blade screwdriver. 

Luminaires shall meet the requirements of Title 47 of the Code of Federal Regulations 
(CFR), Part 15 – Radio Frequency Devices. 

4.3.4 Mounting 

Luminaires shall be designed for side-mounting onto a 4-inch square pole.  

4.3.5 Finish and Color 

Finish on housing shall be a powder coating with a minimum thickness of 100 microns 
and shall meet salt spray requirements of ASTM B 117 and the humidity resistance 
requirements of ASTM D 2247.  

 

5. Detailed Requirements 

Physical and electrical details for specific luminaires are provided below. 

System power consumption, W 46 

Weight, lb 16 

EPA, ft2 0.47 
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6. Testing 

Manufacturer shall provide test data that establishes compliance with the requirements of 
this material standard upon request. 

Certificate of RoHS (European Union Directive 2002/95/EC for Restriction of Hazardous 

Substance) compliance shall be provided upon request. 

7. Design Changes 

Manufacturer shall inform Seattle City Light in writing of all design changes that could 
affect the understood or published capabilities of the product. 

8. Marking 

8.1 Internal Labeling 

A readily visible label shall be permanently affixed to the inside surface of each luminaire 
housing. 

Internal label shall meet the requirements of ANSI C136.22. 

Internal label shall include, but not be limited to, the following information: 

 Manufacturer name and catalog number 
 Month and year of manufacture 
 Line input voltage 
 Frequency if other than 60 hertz 
 Driver type (if applicable)(may be on Driver if readily visible) 
 Photocontrol voltage if different from line input voltage 
 Lamp type, wattage, and voltage (if applicable; may be on Driver if readily visible) 
 Descriptive wiring diagram showing input terminals, ballast, capacitors, starting aid, 

photocontrol receptacle, lamp, and the like, as necessary 
 Plant location 
 Input power consumption 
 Driver output current 
 Driver output adjustment 
 IEC IP rating 
 Correlated color temperature (CCT) 
 IES light distribution type 
 IESNA TM-15 BUG ratings 
 Serial number 

8.2 Barcode 

A barcode label shall be provided as specified in the purchase order. 

8.3 Component Identification 

All UL listed components shall be labeled or recognized as such. 
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9. Packaging 

Luminaires shall be individually packaged to prevent damage during shipping, inside 
storage, and casual handling prior to installation. 

Each package shall be legibly marked with: 

 Manufacturer name 
 Manufacturer catalog number 
 Product description 
 Date of manufacture (month and year) 
 Seattle City Light stock number 
 Seattle City Light purchase order number 

Accessories shall be individually packaged to prevent damage during shipping, inside 
storage, and casual handling prior to installation. 

Each package shall be legibly marked with: 

 Product description 
 Seattle City Light stock number 

10. Issuance  

Stock unit: EA 

11. Approved Manufacturers 

Stock No. 013988 

Manufacturer:  Leotek 

Catalog Number:  AR13-10M-MV-NW-3-DB-350-PCR5-WL 

where:  

AR13 = product, AR13 
10M = LED number and type, 10M  

MV = voltage, 120-277 Vac 

NW = color temperature, 4000K 

3 = light distribution, type 3 

DB = finish, dark bronze 

350 = drive current, 350 mA 

PCR5 = options, 5-pin photocell receptacle, pre-wired 

WL = options, utility wattage label  

Stock No. 013989 

Manufacturer:  Leotek 

Catalog Number:  AR13-10M-MV-NW-3-GY-350-PCR5-WL 

where:  

AR13 = Product, AR13 
10M = LED number and type, 10M  

MV = voltage, 120-277 Vac 

NW = color temperature, 4000K 

3 = light distribution, type 3 

GY = finish, gray 

350 = drive current, 350 mA 

PCR5 = options, 5-pin photocell receptacle, pre-wired 

WL = options, utility wattage label 
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12. References 

SCL Material Standard 5693.10; “Streetlight Photocontrols, 20-Year Design Life” 

13. Sources 

Chao, Yaochiem; SCL Standards Engineer and originator of 5723.23 
(yaochiem.chao@seattle.gov) 

Li, Jesse; SCL Streetlight Engineer and subject matter expert for 5723.23 
(jesse.li@seattle.gov) 

Leotek; drawing number AR13_V121815, revised December 18, 2015 
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Pedestrian Luminaires, LED, Post-Top, International   

 

1. Scope 

This standard covers the requirements for light-emitting diode (LED), post-top, 
International, pedestrian luminaires.  

This standard applies to Seattle City Light (SCL) Stock No. 013683. 

2. Application 

International, LED, pedestrian luminaires are:  

 Only installed on Stock No. 574030, gray fiberglass pedestrian streetlight poles.  
 Only installed in the Chinatown-International District (CID), designated a historic 

district by the City of Seattle.  

3. Industry Standards 

LED pedestrian luminaires shall meet the applicable requirements of the following 
industry standards:  

ANSI/NEMA/ANSLG C78.377-2008; Specifications for the Chromaticity of Solid State 
Lighting (SSL) Products  

ANSI C136.10–2010; Locking-Type Photocontrol Devices and Mating Receptacles.  

ANSI C136.31–2010; American National Standard for Roadway Lighting Equipment – 
Luminaire Vibration 

ANSI C136.37–2011; American National Standard for Roadway and Area Lighting 
Equipment – Solid State Light Sources Used in Roadway and Area Lighting  
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ANSI C136.41–2013; Dimming Control Between an External Locking Type Photocontrol 
and Ballast or Driver  

ASTM B117-09; Standard Practice for Operating Salt Spray (Fog) Apparatus  

ASTM D1654-08; Standard Test Method for Evaluation of Painted or Coated Specimens 
Subjected to Corrosive Environments  

ASTM D523-08; Standard Test Method for Specular Gloss  

ASTM G154-06; Standard Practice for Operating Fluorescent Light Apparatus for UV 
Exposure of Nonmetallic Materials  

C136.15–2011 (or latest); American National Standard for Roadway and Area Lighting 
Equipment – Internal Labeling of Luminaires  

C136.22–2004 (R2009); American National Standard for Roadway and Area Lighting 
Equipment – Ingress Protection (Resistance to Dust, Solid Objects and Moisture) for 
Luminaire Enclosures  

Federal Trade Commission (FTC) Green Guides, 16 CFR Part 260; Guides for the 
Use of Environmental Marketing  

IEC 60529; Degrees of protection provided by enclosures (IP Code), consolidated edition  

IEEE C62.41.2–2002; IEEE Recommended Practice on Characterization of Surges in 
Low-Voltage (1000 V and less) AC Power Circuits  

IES LM-79-08; Approved Method: Electrical and Photometric Measurements of Solid-
State Lighting Products  

IES LM-80-08; Approved Method: Measuring Lumen Maintenance of LED Lighting 
Sources  

IESNA TM-15-11 (revised); Luminaire Classification System for Outdoor Luminaires  

RoHS (European Union Directive 2002/95/EC for Restriction of Hazardous 
Substance)  

Title 47 of the Code of Federal Regulations (CFR), Part 15; Radio Frequency Devices  

UL 1598; Luminaires 
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4. Requirements 

4.1 Luminaire Performance 

Operating temperature, range  
 °C -35 to +65  

 °F -31 to +149  

Correlated Color Temperature (CCT), nominal, °K, per 
ANSI/NEMA/ANSLG C78.377  

3500  

Color rendering index (CRI), minimum  70  

L70 Lumen depreciation of LED light sources per IES LM-80, 
hours, minimum  

100,000  

Light distribution, IES  Type 5  

Luminaire efficacy, lumens/watt minimum, per IES LM-79  100  

Luminaire efficacy, type II distribution, lumens/watt, minimum  100  

Off-state power consumption, W, maximum  0.5  

4.2 Power Supply/Driver 

Input voltage, functional range, 60 Hz, VAC  120 to 277  

Dimming control signal interface operative range, VDC  0 to 10  

Power factor, minimum  90  

4.3 Construction 

4.3.1.  General 

Luminaires shall be designed and constructed to meet the requirements of ANSI 
C136.37.  

Luminaire features conforming to ANSI C136.37 shall include, but not be limited to the 
following: mounting provisions, latching and hinging, terminal blocks, dimming, ingress 
protection, wiring and grounding, and photocontrol receptacle.  

Luminaires shall be compliant with RoHS (European Union Directive 2002/95/ED for 
Restriction of Hazardous Substance). Luminaires shall have less than the maximum 
concentration values of the following RoHS restricted substances: 

 Mercury (Hg)  
 Cadmium (Cd)  
 Chromium VI (Cr +6)  
 Polybrominated biphenyl (PBB)  
 Polybrominated biphenyl either (PBDE)  
 Lead (Pb)  

4.3.2.  Fixture Housing 

External housing, ingress protection per IEC 60529  IP65  

Optical chamber, ingress protection per IEC 60529  IP66  

Luminaire housing shall be cast aluminum and allow for tool-less entry.  

Photocontrol receptacle shall be located at the base of the luminaire and allow for 
tool-less entry.  

Luminaire cooling system shall consist of a passive heat sink without fans, pumps, or 
liquids.  

All fasteners shall be stainless steel.  

All polycarbonate and acrylic components shall be UV stabilized. 
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4.3.3.  Electrical 

Power supply/driver shall be UL recognized for dry and damp locations.  

All other electrical components shall be UL listed or recognized for wet locations.  

Luminaire photocontrol receptacle shall be designed and constructed to accept a 
standard plug type, locking, three-pole, three-wire, streetlight photocontrol, and shall be 
located at the base of the fixture.  

Photocontrol receptacle shall have a minimum of five positions as defined in ANSI 
C136.41-2013. Two dimming contacts shall be connected to the 0-10 Vdc control signal 
interface on the power supply/driver with quick-disconnect connectors.  

Rotational adjustment of the photocontrol shall be tool-less.  

Luminaire circuitry shall include quick connect/disconnects to allow easy separation and 
removal of driver and power door.  

A three-pole terminal block capable of accepting #14 to #6 AWG wire shall be mounted to 
the housing inside the electrical compartment.  

Terminal block shall be capable of operation with a standard #2 flat blade screwdriver.  

Luminaire shall meet the requirements of Title 47 of the Code of Federal Regulations 
(CFR), Part 15 – Radio Frequency Devices. 

4.3.4.  Mounting 

Luminaires shall be designed for post-top mounting onto a pole with a top diameter of  
3-1/2 inches.  

Tenon mounting area opening shall be limited to 1/4-in over the range of tenon sizes and 
leveling adjustment to prevent entrance of wildlife as specified in ANSI C136.37. 

4.3.5.  Lens 

Lens shall be lightly diffused and resistant to ultraviolet light deterioration.  

Lens shall be smooth on the exterior to discourage unwanted growth. 

4.4  Finish and Color 

Fixture color Thermal Red, RAL3000  

Capital  Gold, 60-10206 King Standard Gold 

Finish shall be a powder coating with a minimum thickness of 100 microns and shall meet 
salt spray requirements of ASTM B117 and the humidity resistance requirements of 
ASTM D2247. 

5. Detailed Requirements 

System power consumption (W)  40  

Weight (lb)  50  

EPA (ft2)  3.5  

Tenon mounting requirements, outside diameter (in) x length (in)  3.5 x 3.5  

Dimensions, width (W) x height (H) (in)  20.1 x 40.5  
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6. Testing 

Manufacturers shall provide test data that establishes compliance with the requirements 
of this material standard upon request.  

Certificate of RoHS (European Union Directive 2002/95/EC for Restriction of Hazardous 
Substances in Electrical and Electronic Equipment) compliance shall be provided upon 
request. 

7. Design Changes 

Manufacturer shall inform SCL in writing of all design changes that could affect the 
product's understood or published capabilities. 

8. Marking 

8.1 Internal Labeling 

A readily visible label shall be permanently affixed to the inside surface of each luminaire 
housing.  

Internal label shall meet the requirements of ANSI C136.22.  

Internal label shall include, but not be limited to, the following information: 

 Manufacturer's name and catalog number  
 Month and year of manufacture  
 Line input voltage  
 Frequency, if other than 60 Hz  
 Driver type (if applicable; may be on driver if readily visible)  
 Photocontrol voltage if different from line input voltage  
 Lamp type, wattage, and voltage, if applicable (may be on driver if readily visible)  
 Descriptive wiring diagram showing input terminals, ballast, capacitors, starting aid, 

photocontrol receptacle, lamp, etc., as necessary  
 Plant location  
 Input power consumption  
 Driver output current  
 Driver output adjustment  
 IEC IP rating  
 Correlated color temperature (CCT)  
 IES light distribution type  
 IESNA TM-15 BUG ratings  
 Serial number 

8.2 Barcode 

A barcode label shall be provided as specified in the purchase order. 

8.3 Component Identification  

All UL Listed components shall be labeled or recognized as such. 
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9. Packaging 

Luminaires shall be individually packaged to prevent damage during shipping, inside 
storage, and casual handling prior to installation.  

Each package shall be legibly marked with:  

 Manufacturer name  
 Manufacturer catalog number  
 Product description  
 Date of manufacture (month and year)  
 Seattle City Light stock number  
 Seattle City Light purchase order number 

Accessories shall be individually packaged to prevent damage during shipping, inside 
storage, and casual handling prior to installation.  

Each package shall be legibly marked with:  

 Product description  
 Seattle City Light stock number  

10. Issuance 

EA 

11. Approved Manufacturers 

Stock No. 013683 

Manufacturer:  King Luminaire  
Catalog Number:  K56-S-K24-P4AF-V-40W-SSL-7030-120:277-PR7-3500K  

where:  
K56 =  model, K56  

S =  style, Tudor with spurs  
K24 =  pole adaptor, K24 capital  

P4AF =  optical system, P4 flat array acrylic frosted  
V =  light distribution, type 5  

40W =  wattage, 40 W  
SSL =  type, solid-state lighting  

7030 =  LED series, 7030  
120:277 =  voltage, 120–277 Vac  

PR7 =  options, 7-pin twist-lock photo receptacle  
3500K =  color temperature, 3500 K 

12. Sources 

Aristo, Ed; King Luminaire Lighting Manufacturer Representative with Sea-Tac Lighting 
and Controls, LLC and subject matter expert for 5723.31  

Borek, Tom; SCL Streetlight Engineer and subject matter expert for 5723.31 
(tom.borek@seattle.gov)  

Chao, Yaochiem; SCL Standards Engineer and originator of 5723.31 
(yaochiem.chao@seattle.gov)  

King Luminaire; drawing no. SEATTLE CITY LIGHT-8; revision March 26, 2015  

Li, Jesse; SCL Streetlight Engineer and subject matter expert for 5723.31 
(jesse.li@seattle.gov) 
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Streetlight Luminaire, LED, Side-mount, Collector Arterial-grade 

 

1. Scope 

This standard covers the requirements for collector arterial-grade, side-mount, outdoor 
type, light-emitting-diode (LED) streetlight luminaires and their accessories. 
LED luminaires are also known as solid state light (SSL) source fixtures. 

This standard applies to the following Seattle City Light (SCL) stock numbers: 

Stock No. Description 

013492 Luminaire 

013493 House side shield for Cree luminaire 

013356 House side shield for Leotek GC1-40 luminaire, current generation 

013494 House side shield for Leotek GC1-60 luminaire, previous generation 

2. Application 

Collector arterial-grade LED streetlight luminaires are side-mounted on 2-inch nominal 
pipe size (NPS) tenons on poles to provide light to collector-arterial roadways as defined 
by the Seattle Department of Transportation. 

Collector arterial-grade LED streetlights are rated for installation in bridge and  
overpass applications. 

Collector arterial-grade LED streetlights are intended for installation at a  
35-ft mounting height. 

LED life is greater than 100,000 hours. LED streetlight luminaire is 100 percent mercury- 
and lead-free. 
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Streetlight Engineering must pre-approve all installations of luminaire shields. Contact 
Streetlight Engineering for details. 

3. Industry Standards 

LED streetlight luminaires shall meet the applicable requirements of the following  
industry standards: 

ANSI/NEMA/ANSLG C78.377-2008; Specifications for the Chromaticity of Solid State 
Lighting (SSL) Products 

ANSI C136.10-2010; Locking-Type Photocontrol Devices and Mating Receptacles 

ANSI C136.31-2010; American National Standard for Roadway Lighting Equipment – 
Luminaire Vibration 

ANSI C136.37-2011; American National Standard for Roadway and Area Lighting 
Equipment – Solid State Light Sources Used in Roadway and Area Lighting 

ANSI C136.41-2013; Dimming Control Between an External Locking Type Photocontrol 
and Ballast or Driver 

ASTM B117-09; Standard Practice for Operating Salt Spray (Fog) Apparatus 

ASTM D1654-08; Standard Test Method for Evaluation of Painted or Coated Specimens 
Subjected to Corrosive Environments 

ASTM D523-08; Standard Test Method for Specular Gloss 

ASTM G154-06; Standard Practice for Operating Fluorescent Light Apparatus for UV 
Exposure of Nonmetallic Materials 

C136.15-2011 (or latest); American National Standard for Roadway and Area Lighting 
Equipment – Internal Labeling of Luminaires 

C136.22-2004 (R2009); American National Standard for Roadway and Area Lighting 
Equipment – Ingress Protection (Resistance to Dust, Solid Objects and Moisture) for 
Luminaire Enclosures 

Federal Trade Commission (FTC); Green Guides, 16 CFR Part 260; Guides for the Use 
of Environmental Marketing 

IEC 60529; Degrees of protection provided by enclosures (IP Code), consolidated edition 

IEEE C62.41.2-2002; IEEE Recommended Practice on Characterization of Surges in 
Low-Voltage (1000 V and less) AC Power Circuits 

IES LM-79-08; Approved Method: Electrical and Photometric Measurements of Solid-
State Lighting Products 

IES LM-80-08; Approved Method: Measuring Lumen Maintenance of LED  
Lighting Sources 

IESNA TM-15-11 (revised); Luminaire Classification System for Outdoor Luminaires 

RoHS (European Union Directive 2002/95/EC for Restriction of Hazardous Substances) 

Title 47 of the Code of Federal Regulations (CFR), Part 15; Radio Frequency Devices 

UL 1598; Luminaires; UL 
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4. Requirements 

4.1 Luminaire Performance 

Operating temperature, range  
 °C -20 to +50 

 °F -4 to +122 

Correlated Color Temperature (CCT), nominal, °K, 
per ANSI/NEMA/ANSLG C78.377 4000 ± 300 

Color rendering index (CRI), minimum 70 

Lumen depreciation of LED light sources per IES 
LM-80 

LED module(s)/ array(s) shall deliver 
at least 70% of initial lumens (L70), 
when installed for a minimum of 
100,000 hours 

Light distribution per IES Handbook, chapter 22 Type II Medium 

Backlight, Uplight and Glare (BUG) rating per 
IESNA  
TM-15, Addendum A B3, U0, G3 

Zonal luminance distribution, of maintained lumen 
output, per IESNA TM-15 

FL + FM + FH 
FVH 
BL + BM 
BH + BVH 
UL + UH 

 
 
50–75% 
1–3% 
15–35% 
0–10% 
0% 

Luminaire efficacy, type II distribution, lumens/watt, 
minimum, per IES LM-79, Section 11.0 90 

Off-state power consumption, W, maximum 0.5 

On-state power consumption, excluding control 
device, watt, maximum 135  

Luminous flux distribution at median driver current, 
lumens, minimum 11000 

Effective projected area (EPA), maximum, ft2 0.9 

Total harmonics distortion at full power across 
specified voltage range, maximum 20% 

Vibration withstand, minimum, per ANSI C136.31 Level 2 (bridge/overpass application) 

4.2 Power Supply/Driver 

Input voltage, functional range, 60 Hz, Vac 120 to 277 

Power factor, minimum 0.90 

Surge protection, per ANSI C136.37 and  
ANSI/ IEEE C62.41.2 
High exposure 
Low exposure 

10 kV 
6 kV 

Interference FCC 47 CFR part 15/18, Class A 

Dimming signal, control range, Vdc 0 to 10 
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4.3 Construction 

4.3.1.  General 

The luminaire shall be designed and constructed to meet the requirements of 
ANSI C136.37. 

Luminaire features conforming to ANSI C136.37 shall include, but not be limited to: 
mounting provisions, latching and hinging, terminal blocks, dimming, ingress protection, 
wiring and grounding, and photo-control receptacle. 

Luminaire shall be RoHS (European Union Directive 2002/95/EC for Restriction of 
Hazardous Substance) compliant. Luminaire shall have less than the maximum 
concentration values of the following RoHS restricted substances: 

 Mercury (Hg) 
 Cadmium (Cd) 
 Chromium VI (Cr +6) 
 Polybrominated biphenyl (PBB) 
 Polybrominated biphenyl ether (PBDE) 
 Lead (Pb). 

4.3.2.  Fixture Housing 

Luminaire housing shall be cast aluminum. 

Luminaire housing shall allow tool-less entry. 

Luminaire housing shall be provided with level bubble to facilitate installation. 

Luminaire external housing shall have a minimum rating of IP65 as specified in 
IEC 60529, with the ability to shed water from inside the housing (i.e.; weep holes).  

Luminaire door shall be securely hinged and incapable of involuntary separation from 
housing when accessed in field-installed position. 

The luminaire optical chamber shall have a minimum rating of IP66 as specified in 
IEC 60529. 

Luminaire cooling system shall consist of a passive heat sink with no fans, pumps, 
or liquids. 

All fasteners shall be stainless steel. 

All polycarbonate components shall be UV stabilized. 

Complete assembly weight shall not exceed 30 lb. 

Maximum estimated projected area shall not exceed 0.9 sq ft. 

Luminaire design shall facilitate hose-down cleaning and discourage debris 
accumulation. 
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4.3.3.  Electrical 

Power supply/driver shall be provided with a control signal interface with operating range 
of 0 to 10 Vdc for dimming.  

Luminaire photocontrol receptacle shall be designed and constructed to accept a 
standard plug type, locking, three-pole, three-wire, streetlight photo control. Photocontrol 
receptacle shall also be configured with the addition of a minimum of two conductive 
pads, as defined in ANSI C136.41. Four conductive pads are optional. 

The two conductive pads shall be connected to the 0-10 Vdc control signal interface on 
the power supply/driver with quick-disconnect connectors. 

Rotational adjustment of the photo control shall be tool-less. 

Luminaire circuitry shall include quick connect/disconnects to allow easy separation and 
removal of driver. 

Wire harnesses shall be protected with a spiral wrap to prevent damage to the wire 
insulation when operating the power door. 

A three-pole terminal block capable of accepting #14 to #6 AWG wire shall be mounted to 
the housing inside the electrical compartment.  

Terminal block shall be capable of operation with a standard #2 flat blade screwdriver. 

Luminaire shall meet the requirements of Title 47 of the Code of Federal Regulations 
(CFR), Part 15 – Radio Frequency Devices. 

4.3.4.  Mounting 

Luminaire shall be 4 bolts and designed to mount on a 2-in nominal pipe size  
(NPS) tenon. 

Luminaire shall be capable of ±5 degrees of tilt, minimum, for leveling adjustment and 
labeled properly. 

Tenon mounting area opening shall be limited to 1/4-inch over the range of tenon sizes 
and leveling adjustment to prevent entrance of wildlife as specified in ANSI C136.37. 

Methods of limiting tenon mounting area shall provide safe access for temporary service 
feeds entering directly through the tenon opening without damaging service wires. 

4.3.5.  Backlight Control 

Luminaire shall be provided with capability for optional, field-installed backlight control. 

Backlight control shall be no more than two pieces. 

Backlight control shall be installed using stainless steel fasteners and be provided by the 
manufacturer. Screw drive type shall be slotted or Phillips. 

In addition to required amount, each backlight shield shall be supplied with two  
additional fasteners. 

4.4 Finish 

Luminaire housing finish shall be powder-coated gray. 

Painted or finished luminaire components exposed to the environment shall exceed a 
rating of six per ASTM D1654 after 1000 hours of testing per B117. 

Painted or finished luminaire components exposed to the environment shall exhibit no 
greater than 30% reduction of gloss per ASTM D523, after 500 hours of QUV testing at 
ASTM G154 Cycle 6. 
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4.5 Certification and Listing 

Power supply/driver shall be UL recognized for dry and damp locations. 

All other electrical components shall be UL listed or recognized for wet locations. 

5. Testing 

Test data that establishes compliance with the requirements of this material standard 
shall be provided upon request. 

Certificate of RoHS (European Union Directive 2002/95/EC for Restriction of Hazardous 
Substance) compliance shall be provided upon request. 

6. Product Approval 

Manufacturers interested in having their luminaire(s) approved for purchase by Seattle 
City Light must participate in the stepped process summarized below. Contact Streetlight 
Engineering for the details. 

 Review fixture test reports 
 Computer modeling of fixture light distribution 
 Laboratory testing of sample fixture and shield 
 Field trial of sample fixture(s) and shield(s) 
 Field trial review and evaluation. 

Manufacturers are encouraged to plan accordingly. The approval process can take up to 
six months to complete. 

7. Design Changes 

Manufacturer shall inform Seattle City Light in writing of all design changes that could 
affect the product's understood or published capabilities. 



Seattle City Light 
MATERIAL STANDARD 
Streetlight Luminaire, LED, Side-mount, Collector Arterial-grade 

Standard Number: 
Superseding: 

Effective Date: 
Page: 

5723.61 
October 29, 2014 
March 23, 2016 
7 of 10 

 

8. Marking 

8.1 Internal Labeling 

A readily visible label shall be permanently affixed to the inside surface of each  
luminaire housing. 

Internal label shall meet the requirements of ANSI C136.22. 

Internal label shall include, but not be limited to, the following information: 

 Manufacturer's name and catalog number 
 Month and year of manufacture 
 Line input voltage 
 Frequency if other than 60 hertz 
 Driver type (if applicable)(may be on Driver if readily visible) 
 Photo control voltage if different from line input voltage 
 Lamp type, wattage, and voltage (if applicable; may be on Driver if readily visible) 
 Descriptive wiring diagram showing input terminals, ballast, capacitors, starting aid, 

photo control receptacle, lamp, and the like, as necessary 
 Plant location 
 Input power consumption 
 Driver output current 
 Driver output adjustment 
 IEC IP rating 
 Correlated color temperature (CCT) 
 IES light distribution type 
 IESNA TM-15 BUG ratings 
 Serial number. 

8.2 External Marking 

A readily visible marker shall be permanently affixed to the outside surface of each 
luminaire housing. 

External marker shall meet the requirements of ANSI C136.15. 

External marker type shall be large per ANSI C136.15. 

8.3 Barcode 

A barcode label shall be provided as specified in the purchase order. 

8.4 Component Identification 

All UL listed components shall be labeled or recognized as such. 
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9. Packaging 

Luminaires shall be individually packaged to prevent damage during shipping, inside 
storage, and casual handling prior to installation. 

Each package shall be legibly marked with: 

 Manufacturer name 
 Manufacturer catalog number 
 Product description 
 Date of manufacture (month and year) 
 Seattle City Light stock number 
 Seattle City Light purchase order number. 

Accessories shall be individually packaged to prevent damage during shipping, inside 
storage, and casual handling prior to installation. 

Each package shall be legibly marked with: 

 Product description 
 Seattle City Light's stock number. 

10. Issuance 

EA 

11. Approved Manufacturers – Luminaires, Stock Number 013492 

Manufacturer: Cree 

Catalog No.: BXSP-C-HT-2ME-F-40K-UL-SV-N-Q5-R-7PIN-LBL-SEA 

where: 

BXSP = product 

C = version 

HT = mounting, horizontal tenon 

2ME = optic, type II medium 

F = input power designator, 139 W max 

40K = CCT, 4000 K 

UL = voltage, universal 120–277V 

SV = color options, silver 

N = options, utility label and NEMA photocell receptacle 

Q5 = field adjustable output, Q5 factory setting (Q5 setting on field adjustable output 
decrease input power to approximately 113 W.) 

R = options, NEMA photocell receptacle 

7PIN = options, 7-pin photocell receptacle 

LBL = options, label per ANSI C136.15 

SEA = special options: 

 full functionality of field adjustable output 

 external wattage label = “113” 

 4-bolt mounting: two brackets, one with teeth and one smooth internal 
labeling 

 output current guide 

 powder-coated splash-guard 
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Manufacturer: Leotek 

Catalog No.: GC1-40F-MV-NW-2-GY-1A-WL-PCR7 

where: 

GC1 = product 

40F = number/LED type, 60F 

MV = voltage, 120-277 V 

NW = nominal color temperature, 4000 K 

2 = light distribution, type II 

GY = finish, gray 

1A = options, factory set 1A 

WL = accessories, wattage label = “132” 

PCR7 = photocell option, seven pins 

12. Approved Manufacturers – Accessories  

12.1 Cree Shield 

Stock No.: 013493 

Description: House side shield for Cree, type BXSP, LED streetlight luminaires 

Application: Installed on Cree, type BXSP, LED streetlight luminaires to mitigate house 
side backlighting problems. Streetlight Engineering must pre-approve all 
installations of luminaire shields. Contact Streetlight Engineering for details. 

Manufacturer: Cree 

Catalog No.: XA-SP2BLS 

 

12.2 Leotek Shield, Current Generation 

Stock No.: 013356 

Description: House side shield for Leotek, type GC1-40, LED streetlight luminaires  

Application: Installed on Leotek, type GC1-40, LED streetlight luminaires to mitigate 
house side backlighting problems. Streetlight Engineering must preapprove 
all installations of luminaire shields. Contact Streetlight Engineering for 
details. 

Manufacturer: Leotek Catalog Number 

Catalog No.: HSS-GC1-40 
 

12.3 Leotek Shield, Previous Generation 

Stock No.: 013494 

Description: House side shield for Leotek, type GC1-60E, LED streetlight luminaires, 
previous generation 

Application: Installed on Leotek, type GC1-60E, LED streetlight luminaires to mitigate 
house side backlighting problems.  

Manufacturer: Leotek 

Catalog No.: HSS-GC1-60 
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13. Sources 

Chao, Yaochiem; SCL Standards Engineer, originator and subject matter expert for 
5723.61 (yaochiem.chao@seattle.gov) 

City of Seattle, Standard Specifications; Section 9 -31.1(2)-Luminaires 

Cree XSP2; XSP Series LED Street Light, Cree Documentation; revision 09/16/2014 

Darrat, Ahmed; SDOT Traffic Engineer, subject matter expert for 5723.61 
(ahmed.darrat@seattle.gov) 

Federal Communications Commission Title 47 CFT; Part 15/18, revision 05/10/11; 
www.fcc.gov 

IESNA Lighting Handbook; Chapter 22,9th edition; Roadway Lighting 

IESNA Lighting Ready Reference; A Compendium of Materials from the IESNA Lighting 
Handbook; 9th Edition, RR-03 Fourth Edition 

Leotek GC1_010716, Leotek Documentation; revision 01/07/16 

Seattle City Light, Specification for LED Roadway Luminaires; revision 
January 4, 2012 

UL 1012 - Power Units Other Than Class 2 

UL 1310 - Class 2 Power Units 

UL 2108 - Low Voltage Lighting Systems 

UL 8750 - Light-Emitting Diode (LED) Light Sources for Use in Lighting Products 

mailto:yaochiem.chao@seattle.gov
http://www.fcc.gov/
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Streetlight Luminaire, LED, Side-mount, Principal Arterial-grade 

 

1. Scope 

This standard covers the requirements for principal arterial-grade, side-mount, outdoor 
type, light-emitting-diode (LED) streetlight luminaires and their accessories. 
LED luminaires are also known as solid state light (SSL) source fixtures. 

This standard applies to the following Seattle City Light (SCL) stock numbers: 

Stock No. Description 
013495 Luminaire 

013895 House-side shield for Leotek GC2-90F luminaire 

013496 House-side shield for Leotek GC2-120 luminaire 

2. Application 

Principal arterial-grade LED streetlight luminaires are side-mounted on 2-inch nominal 
pipe size (NPS) tenons on poles to provide light to arterial roadways as defined by the 
Seattle Department of Transportation. 

Principal arterial-grade LED streetlights are rated for installation in bridge and  
overpass applications. 

Principal arterial-grade LED streetlights are intended for installation at a 35-foot 
mounting height. 

LED life is greater than 100,000 hours. LED streetlight luminaires are 100 percent 
mercury- and lead-free. 

Streetlight Engineering must pre-approve all installations of luminaire shields.  Contact 
Streetlight Engineering for details.  
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3. Industry Standards 

LED streetlight luminaires shall meet the applicable requirements of the following  
industry standards: 

ANSI/NEMA/ANSLG C78.377-2008; Specifications for the Chromaticity of Solid State 
Lighting (SSL) Products 

ANSI C136.10–2010; Locking-Type Photocontrol Devices and Mating Receptacles. 

ANSI C136.31–2010; American National Standard for Roadway Lighting Equipment – 
Luminaire Vibration 

ANSI C136.37–2011; American National Standard for Roadway and Area Lighting 
Equipment – Solid State Light Sources Used in Roadway and Area Lighting 

ANSI C136.41–2013; Dimming Control Between an External Locking Type Photocontrol 
and Ballast or Driver 

ASTM B117-09; Standard Practice for Operating Salt Spray (Fog) Apparatus 

ASTM D1654-08; Standard Test Method for Evaluation of Painted or Coated Specimens 
Subjected to Corrosive Environments 

ASTM D523-08; Standard Test Method for Specular Gloss 

ASTM G154-06; Standard Practice for Operating Fluorescent Light Apparatus for UV 
Exposure of Nonmetallic Materials 

C136.15–2011 (or latest); American National Standard for Roadway and Area Lighting 
Equipment – Internal Labeling of Luminaires 

C136.22–2004 (R2009); American National Standard for Roadway and Area Lighting 
Equipment – Ingress Protection (Resistance to Dust, Solid Objects and Moisture) for 
Luminaire Enclosures 

Federal Trade Commission (FTC); Green Guides, 16 CFR Part 260; Guides for the Use 
of Environmental Marketing 

IEC 60529; Degrees of protection provided by enclosures (IP Code), consolidated edition 

IEEE C62.41.2–2002; IEEE Recommended Practice on Characterization of Surges in 
Low-Voltage (1000 V and less) AC Power Circuits 

IES LM-79-08; Approved Method: Electrical and Photometric Measurements of Solid-
State Lighting Products 

IES LM-80-08; Approved Method: Measuring Lumen Maintenance of LED  
Lighting Sources 

IESNA TM-15-11 (revised); Luminaire Classification System for Outdoor Luminaires 

RoHS (European Union Directive 2002/95/EC for Restriction of Hazardous Substances) 

Title 47 of the Code of Federal Regulations (CFR), Part 15; Radio Frequency Devices 

UL 1598; Luminaires; UL 
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4. Requirements 

4.1 Luminaire Performance 

Operating temperature, range  
 °C -20 to +50 

 °F -4 to +122 

Correlated Color Temperature (CCT), nominal, °K, 
per ANSI/NEMA/ANSLG C78.377 4000 ± 300 

Color rendering index (CRI), minimum 70 

Lumen depreciation of LED light sources per IES 
LM-80 

LED module(s)/ array(s) shall deliver 
at least 70% of initial lumens (L70), 
when installed for a minimum of 
100,000 hours 

Light distribution per IES Handbook, chapter 22 Type II Medium 

Backlight, Uplight and Glare (BUG) rating per 
IESNA TM-15, Addendum A B3, U0, G3 

Zonal luminance distribution, of maintained lumen 
output, per IESNA TM-15 

FL + FM + FH 
FVH 
BL + BM 
BH + BVH 
UL + UH 

 
 
50–75% 
1–3% 
15–35% 
0–10% 
0% 

Luminaire efficacy, type II distribution, lumens/watt, 
minimum, per IES LM-79, Section 11.0 90 

Off-state power consumption, W, maximum 0.5 

On-state power consumption, excluding control 
device, watt, maximum 195 

Luminous flux distribution at median driver current, 
lumens, minimum 18850 

Effective projected area (EPA), maximum, ft2 1.0 

Total harmonics distortion at full power across 
specified voltage range, maximum 20% 

Vibration withstand, minimum, per ANSI C136.31 Level 2 (bridge/overpass application) 
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4.2 Power Supply/Driver 

Input voltage, functional range, 60 Hz, VAC 120 to 277 

Power factor, minimum 0.90 

Surge protection, per ANSI C136.37 and  
ANSI/ IEEE C62.41.2 

High exposure 
Low exposure 

10 kV 
6 kV 

Interference FCC 47 CFR part 15/18, Class A 

Dimming signal, control range, VDC 0 to 10 

4.3 Construction 

4.3.1.  General 

The luminaire shall be designed and constructed to meet the requirements of 
ANSI C136.37. 

Luminaire features conforming to ANSI C136.37 shall include, but not be limited to: 
mounting provisions, latching and hinging, terminal blocks, dimming, ingress protection, 
wiring and grounding, and photo-control receptacle. 

Luminaire shall be RoHS (European Union Directive 2002/95/EC for Restriction of 
Hazardous Substances) compliant. Luminaire shall have less than the maximum 
concentration values of the following RoHS restricted substances: 

 Mercury (Hg) 
 Cadmium (Cd) 
 Chromium VI (Cr +6) 
 Polybrominated biphenyl (PBB) 
 Polybrominated biphenyl ether (PBDE) 
 Lead (Pb). 

4.3.2.  Fixture Housing 

Luminaire housing shall be cast aluminum. 

Luminaire housing shall allow tool-less entry. 

Luminaire housing shall be provided with a level bubble to facilitate installation. 

Luminaire external housing shall have a minimum rating of IP65 as specified in 
IEC 60529, with the ability to shed water from inside the housing (i.e.; weep holes).  

Luminaire door shall be securely hinged and incapable of involuntary separation from 
housing when accessed in field-installed position. 

The luminaire optical chamber shall have a minimum rating of IP66 as specified in 
IEC 60529. 

Luminaire cooling system shall consist of a passive heat sink with no fans, pumps, 
or liquids. 

All fasteners shall be stainless steel. 

All polycarbonate components shall be UV stabilized. 

Complete assembly weight shall not exceed 40 lb. 

Maximum estimated projected area shall not exceed 0.9 sq ft. 

Luminaire design shall facilitate hose-down cleaning and discourage  
debris accumulation. 
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4.3.3.  Electrical 

Power supply/driver shall be provided with a control signal interface with operating range 
of 0 to 10 Vdc for dimming.  

Luminaire photocontrol receptacle shall be designed and constructed to accept a 
standard plug type, locking, three-pole, three-wire, streetlight photo control. Photocontrol 
receptacle shall also be configured with the addition of a minimum of two conductive 
pads, as defined in ANSI C136.41. Four conductive pads are optional. 

The two conductive pads shall be connected to the 0-10 Vdc control signal interface on 
the power supply/driver with quick-disconnect connectors. 

Rotational adjustment of the photo control shall be tool-less. 

Luminaire circuitry shall include quick connect/disconnects. 

Wire harnesses shall be protected with a spiral wrap to prevent damage to the wire 
insulation when operating the power door. 

A three-pole terminal block capable of accepting #14 to #6 AWG wire shall be mounted to 
the housing inside the electrical compartment.  

Terminal block shall be capable of operation with a standard #2 flat blade screwdriver. 

Luminaire shall meet the requirements of Title 47 of the Code of Federal Regulations 
(CFR), Part 15 – Radio Frequency Devices.  

4.3.4.  Mounting 

Luminaire shall be 4 bolts and designed to mount on a 2-in nominal pipe size  
(NPS) tenon. 

Luminaire shall be capable of ±5 degrees of tilt, minimum, for leveling adjustment and 
labeled properly. 

Tenon mounting area opening shall be limited to 1/4-inch over the range of tenon sizes 
and leveling adjustment to prevent entrance of wildlife as specified in ANSI C136.37. 

Methods of limiting tenon mounting area shall provide safe access for temporary service 
feeds entering directly through the tenon opening without damaging service wires. 

4.3.5.  Backlight Control 

Luminaire shall be provided with the capability for optional, field-installed backlight 
control. 

Backlight control shall be no more than two pieces. 

Backlight control shall be installed using stainless steel fasteners and be provided by the 
manufacturer. Screw drive type shall be slotted or Phillips. 

In addition to required amount, each backlight shield shall be supplied with two  
additional fasteners. 

4.4 Finish 

Luminaire housing finish shall be gray. 

Painted or finished luminaire components exposed to the environment shall exceed a 
rating of six per ASTM D1654 after 1000 hours of testing per B117. 

Painted or finished luminaire components exposed to the environment shall exhibit no 
greater than 30% reduction of gloss per ASTM D523, after 500 hours of QUV testing at 
ASTM G154 Cycle 6. 
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4.5 Certification and Listing 

Power supply/driver shall be UL recognized for dry and damp locations. 

All other electrical components shall be UL listed or recognized for wet locations. 

5. Testing 

Test data that establishes compliance with the requirements of this material standard 
shall be provided upon request. 

Certificate of RoHS (European Union Directive 2002/95/EC for Restriction of Hazardous 
Substances) compliance shall be provided upon request. 

6. Product Approval 

Manufacturers interested in having their luminaire(s) approved for purchase by Seattle 
City Light must participate in the stepped process summarized below. Contact Streetlight 
Engineering for the details. 

 Review fixture test reports 
 Computer modeling of fixture light distribution 
 Laboratory testing of sample fixture and shield 
 Field trial of sample fixture(s) and shield(s) 
 Field trial review and evaluation 

Manufacturers are encouraged to plan accordingly. The approval process can take up to 
six months to complete. 

7. Design Changes 

Manufacturer shall inform Seattle City Light in writing of all design changes that could 
affect the product's understood or published capabilities. 
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8. Marking 

8.1 Internal Labeling 

A readily visible label shall be permanently affixed to the inside surface of each luminaire 
housing. 

Internal label shall meet the requirements of ANSI C136.22. 

Internal label shall include, but not be limited to, the following information: 

 Manufacturer's name and catalog number 
 Month and year of manufacture 
 Line input voltage 
 Frequency if other than 60 hertz 
 Driver type (if applicable)(may be on Driver  if readily visible) 
 Photo control voltage if different from line input voltage 
 Lamp type, wattage, and voltage (if applicable; may be on Driver if readily visible) 
 Descriptive wiring diagram showing input terminals, ballast, capacitors, starting aid, 

photo control receptacle, lamp, and the like, as necessary 
 Plant location 
 Input power consumption 
 Driver output current 
 Driver output adjustment 
 IEC IP rating 
 Correlated color temperature (CCT) 
 IES light distribution type 
 IESNA TM-15 BUG ratings 
 Serial number. 

8.2 External Marking 

A readily visible marker shall be permanently affixed to the outside surface of each 
luminaire housing. 

External marker shall meet the requirements of ANSI C136.15. 

External marker type shall be large per ANSI C136.15. 

8.3 Barcode 

A barcode label shall be provided as specified in the purchase order. 

8.4 Component Identification 

All UL listed components shall be labeled or recognized as such. 
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9. Packaging 

Luminaires shall be individually packaged to prevent damage during shipping, inside 
storage, and casual handling prior to installation. 

Each package shall be legibly marked with: 

 Manufacturer's name 
 Manufacturer's catalog number 
 Product description 
 Date of manufacture (month and year) 
 Seattle City Light's stock number 
 Seattle City Light's purchase order number. 

Accessories shall be individually packaged to prevent damage during shipping, inside 
storage, and casual handling prior to installation. 

Each package shall be legibly marked with: 

 Product description 
 Seattle City Light's stock number. 

10. Issuance 

EA 

11. Approved Manufacturers – Luminaires, Stock Number 013495 

Manufacturer: Leotek 

Catalog No.: GC2-90F-MV-NW-2-GY-700-WL-PCR7 

where: 

GC2 = product 

90F = number/LED type, 90F 

MV = voltage, 120–277 V 

NW = nominal color temperature, 4000 K 

2 = light distribution, type II 

GY = finish, gray 

700 = options, factory set 700 mA 

WL = accessories, wattage label = ”195” 

PCR7 = photocell option, seven pins 
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12. Approved Manufacturers – Accessories 

12.1 Leotek Shield, Current Generation 

Stock No.: 013895 

Description: House-side shield for Leotek, type GC2-90F, LED streetlight luminaires 

Application: Installed on Leotek, type GC2-90F, LED streetlight luminaires to mitigate 
house side backlighting problems. Streetlight Engineering must pre-approve 
all installations of luminaire shields. Contact Streetlight Engineering 
for details. 

Manufacturer: Leotek 

Catalog No.: HSS-GC2-90F 

 

12.2 Leotek Shield, Previous Generation 

Stock No.: 013496 

Description: House-side shield for Leotek, type GC2-120E, LED streetlight luminaires 

Application: Installed on Leotek, type GC2-120E. 

Manufacturer: Leotek  

Catalog No.: HSS-GC2-120 

13. Sources 

Chao, Yaochiem; SCL Standards Engineer, originator and subject matter expert for 
5723.71; (yaochiem.chao@seattle.gov) 

Darrat, Ahmed; SDOT Traffic Engineer and subject matter expert for 5723.71; 
(ahmed.darrat@seattle.gov) 

City of Seattle, Standard Specifications; Section 9 -31.1(2)-Luminaires 

Federal Communications Commission Title 47 CFT; Part 15/18, revision 05/10/11; 
www.fcc.gov 

IESNA Lighting Handbook; Chapter 22,9th Edition; Roadway Lighting 

IESNA Lighting Ready Reference, A Compendium of Materials from the IESNA 
Lighting Handbook; 9th Edition, RR-03 Fourth Edition 

Leotek GC2_010716; Leotek Documentation; revision 01/07/16 

Los Angeles Bureau of Street Lighting; Credit for cover photo on page 1 

RW-ATB2; Autobahn Series ATB2 Roadway Lighting; American Electric Lighting, 
revision 11/21/13 

Specification for LED Roadway Luminaires; Seattle City Light, January 2012 

UL 1012 - Power Units Other Than Class 2 

UL 1310 - Class 2 Power Units 

UL 2108 - Low Voltage Lighting Systems 

UL 8750 - Light-Emitting Diode (LED) Light Sources for Use in Lighting Products 

mailto:yaochiem.chao@seattle.gov
http://www.fcc.gov/
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Streetlight Luminaire, LED, Pendant-mount, Boulevard 

  

1. Scope 

This standard covers the material requirements for an 80-watt streetlight luminaire, LED, 
pendant-mount. LED luminaires are also known as solid state light (SSL) source fixtures. 

2. Application 

LED, pendant-mount, boulevard streetlight luminaires are currently installed along Lake 
Washington Boulevard in the Washington Park Arboretum. For installation in the 
Arboretum, use steel pole Stock No. 013464 and steel arm Stock No. 013465. Reference 
SCL 5683.0, Steel Streetlight Pole and Arm Assemblies. 
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3. Industry Standards 

ANSI C136.15-2011 (or latest); Roadway and Area Lighting Equipment– Internal 
Labeling of Luminaires 

ANSI C136.22-2004 (R2009); Ingress Protection (Resistance to Dust, Solid Objects and 
Moisture) for Luminaire Enclosures 

ANSI C136.31; Roadway Luminaire Vibration specifications for Bridge/overpass 
applications. (Tested for 3G over 100 000 cycles by an independent lab) 

ANSI C136.37 2011; Solid State Light Sources Used in Roadway and Area Lighting 

ASTM B117-73; Standard Practice for Operating Salt Spray (Fog) Apparatus 

ASTM D 2247; Standard Practice for Testing Water Resistance of Coatings in 100% 
Relative Humidity 

IEEE C62.41.2-2002; “Recommended Practice on Characterization of Surges in Low-
Voltage (1000V and Less) AC Power Circuits” 

4. Requirements 

Operating temperature, range  
 °C -40 to +55 

 °F -40 to +130 

Correlated Color Temperature (CCT), 
nominal, °K, per ANSI/NEMA/ANSLG 
C78.377 

4000 (+/- 350K) 

Color rendering index (CRI), minimum 70 

Lumen depreciation of LED light sources per 
IES LM-80 

LED module(s)/ array(s) shall deliver at least 
70% of initial lumens (L70), when installed for a 
minimum of 70,000 hours 

Light distribution per IES Handbook,  
chapter 22 

Type II Medium 

Backlight, Uplight and Glare (BUG) rating per 
IESNA TM-15, Addendum A 

B2, U0, G1 

Uplight per IESNA TM-15 UL & UH = 0 (full cutoff) 

High and very high light per IES TM-15, 
maximum of luminaire lumens 

BH = 5% 
BVH and FVH = 0.2% 

Luminaire efficacy, type II distribution, 
lumens/watt, minimum, per IES LM-79, 
Section 11.0 

94.3 

Off-state power consumption, W, maximum - 
Photocell 

1 

On-state power consumption, excluding 
control device, watt, maximum 

79 

Luminous flux distribution at median driver 
current, lumens, minimum 

7454 

Effective projected area (EPA), maximum, ft2 1.42 

Total harmonics distortion at full power 
across specified voltage range, maximum 

20% 

Vibration withstand, minimum, per 
ANSI C136.31 

Level 2.0  
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5. Construction  

5.1 General 

The luminaire shall be designed and constructed to meet the requirements of 
ANSI C136.37. 

Luminaire features conforming to ANSI C136.37 shall include, but not be limited to: 
mounting provisions, latching and hinging, terminal blocks, dimming, ingress protection, 
wiring and grounding, and photo-control receptacle. 

Luminaire shall be RoHS (European Union Directive 2002/95/EC for Restriction of 
Hazardous Substance) compliant. Luminaire shall have less than the maximum 
concentration values of the following RoHS restricted substances: 

 Mercury (Hg) 
 Cadmium (Cd) 
 Chromium VI (Cr +6) 
 Polybrominated biphenyl (PBB) 
 Polybrominated biphenyl ether (PBDE) 
 Lead (Pb). 

5.2 Fixture Housing 

Luminaire housing shall be cast aluminum. 

Luminaire external housing shall have a minimum rating of IP65 as specified in 
IEC 60529, with the ability to shed water from inside the housing (i.e.; weep holes).  

Luminaire door shall be securely hinged and incapable of involuntary separation from 
housing when accessed in field-installed position. 

Luminaire optical chamber shall have a minimum rating of IP66 as specified in 
IEC 60529. 

Luminaire cooling system shall consist of a passive heat sink with no fans, pumps, 
or liquids. 

All fasteners shall be stainless steel. 

Complete assembly weight shall not exceed 45 lb. 

Luminaire design shall facilitate hose-down cleaning and discourage  
debris accumulation. 

5.3 Electrical 

Power supply/driver shall be provided with a control signal interface with operating range 
of 0 to 10 Vdc for dimming.  

Rotational adjustment of the photo control shall be tool-less. 

Luminaire circuitry shall include quick connect/disconnects to allow easy separation and 
removal of driver and power door.   

Wire harnesses shall be protected with a spiral wrap to prevent damage to the wire 
insulation when operating the power door. 

A three-pole terminal block capable of accepting #14 to #6 AWG wire shall be mounted to 
the housing inside the electrical compartment.  

Terminal block shall be capable of operation with a standard #2 flat blade screwdriver. 

Luminaire shall meet the requirements of Title 47 of the Code of Federal Regulations 
(CFR), Part 15 – Radio Frequency Devices. 
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5.4 Mounting 

Luminaire shall be 4 bolts and designed to mount on a 2-in nominal pipe size  
(NPS) tenon. 

Luminaire shall be capable of ±5 degrees of tilt, minimum, for leveling adjustment and 
labeled properly. 

Tenon mounting area opening shall be limited to 1/4-in over the range of tenon sizes and 
leveling adjustment to prevent entrance of wildlife as specified in ANSI C136.37. 

Methods of limiting tenon mounting area shall provide safe access for temporary service 
feeds entering directly through the tenon opening without damaging service wires. 

5.5 Finish 

Luminaire housing finish shall be powder-coated black, RAL9005. 

Painted or finished luminaire components exposed to the environment shall exceed a 
rating of six per ASTM D1654 after 1000 hours of testing per B117. 

Painted or finished luminaire components exposed to the environment shall exhibit no 
greater than 30% reduction of gloss per ASTM D523, after 500 hours of QUV testing at 
ASTM G154 Cycle 6. 

5.6 Certification and Listing 

Power supply/driver shall be UL Recognized for dry and damp locations. 

All other electrical components shall be UL Listed or recognized for wet locations. 

6. Testing 

Test data that establishes compliance with the requirements of this material standard 
shall be provided upon request. 

Certificate of RoHS (European Union Directive 2002/95/EC for Restriction of Hazardous 
Substances) compliance shall be provided upon request. 

7. Product Approval 

Manufacturers interested in having their luminaire(s) approved for purchase by Seattle 
City Light must participate in the stepped process summarized below. Contact Streetlight 
Engineering for details: 

 Review fixture test reports 
 Computer modeling of fixture light distribution 
 Laboratory testing of sample fixture and shield 
 Field trial of sample fixture(s) and shield(s) 
 Field trial review and evaluation. 

Manufacturers are encouraged to plan accordingly. The approval process can take up to 
six months to complete. 

8. Design Changes 

Manufacturers shall inform SCL in writing of all design changes that may affect the 
product's understood or published capabilities.  
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9. Marking 

9.1 Internal Labeling 

A readily visible label shall be permanently affixed to the inside surface of each  
luminaire housing. 

Internal label shall meet the requirements of ANSI C136.22. 

Internal label shall include, but not be limited to, the following information: 

 Manufacturer's name and catalog number 
 Month and year of manufacture 
 Line input voltage 
 Frequency if other than 60 Hz 
 Driver type (if applicable) (may be on driver if readily visible) 
 Photo control voltage if different from line input voltage 
 Lamp type, wattage, and voltage (if applicable; may be on driver if readily visible) 
 Descriptive wiring diagram showing input terminals, ballast, capacitors, starting aid, 

photo control receptacle, lamp, and other items, as necessary 
 Plant location 
 Input power consumption 
 Driver output current 
 Driver output adjustment 
 IEC IP rating 
 Correlated color temperature (CCT) 
 IES light distribution type 
 IESNA TM-15 BUG ratings 
 Serial number. 

9.2 External Marking 

A readily visible marker shall be permanently affixed to the outside surface of the 
luminaire housing. 

External marker shall meet the requirements of ANSI C136.15. 

External marker type shall be large per ANSI C136.15. 

9.3 Barcode 

A barcode label shall be provided as specified in the purchase order. 

9.4 Component Identification 

All UL Listed components shall be labeled or recognized as such. 

10. Packaging 

Luminaires shall be individually packaged to prevent damage during shipping, inside 
storage, and casual handling prior to installation. 

Each package shall be legibly marked with: 

 Manufacturer's name 
 Manufacturer's catalog number 
 Product description 
 Date of manufacture (month and year) 
 Seattle City Light stock number 
 Seattle City Light's purchase order number. 

Accessories shall be individually packaged to prevent damage during shipping, inside 
storage, and casual handling prior to installation. 
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11. Issuance 

EA 

12. Approved Manufacturers 

Manufacturer:  Domus 

Catalog Number:  DMS50-80W-48LED-4K-LE2F-120-SMB-PH8-BK 

where:  

DMS50 = luminaire, Domus, 50 

80W = lamp wattage, 80 W 

48LED = number of diodes (LED), 48 

4K = color temperature, 4000 K 

LE2 = optical system, Type 2 asymmetrical 

F = lens, flat 

120 = voltage, 120 V 

SMB = adapter, SMB side-mounting, cast aluminum 

PH8 = options, photoelectric cell 

BK = finish, black RAL 9005 

13. References 

SCL Material Standard 5683.01; “Steel Streetlight Pole and Arm Assemblies” 

14. Sources 

Chao, Yaochiem; SCL Standards Engineer, originator and subject matter expert for 
5723.33 (yaochiem.chao@seattle.gov) 

Philips Advance Electrical Specifications, Doc. No. LED-INTA-0530C-280-DO; 
October 20, 2010 

Philips Lumec, Specification Sheet, Doc. No. SPEC20140808_103052_61615_7.doc, 
August 8, 2014 

Tilley, Kathy; SCL Standards Support Specialist (Kathy.tilley@seattle.gov) 

mailto:yaochiem.chao@seattle.gov
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Streetlight Luminaire, LED, Side-mount, Residential, 38-watt 

 
 

1. Scope 

This standard covers the requirements for 38-watt, 
side-mount, outdoor type, light-emitting-diode (LED) 
streetlight luminaires and their accessories. LED 
luminaires are also known as solid state light (SSL) 
source fixtures. 

This standard applies to the following Seattle City Light 
stock numbers: 

Stock No. Description 

013469 Luminaire 

013470 House side shield for Cree XSP1 luminaire 

2. Application 

38-watt LED streetlight luminaires are side-mounted on 
2-inch nominal pipe size (NPS) tenons on poles to 
provide light to residential neighborhoods. 

38-watt LED streetlights are not intended for installation 
in bridge and overpass applications. 

38-watt LED streetlights are intended for installation at a 
25-feet mounting height. 

A 38-watt LED streetlight consumes approximately 
72 percent less energy than a conventional 100-watt 
high-intensity discharge (HID) luminaire. 

In 2013, 38-watt LED streetlight luminaires replaced 
less-efficient 52 watt units, Stock Number 013354, for 
new construction. 

 
LED life is greater than 100,000 hours. LED streetlight 
luminaire is 100 percent mercury- and lead-free. 

Streetlight Engineering must pre-approve all 
installations of luminaire shields.  Contact Streetlight 
Engineering for details. 

38-watt LED streetlights are intended to meet the 
performance criteria set forth in the latest revision of 
Seattle City Light’s Specification for LED Roadway 
Luminaires. 

Stock number 013469 contains a field adjustable output 
that is factory set at setting “D” to achieve the desired 
consumption of 38 watts and output of 3700 lumens. 
Any changes to luminaire settings must be approved for 
application by SCL Streetlight Engineering. 

3. Industry Standards 

LED streetlight luminaires shall meet the applicable 
requirements of the following industry standards: 

ANSI/NEMA/ANSLG C78.377-2008;  
Specifications for the Chromaticity of Solid State 
Lighting (SSL) Products 

ANSI C136.31-2010;  American National Standard 
for Roadway Lighting Equipment – 
Luminaire Vibration 

ANSI C136.37 2011;  American National Standard 
for Roadway and Area Lighting Equipment – 
Solid State Light Sources Used in Roadway and 
Area Lighting 
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ASTM B117-09;  Standard Practice for Operating 
Salt Spray (Fog) Apparatus 

ASTM D1654-08;  Standard Test Method for 
Evaluation of Painted or Coated Specimens 
Subjected to Corrosive Environments 

ASTM D523-08;  Standard Test Method for 
Specular Gloss 

ASTM G154-06;  Standard Practice for Operating 
Fluorescent Light Apparatus for UV Exposure of 
Nonmetallic Materials 

C136.15-2011 (or latest);  American National 
Standard for Roadway and Area Lighting Equipment 
– Internal Labeling of Luminaires 

C136.22-2004 (R2009);  American National 
Standard for Roadway and Area Lighting Equipment 
– Ingress Protection (Resistance to Dust, Solid 
Objects and Moisture) for Luminaire Enclosures 

Federal Trade Commission (FTC);  Green Guides, 
16 CFR Part 260; Guides for the Use of 
Environmental Marketing 

IEC 60529;  Degrees of protection provided by 
enclosures (IP Code), consolidated edition 

IEEE C62.41.2-2002;  IEEE Recommended Practice 
on Characterization of Surges in Low-Voltage (1000 
V and less) AC Power Circuits 

IES LM-79-08;  Approved Method: Electrical and 
Photometric Measurements of Solid-State 
Lighting Products 

IES LM-80-08;  Approved Method: Measuring Lumen 
Maintenance of LED Lighting Sources 

IESNA TM-15-11 (revised);  Luminaire Classification 
System for Outdoor Luminaires 

RoHS (European Union Directive 2002/95/EC for 
Restriction of Hazardous Substance) 

Title 47 of the Code of Federal Regulations (CFR), 
Part 15;  Radio Frequency Devices 

UL 1598;  Luminaires; UL 

4. Requirements 

4.1 Luminaire Performance 
 

Operating temperature, range  

 °C -20 to +50 

 °F -4 to +122 

Correlated Color Temperature 
(CCT), nominal, °K, per 
ANSI/NEMA/ANSLG C78.377 4000 ±300 

Color rendering index (CRI), 
minimum 70 

Lumen depreciation of LED 
light sources per IES LM-80 

LED module(s)/ 
array(s) shall deliver 
at least 70% of initial 
lumens (L70), when 
installed for a 
minimum of 100,000 
hours 

Light distribution per IES 
Handbook, chapter 22 Type II Medium 

Backlight, Uplight and Glare 
(BUG) rating per IESNA  
TM-15, Addendum A B1, U0, G1 

Uplight per IESNA TM-15 UL & UH = 0  
(full cutoff) 

High and very high light per IES 
TM-15, maximum of luminaire 
lumens 

BH = 5% 
BVH and FVH = 
0.2% 

Luminaire efficacy, type II 
distribution, lumens/watt, 
minimum, per IES LM-79, 
Section 11.0 55 

Off-state power consumption, 
W, maximum 0.5 

On-state power consumption, 
excluding control device, watt, 
nominal 38 

Luminous flux distribution at 
median driver current, lumens, 
minimum 3700 

Effective projected area (EPA), 
maximum, ft2 0.9 

Total harmonics distortion at full 
power across specified voltage 
range, maximum 20% 

Vibration withstand, minimum, 
per ANSI C136.31 

Level 1  
(normal application) 
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4.2 Power Supply/Driver 

 

Input voltage, functional 
range, 60 Hz, Vac 

120 to 277 

Power factor, minimum 0.90 

Driver output current, mA, 
range 

variable 

Surge protection, per ANSI 
C136.37 and  
ANSI/ IEEE C62.41.2 

High exposure 
Low exposure 

10 kV 
  6 kV 

Interference FCC 47 CFR part 
15/18, Class A 

Dimming signal, control 
range, Vdc 

0 to 10 

 

4.3 Construction 

The luminaire shall be designed and constructed to 
meet the requirements of ANSI C136.37. 

Luminaire features conforming to ANSI C136.37 shall 
include, but not be limited to: mounting provisions, 
latching and hinging, terminal blocks, dimming, ingress 
protection, wiring and grounding, and photo-control 
receptacle. 

Luminaire housing shall be cast aluminum. 

Luminaire housing shall allow tool-less entry. 

Luminaire housing shall be provided with level bubble 
to facilitate installation. 

Luminaire external housing shall have a minimum 
rating of IP65 as specified in IEC 60529, with the ability 
to shed water from inside the housing 
(i.e.; weep holes).  

Luminaire door shall be securely hinged and incapable 
of involuntary separation from housing when accessed 
in field-installed position. 

Luminaire shall be designed to mount on a 2-inch 
nominal pipe size (NPS) tenon with ±5 degrees of tilt. 

Tenon mounting area opening shall be limited to 
1/4-inch over the range of tenon sizes and leveling 
adjustment to prevent entrance of wildlife as specified 
in ANSI C136.37. 

Methods of limiting tenon mounting area shall provide 
safe access for temporary service feeds entering 
directly through the tenon opening without damaging 
service wires. 

Power supply/driver shall be provided with a control 
signal interface with operating range of 0 to 10 Vdc  
for dimming. 

Luminaire circuitry shall include quick 
connect/disconnects to allow easy separation and 
removal of driver and power door.  Refer to Figure 4.3. 

 
Figure 4.3, Locations of Quick Disconnect Connectors 

 

The luminaire optical chamber shall have a minimum 
rating of IP66 as specified in IEC 60529. 

Luminaire cooling system shall consist of a passive 
heat sink with no fans, pumps, or liquids. 

Luminaire shall be designed and constructed to accept 
a standard plug type, locking, three-pole, three-wire, 
streetlight photo control. 

Rotational adjustment of the photo control shall be 
tool-less. 

All fasteners shall be stainless steel. 

All polycarbonate components shall be UV stabilized. 
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A three-pole terminal block capable of accepting #14 to 
#6 AWG wire shall be mounted to the housing inside 
the electrical compartment.  

Terminal block shall be capable of operation with a 
standard #2 flat blade screwdriver. 

Luminaire shall be provided with capability for optional 
backlight control. 

Backlight control shall be installed using stainless steel 
fasteners. Screw drive type shall be slotted or Phillips. 

Complete assembly weight shall not exceed 30 lbs. 

Luminaire shall be RoHS (European Union Directive 
2002/95/EC for Restriction of Hazardous Substance) 
compliant. Luminaire shall have less than the 
maximum concentration values of the following RoHS 
restricted substances: 

 Mercury (Hg) 

 Cadmium (Cd) 

 Chromium VI (Cr +6) 

 Polybrominated biphenyl (PBB) 

 Polybrominated biphenyl ether (PBDE) 

 Lead (Pb) 

Luminaire shall meet the requirements of Title 47 of 
the Code of Federal Regulations (CFR), Part 15 – 
Radio Frequency Devices. 

Luminaire design shall facilitate hose-down cleaning 
and discourage debris accumulation. 

4.4 Finish 

Luminaire housing finish shall be powder-coated gray. 

Painted or finished luminaire components exposed to 
the environment shall exceed a rating of six per ASTM 
D1654 after 1000 hours of testing per B117. 

Painted or finished luminaire components exposed to 
the environment shall exhibit no greater than 
30% reduction of gloss per ASTM D523, after 
500 hours of QUV testing at ASTM G154 Cycle 6. 

4.5 Certification and Listing 

Power supply/driver shall be UL recognized for dry and 
damp locations. 

All other electrical components shall be UL listed or 
recognized for wet locations. 

5. Testing 

Test data that establishes compliance with the 
requirements of this material standard shall be provided 
upon request. 

Certificate of RoHS (European Union Directive 
2002/95/EC for Restriction of Hazardous Substance) 
compliance shall be provided upon request. 

 

6. Product Approval 

Manufacturers interested in having their luminaire(s) 
approved for purchase by Seattle City Light must 
participate in the stepped process summarized below. 
Contact Streetlight Engineering for the details. 

 Review fixture test reports 

 Computer modeling of fixture light distribution 

 Laboratory testing of sample fixture and shield 

 Field trial of sample fixture(s) and shield(s) 

 Field trial review and evaluation 

Manufacturers are encouraged to plan accordingly. The 
approval process can take up to six months to 
complete. 

7. Design Changes 

Manufacturer shall inform Seattle City Light in writing of 
all design changes that could affect the product's 
understood or published capabilities. 

8. Marking 

8.1 Internal Labeling 

A readily visible label shall be permanently affixed to 
the inside surface of each luminaire housing. 

Internal label shall meet the requirements of 
ANSI C136.22. 

Internal label shall include, but not be limited to, the 
following information: 

 Manufacturer's name and catalog number 

 Month and year of manufacture 

 Line input voltage 

 Frequency if other than 60 hertz 

 Driver type (if applicable)(may be on Driver  if readily 
visible) 

 Photo control voltage if different from line input 
voltage 

 Lamp type, wattage, and voltage (if applicable; may 
be on Driver if readily visible) 

 Descriptive wiring diagram showing input terminals, 
ballast, capacitors, starting aid, photo control 
receptacle, lamp, and the like, as necessary 

 Plant location 

 Input power consumption 

 Driver output current 

 Driver output adjustment 

 IEC IP rating 

 Correlated color temperature (CCT) 

 IES light distribution type 

 IESNA TM-15 BUG ratings 

 Serial number. 
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8.2 External Marking 

A readily visible marker shall be permanently affixed to 
the outside surface of each luminaire housing. 

External marker shall meet the requirements of 
ANSI C136.15. 

External marker type shall be large per ANSI C136.15. 

8.3 Barcode 

A barcode label shall be provided as specified in the 
purchase order. 

8.4 Component Identification 

All UL listed components shall be labeled or recognized 
as such. 

9. Packaging 

Luminaires shall be individually packaged to prevent 
damage during shipping, inside storage, and casual 
handling prior to installation. 

Each package shall be legibly marked with: 

 Manufacturer's name 

 Manufacturer's catalog number 

 Product description 

 Date of manufacture (month and year) 

 Seattle City Light's Stock Number 

 Seattle City Light's Purchase Order Number. 

Accessories shall be individually packaged to prevent 
damage during shipping, inside storage, and casual 
handling prior to installation. 

Each package shall be legibly marked with: 

 Product description 

 Seattle City Light's Stock Number. 

10. Issuance 

EA 

 

11. Approved Manufacturers – Luminaires, 
Stock Number 013469 

 

Manufacturer: Cree 

Catalog No.: BXSP-A-0-2-G-A-U-S-R-Q-SEA 

where:  

BXSP = product 

A = version 

0 = mounting, horizontal tenon 

2 = optic, type II 

G = module, high-efficacy 4000K 

A = input power, 53W1 

U = voltage, universal 120-277V 

S = color options, silver 

R = options, NEMA photocell receptacle 

Q  = options, field adjustable output 

SEA = special options:  
- field adjustable output factory 

preset at level ‘D’. (D-setting on 
field adjustable output decreases 
input power to approximately 38W.) 

- full functionality of field adjustable 
output 

- external wattage label = ‘38’ 
- 4-bolt mounting: two brackets--one 

with teeth and one smooth 

- internal labeling 

- output current guide 

- powder-coated splash-guard 

- special housing 

12. Approved Manufacturers – Accessories, 
Stock Number 013470 

 
Manufacturer: Cree 

Catalog No.: XA-SP1BLS 

Description: House side shield for Cree, type 
BXSP1, LED streetlight luminaires 

Application: Installed on Cree, type BXSP1, LED 
streetlight luminaires to mitigate house 
side backlighting problems. Streetlight 
Engineering must pre-approve all 
installations of luminaire shields. 
Contact Streetlight Engineering for 
details. 
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13. References 

SCL Material Standard 5723.49; “Streetlight Luminaire, 
LED, Side-mount, Residential, 52-watt” 

SCL Material Standard 5723.51; “Streetlight Luminaire, 
LED, Side-mount, Residential, 70-watt”  

14. Sources  

Borek, Tom; SCL Streetlight Engineer and subject 
matter expert for 5723.47; (tom.borek@seattle.gov) 

Cree XSP1, XSP Series LED Streetlight, 
Cree Documentation, revision 09/14/12 

Chao, Yaochiem; SCL Standards Engineer, originator 
and subject matter expert for 5723.47; 
(yaochiem.chao@seattle.gov) 

City of Seattle, Standard Specifications, Section 9-
31.1(2)-Luminaires 

Federal Communications Commission Title 47 CFT; 
Part 15/18, revision 05/10/11; www.fcc.gov 

GE OLP-2858, bulletin, LED Roadway; GE Lighting 
System, Inc.; 1/10 

IESNA Lighting Handbook; Chapter 22,9th edition; 
Roadway Lighting 

IESNA Lighting Ready Reference, A Compendium of 
Materials from the IESNA Lighting Handbook; 9th 
Edition, RR-03 Fourth Edition 

Li, Jesse; SCL Streetlight Engineer and subject matter 
expert for 5723.47; (jesse.li@seattle.gov)  

Seattle City Light, Specification for LED Roadway 
Luminaires, revised January 4, 2012 

UL 1012 - Power Units Other Than Class 2 

UL 1310 - Class 2 Power Units 

UL 2108 - Low Voltage Lighting Systems 

UL 8750 - Light-Emitting Diode (LED) Light Sources  
for Use in Lighting Products 
 

 

mailto:tom.borek@seattle.gov
http://www.fcc.gov/
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Product LED
No. & Type Voltage Nominal Color 

Temperature Distribution Finish1 Drive 
Current2 Options

AR18 6M
10M
15M
18M
20M
24M
30M

MV
HV

120-277V
347-480V

WW
NW
CW

3000K
4000K
5000K

2
3
4
5

Type 2
Type 3
Type 4
Type 5

BK
DB

WH
GY
NA

Black
Dark 
Bronze
White
Gray
Natural
Aluminum

350
530
700

350mA
530mA
700mA

HSS3

FDC4

PCR

PCR5 

PCR7

PCR5-CR

PCR7-CR

MSL75

MSL35

PPS6

ORR
ORL
WL

House Side Shield
(Factory Installed)
Fixed Drive Current
NEMA Photocontrol 
Receptacle
ANSI 5-wire Photocontrol 
Receptacle
ANSI 7-wire Photocontrol 
Receptacle
Control Ready 5-wire
Photocontrol Receptacle
Control Ready 7-wire
Photocontrol Receptacle
Motion Sensor with L7 Lens
Motion Sensor with L3 Lens 
Programmable Power 
Supply
Optics Rotated Right
Optics Rotated Left
Utility Wattage Label

Ordering Information
Sample Catalog No. AR18 20M MV NW 3 DB 700 HSS

Luminaire Data

Weight  24 lbs [10.9 kg]
EPA 0.55 ft2
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Project

Type

Catalog No.

Accessories*

HSS3

RPA7

PTF17

PTF27

PTF47

WM7

BSK
PC8

LLPC8

SC
FSIR100

House Side Shield
Round Pole Adapter
Square Pole Top Fitter Single
Square Pole Top Fitter Twin at 180°
Square Pole Top Fitter Quad
Wall Mount
Bird Deterrent Spider Kit 
Twist Lock Photocontrol 
Long-Life Twist Lock Photocontrol
Twist Lock Shorting Cap
Motion Sensor Configuration Tool

*Accessories are ordered separately and not to be 
included in the catalog number 

Notes:
1  Black, Dark Bronze, White, or Gray standard, consult factory for Natural Aluminum or other finishes.
2  Factory set drive current, field adjustable standard. Refer to performance data on page 3. Consult 

factory if wattage limits require a special drive current.
3  Flush mounted shield factory installed, also available for field installion. House Side Shield cuts light 

off at 1/2 mounting height behind luminaire.
4  Non-field adjustable drive current. Specify 350mA, 530mA or 700mA setting.
5  Motion Sensor available with MV only. Motion Sensor default setting dims luminaire to 50% when 

no motion detected for 5 minutes. Field adjustable using FSIR100 for alternate settings. See L7 or 
L3 Lens coverage details on page 3. Consult factory for MS specified with ANSI 5-wire or 7-wire 
Photocontrol Receptacle. Luminaire warranty is limited to 5 years with a Motion Sensor. PCR option 
is required for On/Off control using light detection.

6 Consult factory for programming.
7  Specify Color (GY, DB, BK, WH, NA)
8 Specify MV (120-277V) or HV (347V-480V)

ARIETA™ 18 LED Area Luminaire
AR18



Housing 
Die cast aluminum housing with universal 
mounting design allows for attachment to 
existing pole without redrilling for retrofit 
applications. Aluminum housing provides 
passive heat-sinking of the LEDs and has upper 
surfaces that shed precipitation. Mounting 
provisions meet 3G vibration per ANSI C136.31-
2001 Normal Application, Bridge & Overpass.  
Electrical components are accessed without 
tools and are mounted on removable power 
door. 

Light Emitting Diodes 
Hi-flux/Hi-power white LEDs produce a minimum 
of 90% of initial intensity at 100,000 hours of 
life based on IES TM-21. LEDs are tested in 
accordance with IES LM-80 testing procedures. 
LEDs have correlated color temperature of 
3000K (WW), 4000K (NW), or 5000K (CW) and 
70 CRI minimum. LEDs are 100% mercury and 
lead free. 

Optical Systems 
Micro-lens optical systems produce IESNA Type 
2, Type 3, Type 4 or Type 5 distributions and are 
fully sealed to maintain an IP66 rating. Luminaire 
produces 0% total lumens above 90⁰ (BUG 
Rating, U=0). Optional house side shield (HSS) 
cuts light off at 1/2 mounting height behind 
luminaire. 

Electrical 
Rated life of electrical components is 100,000 
hours. Uses isolated power supply that is 
1-10V dimmable. Power supply is wired with 
quick-disconnect terminals. LED drive current 
can be changed in the field to adjust light 
output for local conditions (not available with 
PCR5-CR or PCR7-CR options). Power supply 
features a minimum power factor of .90 and 
<20% Total Harmonic Distortion (THD). EMC 
meets or exceeds FCC CFR Part 15. Terminal 
block accommodates 6 to 14 gauge wire. Surge 
protection complies with IEEE/ANSI C62.41 
Category C High, 20kV/10kA. 

Controls
3-Wire photocontrol receptacle (PCR) is 
available.  ANSI C136.41 5-wire (PCR5) or 7-wire 
(PCR7) photocontrol receptacles are available. All 
photocontrol receptacles have tool-less rotatable 
bases. Wireless control module is provided by 
others.  

Finish 
Housing receives a fade and abrasion resistant 
polyester powder coat finish. Finish tested to 
withstand 3000 hours in salt spray exposure 
per ASTM B117. Finish tested 500 hours in UV 
exposure per ASTM G154 and meets ASTM D523 
gloss retention. 

Listings/Ratings/Labels 
Luminaires are UL listed for use in wet locations 
in the United States and Canada. 
DesignLights Consortium™ qualified 120-277V 
product. International Dark Sky Association 
listed. Luminaire is qualified to operate at 
ambient temperatures of -40°C to 40°C. 
Assembled in the U.S.A 

Photometry 
Luminaires photometrics are tested by certified 
independent testing laboratories in 
accordance with IES LM-79 testing procedures. 

Warranty 
10-year limited warranty is standard on 
luminaire and components. 5-year limited 
warranty on luminaires and components with a 
motion sensor.

Luminaire Specifications

© 2015 Leotek Electronics USA LLC
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ARIETA™ 18 LED Area Luminaire
AR18

Type 5

No. of LEDs 
& Type

Drive Current 
(mA)

System Wattage 
(W)

Delivered 
Lumens (Lm)

Efficacy 
(Lm/W) BUG Rating

6M
350 25 2670 107 B2 U0 G0
530 37 3690 100 B2 U0 G1
700 49 4610 94 B2 U0 G1

10M
350 41 4460 109 B2 U0 G1
530 62 6150 99 B3 U0 G1
700 82 7690 94 B3 U0 G1

15M
350 66 6980 106 B3 U0 G1
530 97 9680 100 B3 U0 G2
700 128 12020 94 B4 U0 G2

18M
350 74 8020 108 B3 U0 G1
530 112 11070 99 B3 U0 G2
700 148 13830 93 B4 U0 G2

20M
350 82 8910 109 B3 U0 G2
530 124 12300 99 B4 U0 G2
700 164 15370 94 B4 U0 G2

24M
350 99 10700 108 B3 U0 G2
530 149 14760 99 B4 U0 G2
700 197 18445 94 B4 U0 G2

30M
350 123 13370 109 B4 U0 G2
530 186 18450 99 B4 U0 G2
700 246 23060 94 B4 U0 G2

Performance Data
All data nominal, consult factory for IES files or LM-79 reports.
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Motion Sensor (Optional) Specifications Motion Sensor (Optional) Data

2.33 in
[59.2 mm]

0.78 in
[19.7 mm]
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L7 Lens Dimensions

Description
Digital passive infrared luminaire integrated outdoor 
occupancy sensor provides high/low/off control based 
on motion detection. Initial setup and subsequent sensor 
adjustments are made using a handheld configuration 
tool. PCR option is required for On/Off control using light 
detection.

Operation
Standard factory setting will dim the luminaire to 50% 
until motion is sensed and then it will power to 100%. 
When motion is not detected for five minutes, the 
luminaire will dim back to 50%. Ramp up and fade down 
times are adjustable, but initially set to NONE. The 
percent dimming and time durations may be field adjusted 
as required using FSIR-100 configuration tool. FSIR-100 
user guide available at: www.wattstopper.com.

Optical System
Multi-cell, multi-tier Fresnel lens with a 360 degree view 
detects unobstructed motion within one mounting height, 
up to 20ft maximum (standard). Consult factory for higher 
mounting height requirements. 

Finish
Sensor exterior ring and lens are white polycarbonate, UV 
and impact resistant.

Listings/Ratings
Sensor is TUV, UL and cUL listed, IP66 rated and CE
compliant.

Warranty
5-year limited warranty on luminaires and components 
with a motion sensor.
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L7 Lens Coverage Top View

L7 Lens Coverage Side View
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Top of Pole

2.17”

5.14”

0.75”

Top of Fixture

0.43”

0.75”

0.43”

Fixture Mount Profile

Pole Mount Drilling Specifications









POLE CAP

EXISTING POLE

SQUARE SLIP FITTER

CITY OF BOSTON

CONTEMPORARY LED

W/ SQ SLIP FITTER

FINISH:  TGIC POLYESTER POWDERCOAT,

MATTE BLACK RAL 9005

EXISTING HOLE

OPENINGS TO BE

PLUGGED

(4 at 90°) 10-32 CUP POINT

SS SET SCREW

3 #14 AWG, 14" LEADS

EXISTING POLE

7 3/4"

INSERTION

DEPTH

2"

12"

EXPOSED

HEIGHT

3

13

16

"

3"

6

3

16

"

2"

1

4

" WALL

THICKNESS

Ø1-1/2" WIRE ACCESS HOLE

W/ RUBBER GROMMET

3/8"-16 D&T HOLE.

3/8"-16 x 1 1/4"L GRADE 8

HEX HEAD CAP SCREW

WITH NYLON LOCKING PATCH.

HARDWARE SUPPLIED BY

LEOTEK AND INSTALLED

FROM OUTSIDE  BY P&K

(4 at 90°) 10-32 CUP POINT

SS SET SCREW

(2) 9/32" HOLE - EXISTING

STANDARD POLE CAP

OPTIONAL PHOTOCONTROL

ANSI C136.41 5-PRONG DIMMING

RECEPTACLE POLE CAP ASSEMBLY.

TO BE PROVIDED FOR

15% OF TOTAL POLE CAPS.

1/4"

4043

1

4

" WALL THICKNESS

3

1

2

"

9

16

"

2"

(4) 3/4"Ø CLEARANCE

HOLES FOR PLUGS

6

1

8

" INNER WIDTH

6" OUTER WIDTH

(4) 11/16" HOLE - EXISTING

TO BE PLUGGED

3/8"-16 D&T HOLE.

3/8"-16 x 3/4"L GRADE 8

HEX HEAD CAP SCREW.
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Fixture Type A1, A2, A3 
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LED ROADWAY LIGHTING 

PART 1 - GENERAL 

1.01 DESCRIPTION 

A. This Section specifies the furnishing and installation of the LED Roadway 
Luminaires and incorporating them into the lighting systems; complete 
and operable, as indicated on the Contract drawings, including all 
necessary conductors, splices, lighting fixtures, grounding and 
appurtenance. 

B. Related Work: Related information is included in, but not limited to, the 
following: 

1. Drawings and General Provisions 

2. General and Supplementary Conditions 

C. This contract also provides for the procurement of all lighting fixtures, 
mounting arms, poles, base covers, lamps, and all necessary mounting 
hardware.  It shall be the responsibility of the Contractor, to set up a 
means by which all materials obtained will conform to the written 
specifications contained herein.  It will be the responsibility of the 
Contractor to submit for approval a product that will create a uniform and 
consistent visual image throughout the overall project. 

1.02 SUMMARY 

A. This Section includes the following: 

1. LED Roadway Luminaires. 

1.03 SUBMITTALS 

A. Product Data:  For each luminaire, arranged in the order of lighting unit 
designation.  Include data on features, accessories, finishes, and the 
following: 

1. Physical description of fixture, including dimensions and verification 
of indicated parameters. 

2. Luminaires’ weight, effective projected area, details of attaching 
luminaries, accessories, and installation and construction details. 

3. Manufacturer’s recommended replacement parts list. 

4. LED Driver/Power Supply: description, operating characteristics, 
electrical data, component/capacitor temperature rating and 
reliability testing report from an independent laboratory including 
mean-time-between-failure (MTBF). 

5. LEDs and Printed Circuit Board Construction. 

6. LED type, ratings and description including heat dissipation design 
indicating margin between the maximum rated LED junction 
temperature and the junction temperature at operating current. 

7. Light Loss Factors (lumen depreciation as a function of operating 



Cambridge Street Lighting Manual

 

 Page 42
 

current, temperature and operating hours): Provide measurement 
bases for these factors. 

8. Photometric report illustrating iso-illuminance for the project 
mounting height, classification type and cutoff characteristic.  All 
photometric files presented shall be prepared and certified by and 
independent testing laboratory. 

9. Independent laboratory IESNA LM-79 and LM-80 Reports. 

10. Provide a copy of the 3G vibration test report completed using the 
procedure defined by ANSI C136.31-2001 American National 
Standard for Roadway Lighting Equipment – Luminaire Vibration.  
One exception to the procedure is that only one luminaire may be 
used during the complete test.  All costs associated with the shipping 
and testing shall be at the contractor’s expense.  Determination of 
acceptability will be by the reviewing Engineer.  

11. All components shall be submitted with a list of all standards for 
which the product conforms to. 

B. Shop Drawings:  Catalog cuts and manufacturers drawings.  Mounting 
bolt templates keyed to specific arms and certified by manufacturer. 

C. Wiring Diagrams:  Power, and control wiring. 

D. Coordination Drawings:   

1. Mounting and connection details, drawn to scale. 

2. Inclusive to this item, is the weight of the fixture inclusive of the LED 
Driver. 

3. Mounting and installation details drawn to scale illustrating the 
requirements for the ballast installation in the transformer base.   

E. Operation and Maintenance Data:  For luminaries to include in 
maintenance manuals. 

F. Provide a lighting calculation inclusive of Luminance, Illuminance and 
Veiling Luminance on a grid as defined in ANSI/IESNA-RP-8-05.  The 
lighting criteria shall be as described in the City of Cambridge Street 
Lighting Manual for the specific street type and pedestrian activity. 

G. Calculation(s) to be completed using the design drawings as the basis for 
the pole placement and mounting height.  Calculations are to include 
average, maximum, minimum, maximum/minimum and average/minimum 
for both initial and maintained luminance on an R3 roadway surface.  
Included with these calculations provide the veiling luminance ratio for 
each calculation.  All maintained calculations are to include a light loss 
factor (LLF) of 0.71.  Included as part of the lighting calculations, the 
fixture manufacture shall provide their recommended Luminaire Dirt 
Depreciation Factor (LDD). 

H. Warranties:  Special warranties specified in this Section. 

I. Samples:  Provide (1) operable fixture, supplied with a 120V driver and a 
cord for tabletop review and operation.  This sample will remain the 
property of the Authority to be used by the engineer for quality assurance 
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purposes during and after the project installation.  

1.04 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as 
defined in NFPA-70, Article-100, by a testing agency acceptable to 
authorities having jurisdiction, and marked for intended use. 

B. Luminaires, inclusive of the LEDs and LED Driver compartments must be 
UL-1598 Wet Location listed and IP66 certified.   

C. The Engineer reserves the right to request that one fixture from the 
project production lot be sent to a qualified testing facility for testing to 
confirm the 3G vibration testing data provided as part of the submittal 
process.  As stated, only one luminaire may be used to illustrate 
conformance with the 3G testing procedure defined by ANSI C136.31-
2001 American National Standard for Roadway Lighting Equipment – 
Luminaire Vibration.  All costs associated with the shipping and testing 
shall be at the contractor’s expense.  Determination of acceptability will 
be by the reviewing Engineer. 

D. Luminaires including power supply shall be RoHS compliant and 
lead/mercury-free. 

1.05 DELIVERY, STORAGE AND HANDLING 

A. Inspect equipment as received.  Return for replacement any equipment 
damaged in shipment.  Equipment shall be stored in a clean, dry, 
protected area.  Retain packing as received from the factory until it is to 
be installed.  Check and seal luminaire openings against rodents and 
water as necessary. 

1.06 COORDINATION 

A. The Contractor shall coordinate between the luminaire manufacturer and 
the pole manufacture to ensure that the proposed materials when 
assembled conform to AASHTO, Standard Specifications for Structural 
Supports for Highway Signs, Luminaires and Traffic Signals (2009 with 
2010 and 2011 interim revisions).   

1.07 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer 
agrees to repair or replace luminaries or components of luminaries and 
lamps that fail in materials or workmanship; corrode; or fade, stain, or 
chalk due to effects of weather, vibration or solar radiation within specified 
warranty period.   

Manufacturer may exclude lightning damage, hail damage, vandalism, 
abuse, or unauthorized repairs or alterations from special warranty 
coverage. 

1. Warranty Period for Luminaries:  Five years from date of Substantial 
Completion. 

a. Warranty Period for LED drivers: Minimum five years from 
date of Substantial Completion.  

b. Warranty Period for LED Lumen Depreciation: Lumen 
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Depreciation shall not be more than 10 percent within the five 
year warranty period starting from date of Substantial 
Completion. 

c. Warranty Period for Metal Corrosion:  Five years from date of 
Substantial Completion. 

d. Warranty Period for Color Retention:  Five years from date of 
Substantial Completion. 

1.08 GROUP RELAMPING 

A. Not Applicable 

1.09 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and 
that are packaged with protective covering for storage and identified with 
labels describing contents. 

1. Furnish a minimum of five (5) assemblies of each type. 

1.010 REFERENCE STANDARD 

A. American National Standards Institute (ANSI) Publications: 

C62.41 - Characterization of Surges in Low-Voltage (1000V and 
Less) AC Power Circuits  

C78.377 - Specifications for the Chromaticity of Solid State 
Lighting Products  

C82.SSL-1 - Operational Characteristics and Electrical Safety of 
SSL Power Supplies and Drivers  

C83.77 - Harmonic Emission Limits – Related Power Quality 
Requirements for Lighting  

C136.2 - Roadway and Area Lighting Equipment-Luminaire 
Voltage Classifications  

C136-10 - Standard for Roadway Lighting Equipment, Locking-
Type Photo control Devices 

C136-14  - Standard for Roadway Lighting, Enclosed Side-
Mounted Luminaires for Horizontal Burning High 
Intensity Discharge Lamps 

C136-22 - Standard for Roadway Lighting, Internal Labeling of 
Luminaires 

C136-31 - Standard for Roadway Lighting Equipment Luminaire 
Vibration 

B. American Society for Testing and Materials (ASTM) Publications 

B117-03 - Standard Practice for Operating Salt Spray (Fog) 
Apparatus 

D522-93a - Standard Test Methods for Mandrel Bend Test of 
Attached Organic Coatings 

D714-87(94) - Standard Test Method for Evaluating Degree of 
Blistering of Paints 
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D1654-92 - Standard Test Method for Evaluation of Painted or 
Coated Specimens Subjected to Corrosive 
Environments 

D3359-97 - Standard Test Methods for Measuring Adhesion by 
Tape Test 

G7-05 - Standard Practice for Atmospheric Environmental 
Exposure Testing of Nonmetallic Materials: Testing for 
UV resistance 

C. International Electro-technical Commission (IEC) 

IEC 60598 - Degrees of Protection provided by Enclosures (IP 
Code) 

D. Illuminating Engineering Society of North America (IESNA) Publication: 

HB-10-11 - IESNA Lighting Handbook - 10th Edition 

RP-8-05 - American National Standard Practice for Roadway 
Lighting 

RP-16-96 - Nomenclature and Definition 

LM-31-95 - Photometric Testing of Roadway Luminaires Using 
Incandescent Filament and High Intensity Discharge 
Lamps 

LM-50-99 - Photometric Measurements fo Roadway Lighting 
Installations 

LM-63-95 - Standard file format for Electronic Transfer of 
Photometric Data 

E. National Fire Protection Association (NFPA) Publication: 

70 - National Electrical Code 

502 - Standards for Road Tunnels, Bridges, and Other 
Limited Access Highways, 2011 

F. National Electrical Manufacturers Association (NEMA) 

250 - Enclosures for Electrical Equipment 

G. Underwriter's Laboratories Inc. (UL) Publications: 

467 - Grounding and Bonding Equipment 

1029 - High Intensity Discharge Lamp Ballasts 

1598  - Standard for Luminaires 

8750 - Light-Emitting Diode (LED) Equipment for Use in 
Lighting Products 

IEUR - Guide Information for Luminaire Poles 

PART 2 - PRODUCTS 

2.01 MANUFACTURERS, LUMINAIRES  

Fixture Type A(1,2,3) 

Fixture Type B(1,2,3) 
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Luminaires shall be similar to the Cree LEDway Streetlight series product line 
and shall include the following options as defined.  Finite catalog numbers to be 
developed by the manufacture and submitted with the shop drawing review 
process to ensure all options defined are properly incorporated into the product.  
Alternate manufacturers are the Holophane (LEDgends) and the LRL (Satellite) 
product.  Manufacturers indicated above are provided for sourcing purposes only. 
Products failing to meet specification requirements shall not be accepted. 

The type A fixture shall have a Type II short distribution and a BUG Rating of B2-
U0-G2.  The fixture will be provided with a driver allowing for 3 different drive 
currents and meet the following: 

  Type A1 – 175ma – 4,500 minimum delivered lumens – 45 watts 
maximum 

  Type A2 – 350ma – 7,500 minimum delivered lumens – 90 watts 
maximum 

  Type A3 – 525ma – 10,500 minimum delivered lumens – 135 
watts maximum 

The type B fixture shall have a Type II short distribution and a BUG Rating of B3-
U0-G3.  The fixture will be provided with a driver allowing for 3 different drive 
currents and meet the following: 

  Type B1 – 350ma – 11,000 minimum delivered lumens – 135 
watts maximum 

  Type B2 – 525ma – 15,500 minimum delivered lumens – 195 
watts maximum 

  Type B3 – 700ma – 19,500 minimum delivered lumens – 275 
watts maximum 

Fixture Type D 

The Type C fixture shall be an LED teardrop style fixture similar to the Niland 
Boston Common – 17 LED Series fixture or approved equal. Finite catalog 
numbers to be developed by the manufacture and submitted with the shop 
drawing review process to ensure all options defined are properly incorporated 
into the product. 

The fixture shall have a cast aluminum housing with an acrylic refracting lens.  
The fixture shall be available in a Type II, III, or V distribution. 

Fixture Type E 

The Type D fixture shall be an LED acorn style fixture similar to the Niland 
Capitol LED Series fixture or approved equal. Finite catalog numbers to be 
developed by the manufacture and submitted with the shop drawing review 
process to ensure all options defined are properly incorporated into the product. 

The fixture shall have a cast aluminum housing with an acrylic refracting lens.  
The fixture shall be available in a Type III or V distribution. 

The luminaires shall also meet the requirements below. 

A. Luminaire must be UL 1598 listed for installation in wet locations and 
direct spray environments. 
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B. Comply with IESNA testing and reporting procedures for reporting 
luminaire photometric performance. 

C. Installation environment:  The luminaire shall be designed to provide 
100,000 hours of life, applicable to the location and environment where 
fixture is installed (i.e. on a bridge structure, high humidity, vibration, etc.). 

D. Metal Parts:  Free of burrs and sharp corners and edges. 

E. Sheet Metal Components:  All materials must be corrosion-resistant 
aluminum, unless otherwise indicated.  Each component shall be formed 
or supported to prevent warping and sagging. 

F. Housings:  Rigidly formed, weather- and light-tight enclosures that will not 
warp, sag, or deform in use.  All surfaces shall be protected with an 
electrostatically applied polyester powder coating inside and out; 
corrosion-resistant passing 3000 hour salt spray test; the luminaire as a 
complete assembly shall be rated IP66.  The EPA shall be less than 0.9 
sq ft.  Provide filter/breather for enclosed luminaries. 

G. Construction: The luminaire shall be modular to the extent that the optics 
package and power supply are separate and removable from the housing 
and that failure of any part thereof would not require total replacement of 
the luminaire.  The optics package and the power supply shall be sealed 
against the entry of moisture and dirt where the branch circuit enters the 
housing. 

H. Mounting: The housing shall be designed for slip-fit mounting.  The 
mounting system for the luminaires shall include (2) hot dipped 
galvanized steel clamp brackets which are secured by means of two (2) 
stainless steel mounting bolts on each bracket. This adaptation point shall 
be designed for standard 2 inch (50mm) schedule 40 tubing.  Each clamp 
shall have a stainless steel through bolt to prevent rotation of the 
luminaire.  The contractor shall coordinate with the mounting arm 
manufacturer to ensure proper positioning of the through bolt. 

I. Thermal Management: Heat sink design and spacing shall provide 
required heat dissipation at the highest operating current but shall be 
arranged and oriented such that bird droppings and feathers from 
roosting birds cannot foul the airways and compromise the cooling 
efficiency.  A self-cleaning heat sink design without requiring the use of 
hose spray is required by this application.  The design of the luminaire 
shall provide the necessary heat dissipation to maintain the driver’s case 
temperature to maximize the life expectancy of the driver to 100,000 
hours. 

J. Hardware Material:  Unless otherwise noted, all hardware shall be 
Stainless Steel with nylon inserts for all nuts, etc. 

K. Wiring Connections: 

1. Branch circuit wiring to the luminaire shall be via the mast arm tenon 
through the slip fit.  Wiring shall be secured inside the luminaire with 
an integral wire clamp to prevent movement and abrasion. 

2. The incoming AC line conductors (#12AWG or #10AWG) shall be 
terminated in a polarized plug/receptacle combination so that the 
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luminaire may be locally de-energized and the plug removed without 
presenting a shock hazard or the potential for shorting the 
conductors together or to ground.  The luminaire shall be designed 
to be removable once the plug is removed from the receptacle (any 
such maintenance shall normally be performed while the branch 
circuit connecting to the plug remains energized - the plug shall be 
weather-protected in case the luminaire cannot be replaced 
immediately). 

3. Grounding lug connected to the housing shall be provided. 

L. Luminaires shall be rated for operation over the range (-) 40°C to +60°C. 

M. Performance: The combined operating life rating of optics package and 
power supply shall be 100,000 hours minimum where end-of-life shall be 
taken as the point where lumen output has decreased to 70% of the initial 
value.  

N. Plastic Parts:  High resistance to yellowing and other changes due to 
aging, exposure to heat, and UV radiation. 

O. Reflecting surfaces shall have minimum reflectance as follows, unless 
otherwise indicated: 

1. White Surfaces:  89 percent. 

2. Specular Surfaces:  90 percent. 

3. Diffusing Specular Surfaces:  85 percent. 

P. Lenses and Refractors Gaskets:  Use heat- and aging-resistant resilient 
gaskets to seal and cushion lenses in luminaire doors  

Q. All fixture details shall be shown on the shop drawings  

R. Luminaire shall be provided with the following:  

1. Fixture to have anti-vermin protection. 

2. Ballast door and lens frame are each to be secured to housing via a 
1/16” galvanized safety cable. This cable shall be long enough as to 
not interfere with the opening and closing of any doors or covers. 

3. Luminaire safety cable is to be galvanized steel 1/8” with two 
crimped ends with loops, Loctite and split lock washers on all bolts. 

4. Wiring terminal block. 

5. Teflon, abrasion resistant, safety cable cover. 

S. All fixtures shall be provided with a NEMA twistlock photocell receptacle 
and the NEMA photocell. 

2.02 LED DRIVER 

A. LED drivers used in the luminaires shall be of the luminaire 
manufacturer’s specification, subject to the same operating requirements, 
quality assurance program and terms of warranty as the luminaire. 

B. Type:  Switching-type with constant current output; commercial grade with 
a capacitor life rating of 100,000 hours or better at 63 Deg. C case 
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temperature. Other components with limited shelf life or subject to 
degradation over time shall not be used on the driver circuit board rated 
minimum operating life for the driver shall not be less than the operating 
life of the overall LED package measured to 24% depreciation of initial 
lumen output. 

C. Input Voltage: LED drivers designed for multi-voltage input (120-277V) 
shall automatically select for the connected voltage or shall be clearly 
marked at the point of connection for the particular voltage. 

D. Drivers shall be overload/overcurrent protected on the AC line side 
connection preferably with an electronic resettable device or a fuse; fuses 
shall be protected in tool-less, finger-safe holders and shall be 
replaceable without removing incoming power. 

E. A shielded and replaceable surge protective device (rated ANSI C62.41 
Category C) shall be provided integral with the luminaire/driver package 
to dissipate transient voltages appearing on the AC input.  

F. The LED optics package shall be designed to meet the lighting 
requirements as specified herein with a drive current no greater than 
specified above but shall be designed and capable of continuous 
operation within allowable temperature limits to meet the application 
requirements. 

G. Operating Temperature Range: (-)40 to (+)60 deg C. 

H. The minimum MTBF shall be one million hours in accordance with 
Telcordia SR-322 performed by an independent laboratory at the 
operating current required by the application and at the maximum rating 
of the driver. 

I. LED driver efficiency shall be 90% or higher with power factor greater 
than 90% at any drive current. 

J. LED driver shall in compliance with FCC 47 CFR Part 15. 

2.03 LEDs 

A. Optics package:  Consisting of one or more LED modules or ‘light bars’ 
each comprised of multiple LED’s.  The number of LED modules used 
shall be based on the required lumen output to achieve the project 
illumination design goals defined in field quality control.  The optics 
package with the required number of light bars shall also be rated with the 
housing for 3G vibration.  The optics package (light bars) shall be rated 
IP66. 

B. Operating Temperature Range: (-)40 to (+)60 deg C. 

C. Manufacturers of LED’s shall have been in the business for 15+ years, 
engaged in research, development and marketing of LED wafers and 
shall have patents on these and related products.  Qualified 
manufacturers of LED’s include: Philips, NICHIA, CREE or equal. 

D. LED’s used by the luminaire manufacturer shall be identified and direct-
sourced from the manufacturer of the LED and shall be certified by the 
manufacturer of the luminaire as being the LED type and rating used in 
the manufacture and design of the photometric and thermal 
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characteristics of the particular luminaire. 

E. LED’s shall be color matched for all light bars on any given luminaire to a 
Correlated Color Temperature (CCT) of 4000K minimum, 5000K 
maximum with CRI of 80. 

F. Consisting of one or more LED modules or ‘light bars’ each comprised of 
multiple LED’s connected such that individual LED failures may occur 
without affecting any other LED’s in the column and row where the failed 
LED occurred. 

G. Quality control checks, specifications and binning procedures used by the 
manufacturer of the luminaire shall be submitted along with the luminaire 
specification sheets and shop drawings. 

H. Light Loss Factor: calculated at 15 years (minimum 11 hours of operation 
each day) combining Light Lumen Depreciation (LLD) calculated at the 
maximum operating junction temperature, the Luminaire Dirt Depreciation 
(LDD) and an efficiency factor relating power supply degradation to light 
loss shall be greater than 22.5 percent. 

I. LED maximum rated junction temperature: The overall design of the 
thermal package shall provide a temperature margin when operating at 
the maximum rated driver current in a 60°C ambient temperature not to 
exceed the maximum allowable LED junction temperature. 

2.04 FACTORY FINISHES 

A. Finish:  Manufacturer's standard paint applied to factory-assembled and 
factory-tested luminaire before shipping. 

PART 3 -  EXECUTION 

3.01 INSTALLATION 

A. Luminaire Attachment:  Fasten to roadway lighting pole arm with 
mounting bracket, thru bolt and safety cable. Safety cable is to be looped 
around the cast bar at the rear for the housing and the both ends are to 
be secured to the arm with a bolt and a washer. 

B. Adjust luminaries that require field adjustment or aiming until values 
shown in illuminance array are obtained. 

C. Cover all chips and scratches on luminaire housings using a protective 
coating recommended by or provided by the manufacturer of the 
luminaire. 

3.02 CONNNECTIONS 

A. Tighten electrical connectors and terminals according to manufacturer's 
published torque-tightening values.  If manufacturer's torque values are 
not indicated, use those specified in UL 486A and UL 486B. 

B. Use RTV- Loctite in all fasteners before installation. 

3.03 FIELD QUALITY CONTROL 

A. Inspect each installed fixture for damage.  Replace damaged fixtures and 
components. 
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B. Tests and Observations:  The contractor is responsible to verify normal 
operation of lighting units after installing luminaries and energizing circuits 
with normal power source.  Contractor is required provide a written report 
illustrating measured Luminance levels in candela per square meter.  Use 
meters that have been calibrated within 12 months of date of the test.  
Testing procedure shall comply with IESNA LM-50. 

C. The contractor shall prepare a written report illustrating that the proposed 
fixtures meet the above requirements.  Report shall include a review of 
the tests completed, all inspections, observations, and verifications 
indicating interpreted results.  If adjustments are made to lighting system, 
retest to demonstrate compliance with standard. 

D. Contractor to provide all manpower, equipment, lift truck, lane closures, 
etc. at no additional cost to demonstrate the installation complies with the 
contract documents. 

E. Photometric Performance of Installed Units shall meet or exceed those 
values noted above. 

PART 4 -  MEASUREMENT AND PAYMENT  

4.01 MEASUREMENT 

1. Measurement will be made at the unit price for each roadway light 
installed as directed in the field by the Engineer.  No separate 
measurement will be made for extra materials. 

4.02 PAYMENT 

1. The cost shall be a unit price per light fixture and shall include all 
labor, material, and equipment necessary to furnish each fixture in 
place, complete with all terminations, connectors, testing and 
retesting, remote ballast and spare lamps.   Cost for the project 
sample and any extra materials shall be included in unit price. 

2. The price of this item shall also include all required research, 
fabrication, and UL approval (testing agency approval).  Price shall 
also include the cost of monitoring the performance of the 
luminaires and providing the reports as described above. 

 

Item Number Description Unit 

Type A LED Roadway Luminaire Each 

Type B LED Roadway Luminaire Each 

Type D LED Roadway Luminaire Each 

Type E LED Roadway Luminaire Each 
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Pedestrian Area Definitions 

High - Areas with significant numbers of pedestrians expected to be on the sidewalks 
or crossing the streets during darkness. Examples are down- town retail areas, near 
theaters, concert halls, stadiums, and transit terminals. (over 100 pedestrians per hour in 
a typical block on both sides of the street) 

Medium - Areas where lesser numbers of pedestrians utilize the streets at night. Typical 
are down- town office areas, blocks with libraries, apartments, neighborhood shopping,  
industrial,  older city areas, and streets with transit lines. (11 to 100 pedestrians per 
hour in a typical block on both sides of the street) 

Low - Areas with very low volumes of night pedestrian usage. These can occur in any 
of the cited roadway classifications but may be typified by sub- urban single family 
streets, very low density residential  developments,  and  rural  or  semi-rural areas. 
(10 or fewer pedestrians per hour in a typical block on both sides of the street) 

Lighting Criteria 

The lighting levels for street lighting in the City shall be: 

ROAD AND AREA CLASSIFICATION AVG.
LUMIN.

Lavg
(cd/m2)

MAX 
UNIFORM.

RATIO

Lavg/Lmin

MAX 
UNIFORM.

RATIO

Lmax/Lmin

MAX 
VEILING 
LUMIN.
RATIO

Lvmax/Lavg

ROAD PEDESTRIAN 
AREA

CLASSIFICATION 

Major 
High 1.2 3.0 5.0 0.3 

Medium 0.9 3.0 5.0 0.3 

Low 0.6 3.5 6.0 0.3 

Collector 
High 0.8 3.0 5.0 0.4 

Medium 0.6 3.5 6.0 0.4 

Low 0.4 4.0 8.0 0.4 

Local
High 0.6 6.0 10.0 0.4 

Medium 0.5 6.0 10.0 0.4 

Low 0.3 6.0 10.0 0.4 
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Pedestrian Areas and Bikeways 

High Pedestrian Conflict Area: 

In Cambridge high pedestrian 
conflict areas are going to be 
those with mixed commercial 
and residential use.  Typical 
streets which would fall into this 
classification could be sections 
of roadways like Massachusetts 
Ave. particularly when located in 
one of the City’s Squares like 
Davis, Harvard, or Central 
Square.

Recommended Values for High Pedestrian Conflict Areas 

 Maintained Illuminance Values for Walkways

EH   (lux/fc) EVmin   (lux/fc) Eavg/Emin
*

Mixed Vehicle and Pedestrian 20.0/2.0 10.0/1.0 4.0 

Pedestrian Only 10.0/1.0 5.0/0.5 4.0 

* Horizontal only 

EH - average horizontal illuminance at pavement
EVmin - minimum vertical 
illuminance at 1.5m above 
pavement

Medium Pedestrian Conflict 
Areas 

Intermediate areas have 
moderate night pedestrian 
activities.  These areas may 
typically be those near 
community facilities such as 
libraries and recreation centers.  
Safety for the pedestrian as well 
as providing guidance to primary 
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travel ways are key elements in the design of a lighting system in these areas.  These 
values do not consider areas with increased crime and vandalism. 

Recommended Values for Medium Pedestrian Conflict Areas 

 Maintained  Illuminance Values for Walkways

EH   (lux/fc) EVmin   (lux/fc) Eavg/Emin
*

Pedestrian Areas 5.0/0.5 2.0/0.2 4.0 

* Horizontal only 

EH - average horizontal illuminance at pavement
EVmin - minimum vertical illuminance at 1.5m above pavement

Low Pedestrian Conflict Areas 

The lighting system in residential 
areas may allow both driver and 
pedestrian to visually orient in the 
environment, detect obstacles, 
identify other pedestrians, read 
street signs, and recognize 
landmarks.  Table 7 includes 
recommended illuminance values.  
These values do not consider 
areas with increased crime and 
vandalism. 

Recommended Values for Low 
Pedestrian Conflict Areas 

 Maintained Illuminance Values for Walkways

EH   (lux/fc) EVmin   (lux/fc) Eavg/Emin
*

Low Density Residential 3.0/0.3 0.8/0.08 6.0 

Medium Density Residential 4.0/0.4 1.0/0.1 4.0 

* Horizontal only 

EH - average horizontal illuminance at pavement
EVmin - minimum vertical illuminance at 1.5m above pavement
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Crosswalks 

An extensive study was conducted by the FHWA and VTTI concerning the 
lighting of crosswalks. The information is based on static and dynamic experiments 
performed at the Virginia Tech Transportation Institute and documented in FHWA-HRT-
08-052, available at NTIS under publication number PB2008-106431.  

The finding and recommendations of the study are: 

 A vertical illuminance level of 20 lx measured at 1.5 m (5 ft) from the road surface 
allowed drivers to detect pedestrians in midblock crosswalks at adequate 
distances under rural conditions. 

 A higher level of vertical illuminance may be required for crosswalks when  
1. There is a possibility of continuous glare from opposing vehicles. 
2. The crosswalk is located in an area with high ambient light levels. 
3. The crosswalk is located at a lighted intersection. 

 The luminaire selected will influence the best mounting location and height of the 
luminaire with respect to the crosswalk. 

 The vertical illuminance level that allowed drivers to detect pedestrians at 
adequate distances was the same for HPS and MH sources; however, MH or 
other white light sources may provide better facial recognition and comfort for 
pedestrians.  

For lighting of crosswalks in the City of Cambridge, pole should be placed on the 
approach side of mid-block crosswalks and crosswalks located at intersections.  
The lighting level in the crosswalk shall be equivalent to 20 lux vertical.  This can 
generally be accomplished by placing the pole 0.7 x mounting heights before the 
crosswalk (e.g. for a 30’ pole the placement should be 30 x 0.7 = 21’ before the 
center of the crosswalk). 
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Intersections 

Intersections should be illuminated 
to the sum of the intersecting 
streets.  Since the City of 
Cambridge uses a luminance based 
criteria for its street and 
intersections are designed using 
illuminance, the following table is 
included for guidance.  The area 
within the intersection that is 
required to meet these elevated 
levels is defined by the area in the 
center of the intersection to the 
location of the stop bars at each 
intersecting street. 

Illumination for Intersections 

Functional 
Classification 

Average Maintained Illumination at 
Pavement by Pedestrian Area 

Classification in Lux/fc 

Eavg/Emin

High Medium Low

Major/Major 34.0/3.4 26.0/2.6 18.0/1.8 3.0 

Major/Collector 29.0/2.9 22.0/2.2 15.0/1.5 3.0 

Major/Local 26.0/2.6 20.0/2.0 13.0/1.3 3.0 

Collector/Collector 24.0/2.4 18.0/1/8 12.0/1.2 4.0 

Collector/Local 21.0/2.1 16.0/1.6 10.0/1.0 4.0 

Local/Local 18.0/1.8 14.0/1.4 8.0/0.8 6.0 













 
 

 

June 21, 2016 
 

LED Street Lighting 
The American Medical Association’s (AMA) recently adopted community guidance on 
street lighting adds another influential voice to issues that have been discussed in the 
lighting community for some time now, regarding light at night, its potential impacts on 
human health and the environment, and how best to minimize those impacts. While the 
AMA’s guidance is intended to reduce the harmful human and environmental effects of 
street lighting in general, it focuses on LEDs in particular. But it’s important to note that 
these issues are neither new nor restricted to LED technology.  
  
As explained in the DOE Fact Sheet True Colors, there’s nothing inherently different 
about the blue light emitted by LEDs; that is, at the same power and wavelength, 
electromagnetic energy is the same, regardless of source type. And as the potential for 
undesirable effects from exposure to light at night emerges from evolving research, the 
implications apply to all light sources — including, but by no means limited to, LEDs. 
Further, these research results are often also relevant to light we receive from televisions, 
phones, computer displays, and other such devices. 
  
While there’s nothing inherently dangerous about LED lighting, it should be used with the 
same prudence with which we use any other technology. This means that although LED 
lighting is an energy-efficient way to illuminate streets, it’s important to direct the light only 
where it’s needed; to make sure the emitted spectrum supports visibility, safety, and the 
health of humans and other living creatures; and to limit glare for pedestrians, bicyclists, 
and drivers.  
  
In that regard, LEDs have a number of distinct advantages over other lighting 
technologies. For one thing, their dimmability means LED street lighting systems can now 
provide only the level of illumination needed at any given time — which is nearly 
impossible for conventional street lighting products. And LEDs also offer a high degree of 
control over the pattern and evenness of light on the ground. By contrast, conventional 
lamp-based technologies produce light in all directions, so more than half of the output is 
typically redirected toward the desired target by means of reflectors and lenses. This 
results in a considerable amount of light spilling in unwanted directions and spreading 
unevenly across the area, which not only wastes energy but may also cause light-at-night 
problems, such as impacts on wildlife. When an LED replaces an incumbent product, 
such as a high-pressure sodium streetlight, the LED can often meet the illumination 
requirement with only half of the total lumens of the incumbent lamp.  
  
What’s more, unlike other lighting technologies, the spectral content of LEDs can be 
tailored to order — which means that, for example, the blue light emitted can be 



minimized. As noted above, there isn’t anything special about the blue light emitted by an 
LED. The “blue” spectrum of visible light actually covers a range of wavelengths, from 
blue-violet to blue-green, although there's no specific definition of “blue light.” Correlated 
color temperature (CCT) is a rough measure of the balance of energy in a spectrum, with 
lower values indicating relatively less blue content. While CCT doesn’t explicitly 
characterize the potential for nonvisual effects, it’s generally able to indicate the 
spectrum-specific potential for these effects, which also critically depend on quantity and 
duration of exposure. In point of fact, if one compares the blue content of an LED source 
with that of any other source, with both sources at the same CCT, the LED source emits 
about the same amount of blue. This applies to halogen, fluorescent, high-pressure 
sodium, metal halide, induction, and other source types. 
  
LED street lighting products are available in a range of possible CCTs. Exterior LED 
lighting products with lower CCTs are now relatively easy to find (although, typically, 
they’re slightly less energy-efficient than those with higher CCTs). At extremely low CCTs, 
such as the 2200K of high-pressure sodium, the light no longer appears white, and colors 
can be substantially distorted, reducing visibility. Low CCTs may be beneficial for 
reducing nonvisual impacts, but they may also reduce the effectiveness of the lighting, 
potentially even requiring designs with more lumens — which may completely negate the 
effects of reducing the relative amount of blue light emission. 
  
Some media coverage of concerns about blue light, light at night, and dark-sky issues can 
give the impression that LEDs are the enemy, when in fact they’re a critical part of the 
solution, which the AMA acknowledges. It’s important to remember that these issues have 
been around for decades, long before the emergence of LED technology. The key 
takeaway from the AMA’s guidance is the importance of properly matching lighting 
products with the given application, no matter what technology is used. More than any 
other technology, LEDs offer the capability to provide, for each application, the right 
amount of light, with the right spectrum, where you need it, when you need it. 
 
Best regards,  
Jim Brodrick 
 
As always, if you have questions or comments, you can reach us at 
postings@akoyaonline.com. 

 
 

   

 



T R U E  C O L O R S
LEDs and the relationship between CCT, CRI, optical safety,  

material degradation, and photobiological stimulation

Figure 1. The spectral power 
distribution of LED products can 
vary substantially based on the 
desired CCT and CRI, even among 
“standard” blue-pump, phosphor 
converted products. The 20 prod-
ucts included in this chart were used 
to analyze the relationship between 
color metrics (CCT, CRI, Duv) and 
concerns associated with blue light 
content (optical safety, material 
safety, and photobiological safety). 
Two violet-pump (VP) LED products 
were also considered separately. All 
SPDs were scaled to represent equal 
luminous flux.

The spectral emission of LEDs is a frequent topic 
of conversation among lighting professionals 
and the public. There is no shortage of published 
material—some of it myth, some of it fact, and 
some of it a combination—addressing the spec-
tral power distribution (SPD) of LED products 
used for general illumination. This document 
addresses some of the common concerns, using 
an example dataset of 20 CALiPER-tested prod-
ucts with correlated color temperatures (CCTs) 
between 2700 K and 6500 K, and color render-
ing indices (CRIs) between 62 and 98—essentially 
the full range of what is commonly available 
(see Figure 1).1 The specific concerns addressed 
include the potential for light-induced retinal 
damage (optical safety), light-induced changes 

to artwork or other media (material degradation), 
and light-induced stimulation of human circadian 
functions (photobiological safety).

Although the main analysis is based on standard 
blue-pump, phosphor converted LEDs, the analysis 
anecdotally considers violet-pump LEDs as well. 
Commercially available color-mixed LED systems 
were not analyzed, but analysis of a theoretical 
four-component model is subsequently provided. 
While several correlations are addressed, it is 
acknowledged that carefully tuning the spectrum 
of LEDs—or any other type of light source—may 
distort the correlation to some degree. All lighting 
products should be evaluated on their own merits.

1  Products were selected to fill bins for CCT (2700 K, 3000 K, 3500 K, 4000 K, 5000 K, and 6500 K) and CRI (60+, 70+, 80+, 90+). If available, one product was 
included for each cell of the matrix. Only standard, blue-pump, phosphor converted LEDs were considered for the main analysis.

SOLID-STATE LIGHTING
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Is light from LED products the same as 
light from other types of light sources?
Although it may seem obvious, it is important to state explic-
itly that LEDs emit the same type of radiant energy—within 
the visible range of the electromagnetic spectrum—as every 
other light source. They do, however, have their own unique 
signature visible in their spectral power distribution: a peak 
in the short-wavelength “blue” region,2 around 450 nm, and 
a broader peak somewhere between 550 and 650 nm.3 This 
archetypal attribute is shown in Figure 1—to allow for appro-
priate comparison, all the SPDs have been scaled to represent 
equal lumen output.

In general, higher CCT LED products have a more prominent 
blue peak, which is dictated by the need to have proportion-
ally more blue radiation—a fact that is common to all high 
CCT sources. Additionally, most LED products achieving 
a higher CRI have a broader range of phosphor emission, 
which tends to provide more long wavelength (red) radia-
tion. There are notable alternatives to the de facto standard 
approach,  such as color mixed systems, which would not 
necessarily have the same characteristics.

Understanding SPD Plots
SPDs describe the amount of radiant energy across a range 
of wavelengths (colors), but one contributing factor to the 
confusion about spectrum-related effects of LEDs is the way  
data is often presented. Many times, data will be plotted as a 
relative SPD, where the maximum value of the distribution 
is set to be one, with the remaining values scaled accord-
ingly. Comparisons of such data can be misleading, because 
the different SPDs represent different quantities of light—for 
example, one might be comparing a 50-lumen source to a 
500-lumen source. This may lead to erroneous conclusions, 
since quantity of light is a key factor for any type of optical 
radiation risk.

When examining effects inherently related to the quantity 
of light, a better way to examine spectral data is to compare 
the absolute SPD of two or more sources, where each value 
is appropriately scaled based on the radiometric measure-

example) to allow for appropriate comparisons. In practice, 
it may be important to consider the variable lumen output 
of two sources being considered; in this document, which is 
focused on generalized comparisons, the absolute SPDs have 
been normalized so that they represent equivalent luminous 

4

is physiologically relevant, whereas other potential normal-
 

in comparing two sources that provide different quantities  
of light.

Figure 2 shows a comparison of charts displaying absolute 
and relative SPDs for a typical LED, a CIE F Series illumi-

illuminant (phase of daylight model) or blackbody radiation.5 
When looking at relative SPDs (bottom), the LED looks 
like it produces much more blue light than the incandescent 
source, for example. Conversely, when comparing the abso-
lute SPDs normalized for equal lumen output, the minimal 
difference in total blue light is apparent—as described in the 
next section, peak emission does not correlate to the total 
amount of blue light, which must be considered over a range 
of wavelengths. 

Of course, numerical values provide the most technically 
accurate comparisons, although they are rarely provided in 

report are calculated, and are intended to represent a realistic 
range of commonly available LED products. It is possible 
that there are products that fall outside this range or other-
wise are not represented; if blue light risks are an important 

2  Technically, light and objects are not inherently colored; rather, they emit radiation (spectral power distribution) or reflect radiation (spectral reflectance distribu-
tion). The sensation of color is a result of the brain’s interpretation of the interaction of radiant energy (light) and the reflectance of an object. Nonetheless, blue 
light has become a ubiquitous term, so it is used in this report.

3  For more information, including a description of the less common LED product types, see the DOE SSL fact sheet, LED Color Characteristics.

4  Normalization is accomplished by applying a single scale to the entire distribution so that the area under the visual efficiency function (V ) is the same across all 
sources being compared. The same procedure could be used to normalize for luminous intensity or illuminance.

5  CIE standard illuminants, like the D Series and F Series, are mathematical models of common sources, such as daylight and fluorescent lamps. Blackbody radiation 
is a mathematical model of radiant energy generated from a heated, opaque, non-reflective, theoretical mass. Emission from incandescent and halogen lamps is 
similar to blackbody radiation, but in some cases may include less ultraviolet or very-short-wavelength radiation due to the filtering properties of glass lenses.

Some of the confusion about spectrum-related effects of 
LEDs is caused by the way SPDs are presented.

Relative SPD—The maximum value of the distribution is set 
to be one, with the remaining values scaled accordingly. The 
resulting distribution is unitless. Comparisons of such data 
can be misleading because the different SPDs represent 
different quantities of lumens.

Absolute SPD—The values represent radiant energy (e.g., 
W/nm). The distribution may be scaled to represent a given 
amount of luminous flux, for example, which is necessary 
for making appropriate comparisons between sources when 
examining optical, material, or photobiological risks. That is, 
it is important to compare SPDs representing sources that 
provide an equivalent visual experience, based on lumen 
output.

Examining Spectral Data
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Figure 2.  TOP: Spectral weighting functions for three of the blue light safety concerns. The two plots are the same; both are provided 
to allow visual comparison of the SPDs below. The wavelengths at the peak of the functions contribute most to the associated hazard. 
Also shown is one of three color matching functions, which are used in conjunction to derive chromaticity and derivatives, such as CCT. 
The CIE material damage function peaks at 300 nm (not shown).  BOTTOM: Three ways to plot SPDs, shown for nominally 3000 K 
products (left) and 6500 K products (right). The first row shows SPDs equalized based on lumen output. The second and third rows 
are equalized for radiant flux and relative power, respectively, which leads to comparisons that are not physiologically relevant—that is, 
comparisons that are not relevant to lighting for visual tasks.
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Specific Concerns about LED Spectral 
Power Distributions
Most often, concerns regarding LED SPDs focus on “blue 

in the inset below. This is likely due to the peak in short-
wavelength optical radiation that is present in the SPD of 
most LED products; but exactly what type of optical radia-

monochromatic radiation with a wide variety of wavelengths 
(e.g., 410 to 500 nm) may be nominally considered blue. 
Thus, trying to quantify the amount of “blue” in a source by 
evaluating a peak emission is mostly irrelevant to any of the 

as shown in Figure 2. Similarly, trying to quantify blue light 

is unrealistic, as no human visual or nonvisual function is 
known or believed to have this behavior.

To reiterate: just because there may be a distinct blue peak in 
their SPD—in contrast with some other light sources, such 
as incandescent or daylight—LEDs do not necessarily have 
greater potential to cause retinal, material, or photobiologi-
cal harm. In fact, typical, commercially available LEDs 
present approximately the same risk in those three areas as 
other sources having the same CCT, as documented in the 
next three sections. In short, the correlation between CCT 
and optical safety, material safety, or photobiological safety 
exists because CCT calculations also include a weighting 
function covering the blue light region (shown in Figure 2). 
Thus, if the proportion of blue light (and thus any associated 
risk) changes, so too does the CCT. Of course, there is some 
error in the correlation because CCT only characterizes one 
dimension of chromaticity (i.e., it does not consider Duv and 
because the color matching function (z ) does not perfectly 
match the action spectrum for each risk type). 

Optical Safety
The optical safety of LEDs was thoroughly discussed in a 
DOE SSL Fact Sheet, Optical Safety of LEDs. That docu-
ment illustrates the strong correlation between CCT and KB,v 

of light sources, which occurs principally because the z  
color matching function and the blue light hazard function, 
B , are very similar (see Figure 2). Further, based on current 
standards, it can be concluded that white-light architectural 
lighting products do not pose a risk for blue light hazard, 
although non-white light sources (e.g., blue LEDs) and some 

considered more carefully.

Figure 3 shows the correlation between CCT and KB,v for 
the aforementioned blue-pump LED sources, two violet-
pump LED sources, blackbody radiation at several color 

temperatures, CIE D series illuminants (daylight models) at 
5000 K and 6500 K, as well as the CIE F series illuminants 

strong linear correlation for all sources (R2 = 0.95), and for 
the blue-pump LEDs alone (R2 = 0.97). Expanded regression 
models for the standard LED products using CCT, Duv, and 
CRI as predictors indicate that Duv can provide some addi-

that CRI does not. 

If anything, the optical safety of blue-pump LEDs is slightly 
better than blackbody radiation, which is essentially the type 
of emission provided by an incandescent or halogen lamp, 

In principle, this occurs because blackbody radiation (and 
daylight) both emit more very-long-wavelength (deep red and 
infrared) radiation than LEDs. The emission must be bal-
anced by increased shorter-wavelength (blue) radiant energy 
to maintain the same CCT. Neither very-long-wavelength nor 
very-short-wavelength radiation contributes much to lumen 
output.

Optical Safety—Can LED products damage our retinas? 
This potential health risk is known as Blue Light Hazard, and 
is characterized with a spectral weighting function, KB,v.1 
Besides spectrum, intensity and duration of exposure also 
contribute to the risk potential.

Material Safety—Can LED products increase the rate of 
degradation for important artwork or other materials? One 
spectral weighting function that characterizes this attribute 
is the CIE Damage Function, Sdf.2

Photobiological Safety—Can exposure to LED products 
at inappropriate times (e.g., at night) cause unwanted 
shifts to our circadian photobiology, and thus result in a 
host of undesirable consequences? Because this concern 
is relatively new, there is no standard spectral weighting 
function for characterizing photobiological potential, but 
M 3 and CS4 are two functions used in this fact sheet.

1  For more information, see the DOE SSL fact sheet, Optical Safety of 
LEDs. Relevant standards documents include: CIE S009:2002, ANSI/
IES RP-27, IEC/EN 62471,  IEC/TR 62471-2, and IEC/TR 62778.

2  More information is available in CIE 157:2004. Although current  
research has questioned the importance of this metric, it is valuable in 
this context for helping to understand the relative spectral emission 
of common light sources.

3  Provencio I, Rodriguez IR, Jiang G, et al. 2000. A Novel Human Opsin 
in the Inner Retina. J Neurosci 20(2):600-605.

4  Rea MS, Figueiro MG, Bullough JD, Bierman A. 2005. A model of 
phototransduction by the human circadian system. Brain Res Rev 
50:213-218.

Concerns about Spectrum
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Figure 3.  

TOP: Blue light hazard efficacy (KB,v) 
versus CCT. Across all source types, 
there is a strong correlation between 
retinal damage potential per lumen and 
CCT. The denoted outliers have a Duv of 
greater than 0.01, which is outside ANSI-
defined limits for white light. Adding Duv 
to the regression model for blue-pump 
LEDs increases R2 to 0.99. 

MIDDLE: CIE spectral damage potential 
(Sdf) versus CCT. While the linear cor-
relation between damage potential and 
CCT is high for any given product type, 
there is clear stratification between 
technologies (and subgroups of technol-
ogies). Importantly, standard blue-pump 
LEDs have the lowest damage poten-
tial at a given CCT, whereas unfiltered 
incandescent and halogen sources—
approximated here using blackbody 
radiation at 2700 K and 3000 K—tend 
to have the highest.

Sdf  is a metric intended to describe the 
potential of a light source to degrade 
materials, such as fading paints. It can 
be altered by changing a coefficient, 
which was set at 0.12 for this analysis. 
While the relevance of the Sdf metric has 
been debated, it helps to document the 
blue light risk (or lack thereof) that is 
present in LED sources. All products are 
normalized to the same lumen output.

BOTTOM: Melanopic flux versus CCT. 
The analysis demonstrates a strong 
linear correlation between melanopic 
flux and CCT across all types of light 
sources. Adding either CRI or Duv to 
the regression model can improve the 
correlation to R2  0.97. CRI and Duv are 
moderately correlated to each other.

Input from melanopsin-containing 
ipRGCs is an important factor in 
circadian phototransduction, but 
other photoreceptors also contribute. 
Because more advanced models have 
not reached consensus, melanopic flux, 
determined using M , is used as a proxy 
for circadian sensitivity in this report.
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Products with a positive Duv tend to have lower risk poten-
tial than otherwise similar products with a less positive 
(or negative) Duv. This is intuitive, although perhaps not 
applicable in practice, because a positive Duv indicates a 
green tint, whereas a negative Duv indicates a purple or pink 

uv in the linear 
regression model illustrates CCT’s limitations. However, con-

6 can mitigate 
-

dence in the correlation between CCT and blue light risks.

Material Safety
The potential for LEDs—and all light sources—to degrade 
materials, such as important works of art, gained mainstream 
attention in 2012 and 2013. While the myth that LEDs are par-
ticularly damaging has been debunked by museum and lighting 
experts, some uncertainty lingers. 

One way to characterize the potential of a light source to 
damage materials is the CIE spectral damage function (Sdf) 

various materials. Although this methodology for character-
izing damage potential is very generalized, using it in this 
analysis simply illustrates further that LED products carry  
the same or less risk as other sources of the same CCT.

As shown in Figure 3, there is a strong linear correlation 
between damage potential and CCT among each source type 
(e.g., R2 = 0.94 for blue-pump LEDs), but not for all source 
types combined. However, for each source type, there is a 
predictable increase in damage potential as CCT increases. 
One contributing factor is that the CIE damage function, 
which more heavily weights radiant energy as the wavelengths 
become shorter, is not very similar to the z  color matching 
function. Simultaneously, the different source types all have 
a different point at which their emission becomes negligible, 
regardless of CCT. For example, standard LEDs do not emit 
much energy below 400 nm, but blackbody radiation and the  
D Series illuminants do.

It is also important to note that blue-pump LEDs are generally 
the least likely product type to cause material degradation at 
any given CCT, at least among the products considered. Even 
the example violet-pump LEDs pose no more risk than a typi-
cal incandescent or halogen lamp.7

Photobiological Safety
As with material and optical safety, it is sometimes argued 
that LED sources have greater potential to affect the circa-
dian system, which may have undesirable consequences if it 
occurs at the wrong time for the individual. As with the other 
risks, concerns often arise from the short-wavelength peak of 
a blue-pump LED package, which leads to the perception that 
LEDs emit more blue light. The situation may appear espe-
cially alarming if relative SPDs are shown.

However, there are two important things to consider. First, 
the overall sensitivity of the human circadian system is still 
being rigorously debated. It is known that photic input to the 
nonvisual system comes not just from melanopsin-containing 
ipRGCs (intrinsically photosensitive retinal ganglion cells), but 
also from rods and cones, the photoreceptors typically associ-
ated with visual function. Further, nonvisual photosensitivity 
is potentially mediated by a person’s state of adaptation, the 
time of day, and the quantity of light. Thus, modeling circa-
dian stimulation with a simple spectral weighting function is 

risk, this analysis investigates the nonvisual phototransduc-
tion potential of LED and conventional sources using the M  

melanopsin.

The analysis again shows a strong correlation between blue-
2 = 0.89) for sources 

uv to 
the regression model did provide some additional information, 

2 = 0.98).

Does CRI change the amount of blue light?
While CCT is highly correlated with blue light-related conse-
quences, CRI is generally not. In fact, for phosphor-based LED 
products at the same CCT and equal lumen output, products 
with a lower CRI may be the least damaging, as shown in 
Figure 4. This may be surprising, and arguments to the con-
trary have been made. It is true that achieving a higher CRI for 
standard LEDs requires converting more of the blue emission 
to longer wavelengths, thus decreasing blue emission. However, 
converting more energy to long wavelengths may also reduce 

output can increase.

The photobiological effects of light are related to the spectrum and intensity 
of light, but are not specific to any type of light source. Especially when night-
time exposure is a concern, choosing lower-CCT sources will generally reduce 
the photobiological risk potential. In critical applications, evaluations beyond 
CCT are warranted.

6  The dataset analyzed in this report includes three products with a Duv outside of ANSI-defined tolerances (IES/ANSI C78.377).
7  In some applications, such as museums, halogen lamps may be filtered to reduce or eliminate emissions below about 430 nm, which also reduces their material 

damage potential. The blackbody radiation used in this analysis does not represent filtered lamp emission.
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Figure 4.  

TOP: Blue light hazard efficacy 
(KB,v) versus CRI for the LED 
dataset

MIDDLE: CIE spectral damage 
potential (Sdf) versus CRI for 
the LED dataset

BOTTOM: Melanopic flux  
versus CRI for the LED dataset

Across all three measures con-
sidered, CRI showed minimal 
correlation. Even for melanopic 
flux, where CRI provided some 
extra predictive power, the 
charts show that substantial 
changes in CRI are equivalent to 
relatively small changes in CCT. 
Further, the observed correla-
tion was positive, meaning lower 
CRI products were less photo-
biologically stimulating. Notably, 
CRI may be confounded with 
other variables, such as Duv.

Each point in each chart rep-
resents a single SPD. While the 
included SPDs cover a wide 
range of products, they are not 
representative of all SPDs in the 
same nominal CCT and CRI bin.



The dataset exhibited a linear correlation (R2 = 0.38) between 
CRI and Duv; sources with a higher CRI tended to have a 
lower Duv (i.e., closer to zero or negative). Sources with a lower 
Duv generally contain slightly more short-wavelength radiant 
energy than their counterparts at the same CCT and lumen 
output.

The End Result
One important characteristic of LEDs is that they are easily 
engineered to have any CCT desired. In contrast, incandes-
cent and halogen lamps are generally between about 2700 and 
3000 K. Fluorescent and metal halide lamps are also available 
in a wide range of CCTs, although they are most commonly 
found between 3500 and 5000 K. Although this analysis 
focused on standard blue-pump, phosphor converted LEDs, 
the conclusions are expected to hold for other types as well 
(see Figure 5).

Figure 5.  LEDs are not a homogenous group. The four example LED products, which represent a variety of LED product 
types, have similar color characteristics but are rated differently by the three risk functions considered in this report. While  
the difference between the LED products can be substantial (up to 26%), none of the products exceeds blackbody radiation  
by more than 8% for any of the risks considered.

Although at the same CCT and output, LED lamps and  
luminaires do not emit any more blue light than their  
counterparts, increasing the CCT does necessitate a higher 
proportion of blue light. In general, CCT can be used as  
an effective predictor of short-wavelength content across 

 
optical safety, material degradation, and (in a simplistic  
way) circadian stimulation.

If any of the aforementioned blue light concerns are a key 
design criterion, further investigation should be undertaken. 
Color temperature is a good correlate, but it is also possible 

the spectral weighting functions involved are not perfectly 
aligned with the z  color matching function and because  
CCT further distills chromaticity to a single number. 
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1 Executive Summary 
 

1.1 Project Background 
 
The Northwest region operates approximately 1.7 million streetlights consuming an approximate 
average 150 MW. The City of Seattle has been actively converting its existing High Pressure 
Sodium (HPS) street lighting to light emitting diode (LED) lighting. The City reduced energy 
consumption by more than forty percent through this process (Smalley 2012). LED streetlights, 
coupled with controls enabling adaptive lighting, can save an additional twenty-five percent of 
energy.  
 
The City can realize street light energy savings from both a reduction in wattage and from 
dimming. LED lamps are approaching the efficacy (lumens/watt) of HPS. Clanton & Associates 
and Virginia Tech Transportation Institute (VTTI) designed this study to test the idea that a 
lower quantity of better-quality light provides equal or better detection distance. This would 
create an opportunity for savings from luminaire lumen reductions and from dimming. 
 
The Northwest Energy Efficiency Alliance (NEEA) and the City of Seattle partnered to evaluate 
the future of solid state street lighting in the Pacific Northwest with a two-night demonstration in 
Seattle’s Ballard neighborhood in March 2012. The study evaluates the effectiveness of LED 
streetlights on nighttime driver object detection visibility as function of light source spectral 
distribution (color temperature in degrees K) and light distribution. Clanton & Associates and 
VTTI also evaluated adaptive lighting (tuning of streetlights during periods of reduced vehicular 
and pedestrian activity) at three levels: one hundred percent of full light output, fifty percent of 
full light output, and twenty-five percent of full light output.  
 
The study, led by Clanton & Associates, Continuum Industries, and the VTTI, built upon 
previous visual performance studies conducted in Anchorage, Alaska; San Diego, California; and 
San Jose, California.  
 

1.2 Study Description 
 
Clanton & Associates and VTTI conducted the demonstration in Seattle’s Ballard neighborhood 
along 15th Avenue NW, between NW 65th Street and NW 80th Street. They divided the fifteen-
block stretch into six evaluation test areas with approximately one test area per two blocks. The 
demonstration used Philips Lumec LED luminaires equipped with the Schreder Owlet lighting 
control system. 
 
Clanton & Associates and VTTI conducted the data collection demonstration over two evenings. 
Following an initial evening without data collection to allow representatives from the City and 
media to view the demonstration and the capabilities of the system, researchers conducted 
qualitative and quantitative testing the following two evenings. Each evening, three groups of 
participants evaluated the entire test site. The first group evaluated all of the lights at one 
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hundred percent of full light output, the second group evaluated all of the LED lights at fifty 
percent of full light output (HPS remained at one hundred percent), and the final group evaluated 
all of the LED lights at twenty-five percent of full light output (HPS remained at one hundred 
percent). Full output of the luminaires represented the maximum output of the specified 
luminaires, which Clanton & Associates had selected to meet the Illuminating Engineering 
Society of North America (IES) Recommended Practice for Roadway Lighting (RP-8) criteria for 
a collector road with medium pedestrian conflict. The first night of general participant testing 
took place on dry pavement. On the second night, flusher trucks wetted the pavement and the 
process was repeated. 
 
The written evaluation asked participants a series of general questions based upon where they 
live, in addition to demographic questions and site condition questions. For each test area, a 
participant next rated twelve statements on a five-point scale (strongly disagree to strongly 
agree). 
 
VTTI conducted the user field test on both nights of general participant testing. On each evening, 
three participants at a time participated in the user field test. Two participants sat in the back seat 
of the test vehicle, while one participant sat in the front passenger seat. A representative from 
VTTI drove the car. The driver instructed each participant to depress a push button device when 
he or she identified a wooden visibility target through the front windshield. A GPS device 
recorded the detection distance between the vehicle and the target, thus creating data for 
quantitative comparison among luminaire types and light levels.  
 

1.3 Research Results 

 
The use of LED technology for city street lighting is becoming more widespread. While these 
lights are primarily touted for their energy efficiency, the combination of LEDs with advanced 
control technology, changes to lighting criteria, and a better understanding of human mesopic 
(low light level) visibility creates an enormous potential for energy savings and improved 
motorist and pedestrian visibility and safety.  
 
Data from these tests support the following statements: 
 

 LED luminaires with a correlated color temperature of 4100K provide the highest 
detection distance, including statistically significantly better detection distance when 
compared to HPS luminaires of higher wattage.  

 The non-uniformity of the lighting on the roadway surface provides a visibility 
enhancement and greater contrast for visibility.  

 Contrast of objects, both positive and negative, is a better indicator of visibility than is 
average luminance level. 

 Dimming the LED luminaires to fifty percent of IES RP-8 levels did not significantly 
reduce object detection distance in dry pavement conditions.  

 Participants perceived dimming of sidewalks as less acceptable than dimming to the same 
level on the roadway. 
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 Asymmetric lighting did reduce glare and performed similarly to the symmetric lighting 
at the same color temperature (4100K). 

 
The results indicate that the 105-watt LED luminaire, with a correlated color temperature (CCT) 
of 4100K (symmetric and asymmetric), has the highest detection distance of all of the test areas, 
with a value of approximately 130 feet. This luminaire outperformed even the 250-watt (280 
system watts) and 400-watt (450 system watts) HPS, with over two and four times the wattage 
respectively. Even when reduced to twenty-five percent of full light output during the dry 
pavement test, the LED 4100K luminaires did not have a significantly different detection 
distance compared to the same luminaires at one hundred percent of full light output. The wet 
roadway conditions did show a decrease in detection distance when the lighting system was 
dimmed, especially at twenty-five percent of full light output.  
 
The illuminance uniformity ratio of the 4100K LED luminaire is the highest (least uniform) of 
all of the LED luminaires, yet this luminaire also has the greatest detection distance.  
 
The contrasts of targets for all colors increased as the light levels dimmed. Participants assessed 
the contrast from 200 or more feet away from the vehicle, or beyond the reach of headlamp 
lighting, whereas most detections occurred within 200 feet, or within the headlamp span. A 
greater contrast ratio typically results in greater visibility; however, based on the average 
detection distances and the test vehicle’s headlamp assessment, VTTI concluded that headlamps 
are not the primary source of detection.  
 
Luminance does not exhibit a correlation to detection distance; the two HPS luminaires and the 
5000K LED provided greater levels of luminance than did either of the 4100K LEDs (symmetric 
or asymmetric) but did not show a related increase in the object visibility. This demonstrates that 
the primary indication of visibility is contrast and that a reduced luminance level with equivalent 
contrast may provide equivalent or better detection distances.  
 
The user field test results indicate that the implementation of adaptive lighting does not 
significantly affect object detection distance for dry roads. However, coupling this data with the 
written evaluation results indicates that reducing the light level to twenty-five percent of full 
light output for all hours of the night raises concerns for the public, especially on the sidewalks. 
Tuning the light to a point such as twenty-five percent of full light output may be justified at low 
vehicular and pedestrian volumes and under dry pavement conditions, but not for all hours of the 
evening.  
 
The asymmetric luminaires recorded the lowest glare values of all of the test areas, as the light 
was intended to be directed away from the driver. While the asymmetric luminaires performed 
on par with the symmetric 4100K LED luminaire, participants did not rate the asymmetric test 
area very high, especially at the lower light levels. Participants deemed the distribution to be 
patchy and claimed that signage was difficult to view.  
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1.4 Industry Implications 

 
Standards 

The user field test data findings demonstrate that less uniformity trends toward greater detection 
distance. The importance of uniformity in target detection constitutes another aspect to consider. 
The 4100K luminaire exhibited the highest illuminance uniformity ratio, indicating the most 
non-uniform appearance; it also showed the highest visual performance. While industry 
standards list maximum uniformity ratios, they do not address a lower limit. The IES research 
committee should explore both the maximum and minimum ratios to account for higher contrast 
with less uniform pavements. Visibility level (VL) concepts are addressed in the standards, but 
researchers should refine the values to replicate field data. 
 
The data gathered from the user field test in this study also supports the use of mesopic 
corrections under IES RP-8. The contrast of objects illuminated by shorter wavelength light 
(from LEDs) at low light levels is a valid reason for reducing light levels while not affecting 
visual detection distance.  
 

Future Product Designs 
LED technology and the design of luminaires can address the sidewalk lighting issue. Ideally, the 
luminaire controller would maintain higher light levels on the sidewalks for pedestrians during 
conditions when roadway illumination is reduced. The authors believe that current LED drivers 
could be adapted to support this methodology. Such design changes would ensure that sidewalks 
remained illuminated and that pedestrians would likely feel safer than they did in this test, in 
which some participants expressed concern about under-lighted sidewalks with the luminaires at 
twenty-five percent of rated output. More uniform sidewalks may also play a greater role in 
pedestrians’ perception of security.  
 

Economic Analysis 
The analysis indicates that the implementation of LEDs and controls can pay back in just over 
three years when replacing 400 W HPS luminaires with 105 W LED luminaires, and within six 
years when replacing 250 W HPS luminaires with 105 W LED luminaires. The payback values 
improve with more aggressive adaptive lighting.  
 
1.5 Future Work 
 
This project used a test site along a roadway with a speed limit of thirty-five miles per hour. In 
order to fully understand the magnitude of mesopic benefits, researchers should expand this 
study to take place on a roadway with a higher speed limit (fifty-five mph) to verify the existence 
of similar results. Future detection tasks may focus on foveal (line-of-sight) versus non-foveal 
(peripheral) vision; researchers may develop new adjustment factors to account for color contrast 
in foveal vision.  
 
Given that researchers found contrast to be a strong indicator for detection distance, future 
research should delve further into Visibility Level (VL). The weighted average VL comprises the 
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Small Target Visibility (STV) within RP-8. Researchers should refine these values to more 
accurately predict STV based upon visibility research.  
 
The test site was located in an urban environment with light contribution from several adjacent 
businesses. As researchers reduced the light from the LED luminaires, the influences of non-
uniformity and contrast as strong indicators of visibility became evident. However, the light 
contribution from the adjacent businesses remained at full brightness throughout the 
demonstration, thus contributing to the contrast values. Subsequent studies would benefit from 
having adjacent businesses extinguish their lights for the duration of the demonstration to 
determine whether or not non-uniformity and contrast remain strong indicators of visibility 
without their contribution.  
 
Researchers added the condition of wet pavement to this demonstration to test the impacts on 
visibility when pavement conditions change. Future research should look into other weather 
conditions such as fog and snow to determine visibility variance when introducing these 
common weather elements.  
 
Future work should also include a more thorough look at sidewalk visibility: when pedestrians 
are navigating detached and attached sidewalks, what type and quantity of light achieves the 
highest level of visibility? Future studies should include both static and dynamic objects in-situ 
in a city to measure detection distance. 
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2 Introduction 
 

2.1 Background 
 
The use of light emitting diode (LED) technology for city street lighting is becoming more 
widespread. While these lights are primarily touted for their energy efficiency, the combination 
of LEDs with advanced control technology, changes to lighting criteria, and a better 
understanding of human mesopic (low light level) visibility creates an enormous potential for 
energy savings and improved motorist and pedestrian visibility and safety.  
 
LED efficacy (the amount of light generated per watt of electricity) continues to increase 
substantially as the technology and deployment improve. However, efficacy varies dramatically 
with the spectral distribution (color temperature) of the LED. Due to the current manufacturing 
process, cooler colors (higher Correlated Color Temperature, or CCT) result in higher efficacies 
than do warmer colors (lower CCTs). In fact, as of 2013, the Department of Energy (DOE) 
reported cool white LED packages (CCT=4746K to 7040K) with an average of 164 lumens per 
watt and warm white LED packages (CCT=2580K to 3710K) with an average of 129 lumens per 
watt (DOE 2013). However, public preference typically favors warm white light, or the lower 
color temperatures, such as 3500K. Ignoring this in favor of higher efficacies, manufacturers’ 
marketing media push higher-color-temperature 5000K and 6000K light sources to gain a 
competitive edge. This results in installations that produce light very efficiently, but within a 
spectrum that can affect brightness perception, color rendering, discomfort glare, circadian 
rhythm, and other possible health issues (IES 2013).  
 
Network control of exterior lighting provides another layer of energy savings potential to street 
lighting systems. Most street luminaires use photo sensors that detect a drop in ambient daylight, 
causing the luminaire to switch on. At dawn, the same sensor turns off the luminaire. Although a 
straightforward solution, this strategy results in the light source being activated all night and 
during periods of dusk and dawn. Additionally, photo sensors are typically the most likely 
component of the system to fail. Networked lighting controls link groups of luminaires together 
with either radio frequency or by power line carrier. When dimmable sources (such as LED) are 
controlled in this mesh network, the luminaires can be dimmed or turned off as a group, or 
individually. 
 
The Illuminating Engineering Society (IES) roadway lighting criteria (RP-8) outlines decreasing 
light level requirements for decreasing levels of pedestrian and motorist conflict. However, 
without dimming and control technology available, changing light levels after installation has 
been impractical. A roadway lighting design provided the appropriate amount of light for the 
worst set of design conditions. Additionally, because light output diminishes with time (lumen 
maintenance), traditional design practice puts the initial light output well over the requirement so 
that the light level will still be met when light output has decreased at the end of the light 
source’s life. Implementing dimming control, or “tuning” these light sources, can now provide 
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the design level of light at all times, accounting for decreasing late night pedestrian activity and 
for lumen depreciation over the life of the light source. 
 
LEDs also produce a white light with high color rendering ability as opposed to the yellow light 
produced by the high pressure sodium (HPS) sources commonly used in North American cities. 
With the revision of Technical Memorandum (TM 12-12) Spectral Effects of Lighting on Visual 
Performance at Mesopic Lighting Levels, the IES recognized that some spectral distributions 
provide better visibility under mesopic (low light level) conditions than do others. Although 
pinpointing it is difficult, TM 12-12 documents a method for calculating the effective luminance 
of a roadway lighting design. This means that designers can design for lower light levels when 
using a white light source and still achieve the same level of visibility provided by higher light 
levels produced by an HPS light source. 
 
The energy savings from this combination of opportunities far exceeds the potential of the 
efficient technology alone. However, most pilot studies and tests evaluate the solid state 
technology alone without analyzing the potential synergies of these other opportunities. 
 

Table 1. Potential Cumulative Energy Savings  
Potential Cumulative Energy Savings 

 Energy Savings Potential 

Luminaire Replacement 15-40%* 

Lumen Maintenance 5-15% (at beginning of life) 

Mesopic Multipliers 5-10% (4000K source compared to HPS at 
2000K) 

Adaptive Lighting 25%** 

TOTAL ENERGY SAVINGS 50-90% 
Notes: *This savings is in addition to the application of adaptive lighting, and greatly depends on whether the incumbent 
technology was currently meeting performance or prescriptive criteria.  
**Assumes fifty percent light level reduction during fifty percent of the operating hours. 

 

2.2 Technology and Market Overview 
 
The cost effectiveness of LED street luminaires varies dramatically depending on site-specific 
factors and on the variables considered in the economic analysis. Using a Return on Investment 
or Net Present Value analysis captures not only energy costs but maintenance savings as well. 
Additionally, light source efficacy continues to improve each year. The DOE predicts that by 
2020, even warm white LED packages will exceed 200 lumens per watt (DOE 2013). While 
efficacy continues to increase, the growing number of luminaire manufacturers in the market 
intensifies competition and reduces costs. However, quality also varies significantly among these 
manufacturers; the DOE reports payback periods from its gateway projects as short as three years 
and as long as twenty years(DOE 2013). The following variables affect the cost analysis of any 
project: 
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 Cost of current energy and future predicted escalation 
 Maintenance costs (light source, driver/ballast, photocell replacements) and whether or 

not these are considered in the analysis 
 Use of adaptive lighting and controls to reduce light output after hours 
 Use of lumen maintenance tuning to keep lighting at design levels throughout the course 

of the system’s life 
 Change from current lighting levels that have over-lighted streets   

 
 

2.3 Project Objectives 

 
The large number of previous pilot and study projects has failed to sufficiently address the 
following objectives:  
 

1. Test different color temperatures for the existence of preferences for a specific color and 
for performance advantages to a specific color temperature (spectral distribution).  

2. Evaluate opinions of citizens toward various light sources that may be suitable candidates 
for selection of replacement luminaires.  

3. Evaluate the performance of luminaires with an asymmetric distribution that maximizes 
the vertical brightness along a roadway. 

4. Test three different light output levels (one hundred percent, fifty percent and twenty-five 
percent) to see the point at which the lower levels become undesirable. 

5. Test different road conditions (wet and dry pavement) to identify potential luminaire and 
light source performance advantages for one condition over the other. 

6. Evaluate object detection performance and community acceptance of white (broad-
spectrum) LED lighting.  

 
The results of this study will also support the development of LED streetlight design guidelines 
for the Northwest. With the rapid pace of change in this industry, this design guidebook will help 
municipalities and utilities to cost-justify and confidently select luminaires and control systems 
to meet their individual needs.  
 

2.4 Project Hypotheses 

 
Researchers developed the following series of hypotheses prior to beginning this project to help 
define the study parameters.  
 
Luminance versus Illuminance 
 

 Illuminance has constituted the basis of most lighting design criteria, yet it does not 
address visual adaptation. Luminance will more accurately predict object detection versus 
illuminance, since it best represents what one “sees”: visual adaptation and object 
contrast. This distinction between illuminance and luminance will be emphasized under 



Visual Quality, Acuity, Community Acceptance - LED Streetlight Sources 
 

Clanton & Associates - 4 
 

wet conditions where the difference between illuminance and luminance will be the 
highest.  

 Since the earlier-mentioned experiments were illuminance-based, this experiment should 
perform both illuminance and luminance setups. Since the test areas will be identical, the 
luminance detection will be compared with the illuminance test in order to establish the 
relationship between the two, and also to confirm the hypothesis that luminance is the 
best object detector predictor.  

 
Broad Spectrum versus HPS Lighting 
 

 Broad spectrum lighting will yield object detection higher than that of HPS lighting under 
the same illuminance or luminance level. This occurred in three other streetlight 
experiments conducted by Clanton & Associates and Virginia Tech Transportation 
Institute and is predicted to have the same results with this experiment. See Work for 
additional information.  

 
Adaptive Lighting 
 

 Even under lower luminance or illuminance levels, broad spectrum lighting will have 
greater detection distances than HPS.  
 

Asymmetric Lighting 
 

 Asymmetric distribution will increase detection distances, especially under wet 
conditions. Since pavement reflectance and viewing angle both affect luminance values, 
wet pavement luminance increases when light is directed toward the driver. This 
increases veiling luminance and low contrast. Asymmetric distribution directs light away 
from the driver, similar to an extension of headlamps. These effects may also appear 
under dry conditions, since small target visibility increases with asymmetric distribution.  
 

Energy Savings 
 

 Asymmetric broad-spectrum lighting at dimmed levels will result in maximum energy 
savings due to increased detection distances even at dimmed lighting levels.  
 

Vertical Illuminance and Luminance 
 

 The asymmetric luminaire design approach relies on the propagation of light at higher 
angles, resulting in a greater ratio of vertical illuminance to horizontal illuminance. This 
will likely result in higher luminance conditions for vertical targets as well, which should 
result in greater contrast between vertical and horizontal surfaces (target versus 
background/foreground). This shift in the light propagation in a roadway lighting system 
may result in considerable improvements in visibility.  
 

CCT Importance 
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 Changing CCT for broad-spectrum lighting will not lead to a linear decrease in detection 
differences and will not follow the lumens-per-watt efficacy. While lower CCT for broad 
spectrum lighting will have lower detection distances, the difference will be insignificant 
compared to higher CCT broad spectrum lighting within the range that is considered 
reasonable for roadway lighting. This will give communities the ability to choose CCT 
based on community preference without the penalty of reduced energy savings potential.  
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3 Methodology 
 

3.1 Overall Project Setup 
 
This demonstration project targeted two audiences over the course of three evenings. On the first 
evening, industry professionals, media, and political representatives received an overview of the 
lighting system and the goals of the demonstration project. On the two succeeding evenings, 
participants from the general population of Seattle, Washington viewed the lighting with both a 
written evaluation and a user field test.  
 
Researchers conducted the two surveys, a written evaluation and a user field test, to gain an 
understanding of the public’s views on solid state street lighting using LED technology and to 
quantify the difference in visibility under the new technology and under traditional high pressure 
sodium (HPS) light sources.  
 
Researchers conducted the demonstration along a portion of 15th Avenue Northwest in the 
Ballard neighborhood in Seattle, Washington. The 15-block stretch of the demonstration test site 
contained six test areas, as shown in Figure 1 below. 
 
Figure 1. Demonstration Site Layout 

 
 
 
While the test site contained two 400 W HPS sections, the study surveyed only the larger of the 
two. The integrity of the study required equal numbers of LED luminaires in each test area. 
Given the existing layout of the lighting along this street, the intersection at NW 70th Street has 
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too few luminaires for its own test area, so it remained with the Seattle City standard 400 W HPS 
streetlights.  
 
Two of the test areas used HPS, one with 400 W light sources and one with 250 W light sources. 
Both of these test areas used cobra-head-style luminaires. The other test areas used LED 
luminaires of varying distributions and color temperatures, as outlined in Table 2. 
 
Table 2. Summary of Test Areas 

Summary of Test Areas 

  Test Area 1 Test Area 2 Test Area 3 Test Area 4 Test Area 5 Test Area 6 

Light Source LED LED HPS LED LED HPS 

Color Temperature 3500K 4100K 2000K 4100K 5000K 2000K 

Distribution Type II Type II Type II Type II Asymmetric Type II 
Note: Color temperature values are as stated by the manufacturer; they were not measured. 
 
 

3.2 Site Selection 
 
Researchers began selection of the demonstration site in June 2011. The Seattle Department of 
Transportation (SDOT) provided a list of possible streets and vetted them for consistency of 
streetlight arrangement and spacing. Researchers also considered ease of closing the road to 
through traffic. Possible demonstration site locations included: 
 

 8th Avenue NW between NW 51st Street and NW 45th Street 
 4th Avenue South between South Industrial Way and South Michigan Street 
 Winona Avenue North between N 76th Street and North 66th Street 
 West Nickerson Street between 13th Avenue West and Warren Avenue North 
 Greenwood Avenue North between North 95th Street and North 74th Street 
 1st Avenue between the West Seattle Bridge and East Marginal Way 
 35th Avenue SW between SW Thistle Street and SW Roxbury Street 
 California Avenue SW between SW Edmunds and SW Myrtle Street 
 15th Avenue NW between NW 85th Street and NW 65th Street 

 
Researchers finalized the demonstration site at 15th Avenue NW because it is long enough to 
accommodate six test areas, it has a fairly uniform opposite pole arrangement, it does not cross 
major streets, and it is straight with a uniform width throughout. The demonstration site was 
originally intended to start at NW 85th Street and continue to NW 65th Street. A paving project in 
that area with a detour route along NW 83rd Street moved the demonstration site to the stretch 
from NW 80th Street to NW 65th Street.  
 
Once researchers had selected the demonstration site, the SDOT conducted a truck turning 
movement study and developed a detour route. Coordination with the Metro bus service began to 
design a detour route that would minimize the impact on ridership.  
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While SDOT coordinated the road closure along 15th Avenue NW, Clanton & Associates and 
VTTI developed the characteristics of the lighting. Seattle City Light (SCL) conducted a site 
visit to observe the luminaire mounting height, existing light source wattage, light source type, 
arm length, pole spacing, and other sources of illumination along the site aside from street 
lighting. The characteristics of the roadway include: 
 

 Seventy feet curb to curb width 
 Ten feet center lane – no median 
 Three lanes of traffic in each direction 
 Single head luminaire 
 Six foot arm length 
 Thirty foot luminaire mounting height 
 Wooden poles 
 Overhead electric feeds 
 ~130-foot spacing pole to pole 

 
Figure 2. Preliminary Site Visit to Observe Other Sources of Illumination 

 
 

 

3.3 Public Outreach 
 
In advance of the demonstration, SDOT notified business owners and residents in the vicinity of 
15th Avenue NW. Each business owner received notice of the demonstration and street closure in 
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a one-page handout. SDOT mailed residents in the area near the demonstration site a postcard 
notifying them of the street closure and detour routes. SDOT also contacted the local 
neighborhood blog, The Ballard Blog, to inform residents as well as to recruit participants for the 
demonstration. SDOT also provided a press release with details of the demonstration and street 
closure. Appendix J: Public Outreach shows all of the outreach documents. 
 

3.4 Lighting Criteria 
 
The existing HPS luminaires along the stretch of 15th Avenue NW consist of 400 W light sources 
meeting the current City of Seattle prescriptive standards. To provide a baseline for comparison, 
Clanton & Associates designed the new LED streetlights around performance criteria 
recommended by the Illuminating Engineering Society of North America (IES), Recommended 
Practice for Roadway Lighting (RP-8). The roadway and pedestrian classification determined the 
luminance criteria to use for the design. The area surrounding the demonstration site is mainly 
residential with some commercial buildings along 15th Avenue NW. During the daytime, 15th 
Avenue NW is heavily-used with three lanes of traffic in each direction with a center turn lane. 
At night, the street reduces to two lanes of traffic in each direction, with parallel parking in the 
third lane. These conditions classify the site as a collector roadway.  
 
The IES defines a collector road as:  
 

“A roadway servicing traffic between major and local streets. These are streets used 
mainly for traffic movements within residential, commercial, and industrial areas. They 
do not handle long, through trips. Collector streets may be used for truck and bus 
movements and give direct service to abutting properties.”  

 
Two schools are located within two blocks of the demonstration site. Pedestrian activity is 
moderate during the nighttime. Many residents in the nearby area walk their pets along 15th 
Avenue NW. Given these conditions, the demonstration is classified as having medium 
pedestrian conflict.  
 
IES RP-8 (2005) defines a medium pedestrian conflict as: 
 

“An area where lesser numbers of pedestrians utilize streets at night. Typical are 
downtown office areas, blocks with libraries, apartments, neighborhood shopping, 
industrial, older city streets, and streets with transit lines.”  

 
Clanton & Associates selected the wattage and distribution for the new LED streetlights based 
upon their performance in meeting the criteria in the following table. 
 
Table 3. IES RP-8 Luminance Criteria for New LED Streetlights 

Luminance Criteria for New LED Streetlights 

Roadway 
Classification 

Pedestrian 
Conflict Area 

Average 
Luminance Lavg 

(cd/m2) 

Uniformity 
Ratio Lavg/Lmin 

(max) 

Uniformity 
Ratio Lmax/Lmin 

(max) 

Veiling 
Luminance Ratio 
Lvmax/Lavg (max) 
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Collector Medium 0.6 3.5 6.0 0.4 

  
 
Clanton & Associates used no luminance criteria for the HPS luminaires. The 400 W HPS 
luminaires represent the City of Seattle’s standard luminaire on this type of roadway. The 250 W 
HPS luminaires compare the visibility performance to that observed in other studies and to the 
higher 400 W luminaire.  
 

3.5 Luminaire Selection 

 
Philips Lumec RoadStar provided the LED luminaires for the demonstration. Selecting one 
manufacturer streamlined the procurement and installation processes while eliminating any 
variables due to distribution types and reflector components. Clanton & Associates also 
considered the IES TM-15-11 Backlight Uplight Glare (BUG) ratings in luminaire selection. 
Clanton & Associates selected no luminaires with uplight ratings above 0 (U0) or glare ratings 
above 2 (G2) to limit options appropriate for a mixed-use neighborhood.  
 
In order to meet the luminance criteria outlined in IES RP-8, Clanton & Associates selected the 
Lumec GPLM 105 W Type II luminaire. This luminaire comes standard with a correlated color 
temperature (CCT) of 4100K and consumes 105 W. Lumec provided the other, non-standard 
luminaires with CCTs of 3500K and 5000K for this demonstration. Lumec also provided a 
custom-designed asymmetric luminaire: CCT 4100K. Clanton & Associates used the lighting 
software AGi32 and a 0.765 light loss factor for all lighting calculations; this value is based upon 
Philips Lumec’s 0.85 lamp lumen depreciation value and a 0.9 luminaire direct depreciation 
factor. Appendix E: Preliminary Luminaire Testing shows all calculations. 
 
The four LED test areas each contained ten luminaires. Because the research included the effect 
of color temperature on participant opinions, the test areas also represented three different color 
temperatures: 3500K, 4100K, and 5000K. All ten luminaires have a standard Type II distribution 
for each of these color temperatures. The fourth test area also has a color temperature of 4100K 
with an additional custom asymmetric distribution designed specifically for this study. 
  

3.6 Controls Selection 
 
Owlet’s Nightshift system controls the LED luminaires. Each luminaire contains one 2mW 
luminaire controller (LuCo) at 120 volts. One segment controller (SeCo) receives signals from 
each of the LuCos. This system can remotely meter energy consumption, provide two-way 
communication with status updates, and dim the lights on command or on schedule.  
At the time of specification, the City of Seattle was also implementing the Owlet control system 
on another project.  
 
To ensure that the signal would propagate along the entire demonstration site, SCL installed two 
10W LuCos within the 400 W HPS test area. These LuCos bypass the HPS luminaires and only 
act as repeaters to the next LED LuCos so the entire system receives a signal.  
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3.7 Asymmetric Luminaire Design 

 
As mentioned above, the luminaires in test area 4 utilize a non-traditional distribution. Instead of 
offering even light distribution both toward and away from the driver, this design directs the 
majority of the light away from the oncoming car, effectively “leading” the driver (pro-beam) 
down the road, in a manner similar to extending the headlight range. This design is intended to 
compare the measured detection distance under the asymmetric luminaire to a standard Type II 
distribution luminaire. The reflected glare from wet pavement can cause discomfort and can 
impair a driver’s ability to see; however, if the majority of the light leaving the luminaire is pro-
beam, reflected glare will be decreased and will, in theory, increase the visibility of the driver.  
 
Coordination with Philips Lumec began in June of 2011. Because the demonstration site was not 
yet finalized and the luminaire design depended on the specific road dimensions, Lumec did not 
begin luminaire design until October 2011. Figure 3 shows one of the initial conceptual drawings 
for the demonstration. 
 
Figure 3. Elevation of Conceptual Design of Asymmetric Luminaire 

 
 
 
After the finalizing the demonstration site, Clanton refined and optimized the design to meet the 
exact conditions of the roadway. It provided Philips Lumec with the roadway characteristics as 
well as design parameters, which included: 
 

 Maximize small target visibility (STV) 
 Have a maximum to minimum luminance uniformity ratio of no greater than 10:1 
 Maintain the same BUG glare rating of G2 as the symmetric luminaires 
 Do not allow pro-beam (the forward distribution of the light) to cross into oncoming 

traffic, where it would become a glare source for motorists on the opposite side of the 
street 

 
This new distribution design does not meet the average luminance values in IES RP-8. However, 
while the average luminance levels would be less, maximizing the STV may result in 
uncompromised visibility.  
 
The initial design provided by Philips Lumec met these requirements, as illustrated in Figure 4. It 
shows minimal light crossing into oncoming traffic and the majority of the light from the 
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luminaire leading the driver. A sharp light cutoff to the left of the luminaire creates a unique 
distribution, noticeable in the field.  
 

 
 
 
 
 
 
Figure 4. Preliminary Asymmetric Luminaire Design by Philips Lumec 
 

 
 

 
While the first design met all of the design requirements, Clanton & Associates directed Philips 
Lumec to revise the original design to an IES BUG uplight rating of 0, to further reduce the light 
crossing over onto oncoming traffic and to maintain or increase small target visibility. The 
second asymmetric luminaire design (Figure 5) increased the STV from 4.6 to 5.4, and lowered 
the glare threshold along with the average luminance.  
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Figure 5. Second Asymmetric Luminaire Design 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Philips Lumec revised the second design to exclude the backlight mask and created a third and 
final design that was completed in early November 2011. Philips Lumec began production on 
this design in early 2012. It delivered one luminaire of each type to VTTI for preliminary testing, 
and shipped the remaining nine of each type to Seattle for installation.  
 

3.8 Road Conditions 
 
Because of the Pacific Northwest’s rainy climate, the demonstration evaluated the streetlight 
performance with two different pavement conditions: dry and wet. Fog is also prevalent in this 
area but is quite difficult to generate on command. VTTI made plans to accommodate for fog in 
the calculation results should it be experienced during the demonstration, but it made no plans to 
generate artificial fog.  
 
Clanton & Associates scheduled the demonstration for the first week of March 2012. Since 
wetting a dry road is easier than drying a wet road, Clanton & Associates scheduled the 
demonstration for a time when the probability of rain was small, but also prior to the onset of 
Daylight Saving Time. The demonstration had to begin no sooner than an hour after sunset. Later 
sunsets as summer approaches increases the difficulty of getting participants to attend a post-
sunset demonstration later in the night. Given all these considerations, Clanton & Associates 
decided that the ideal time for the demonstration would be March 6, March 7 and March 8 from 
8:00 p.m. to 1:00 a.m. each night.  
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Since the demonstration required one evening with dry roads and one evening with wet roads, 
Clanton & Associates along with SDOT had several contingency plans in place to address 
potential weather issues. If the roads were dry all three evenings, they would be artificially 
wetted one evening to simulate rain conditions. If the roads were wet all three evenings, Clanton 
& Associates and VTTI would conduct only two evenings (one with media and industry 
professionals and another for participants) of surveys, with a makeup date scheduled later in the 
year when the probability of dry roads would be higher. Continuum Industries printed all of the 
written evaluations on waterproof paper in the event of rain while participants completed their 
surveys.  
 

3.9 Light Output Level 

 
The study evaluated three light output levels for the LED luminaires: one hundred percent, fifty 
percent, and twenty-five percent of full light output. This effort evaluated the concept of adaptive 
lighting standards and determined the effect of reduced light levels at lower traffic volume 
conditions at nighttime.  
 
Adjustments to the voltage inputs provided to the luminaire via the Owlet control system tunes 
the light output of the luminaires. Prior to the demonstration, Philips Lumec sent a sample of 
each luminaire to VTTI, where preliminary testing determined the corresponding voltage inputs 
for each light output value (one hundred percent, fifty percent, and twenty-five percent). See 
Appendix E: Preliminary Luminaire Testing for additional information.  
 

3.10 Participant Recruitment 
 
Continuum Industries recruited approximately 180 participants for each night of the 
demonstration, sixty for each of the three light levels. VTTI determined the number of recruits 
for the user field test based on the required number of eighteen participants for each light level. 
The fact that historically many participants choose not to ride in the user field test vehicle 
dictated an over-recruit of approximately three times the required number of participants for each 
light level.  
 
SDOT provided assistance for recruitment outlets throughout the City. Continuum offered each 
potential recruit a forty-dollar gift card as an incentive for participation.  
 
Continuum recruited participants from across Seattle through colleges and universities, as well as 
through employment offices and non-profits. It encouraged non-profits to alert their constituents 
about the survey, and several used the forty-dollar gift cards as fund-raising opportunities by 
having members donate their gift card directly to the organization. Continuum also targeted 
participants from sources closer to the test site, including neighborhood associations and assisted 
living facilities. It also informed businesses affected by the street closures of the opportunity to 
participate in the test as means of generating community interest and goodwill.  
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Individuals interested in participating signed up online via a recruitment website that collected 
contact information, availability by date and time, gender, and age. The recruitment website also 
educated participants on what the demonstration would require of them. As the survey dates 
drew near, Continuum Industries contacted participants via email and phone with priority based 
on the dates of their online registration and on their age groups. To account for changes to the 
human eye over a lifetime, Continuum made every effort to evenly represent each age group for 
each light level of the test. Given the weather contingency plans and the intent to have a 
representative sample of age groups, some participants were recruited for both nights of testing, 
at different light levels.  
 

3.11 Written Evaluation 
 

On each of the two nights of general participant testing, participants completed subjective 
surveys for each test area. Clanton & Associates modified a survey originally developed for 
parking lot lighting surveys by Dr. Peter Boyce, formerly of the Lighting Research Center, to 
render it suitable for use in street lighting demonstrations. The team used this same survey to 
evaluate the street lighting in Anchorage, Alaska; San Diego, California; San Jose, California; 
and Roseville, California.  
 
The written evaluation asked participants a series of general questions based upon where they 
live, in addition to demographic questions and site condition questions. For each test area, a 
participant next rated twelve statements on a five-point scale (strongly disagree to strongly 
agree). Following are the statements that comprised the written evaluation: 
 

1. It would be safe to walk here, alone, during daylight hours. 
2. It would be safe to walk here, alone, during darkness hours.  
3. The lighting is comfortable.  
4. There is too much light on the street.  
5. There is not enough light on the street.  
6. The light is uneven (patchy).  
7. The light sources are glaring.  
8. It would safe to walk on the sidewalk here at night.  
9. I cannot tell the colors of things due to the lighting.  
10. The lighting enables safe vehicular navigation.  
11. I like the color of the light.  
12. I would like this style of lighting on my city streets. 

 

Participants also answered an additional question on the scale of much worse to much better  
13. How does the lighting in this area compare with the lighting of similar Seattle city streets 

at night? 
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3.12 User Field Test 

Equipment 
The data collection equipment used during the experiment consisted of a variety of components 
for collecting illuminance, luminance, color temperature, and participant response data. Most of 
these are part of the Roadway Lighting Mobile Measurement System (RLMMS), a device 
created by the Center for Infrastructure Based Safety Systems (CIBSS) at VTTI as a method for 
collecting roadway lighting data in addition to participant response data.  
 
VTTI mounted a specially-designed “Spider” apparatus containing four waterproof Minolta 
illuminance detector heads horizontally onto the vehicle roof in a manner that positioned two 
illuminance detector heads over the right and left wheel paths and positioned the other two 
illuminance detector heads along the centerline of the vehicle. VTTI positioned an additional 
vertically-mounted illuminance meter in the vehicle windshield as a method to measure glare 
from the lighting installations. VTTI connected the waterproof detector heads and the 
windshield-mounted Minolta head to separate Minolta T-10 bodies that sent data to the data 
collection PC positioned in the trunk of the vehicle.  
 
VTTI positioned a NovAtel Global Positioning Device (GPS) at the center of the four roof-
mounted illuminance meters and attached it to the “Spider” apparatus. It connected the GPS 
device to the data collection computer via USB so the vehicle latitude and longitude data was 
incorporated into the overall data file. 
 
VTTI mounted two separate video cameras on the vehicle windshield. One collected color 
images of the forward-driving luminous scene and the second collected luminance information 
for the forward-driving luminous scene. VTTI connected each camera to a standalone computer 
that was in turn connected to the data collection computer. The data collection computer 
recorded illuminance, human response (reaction times), and GPS data and synchronized the 
camera computer images with a common timestamp. Additional equipment inside the vehicle 
consisted of individual input boxes for participant-entered responses and a Controller Area 
Network (CAN) reader for collecting vehicle network information.  
 
A specialized software program created in LabVIEW™ controls each component of the 
RLMMS. The software synchronizes the entire hardware suite and sets data collection rates at 
20Hz. VTTI set the video image capture rate for this demonstration at 3.75 frames per second 
(fps). The final output file used during the analysis contained a synchronization stamp, GPS 
information (such as latitude and longitude), input box button presses, individual images from 
each of the cameras inside the vehicle, vehicle speed, vehicle distance, and the illuminance meter 
data from each of the four Minolta T-10s. VTTI incorporated the vehicle’s latitude and longitude 
data into the overall data file via USB connection to the data collection computer. 
 

Visibility Targets 
Research has established a relationship between certain visibility metrics and the detection and 
avoidance of a small object on a roadway. Research has also established a correlation between 
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these visibility metrics and the frequency of vehicular accidents at night. Small Target Visibility 
(STV) is a method to calculate this relationship.  
 
The STV method (as defined by IES RP-8) is used to determine the visibility level of an array of 
targets along the roadway when considering certain factors such as the luminance of the targets, 
the luminance of the immediate background, the adaptation level of the adjacent surroundings, 
and the disability glare. The weighted average of the visibility level of these targets results in the 
STV value.  
 
The visibility targets for this demonstration are wooden squares seven inches on each side, with a 
tab measuring 2.375 inches by 2.375 inches on one side (pictured in Figure 6). The targets came 
in four colors: red, green, gray, and blue. VTTI painted the target bases to be similar to the road 
surface. VTTI placed these objects along the roadway as the objects of interest in the 
performance portion of the project. 
 

Figure 6. Visibility Targets Used within Test Areas 

 
 
 
VTTI positioned targets of each color within each of the test areas to achieve a consistent level 
of vertical illuminance for all luminaire types. Each target location had fourteen lux of vertical 
illuminance except for the 400 W HPS section, where twenty lux was the lowest achievable 
vertical illuminance. 
 
VTTI’s goals in setting up the visibility targets consisted of exposing each luminaire type to each 
target color and matching each location by vertical illuminance. VTTI paired the target colors 
(green/gray and red/blue) and intermittently shifted them among luminaires during breaks when 
the luminaires were dimmed. The percent reflectance by each target color is shown in Table 4. 
 

Table 4. Percent Reflectance by Target Color 

Color Reflectance 
Gray 17% 
Green 17% 
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Blue 15% 
Red 12% 

 
 

Illuminance more directly characterizes a luminaire’s output, whereas luminance more directly 
characterizes the amount of light perceived. Matching the targets for illuminance isolates the 
lighting output, thus making the luminaires comparable on that basis. Matching the targets for 
luminance would require considerations of target surface reflectance, road surface reflectance, 
and target color. 
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4 Procedure 
 

4.1 Equipment Pretesting 

 
Prior to the demonstration, VTTI received four luminaires (one of each of the four types of LED 
luminaires) and all equipment necessary to operate the control system. This preliminary testing 
ensured that the luminaires were operating as specified and determined the driver voltage inputs 
corresponding to the desired light output levels of one hundred percent, fifty percent, and twenty-
five percent. While the testing also included correlated color temperature measurement, the 
results of the color temperature test were inconclusive.  
 
The testing process entailed mounting each luminaire in the VTTI test facility for a “burning-in” 
time of approximately one hundred hours. Next, VTTI individually mounted the luminaires in 
the outdoor environment at the VTTI test facility (Figure 7). In this location, VTTI measured the 
output of the luminaire in terms of horizontal and vertical illuminance along a grid of test 
locations beneath and to the side of the luminaire.  
 

Figure 7. Laboratory Evaluation Grid 

 
 
 

 
Dimming Data 
VTTI also measured the effects of dimming each LED luminaire. Figure 8 shows the relationship 
between the dimming voltage and the percent of light output for each luminaire. The results 
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indicate that as dimming voltage increases, the percent of light output also increases similarly for 
each luminaire.  
 
Figure 8. Dimming Voltage by % Light Output 

 
 
 
VTTI used the 1-10 dimming voltage inputs collected through this preliminary testing to allow 
the control system to tune the lights at the desired light levels. The values calculated are:  
 

 One hundred percent light output – 8V 
 Fifty percent light output – 3.1V 
 Twenty-five percent light output – 1.2V 

 
VTTI modified the final voltage inputs from the above values because the control system needs 
to have a linear curve between the low and high value in order to function properly. Therefore, 
the low voltage inputs used during the demonstration are: 
 

 One hundred percent light output – 8V  
 Fifty percent light output – 3.3V 
 Twenty-five percent light output – 1V 

 
The relationship in Figure 9 shows the illuminance for each luminaire as it is dimmed or 
brightened. Illuminance differs among the luminaires, but the relationship is similar for each.  
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Figure 9. Dimming Voltage by Illuminance (lx) 

 
 
 
 

Table 5. Summary of Lab Light Trespass 
Summary of Lab Light Trespass 

  4100K ASYM 3500K 5000K 
  HS SS HS SS HS SS HS SS 

Average Lab Measured 
Light Trespass (lux) 

4.21* 2.23 1.68* 1.99 2.37* 4.67 2.22* 4.74 

Max (lux) 4.88 4.75 4.13 4.42 4.64 5.51 4.42 5.36 
Min (lux) 3.37 0.53 0.37 0.22 0.69 3.26 0.61 4.05 

Note: * Meets pre-curfew and post-curfew limit 
 

 
Based on the IES recommendation, the four luminaires evaluated are below the light trespass 
limit. Appendix E: Preliminary Luminaire Testing contains additional collected data.  
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4.2 Equipment Installation 

 
SCL installed all new light sources and cleaned luminaires to ensure that all 400W HPS 
luminaires along the demonstration site were not subject to dirt or luminaire depreciation. SCL 
also purchased and installed ten 250 W HPS cobra head luminaires. Lumec shipped forty LED 
luminaires to the City in late January and early February for installation. Figure 10 illustrates the 
sequence of each of the test areas. 
 
Figure 10. Demonstration Site Layout 

 
 

 
Seattle City Light began installing the HPS luminaires first. No luminaire controllers were 
installed within the housings of the either the 250 W or the 400 W HPS luminaires. Two of the 
400 W HPS luminaires have externally-mounted LuCos on their poles; however, the LuCos do 
not control the light output of the HPS luminaire but instead propagate the signal to the next 
LED series of luminaires.  
 
Seattle City Light next installed the LED luminaires after completing all of the HPS luminaire 
installations. Because Philips Lumec had installed the LuCos in the luminaires at the factory, 
they did not require field installation. SCL staff correlated each LED luminaire with a badge 
number matching the pole displayed on an aerial image of the demonstration site. A description 
of the luminaire along with the pole badge number is hand-written on the inside of each housing 
to help properly identify the placement of the luminaire, as indicated in Figure 11. 
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Figure 11. Example of Handwritten Description  
and Badge ID within Housing 

 
 
 

Each LuCo has a unique ZigBee label on the module describing the LuCo, luminaire, and GPS 
location. The installation process also used three other identical labels for each LuCo: one is 
placed in the luminaire housing, one on the pole that can be read by someone standing on the 
ground, and the last label is placed on a commissioning spreadsheet.  
 

4.3 Setup of Visibility Targets 
 
The team set up the small visibility targets the night before the demonstration began. The team 
placed signs along 15th Avenue NW restricting residents from parking on the street.  
 
The team placed each of the four colors of targets (red, blue, green and gray) under each test area 
and measured the vertical illuminance, with the goal of finding locations within each of the test 
areas where each target location measured an equal vertical illuminance value under each of the 
test areas. The team marked the location of the target on the pavement with spray chalk. This 
demonstration did not use yellow targets because the researchers could not find a yellow paint 
color with a reflectance comparable to the other target colors.  
 
The researchers found target locations with achieved vertical illuminance values of fourteen lux 
for five of the six test areas. The 400 W HPS test area was unable to achieve a fourteen-lux 
vertical illuminance value; this area achieved a lowest vertical illuminance value of twenty lux. 
Researchers do not expect this higher illuminance level to affect the results, as visibility is based 
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on contrast and illuminance. While this area exhibited a higher target illuminance, the roadway 
illuminance was higher as well, and the contrast should remain unaffected. The contrast is 
explored in more detail later in this investigation. 
 
To simulate rain on the roads, SDOT flusher trucks artificially wetted the roads for the March 8 
demonstration. They sprayed the entire width of 15th Avenue NW from NW 80th Street to NW 
65th Street. The flusher trucks sprayed down the road three times: once immediately after the 
road closure, and then again before both the first and second dimming tests while the lights were 
being dimmed. The sidewalks where participants were completing the written evaluations 
received no water from the flusher trucks.  
 

4.4 Written Evaluations and User Field Tests 

 
Three groups of participants took part in the written evaluations on each of the two nights of 
general participant testing. Each of the three groups arrived at different times throughout the 
evening. The first group arrived at 7:00 p.m.; the second group at 8:30 p.m.; the third group 
at10:00 p.m. At the arrival of each group, the participants where then divided into two subgroups 
based upon assigned color of their written evaluations.  
 
A bus dropped off the first subgroup at the intersection of 15th Avenue NW and NW 80th Street. 
This group of participants made its evaluations on the west side of the street and took advantage 
of the slight downhill topography. The second subgroup started at the intersection of 15th Avenue 
NW and NW 65th Street. This group walked slightly uphill and made its evaluations from the 
east side of the street.  
 
Beginning at 8:00 p.m. each night, SDOT and the Seattle Police Department began closing 15th 
Avenue NW between NW 65th Street and NW 80th Street. The road remained closed until 1:00 
a.m. One police officer stayed at each end of the demonstration site throughout the duration of 
the survey, and one additional police officer roamed the site throughout the evening. Once the 
police officers gave clearance to begin the surveys, a team member gave instructions to each 
group of participants. 
 
Two project team members led each survey group and answered questions. At the beginning of 
the survey, team members instructed participants not to look up at the streetlights, but rather to 
evaluate the whole field of view into the street. Team members also instructed participants not to 
talk to one another to avoid influencing other participants’ opinions. In addition to the two team 
members per group, SCL staff members helped on site to manage traffic and to keep the 
visibility targets in the correct standing positions. Two private security officers also remained on 
site for the duration of the demonstration.  
 
The bus picked up each subgroup of participants approximately an hour after they had been 
dropped off. All participants returned to Salmon Bay middle school and turned in their surveys in 
exchange for the forty-dollar gift card incentive.  
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4.5 Experimental Protocol 
 
A member from the VTTI team drove the experimental vehicle at a maximum speed of thirty-
five mph. Researchers selected the thirty-five mph speed as a typical speed for a commercial 
lighting roadway, and simulated stopping distances outside of headlamp range. The experimental 
vehicle drove in the middle of the three lanes, as the far right lane was used for target placement. 
Along the route, participants pressed buttons when they were confident they had detected the 
targets located along the roadway. The total testing time for the detection task lasted 
approximately five minutes.  
 

4.6 Dry Pavement 
 
The dry pavement demonstration ran a total of eighty-three participants in the user field tests. As 
many as three participants could take part in the driving test at one time. Some runs contained 
fewer than three participants, depending on the number of volunteers from each subgroup.  
Table 7 details the number of runs and the number of participants by light level. The light levels 
are divided into number of runs (or laps) and the number of participants. 
 
Due to a failed video card, VTTI could not record the luminance data concurrently with the 
participant target detections. It conducted a second data collection effort approximately four 
months later (July 2012) to gather the necessary luminance data. This data is included in the 
analysis. 
 

Table 6. Dry Pavement Written Evaluation Test Numbers 
Pavement 
Condition 

Light 
Level 

Number of 
Participants 

Dry 100% 62 

Dry 50% 54 

Dry 25% 49 
 

 
 
Table 7. Dry Pavement Participants User Field Test Numbers and Computer Conditions 

Pavement Condition Light Level Number of 
Runs (Laps) 

Number of 
Participants 

Computer 
Condition 

Dry 100% 9 24 No Video Card 
Dry 50% 12 35 No Video Card 
Dry  25% 11 24 No Video Card 

TOTAL 32  83   
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4.7 Wet Pavement 
 
As mentioned earlier, SDOT flusher trucks wet the roads for the second evening of general 
testing. Two trucks arrived on site shortly after the road barricades were up and 15th Avenue NW 
was officially closed. Each truck held 3,000 gallons of water. Starting full, both trucks began 
wetting the road near the intersection of NW 15th Avenue and NW 80th Street.  
 

Figure 12. Flusher Truck Wetting the Roads 

 
 
 

 
A total of fifty-one participants participated during the wet pavement portion, thirty-two fewer 
than the dry pavement portion. Researchers reduced the time for each evaluation group due to the 
allowance of time for flusher trucks to wet the pavement, thus reducing the number of 
participants per run. Table 9 details the number of runs, number of participants, and computer 
conditions for the wet pavement portion of the user field test. 
 

Table 8. Wet Pavement Written Evaluation Test Numbers 
Pavement 
Condition 

Light 
Level 

Number of 
Participants 

Wet 100% 59 

Wet 50% 59 

Wet 25% 49 
 
 
Table 9. Wet Pavement Participants User Field Test Numbers and Computer Conditions 

Pavement Condition Light Level Number of 
Runs (Laps) 

Number of 
Participants 

Computer 
Condition 
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Wet 100% 10 24 Normal 
Wet 50% 7 21 Normal 
Wet 25% 2 6 System Error 

TOTAL 19 51   
 
 
Only six participants were able to be tested for the twenty-five percent light level condition as 
the mobile computer system encountered further communication errors. However, complete 
luminance data exists for the wet portion, given its ability to record during participant testing. 
 

4.8 Luminance Measurements 
 
As mentioned earlier, a video card failure meant the inability to measure all of the luminance 
conditions on the first day of the experiment. Luminance data for the dry condition was recorded 
prior to the wet pavement test after repair of the video card the following day. Unfortunately, 
time restrictions led to recording only of the one-hundred-percent-lighted scenario; no luminance 
data of the visibility targets was recorded for the fifty percent or twenty-five percent dim 
conditions. Table 10 details the available luminance data. In the analysis, the one hundred 
percent dry data was scaled by the illuminance measurements to provide estimates for the 
background luminance and the target luminance. Researchers undertook a secondary effort in 
July 2012 to re-collect luminance data to ensure quality. Unfortunately, wet pavement was not 
available on this attempt. A discussion of the user field test measurements can be found in 
Section 5: Discussion. 
 

Table 10. Recorded Luminance Data  
Recorded Luminance Data 

March 2012 
Pavement  Light Level Luminance Data 

Dry 100% Recorded Luminance 

Dry 50% Unable to Record - Estimated 
based on the illuminance ratio 

Dry 
25% Unable to Record - Estimated 

based on the illuminance ratio 
Wet 100% Recorded Luminance 
Wet 50% Recorded Luminance 
Wet 25% Recorded Luminance 

July 2012 
Pavement  Light Level Luminance Data 

Dry 100% Recorded Luminance 
Dry 50% Recorded Luminance 
Dry 25% Recorded Luminance 
Wet 100% Wet Pavement not available 
Wet 50% Wet Pavement not available 
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Wet 25% Wet Pavement not available 
 
 

5 Findings 

 

5.1 Written Evaluation 
 
Researchers administered the written evaluation to participants on each night of the experiment. 
Each participant rated twelve statements on a scale from “strongly disagree” to “strongly agree.” 
The statements address perceptions of safety, comfort, glare, preference for light color and color 
rendering, and overall style. Overall, 332 participants surveyed the test area, roughly split 
between the wet and dry nights.  
 
Table 11. Written Evaluation Results 

Written Evaluation Results 
 Topic Result 
Statement 1 Safe, daylight 

hours 
Participants considered the street a safe area 

Statement 2 Safe, darkness 
hours 

Participants considered the street a safe area, at 
night, even with dimming.  

Statement 3 Comfortable No statistical difference between responses 
within a given test area when the light output is 
reduced to 25% light level.  

Statement 4 Too much light Participants did not rate the HPS luminaires as 
having too much light. 

Statement 5 Not enough light Asymmetric luminaire showed agreement at all 
light levels. 

Statement 6 Uneven (patchy) Asymmetric luminaire showed agreement at all 
light levels.  

Statement 7 Glare Asymmetric had the best glare rating (lowest), 
followed by the 3500K and 4100K.  

Statement 8 Safe on sidewalk  HPS 400 W received highest rating, followed by 
HPS 250 W. 

Statement 9 Cannot tell colors No statistical differences across color 
temperatures, including HPS, across all dim 
levels.  

Statement 10 Safe vehicular 
navigation 

HPS luminaires received the highest ratings, 
while the asymmetric received the lowest 
ratings.  

Statement 11 Color of light Both HPS sources showed nearly the same 
neutral preference as the LED sources.  

Statement 12 Style of light With the exception of the asymmetric luminaire, 
participants preferred the LED luminaires as 
much as the current 400 W and 250 W HPS 
standards.  
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In an effort to recruit enough survey participants, some participants came to both nights of 
testing. The duplicate participants evaluated different road conditions and light levels each night. 
The participants had a full twenty-four hours and bright daylight between the two nights of 
testing, and researchers did not expect their participation on both evenings to significantly affect 
the results. However, researchers analyzed the duplicate surveys as a group and compared their 
responses to the larger population to identify any differences. 
 
Statements S3, S5, S10, and S12 (comfortable, not enough light, vehicular navigation, and style) 
exhibited different agreement ratings among those who saw the test areas twice. The participants 
who saw the test areas twice agreed more strongly with these statements for the 250 watt HPS 
under the wet condition than did those who went through the test areas once. 
 
 
Statement S7, the light sources are glaring, participants viewing the asymmetric luminaire test 
area for the second time, under dry conditions and at 25% of full light output, rated their 
agreement with this statement higher than those who saw the asymmetric luminaire test area for 
the first time.  
 
When responding to statement S10, the lighting provides for safe vehicular navigation, for the 
asymmetric and 3500K LEDs, participants seeing these areas, under wet conditions, for the 
second time disagreed with this statement more strongly than did the first-time viewers. 
 
Second-time viewers agreed with statement S12, I would like this style of lighting, more strongly 
than did first-time viewers when evaluating the 250 watt and 400 watt HPS on the wet road 
conditions. 
 
When responding to statement S13, comparison of lighting to other City of Seattle streets, for the 
3500K LED, participants seeing these areas for the second time disagreed with this statement 
more strongly that did the first-time viewers.  
 
These variations between the responses of the repeat participants and the larger study population 
do not change the overall conclusions drawn from the written evaluation. While most of the 
variations occurred when participants were viewing the existing HPS luminaires, it is unclear 
why participants might have rated these more highly on the second night of viewing. Under wet 
conditions, the standard LED products may have produced more reflected glare on the pavement. 
The relatively lower glare of the more diffuse HPS sources may have been more noticeable to 
individuals who had seen a less dramatic difference on the previous night. 
 
To address potential bias in the experiment, researchers divided each of the three groups of 
participants into two subgroups; half of the participants walked down one side of the street and 
the other half walked down the other side of the street. For instance, the participants who 
traveled from south to north generally viewed the LED test areas lower than those who traveled 
north to south. Although evaluation ratings between the two groups exhibited some trends, the 
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majority of the values are not significantly different from one another. Researchers combined the 
entire dataset, essentially averaging the two different vantage points.  
 
When researchers analyzed this question by gender, women generally preferred the warmer color 
temperatures while men tended to prefer cooler color temperatures, as shown in Figure 41 and 
Figure 42.  
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Figure 13. Survey Question 11: “I like the color of the light”– Dry Pavement  
at One Hundred percent (Light Level by Gender) 

 
 
 

Figure 14. Survey Question 11: “I like the color of the light”– Wet Pavement  
at One Hundred percent (Light Level by Gender) 

 
 
 
Research explains the reasoning behind women’s preference for warmer color temperatures (. 
Some studies on gender and color indicate that women can match colors more accurately and 
quickly than men. Only the X chromosome contains genes for pigments in red and green cones; 
since women have two X chromosomes, they have a potential advantage over men for superior 
vision if their two X chromosomes align in such a way that activates two red and two green 
cones.  
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5.2 User Field Test 
 

Data Analysis Approach 
Researchers performed analyses for visibility data and for illuminance sensor data. For the user 
field test visibility analysis, researchers conducted an initial data cleaning in which they located 
targets via GPS coordinates, verified responses and matched them to each target section, and 
removed additional data anomalies (outliers) from the data. For example, researchers excluded 
all data that exceeded three standard deviations away from the mean. Researchers performed an 
additional data check to look for any other outliers and to check the images associated with the 
data file. They did so by checking the data in Arc Map and verifying the image information. 
 
Next, the entire data file, including the button input box, latitude and longitude information, and 
respective images from the color and luminance cameras, was imported into a Statistical 
Analysis Software (SAS) program for review and analysis. As an example, researchers obtained 
the detection distance calculation by calculating the distance using latitude and longitude 
coordinates for each button press. The coordinates for the target locations were registered 
separately and also integrated to determine the distance from the button press to the target 
location. Researchers rechecked these calculations using the distance calculation obtained from 
the vehicle network data. When they had completed the distance calculations, the dataset 
underwent additional data checking for outliers, and researchers made necessary corrections 
(including deletions for false button presses and frame corrections, and deletions of anomalous 
data). Researchers used Analysis of Variance (ANOVA) as the statistical tool to investigate 
differences among lighting type, lighting location, target color, target location, travel direction, 
and vertical illuminance level. Findings are shown in Table 12. 
 
Table 12. Luminaire Type, Target Color, Pavement, and Light Level ANOVA Results 

ANOVA Results 

Source 
F 

value Pr>F Significant 
Luminaire Type 38.13 <0.0001 * 
Target Color 39.6 <0.0001 * 
Light Level 0.01 0.9289 
Pavement Condition 2.22 1.438 
Luminaire Type * Light Level 0.24 0.8704 
Luminaire Type * Pavement 0.83 0.5104 
Luminaire Type * Light Level * Pavement 1.08 0.3675 
Luminaire Type * Target Color 10.42 <0.0001 * 

 
 
The illuminance data for the lighting sections underwent the same data cleaning process as the 
visibility (or detection distance) data. Researchers checked the entire data file for anomalies and 
verified sections with GPS information. They conducted additional spot checks using the color 
images collected during the drive to verify the section location and starting/ending points for 
each run. 
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Researchers next imported the cleaned data file into SAS for review and analysis. The 
illuminance data gave an approximation of the light intensity reaching the road surface, which 
provided further understanding of the performance of the different lighting sections. 
 
Researchers conducted an additional analysis using detection distance, illuminance, and 
luminance in a linear regression model. This model allowed better visualization of the linear 
relationship among the three variables. 
 

Detection Distance 
Researchers conducted an Analysis of Co-Variance (ANCOVA) on the detection distance and 
illuminance data to identify any differences among the lighting sections. They used the Student 
Newman-Keuls (SNK) test to identify where the significant differences occurred. Figure 15 
below highlights the results. 
 

Figure 15. Luminaire Type and Light Level by Detection Distance (Wet and  
Dry Pavement Combined) 

 

 
 

As Figure 15 shows, detection distance is not predictable based on the luminaire’s light level. 
Note that the 250 W and 400 W HPS luminaires were not dimmed for the experiment; the 
lighting level of the LED luminaires surrounding the HPS luminaires likely affected the contrast 
of the targets in these sections.  
 
Figure 16 shows comparisons of luminaire types and the pavement conditions by mean detection 
distance. Dry and wet conditions alone did not exhibit statistically significant differences; 
however, this relationship shows that the difference in pavement wetness condition did affect 
some luminaires. The HPS luminaire types (250 W and 400 W) shared a similar trend with the 
effect of the wet conditions. The differences for the LED luminaire types were more muted. 
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Figure 16. Luminaire Type and Pavement Condition by Detection Distance  
(All Light Levels Combined) 

 
 

 
Figure 17 shows a comparison of wet and dry conditions by light level. Again, dry and wet 
comparisons alone yielded no statistically significant difference for the LED luminaires; 
however, in this case the wet twenty-five percent condition is noticeably lower than the other 
combinations. The fact that the twenty-five percent of full light output scenario for the wet 
condition had significantly fewer trials than did the fifty and one hundred percent scenarios may 
have contributed to its lower average, due to a larger margin of error. 
 

Figure 17. Pavement Condition and Light Level by Detection Distance (All  
LED Luminaires) 
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The other contributing factor is the potential for an overall reduction in glare from the dry road. 
Wet pavement has a significantly higher specularity than dry pavement, thus causing greater 
impacts of glare of the light source.  
 
A Student Newman-Keuls (SNK) Test for both nested error terms (pavement condition and light 
level) found target colors to be significantly different from one another. Participants detected 
blue and red targets approximately twenty to thirty feet sooner than either gray or green targets. 
Participants detected green targets with the shortest average distance of any of the four colors, 
meaning participants took longer to identify the green targets than any of the other target colors.  
 
Figure 18 illustrates the differences in the comparisons between luminaire type and target color 
by detection distance. The varying spectral distributions due to the different CCTs of the LED 
luminaires contributed to the range of detection distances by target color.  
 
The 3500K luminaires have more red and green color content than do the other sources; this 
explains the substantial drop-offs in blue detection for this light source, as the blue targets are 
less activated than the other target colors. While the 5000K luminaires have the highest CCT and 
have more blue content than the other sources, they did not outperform the 4100K luminaire in 
blue target detection distance, suggesting either a difference in contrast or a wash-out of color. 
The 5000K luminaires maintain a relationship similar to the 4100K luminaires across all target 
colors except for the neutral gray, where the two performed nearly equally. The asymmetrical 
LED luminaires performed on par with the 4100K luminaires with no statistical difference across 
the target types.  
 
The HPS luminaires performed well for the colors red and blue while dropping significantly for 
gray and green. Neither HPS luminaire outperformed the 4100K luminaires or the asymmetrical 
LED luminaires for any target color. 
 
Colors gray and green exhibited significantly lower detection distances for the 250 W compared 
to other luminaire types. The researchers interchanged gray and green targets by location, as they 
did for red and blue targets. The location of some of the targets may have played a role in these 
low averages, given researchers placed these targets at the start of the uphill portion. The 
distance of approach to the targets may have been less than that of other test areas with targets of 
the same color after the test vehicle changed direction. The 400 W HPS test area resulted in 
lower gray and green detection distances suggesting that the yellowish hue provided by HPS 
lamps negatively affects the visibility of green and neutral gray. 
 
The results show that on average, the 4100K test area performed among the best for each target 
color. Based on these results, the 4100K luminaire appears to provide a sufficient balance 
between the red and blue extremes in the target color and is the most appropriate color 
temperature for color detection for all of the targets. 
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Figure 18. Luminaire Type and Target Color by Detection Distance (All Light 
 Levels) 

 
 
 

Figure 19 illustrates the differences between test areas by pavement condition and light level. 
The 4100K test area and the LED asymmetrical test area performed best overall with regard to 
color detection distance. While Clanton & Associates did not dim the 400 W and 250 W HPS 
luminaires for the twenty-five and fifty percent conditions, the HPS detection distances varied 
for those conditions; the contrast of neighboring luminaires may have been a factor.  
 
Interestingly, the one hundred percent light output condition did not always result in the best 
detection distances; in scenarios such as LED asymmetrical dry conditions, detection distances 
were higher at the dimmed state. As light level tends to affect detection distance in an 
unpredictable way, researchers cannot form conclusions here; however, the results suggest a 
possibility that dimming a luminaire as low as twenty-five percent of full light output and 
reducing its energy use may not have a negative impact on detection distance. Notably, even 
though researchers did not dim the HPS luminaires, the dimming of the surrounding luminaires 
may have slightly affected the light levels in these test areas. Extraneous light sources such as 
lights from businesses or neighboring parking lots may have slightly affected these results as 
well.  
 
The lack of a predictable trend between dry and wet conditions constitutes another noteworthy 
finding. This suggests that the presence of a wet road surface does affect detection distance in 
some form, perhaps due to higher spectral reflectance off of the roadway.  
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Figure 19. Luminaire Type, Pavement, and Light Level by Detection Distance 

 
Note: 250 W and 400 W operated at one hundred percent light level and were not dimmed 

 

5.3 Contrast 

 
Contrast is defined as the difference in luminance that renders an object visible. The contrast 
metric used for these analyses is a formulation called Weber contrast, which is advantageous for 
these types of analyses due to its consideration of negative contrast. Values above zero are 
positive contrast, or the point at which an object is made visible by a dark background. Values 
below zero are negative contrast, or the point at which an object is made visible by a lighter 
background. Both negative and positive contrasts are represented here. 
 
 

Equation 1. Weber Contrast Equation 
 

 
 

 

 
 
The researchers assessed the contrast and luminance of the targets using a program created in 
MATLAB® as part of a National Surface Transportation Safety Center of Excellence (NSTSCE) 
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endeavor. This data reduction used the still images, as shown in Figure 20, recorded by the 
luminance cameras of the RLMMS. Data reductionists verified the validity of each image and 
traced the outline of the visible target using a tool within the software. The luminance and 
contrast of the outlined target are calculated by the program while considering the inside of the 
trace and its surrounding elements. 
 

Figure 20. Example Luminance Image 

 
 
 

Figures 21 through 23 show the results of target contrast for each target color across all light 
types for the dry pavement condition. Because these data came from the second data collection 
effort, now wet pavement condition was available to be recorded for this analysis. A comparison 
of the contrast results for each dim level shows a slight trend from negative contrast to positive 
contrast as the illuminance is decreased (one hundred percent output versus twenty-five percent 
output). VTTI did not expect this finding, because as the illuminance on the roadway decreases, 
the roadway luminance and the target luminance would also decrease and therefore the contrast 
would remain the same. This increasing trend toward positive contrast indicates that the 
luminance of the face of the target does not drop as significantly as the luminance of the roadway 
surface. This implies that the ambient lighting from the areas off of the roadway provides some 
illumination on the target face and as the roadway dims, the ambient lighting becomes a more 
significant component of the target luminance.  
 
These results notably demonstrate that although the contrast changes, the detection distance from 
the one hundred percent light level to the twenty-five percent light level did not change. 
Researchers expected to see this finding, given that as the driver adaptation is reduced, the 
threshold luminance difference required for visibility is also reduced, resulting in an equivalent 
visibility distance.  
 
In order to remove the impact of headlamps, VTTI recorded the contrast in these figures at least 
200 feet from the target locations, while they recorded the average detection distances for the 
targets all within 200 feet. 
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Figure 21. Target Contrast of One Hundred percent Lighting Level, Dry  
Pavement Condition, per Target Color across All Light Sources 
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Figure 22. Target Contrast of Fifty percent Lighting Level, Dry Pavement 
 Condition, per Target Color across All Light Sources  

 
Note: 250 W and 400 W remained at one hundred percent 

 
 

Figure 23. Target Contrast of Twenty-Five percent Lighting Level, Dry  
Pavement Condition, per Target Color across All Light Sources 

 
Note: 250 W and 400 W remained at one hundred percent 

 
 
Figure 24 illustrates the impact of headlamps from the test vehicle. VTTI took a vertical 
illuminance measurement at target height every twenty-five feet, beginning at twenty-five feet 
from the vehicle to 300 feet ahead of the vehicle. The figure shows the calculated difference of 
the measurements with headlamps on versus off. The greatest headlamp impact occurs at a 
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distance of fifty feet from the vehicle, where headlamps contribute up to eighty-five lux of light. 
The impact is reduced at twenty-five feet from the vehicle, where the light of the headlamps goes 
over top of the target. At 200 feet from the vehicle to the target, the test vehicle headlamps have 
little-to-no impact on small target visibility. 
 
For detection distances of one hundred feet or less, assuming that headlamps provide a 
substantial contribution to visibility would be accurate. As dimming occurs, the headlamp 
becomes the dominant cause of the detection. As a headlight becomes the dominant detection 
mechanism, the vertical illuminance on the face of the target increases and the contrast of the 
target increases.  As the roadway becomes dimmer, detection is limited by headlamp distance 
rather than by illuminance provided by overhead lighting. Managing this effect is crucial as the 
potential exists for a target to go through an invisibility period during the transition from 
negative to positive contrast. 
 

Figure 24. Impact of Headlamps by Distance from Vehicle 

 
 

 

5.4 Illuminance and Detection Distance 

 
Figure 25 illustrates the relationship between the average horizontal illuminance of each test area 
and the corresponding differences in detection distance for each pavement condition. The red 
line represents the average horizontal illuminance for the luminaire’s test area; the bars represent 
the average detection distance. Analyses found no significant differences among the light levels 
for detection distance. No other relative trends with light level existed for dry pavement; 
however, the average detection distances on wet pavement do trend similarly to the horizontal 
illuminance. This suggests that horizontal illuminance has a greater impact on wet pavement than 
dry, again likely due to the specularity of the pavement surfaces and the potential for increased 
glare. Note that the illuminance figures are representative of the horizontal illuminance within 
the entire luminaire’s test area and not just at the target’s location.  
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Figure 25. Luminaire Type and Light Level by Detection Distance for Both Wet and Dry 
Conditions 

 
 

 
Results indicate significant advantages to the LED 4100K test area and to the LED asymmetrical 
test area when crossed with light level and pavement condition. Light levels and pavement 
conditions resulted in no significant differences; however, significant differences did exist by 
luminaire type, as illustrated by the SNK results in Figure 26 (between each luminaire by 
groups). Each column labeled with a different letter (such as A or B) signifies significance 
between the test areas. The 4100K test area and the LED asymmetric test areas are both in group 
A and thus provided a significantly better detection distance than the other groups. The 400 W 
HPS is within both groups B and C, suggesting it does not significantly differ from either B or C 
but is significantly different from groups A and D. 
  

100 100 100 100 100 100 
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Figure 26. Luminaire Type by Detection Distance across Both Pavement  
Conditions and Light Levels 

 
 
 

5.5 Lighting Metrics 
 
The following six figures (Figures 27 through 32) represent the average horizontal illuminance 
gathered as the experimental vehicle traveled northbound and southbound with the RLMMS 
equipment. These data average the readings from each sensor (left, right, rear and front) of the 
spider apparatus mounted atop the vehicle. The spikes represent the peak output of an individual 
luminaire. Each test area is divided and labeled in the figures below.  
 
Northbound and southbound readings are similar within each luminaire’s light level, except for 
the 250 W HPS, which produced a higher illuminance on the northbound side.  
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Figure 27. Illuminance per Section at One Hundred percent, Northbound 

 
 
 

Figure 28. Illuminance per Section at One Hundred percent, Southbound 
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Figure 29. Illuminance per Section at Fifty percent, Northbound 

 
 
 
 

Figure 30. Illuminance per Section at Fifty percent, Southbound 
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Figure 31. Illuminance per Section at Twenty-Five percent, Northbound 

 
 
 

Figure 32. Illuminance per Section at Twenty-Five percent, Southbound 

 
 
 

The profile of the asymmetric test area is noteworthy as it does not provide the evenly balanced 
light distribution. Again, the 400 W HPS and 250 W HPS test areas were not dimmed.  
 
Tables 13 through 15 show metrics for all of the test areas. The relationship between each 
luminaire’s horizontal illuminance and pavement luminance is shown in the following tables for 
each light level. Uniformity ratios are also included and are noted in the tables as “Avg/Min” and 
“Max/Min.” The illuminance method uses only the “Avg/Min” value, while the luminance 
method uses both.  
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The maximum “Avg/Min” uniformity ratio for the horizontal illuminance in RP-8 is 4.0 for a 
collector roadway with a medium pedestrian conflict, but because of the elevated plane of the 
RLMMS (approximately seventy-six inches), VTTI did not expect the values here to meet those 
criteria. 
 
The maximum uniformity ratio for pavement luminance in RP-8 is 3.5 for “Avg/Min” and 6.0 
for “Max/Min.” The asymmetrical luminaire exceeded the maximum “Max/Min” uniformity 
ratio of 6.0 only at 50 percent of full light output level. 
 
The RP-8 recommended average luminance for a collector roadway with a medium pedestrian 
conflict is 0.6 cd/m2. At the one hundred percent lighting level, only the 400 W HPS was able to 
achieve this recommended value. Although simulated values indicated that all of the Type II 
distribution LED luminaires exceed 0.6 cd/m2, environmental conditions resulted in lower actual 
average luminance levels. This kind of variance between simulated values and measured values 
is not uncommon.  
 
These data also demonstrate the inaccuracy of the current uniformity metric to adequately 
represent the lighting distribution. The asymmetrical design has an average uniformity ratio that 
is similar to the full distribution luminaires. However, the characterization measurements and the 
known distribution both indicate that uniformity is lower with the asymmetrical luminaire. These 
findings suggest a need for additional consideration to fully characterize the roadway appearance 
with special luminaire types.  
 
Uniformity is also important in target detection. The 4100K luminaire exhibited the highest 
“Avg/Min” uniformity ratio for horizontal illuminance at both one hundred percent and fifty 
percent, indicating the most non-uniform appearance; it also had the highest visual performance. 
The non-uniformity of the lighting on the roadway surface seems to provide a visibility 
enhancement and greater contrast for visibility; however, further efforts to more fully define 
uniformity requirements and their importance in visibility are necessary. 
 

Table 13. Light System Calculations, One Hundred percent Light Level 

100% 
Horizontal Illuminance 

at Grade (lux) 
Dry Pavement Luminance 

(cd/m2) 
Test 
Area Avg Avg/Min Avg Avg/Min Max/Min 
250 W 36.93 3.98 0.54 1.66 2.39 
3500K 21.83 3.80 0.45 1.55 3.03 
400 W 54.88 4.45 0.67 1.53 2.36 
4100K 20.44 8.63 0.43 1.95 4.46 
5000K 21.97 2.87 0.49 1.48 3.47 
ASYM 18.89 6.79 0.40 1.97 5.66 
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Table 14. Light System Calculations, Fifty percent Light Level  

50% 
Horizontal Illuminance 

at Grade (lux) 
Dry Pavement Luminance 

(cd/m2) 
Test 
Area Avg Avg/Min Avg Avg/Min Max/Min 
250 W 36.93 3.98 0.53 1.81 2.62 
3500K 17.45 5.68 0.38 1.50 3.08 
400 W 54.88 4.45 0.65 1.54 2.49 
4100K 16.27 8.41 0.35 1.78 4.60 
5000K 17.00 2.97 0.44 1.59 3.62 
ASYM 14.85 6.88 0.34 2.12 6.46 

 
 

Table 15. Light System Calculations, Twenty-Five percent Light Level 

25% 
Horizontal Illuminance 

at Grade (lux) 
Dry Pavement Luminance 

(cd/m2) 
Test 
Area Avg Avg/Min Avg Avg/Min Max/Min 
250 W 36.93 3.98 0.52 1.61 2.39 
3500K 13.60 5.78 0.32 1.79 4.19 
400 W 54.88 4.45 0.66 1.56 2.43 
4100K 11.01 8.08 0.33 1.55 4.09 
5000K 10.54 8.25 0.38 1.71 4.21 
ASYM 9.83 7.21 0.32 1.96 5.25 

 
 
Figure 33 illustrates the data from the preceding three tables: dry pavement luminance per 
luminaire section. However, because the follow-up data collection did not collect wet pavement 
data, that difference is not illustrated here.  
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Figure 33. Average Roadway Luminance: Dry Pavement Condition 

 
 
 

5.7 Sidewalk Lighting Characteristics 

 
The second luminance data collection effort also considered sidewalks as part of the 
investigation. Researchers used a Minolta T-10 illuminance meter and a hand-held Minolta LS-
110 luminance meter to measure the vertical illuminance on a pedestrian, the sidewalk 
luminance, and the light trespass from the roadway. VTTI used the meters to recorded vertical 
illuminance at pedestrian height, or five feet from the ground.  
 
Figure 34 shows that at the one hundred percent light level, the 400 W HPS exhibited by far the 
greatest vertical illuminance, almost two times that of the next-brightest measurement. The 
5000K luminaire demonstrated unpredictable results, as it showed a vertical illuminance at the 
fifty percent lighting level less than that observed at twenty-five percent. However, the 5000K’s 
vertical illuminance at the one hundred percent light level is surprisingly more than two times 
greater than that of the other LED luminaires; however, this anomaly may be attributable to 
contributions of businesses and other off-roadway lighting in the area of the 5000K installation. 
The 3500K, 4100K, and asymmetrical LED luminaires demonstrated similar sidewalk vertical 
illuminance for each light level. 
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Figure 34. Vertical Illuminance on Sidewalks by Dim Level and Luminaire Type 

 
 
 
An IES publication, “Lighting for Exterior Environments,” recommends a vertical illuminance 
level of five to twenty lux based on the type of area surrounding the installation (IES RP-33 
1999). Among the new technologies considered, notably only a single LED (5000K at one 
hundred percent light level) met this criterion, with a vertical illuminance of 5.5 lux.  
 
As shown in the recorded average sidewalk luminance results in Figure 35, the HPS light sources 
produced the highest luminance at approximately 2.0 cd/m2 each. The 5000K luminaire produced 
unexpected results as it achieved greater luminance at the fifty percent light level than at the one 
hundred percent light level. Off-site lighting from fuel stations, restaurants, and nightclub 
signage may have contributed to some of the higher values in certain areas. The 3500K, 4100K, 
and asymmetric LED luminaire results behave predictably, as the luminance increases with light 
level. No luminance level among these three types of luminaires exceeded 0.5 cd/m2.  
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Figure 35. Average Sidewalk Luminance by Lighting System and Brightness Level 

 
 
 

5.8 Light Trespass 
 
Researchers used a hand-held illuminance meter to record light trespass at the property line. 
They took this measurement along the side of the roadway with the illuminance meter facing into 
the road; measurements represent the amount of light leaving the roadway onto the adjacent 
properties, as Figure 36 shows. The 400 W HPS produced nearly 120 lux of light trespass, while 
the 250 W HPS provided approximately thirty lux. All LED luminaires provided light trespass of 
ten lux or below, which meets the IES criteria from TM-11 as shown in Table 25 in Appendix E. 
Clanton & Associates selected these luminaires specifically for this application. The light 
trespass is a characteristic of the luminaire and is not a reflection of the light source technology. 
It does, however, highlight the potential for improved lighting designs based on the optical 
design controllability of the LED light sources.  
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Figure 36. Light Trespass at Property Line by Lighting System and Brightness Level 

 
 
 

5.9 Glare  

 
Glare comes in two forms: discomfort and disability. Discomfort glare is measured using a 
subjective rating scale; disability glare, or veiling luminance, can be measured in the field. IES 
RP-8 offers a formula for calculating veiling luminance (IES RP-8 2005): 
 

Equation 2. Veiling Luminance 
 

 
 

 
 
 
Using a glare meter placed vertically at eye level, a researcher can calculate the amount of 
veiling luminance and assess the quantity of glare. Higher lux values reaching the meter typically 
result in more glare or veiling luminance.  
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Figure 37 shows the average vertical illuminance recorded by the glare meter placed inside the 
windshield of the experimental vehicle for each test area and light level. The results indicate that 
the HPS test areas produce more glare than do the LED test areas, as evidenced by their higher 
average vertical illuminance values. The glare meter’s vertical illuminance output values can be 
affected by neighboring luminaires, billboard lights, or business lights. 
 

Figure 37. Test Area and Light Level by Mean Vertical Illuminance (lx) of Glare 

 
 
 

The asymmetrical design generates particular interest here; this luminaire was designed to 
project the light in the direction away from the driver. It appears that the glare level experienced 
in the asymmetrical test area represents the glare from the environment around the roadway and 
not from the luminaires themselves. Environmental glare is location-dependent and can vary 
based on proximity to lighted businesses, stadiums, billboards, and campuses. Road geometry 
also plays an important role as vehicle orientation can determine the angle at which light enters 
the windshield. Environmental glare is defined as the overall impression of the ambient light in 
and around the street.  
 
The overall results suggest that since the LED luminaires tested here have a maximum glare 
rating of IES G2, these luminaires have less glare consequences than current lighting 
technologies. Again, given that researchers selected these luminaires for their low glare 
characteristics, this statement relates more to the luminaires, rather than to the LED lighting 
technology.  
 
Table 16 and Table 17 detail the average veiling luminance for each luminaire by direction of 
travel. These values are typically compared to the IES RP-8 recommended maximum veiling 
luminance ratio of 0.4 for a collector roadway grade. However, because RP-8 requires 
consideration only of the roadway luminaires, these results are not directly comparable to the 
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RP-8 guidelines. The glare meter placed in the experimental vehicle records vertical illuminance 
from multiple sources of light, including those not placed on the roadway and reflections, thus 
resulting in a ratio much greater than the 0.4 guideline. Luminaires placed at intersections not 
included in the study, lights from maintenance vehicles, and business signs factor into the large 
Lv values. However, the LED designs have lower glare ratios than those of the HPS luminaires. 
 
Inter-comparisons of the technologies are important. In this demonstration, the HPS luminaires 
both had glare ratings higher than the LED replacements, particularly compared to the 
asymmetrical system. These values show the superior beam control of the LED systems. This 
lower ratio to the average luminance also indicates that streetlight designers and engineers can 
use a lower overall average while still providing the same visual performance, as the lighting 
system does not need to overcome the detrimental impact of the glare. 
 

Table 16. Veiling Luminance, Dry Pavement 
Veiling Luminance, Dry Pavement 

Light Type Light Level Northbound 
Lv 

Southbound 
Lv 

Lvmax/Lavg 
Veiling 

Luminance 
Ratio 

North  South 

250 W HPS 
100% 4.491 3.387 1.850 1.399 
100% 4.415 3.911 1.954 1.499 
100% 3.969 3.898 2.242 2.202 

LED 5000K 
100% 3.016 3.391 1.268 1.429 
50% 2.467 2.893 1.115 1.307 
25% 1.859 2.531 1.158 1.458 

LED ASYM 
100% 1.567 1.939 0.713 0.905 
50% 1.526 1.988 0.746 0.972 
25% 1.349 2.034 0.841 1.268 

400 W HPS 
100% 6.232 5.402 2.701 2.341 
100% 6.561 5.378 3.056 2.505 
100% 6.131 5.583 3.641 3.316 

LED 4100K 
100% 2.493 3.299 1.099 1.455 
50% 2.145 2.630 1.017 1.247 
25% 1.737 2.261 1.049 1.366 

LED 3500K 
100% 3.006 2.616 1.385 1.206 
50% 2.677 2.587 1.332 1.287 
25% 1.986 1.525 1.256 0.965 
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Table 17. Veiling Luminance, Wet Pavement 

Veiling Luminance, Wet Pavement 

Light Type Light Level Northbound 
Lv 

Southbound 
Lv 

Lvmax/Lavg 
Veiling 

Luminance 
Ratio 

North South 

250 W HPS 
100% 5.339 5.717 2.518 2.696 
100% 5.265 5.261 2.842 2.658 
100% 5.155 4.879 3.325 3.147 

LED 5000K 
100% 3.281 3.861 1.575 1.853 
50% 4.031 3.434 2.079 1.772 
25% 2.890 2.952 1.901 1.942 

LED ASYM 
100% 4.416 4.421 2.294 2.296 
50% 4.453 4.670 2.487 2.607 
25% 3.221 3.993 2.292 2.841 

400 W HPS 
100% 4.901 4.998 2.426 2.474 
100% 4.965 5.300 2.641 2.819 
100% 4.818 5.173 3.266 3.507 

LED 4100K 
100% 4.684 4.751 2.358 2.392 
50% 4.462 4.244 2.414 2.296 
25% 4.203 3.552 2.898 2.449 

LED 3500K 
100% 3.460 3.786 1.821 1.992 
50% 3.079 2.999 1.741 1.696 
25% 3.196 2.351 2.304 1.695 

 
 
The results indicate that glare is higher in the wet environment for all luminaires except for the 
400 W HPS. Light from businesses along the side of the roadway likely contributed to the 
differences in glare directionality. The southbound side of the road beyond the shoulder 
consisted mainly of residential blocks or closed businesses, while the northbound side consisted 
of multiple open or well-lighted business locations.  
 

5.10 Spectral Power Distribution 
 
The spectral distribution of the available light constitutes an important factor in color detection. 
The spectral power distributions (SPDs) for each luminaire are shown below in Figure 38. All of 
the luminaires show the typical sharp spike at 440 nm, which represents the amount of blue 
power needed to drive the other light production through the LED phosphor. The 5000K CCT 
shows comparatively little output in the higher wavelength regions. The 3500K produces less 
blue than the other luminaires but more yellow-orange spectral power. On the CCT spectrum, the 
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3500K luminaire is in the yellow-to-white transition and is the closest relation to the HPS 
luminaires in terms of CCT among the LED luminaires tested. The asymmetric LED and 4100K 
LED are very similar in spectral power distribution due to their comparable color temperatures. 
The 4000K-4500K CCT range is considered “neutral white light.” 
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Figure 38. Spectral Power Distributions of LED Luminaires 
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6 Discussion 
 

6.1 Comparison to Previous Studies 

 
The previous streetlight studies performed by Clanton & Associates in Anchorage, San Diego, 
and San Jose all had different study parameters, luminaire wattages, color temperatures, light 
sources, and existing pole layouts. Therefore, making direct comparisons to these findings would 
be difficult and likely valueless. For example, the City of San Diego had already decided to 
implement relatively low color temperature street lighting and did not test a large range of CCTs. 
Test conditions in Anchorage included snow (dramatically different contrast than the other cities) 
and car headlights, because that study did not include a road closure. San Jose street lighting 
forms a staggered pole arrangement, while Seattle’s forms an opposite pattern. 
 
However, a few trends do appear among the studies in terms of preference for color and light 
source. In both San Jose and San Diego, the participants preferred the 3500K LED luminaire 
when responding to the overall style of the lighting. In Anchorage and Seattle, respondents 
preferred the white light LEDs over the existing high pressure sodium lights, but no specific 
color temperature stood out as most preferable. In all studies, survey participants  considered 
white light LED and induction sources to be acceptable. 
 
Findings from the user field test data contain similarities to other streetlight studies. For example, 
in San Jose the 4000K LED performed better compared to the HPS and 3500K LED tested in the 
study. However, in that study, the 5000K luminaire performed the best – which was not the case 
in Seattle. Researchers cannot compare the relative detection distances between the two studies 
due to differences in road geometry, but the studies did show that the 3500K luminaire is not 
optimal for visibility among the LEDs tested in these two locations. 
 
Three LED luminaires tested in Anchorage had color temperatures of 3500K, 4100K, and 
4300K. All three luminaires came from different manufacturers; however, when comparing the 
performance of their CCTs, the 4100K outperformed the 3500K by approximately seven meters 
(twenty-three feet). Although target color, pavement type, and the presence of snow distinguish 
the Anchorage study from the Seattle study, the twenty-three foot detection distance difference is 
similar to that observed in Seattle. The Anchorage testing included no LEDs with CCTs above 
4300K; however, the 4100K outperformed the 4300K, which exhibited performance results 
similar to that of the 3500K. These differences could be attributed to road geometry at the test 
site, pavement type, or the differences in manufacturers. 
 
In San Diego, the test included two LED luminaires in the roadway portion of the study. Both 
luminaires had manufacturer-stated color temperatures of 3500K, although on-site measurements 
showed them to be different; one measured at 3475K and the other at 4560K. Counter to findings 
in the other three test locations, the luminaire with a CCT closer to 3500K significantly 
outperformed the one measured at 4560K, by approximately thirty feet.  
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Based on the findings of the previous streetlight studies together with the data collected in 
Seattle, CCT clearly affects visibility. These results indicate that 4000K and 4100K luminaires 
regularly outperform CCTs of 3500K and below, and perform just as well (San Jose) or better 
(Seattle) than CCTs of 4300K and above.  
 
This research also illuminates inaccuracies in current uniformity rates. Uniformity is important in 
target detection, as a greater uniformity ratio indicates a non-uniform appearance. The 4100K 
luminaire provided the highest visual performance and the highest uniformity ratio. The 
uniformity ratio of the asymmetric design is lower than that seen with the full distribution 
designs, warranting consideration of how to fully characterize roadway appearance with special 
luminaire types. These results call for future efforts to fully define uniformity requirements as 
they relate to visibility.  
 
Light trespass constitutes another interesting result. Only the LED luminaires met the IES criteria 
from TM-11. Although Clanton & Associates selected these luminaires specifically for this 
application, the results indicate that the light trespass is a characteristic of the luminaire and is 
not indicative of the light source technology. It does, however, highlight the potential for 
improved lighting designs based on the optical design controllability of the LED light sources. 
 

6.2 Adaptive Lighting Opportunities 

 
Traditionally, engineers design street lighting around the worst set of conditions that can exist for 
a particular street based upon vehicular volume, pedestrian volume, and ambient luminance. In 
reality, these worst-case conditions occur only part of the time. The rest of the time, traffic and 
pedestrian volumes are reduced. With the advancement of network controls for exterior lighting, 
streetlight designers and engineers can tune light output via adaptive lighting to deliver the 
appropriate amount of light based upon the corresponding vehicular and pedestrian volume 
present at a particular time. The implementation of adaptive lighting not only reduces the overall 
energy consumption of the streetlights, it also prevents over-lighting, reduces glare, and 
minimizes light pollution. Both the IES and the International Commission on Illumination (CIE) 
provide for implementation of adaptive lighting in different forms.  
 
The user field test results from this study indicate that the implementation of adaptive lighting 
does not significantly affect object detection distance under dry conditions. However, when 
coupled with the written evaluation results, pedestrians consider reducing the light level to 
twenty-five percent of full light output for all hours of the night to be unacceptable. This result is 
not surprising. Tuning the light to a point such as twenty-five percent of full light output (when 
roads are dry) is justified at low vehicular and pedestrian volumes, but not for all hours of the 
night. While some industry metrics allow the implementation of adaptive lighting, each city can 
determine how to best apply adaptive lighting to its particular traffic conditions and community.  
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6.3 Future Design Standards 

 
Traditional streetlights have long been a primary cause of light trespass. While sometimes the 
light leaving the back of the luminaire illuminates the sidewalk behind the luminaire, frequently 
the light leaving the back of the luminaire trespasses into residential windows, causing 
discomfort to the occupants. To combat the latter issue, luminaire manufacturers began offering 
house side shields for specification. These shields, which can be mounted either internally or 
externally, allow better optical control and reduce the amount of backlight leaving the luminaire. 
LEDs by nature are directional sources and do not disperse light toward the back of the luminaire 
unless purposely designed to do so. This technology advancement decreases the amount of light 
trespass potential, but consequently leaves the sidewalks behind the luminaires with less light. 
 
Controls coupled with LED streetlights provide valuable energy savings for end users. The 
integration of these two products also provides a unique opportunity for innovative design. While 
reducing the light level by seventy-five percent minimally affected detection distances, some 
participants expressed concern that the sidewalks were difficult to navigate through the written 
evaluation comments. Although this study was not designed for participants to evaluate the 
sidewalk separately from the roadway, conducting such a study in the future may be beneficial.  
 
Higher-wattage LED luminaires often contain two LED boards and two drivers. Right now, the 
luminaire controllers send signals to which both drivers respond, and dim accordingly. However, 
manufacturers could design controllers to send unique signals to each driver, in which case one 
LED board could dim to a different light level than the other. This dual control capability might 
alleviate residents’ apprehensions about reducing light levels on the roadway but maintaining the 
light level on the sidewalks simultaneously. Municipalities could still realize energy savings 
because half or more of the lights that contribute to the roadway could be dimmed.  
 

6.4 Economic Analysis 
 

The economic analysis below illustrates the economic viability of replacing the 400 W HPS 
luminaires with 105 W LED luminaires with adaptive controls. This analysis included sixty 
luminaires, similar to that of the demonstration test site.  
 
Assumptions include real costs from the City of Seattle for the existing light sources, wattages, 
hardware, and maintenance. The LED luminaire prices are based on Lumec RoadStar luminaires 
used in the actual demonstration. The analysis used the Municipal Solid State Street Lighting 
Consortium’s (MSSLC) calculator, released in 2011 by the Department of Energy and the Pacific 
Northwest National Laboratory (PNNL).  
 
Since this economic analysis included only a limited quantity of luminaires and only one 
manufacturer, actual pricing for larger quantities and multiple manufacturers would be lower. 
 

Scenarios 
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The six economic analysis scenarios listed below illustrate a variety of opportunities, including 
different luminaires and the use of adaptive lighting. This analysis examines the economics of 
sixty LED luminaires installed in Seattle, Washington with technologies available as of March 
2012.  
 

 400 W HPS – no adaptive lighting 
o This is typical street lighting for many cities. 

 250 W HPS – no adaptive lighting 
o This is typical street lighting for many cities.  

 105 W LED – no adaptive lighting 
o This approach allows for immediate energy savings and the light level remains 

constant throughout the night.  
 105 W LED with adaptive lighting (fifty percent light output for six hours per night) 

o This approach allows for immediate energy savings. The light level changes 
throughout the evening when traffic and pedestrian volumes are reduced.   

 105 W LED with adaptive lighting (fifty percent light output for three hours per night, 
twenty-five percent light output for three hours per night) 

o This approach allows for immediate energy savings. The light level changes twice 
throughout the evening as traffic and pedestrian volumes are reduced. 

 

Assumptions and Limitations 
Each lighting scenario reveals the economic costs and potential benefits to utilities and cities in 
the Northwest for investing in LED street lighting and controls. Inputs such as rebates, cost of 
labor, cost of power, and greenhouse gas emissions are based on information provided by Seattle 
City Light and provide a representative magnitude of cost and returns when implementing LED 
street lighting in the Northwest region.  
 
The MSSLC calculator gathers project inputs to generate scenarios that a project manager uses to 
understand implementation options such as size, period of installation, cash flows, and a 
project’s overall return on investment. While each entity in the Northwest will have different 
costs (materials and labor) and rebate programs to consider, this analysis uses SCL’s rebate 
incentives and cost information as a representation of what other utilities and consumer 
ratepayers may find within the region.  
 
The different street lighting scenarios use the same quantity of poles and luminaires, wattages, 
and control systems scenarios, as described within this study. Even scenarios without dimming 
include the cost of the control system due to several other non-energy benefits of using the 
control system, such as asset management and maintenance alerts. The analysis considers the 
cost of maintenance and captures the financial benefit of the longer source life of LEDs over 
HPS. The fact that dimming LEDs extends the life of the source is well-understood; however, 
given the lack of a precise quantification of this change in life, the analysis did not include this 
benefit.  
 

Application 
Based on the results of the visual acuity study, the economic analysis assumes that smart-
controlled LEDs can be used as viable replacements for standard HPS luminaires in the 
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Northwest region. Since the detection distances in the dimmed LED scenarios compare well to 
the baseline non-dimmed HPS scenarios, energy and maintenance savings can be achieved with 
lower-wattage LED luminaires controlled by adaptive lighting with reasonable payback periods.  
 

Analysis 
The following tables describe the luminaires and control system components used in the analysis.  
 
Scenario 1A: 400 watt HPS (no dimming) replaced with 105 watt LED (no dimming) 
 

Table 18. Scenario 1A Economic Analysis Summary 
Economic Analysis Summary 

Luminaires Installed 60 

Implementation Period (years) 1 

Simple Payback (years) 3.3 

Annual kWh Savings 94,802 

Annual Energy Cost Savings ($) $11,760 

Baseline 400 W HPS (no dimming) Baseline Annual kWh Use 125,356 

Baseline 400 W HPS (no dimming) Annual Energy Cost ($) $15,669 

105 W LED (no dimming) Annual kWh Use 31,273 

105 W LED (no dimming) Annual Energy Cost ($) $3,909 

 
 
Scenario 1B: 400 watt HPS (no dimming) replaced with 105 watt LED (with fifty percent 
dimming for six hours per night) 
 

Table 19. Scenario 1B Economic Analysis Summary 
Economic Analysis Summary 

Luminaires Installed 60 

Implementation Period (years) 1 

Simple Payback (years) 3.1 

Annual kWh Savings 101,901 

Annual Energy Cost Savings ($) $12,738 

Baseline 400 W HPS (no dimming) Annual kWh Use 125,356 

Baseline 400 W HPS (no dimming) Annual Energy Cost ($) $15,669 

105 W LED (fifty percent dimming) Annual kWh Use 23,455 

105 W LED (fifty percent dimming) Annual Energy Cost ($) $2,932 
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Scenario 1C: 400 watt HPS (no dimming) replaced with 105 watt LED (fifty percent dimming 
for three hours per night, and twenty-five percent output dimming for three hours per night) 
 

Table 20. Scenario 1C Economic Analysis Summary 
Economic Analysis Summary 

Luminaire Installed 60 

Simple Payback (years) 2.9 

Annual kWh Savings 105,810 

Annual Energy Cost Savings ($) $13,226 

Baseline 400 W HPS (no dimming) Annual kWh Use 125,356 

Baseline 400 W HPS (no dimming) Annual Energy Cost ($) $15,669 

105 W LED (fifty percent dim for three hours; twenty-five percent 
output dim for three hours) Annual kWh Use 

19,546 

New Baseline Annual Energy Cost ($) $2,443 

 
 
Scenario 2A: 250 watt HPS (no dimming) replaced with LED 105 watt (no dimming) 
 

Table 21. Scenario 2A Economic Analysis Summary 
Economic Analysis Summary 

Luminaires Installed 60 

Simple Payback (years) 6.7 

Annual kWh Savings 46,778 

Annual Energy Cost Savings ($) $5,847 

250 W (no dimming) Annual kWh Use 77,526 

250 W (no dimming) Annual Energy Cost ($) $9,691 

105 W LED (no dimming) Annual kWh Use 30,748 

105 W LED (no dimming) Annual Energy Cost ($) $3,843 
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Scenario 2B: 250 watt HPS (no dimming) replaced with 105 watt LED (fifty percent dimming 
for six hours) 
 

Table 22. Scenario 2B Economic Analysis Summary 
Economic Analysis Summary 

Luminaire Installed 60 

Simple Payback (years) 5.8 

Annual kWh Savings 54,465 

Annual Energy Cost Savings ($) $6,808 

250 W HPS (no dimming) Annual kWh Use 77,526 

250 W HPS (no dimming) Annual Energy Cost ($) $9,691 

105 W LED (fifty percent dimming) Annual kWh Use 23,061 

105 W LED (fifty percent dimming) Annual Energy Cost ($) $2,883 

 
 
Scenario 2C: 250 watt HPS (no dimming) replaced with 105 watt LED dimmed to fifty percent 
for three hours per night and twenty-five percent dim output for three hours per night 
 

 
Table 23. Scenario 2C Economic Analysis Summary 

Economic Analysis Summary 

Luminaire Installed 60 

Simple Payback (years) 5.3 

Annual kWh Savings 58,309 

Annual Energy Cost Savings ($) $7,289 

250 W HPS (no dimming) Annual kWh Use 77,526 

250 W HPS (no dimming) Annual Energy Cost ($) $9,691 

105 W LED (fifty percent dimming) Annual kWh Use 19,217 

105 W LED (fifty percent dimming) Annual Energy Cost ($) $2,402 

 
 
The sensitivity tables below show the effects on an LED project’s payback when certain cost 
factors are changed. The central point of convergence on the graphs represents the baseline 
payback for the HPS baseline scenarios converted to LED luminaires: one graph for a 400 watt 
HPS to 105 watt LED conversion (Scenario 1C) and the other for a 250 watt HPS to 105 watt 
LED conversion (Scenario 2C). The graphs show different potential project costs, altering the 
project’s payback, so each cost sensitivity curve shows its impact on the payback.  
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The central point of intersection, or the baseline scenario, is at a 3.3-year payback for a 400 watt 
HPS conversion to 105 watt LED with adaptive dimming controls. The cost factors varied from 
this baseline for each scenario are: 
 

 Rebate value 
 Equipment cost 
 Labor rate 
 Effective hours of operation (based upon dimming levels) 
 Cost of energy 

 
 
Figure 39. 400 W HPS Replaced with 105 W LED (Scenario 1A) 

 
 
 
 
The spider graphs show how the base case changes when a single cost variable changes. Points 
on the graph represent an MSSLC calculation with the single variable either increasing or 
decreasing. The X-axis represents a percent change in the cost variables; the Y-axis shows the 
resulting change in the payback time in years. For example, looking at the cost of power curve, a 
fifty percent increase in the cost of power causes the base case payback to drop from 3.3 years to 
roughly 2.1 years. As another example, a fifty percent decrease in the labor rate (of maintenance) 
has very little impact on the payback, reducing payback only about 0.1 years to roughly 3.2 
years. A variable with a steep curve, such as the cost of power, shows that a small change in this 
variable has a large impact on the payback. A shallow curve, such as the labor rate, reveals that 
even a large change in this variable creates very little impact on the payback.  
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Interestingly, control systems that allow for dimming lumen output may not have as substantial 
an impact on payback as other costs do. “Hours of Operation” represents the use of dimming 
with adaptive lighting and its impact on payback period. Note that this curve remains relatively 
flat compared to the curves representing “Cost of Power,” “Rebates,” and “Equipment Costs.” 
The single largest economic benefit comes from converting the 400 watt HPS to 105 watt LED. 
Rebating the initial cost of the LED luminaire has a larger impact than dimming the LEDs. 
Dimming may offer other benefits such as lower energy use (carbon footprint) and less light 
pollution. 
 
The 250 watt HPS replacement scenario has a steeper and more sensitive curve than the 400 watt 
HPS “Hours of Operation” curve. The dimming savings represent a larger percentage of the 
overall cost savings than that for the 400 watt HPS replacement scenario.  
 
 

Figure 40. 250 W HPS Replaced with 105 W LED (Scenario 2A) 

 
 
 
The more dramatic slopes defining the curves for “Cost of Energy,” “Rebates,” and “Equipment 
Costs” have some notable similarities. Rebates act to effectively reduce the cost of equipment, 
reducing the payback period, as reflected in the slope steepness. Likewise, if the cost of 
equipment decreases, the payback also occurs in fewer years. Ideally, lower equipment costs and 
rebates will greatly reduce the payback period.  
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The “Cost of Power” curve acts as expected. As cost of power increases, kWh savings are more 
valuable, reducing the payback period. Again, rebates are a valuable incentive, especially in 
regions with low energy costs.  
 
However, the “Cost of Power” curve is also unique among the cost curves because it is ongoing 
and typically rising (typically a three percent increase per year). If a manager implements an 
LED project and a year later an unexpected jump in the cost of power occurs, the project will pay 
back sooner than originally forecasted. The chart below shows that a forty percent change in the 
cost of power reduces the project’s payback by one year.  
 
Another way to understand the current situation regarding control systems is that they increase 
the “Cost of Equipment” curve (a very sensitive curve) while not increasing the kWh savings 
enough to justify their current expense in all cases. Control systems need not be valued only as 
energy-saving tools; streetlight designers and engineers should also consider their other value-
added services that go well beyond energy benefits.  
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7 Conclusions 
7.1 Written Evaluation 

 
The written evaluation results provide valuable feedback on how well the different lighting 
systems meet community expectations. The results of the  written evaluation indicate a 
preference for the incumbent HPS streetlights, while still showing acceptance of the LED 
luminaires. At the lower light levels, some participants considered the lighting too dark on the 
sidewalks. As seen in the sidewalk evaluations, vertical illuminance falls significantly below the 
requirements for all of the LED-based conditions, a condition further exacerbated by the impact 
of dimming.  
 
Additionally, the lower light trespass from the LED luminaires, while desirable, fails to create 
the same bright surroundings found under the wider distribution of the HPS luminaires. This is 
valuable information that suggests separating the sidewalk and roadway lighting systems; 
however, many designs across the country intend that sidewalk lighting to be covered by the 
roadway lighting. The results of this demonstration suggest that separate dimming control, under 
which the backlight illuminating the sidewalk is dimmed separately from the roadway, may be 
valuable.  
 
As mentioned previously, researchers assigned the participants to specific evaluation groups in 
part based on age to ensure the sample adequately encompassed a wide range of ages. Older 
individuals (those over sixty-six) often experience yellowing of the lenses of their eyes, which 
can make it more difficult for them to see. In fact, the IES 10th Edition Handbook has developed 
lighting criteria based upon three age groups for each application: twenty-four years of age and 
younger, twenty-five to sixty-five, and sixty-six years of age and older. The criteria (for light 
level) increases with the increasing age groups. Not surprisingly, participants sixty-six  and older 
rated all of the LED test areas low for the survey question “It would be safe to walk on the 
sidewalk here at night” with the lights dimmed to twenty-five percent output. 
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Figure 41. Survey Question 8: “It would be safe to walk on the sidewalk here at night.” 

 
Note: Mean ratings on a scale from 1 (Strongly Disagree) to 5 (Strongly Agree) 

 
 
The complete list of open-ended participant comments is available in Appendix C: Written 
Evaluation Comments. 
 

7.2 User Field Test
 
The results of the user field test indicate that the 4100K LED luminaire provides the greatest 
balance in the visibility of all of the target colors, which indicates that the 4100K may be the best 
choice with regard to luminaire CCT. The 4100K and the asymmetric LED luminaires performed 
more impressively than the 3500K and 5000K LED luminaires. However, the other light sources 
also demonstrated benefits; thus regional preferences may still play a key role in CCT selection. 
Careful consideration should be given to the CCT of a given luminaire upon selection.  
 
The asymmetrical design demonstrated a reduction in glare combined to other distribution 
luminaires, but no increased performance on visibility; thus its anticipated higher performance 
failed to be substantiated, although drivers under this design may be more comfortable. 
 
In the past, standard making bodies have generally determined lighting levels based on 
consensus values and some crash analyses. Previous investigations, including those performed 
by Clanton & Associates’ research team in San Jose and San Diego, failed to show significant 
impacts on the dimming levels of the lighting system for the object detection task. This is likely a 
result of the human response to lighting, which usually follows an exponential function called 
Stevens’ Law. In general, this law indicates that the response of a human to a physical stimulus 
is as follows: 
 

Equation 3. Stevens’ Law 
 

R = k (S-S0)α 



Visual Quality, Acuity, Community Acceptance - LED Streetlight Sources 
 

Clanton & Associates - 70 

 
Where R is the response, S is the stimulus, S0 is a base condition to which the stimulus is 
compared, and α is the response exponent.  
 
The exponent for light ranges between 0.33 and 0.5, depending on the lighting parameters (flash 
versus steady state). Figure42 illustrates a simplified response to a light signal.  
 

Figure 42: Simplified Response to a Signal by a Human 

 
 
 

As a lighting system is dimmed, the non-linear response of the human eye has limited impact on 
the detection performance. This means that the dimming might remain on the plateau of the 
function and that it has not yet reached the knee in the function, where performance significantly 
falls off. The researchers in this investigation took an additional step to attempt to affect the 
vision system by dimming to twenty-five percent of full light output. The visual detection 
performance in the dry pavement condition appears unaffected; however, in the wet pavement 
condition, the light level did significantly affect detection at fifty percent and twenty-five percent 
of full light output. This result indicates that while streetlight designers and engineers have an 
opportunity for dimming under dry conditions, they must exercise caution in wet conditions.  
 
The impact of headlamps constitutes another noteworthy consideration in dimming. As a lighting 
system is dimmed, the use of vehicle headlamps may limit the reduction in visibility. While this 
is a realistic condition, researchers doubt it affected this investigation as the results indicate a 
performance decrement in the wet condition that would likely not be evident had the headlamp 
limit been reached.  
 
The three LED luminaires with standard Type II distribution met IES luminance criteria for a 
collector road with medium pedestrian conflict using the standard industry practice of lighting 
calculation software with light loss factors. Researchers completed the calculations using the 
industry standard software AGi32 and found actual measured average luminance values lower 
than the simulated values. Such variation is typical and expected given that simulations assume 
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ideal conditions, while in reality, pavement type and road conditions play important roles in the 
resulting lighting system performance.  
 
The wet pavement condition presents a dynamic environmental change in which the roadway 
reflection is reduced and becomes much more specular. These results indicate the importance of 
maintaining the lighting level in adverse weather conditions.  
 

7.3 Color Temperature 

 
Industry representatives have long debated the ideal white light color temperature of exterior 
luminaires. Some entities claim that exterior luminaires should not exceed the color of the moon, 
or 4100K. Some believe that warmer color temperatures are more ideal (3500K or less). Several 
factors influence these debates, including color rendition, quantity of wavelengths below 500 nm 
(particularly near observatories), and energy efficiency. Many white light LED luminaires 
originate from a blue diode; energy is required to make that blue diode into warm white light. 
The more efficient white light LED luminaires have cooler color temperatures (5000K and 
above).  
 
The user field test demonstrated that the 4100K test areas, including the asymmetric test area, 
outperformed all of the other test areas in terms of detection distance. This finding is not 
surprising, given the industry-wide recognition of white light multipliers (IES 2012, CIE 2010). 
White light sources receive a calculated benefit based upon the luminaire’s scotopic to photopic 
(S/P) ratio, then the calculated multiplier increases the effective luminance values. The 4100K 
color temperature effectively represents all colors in the spectrum as a neutral color; it is warm 
enough that reds are rendered well and cool enough that blues are rendered well.  
 
From the written evaluation, participants showed no preference for any particular color 
temperature among the four tested: 2100K, 3500K, 4100K, and 5000K. With dry pavement, 
agreement with the survey question “I like the color of the lighting” is statistically on par across 
all test areas (see Figure 43). With wet pavement, participants rated the asymmetric test area 
lower than all of the other test areas for this same survey question (see Figure 44). Given the 
asymmetric luminaire’s color temperature of 4100K, participants may have rated it lower than 
the other test areas due to another factor such as contrast or glare.  
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Figure 43. Survey Question 11: “I like the color of the light” – Dry Pavement 

 
 
 

Figure 44. Survey Question 11: “I like the color of the light” – Wet Pavement 

 
 
 

7.4 Pavement Conditions 
 
This study used both wet and dry pavement in its evaluations to determine the existence of any 
luminaire or light source advantages for one condition over another. The detection distance 
results from the wet and dry pavement tests yielded no predictable trend. While detection 
distance is somewhat affected by the higher specular reflectance off of the wet roadway, the two 
conditions are not significantly different from one another. This study indicates that light levels 
should be not be dimmed at all during adverse weather conditions.  
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7.5 Asymmetric Design 

 
The research team hypothesized a performance advantage for the asymmetric luminaire over the 
other standard Type II distribution LED luminaires. With regard to detection distance, the 
asymmetric luminaires actually provided the second-highest detection distances, behind the 
standard Type II distribution 4100K LED luminaires. The fact that the asymmetric luminaires are 
also at 4100K may suggest that CCT is more important than distribution with regard to detection 
distance.  
 
The asymmetric luminaires recorded the lowest glare values of all of the test areas, as the light 
was intended to be directed away from the driver. While the asymmetric luminaires performed 
well in the user field test, participants did not rate the asymmetric test area very high, especially 
at the lower light levels. Participants found its distribution patchy and signage difficult to view.  
 

7.6 Control Systems 
 
End users (such as cities, utilities, and departments of transportation) could use a control system 
with nodes in every streetlight for reading home energy meters, identifying emergency locations 
from 9-1-1 calls, or even for supporting police actions by turning off lights to allow for night 
vision goggles. Adding such features to a demand response control system that exists in a 
network every 160 to 250 feet across a metropolitan area could fulfill many purposes beyond 
dimming for energy savings. Cities should consider such changes and potentially justify them in 
a broader context, more like a typical capital expenditure with an energy savings benefit, and less 
as a cost-saving project that must justify itself with an acceptable payback. Some non-energy 
benefits include lumen depreciation dimming, health and well-being in a darker nighttime 
environment, inventory maintenance, and asset management.  
 
Some end users are looking at control systems to keep their lighting levels uniform to reduce 
liability over the life of the luminaire. Historically, some end users have purposefully over-
lighted their streets beyond IES recommendations to account for the lumen depreciation. LED 
luminaires operated with a control system could maintain lighting levels and their spectral 
distribution. Lumen depreciation dimming (not considered in this economic analysis) would 
offer additional energy and maintenance savings.  
 
Dimming capability also addresses the potential health and wellness components of exterior 
lighting. Much lighting research now explores the impact of exterior lighting on people, plants, 
and animals. With design problems such as light trespass, over-lighting, and the new spectrum of 
blue light that LED luminaires add to the nighttime world, dimming the lighting can decrease 
these potential and currently unknown impacts. For example, controls add the ability to dim or 
turn off outdoor beach lighting that draws hatching sea turtles away from the ocean and toward 
hotels or housing units. Nighttime neighborhoods with minimal traffic after 9:00 p.m. but large 
amounts of light coming through windows and bedrooms would see a marked decrease in the 
amount of nighttime light trespass into bedrooms. 
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Control systems also manage the maintenance of streetlights. With two-way communication, the 
control node within the luminaire can send a signal to report a maintenance problem. These 
signals can then be aggregated into one email sent daily to the streetlight manager. This feature 
reduces maintenance needs by allowing staff to target maintenance efforts to the exact luminaire 
that needs to be repaired without sending out crews to identify “day-burners.”  
 
Control systems also provide the valuable benefit of an electronic asset management system.. 
Traditional street lighting databases are often antiquated and may contain conflicting 
information. A control system electronically collects the GPS coordinates of the luminaire along 
with its wattage consumption, hours of operation, and other characteristics. The configuration of 
the system can permit streets or geographical areas to be grouped together. This comprehensive 
database then provides the user with immediate control over a large load. Street lighting could 
potentially be used to shed load very quickly. 

 
 

7.7 Lessons Learned 
 
The research team identified a few lessons learned to apply to similar future studies.  
 

 Move the traditional technology sources to the ends of the demonstration site. The layout 
of this study located the 400 W HPS test area in the middle of the demonstration site. 
With the LED luminaires dimmed to twenty-five percent of full light output, adaptation 
between the test areas proved to be difficult.  

 Allow more time for user field test measurements. The tight coordination of bus and 
participant schedules limited time for additional user field test measurements. An extra 
thirty to sixty minutes each night for user field testing would have been ideal.  

 Allow more time for user field tests to increase the sample size and thus decrease the 
variance in the results of the study. Keeping written evaluations going on at the same 
time as the user field tests requires coordination.  

 Track duplicate participants through user field test data. If the study necessitates 
duplicate participants, analyze their responses separately from the non-duplicate 
participants. 
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Appendix A: Prior Work 
A significant number of studies and pilot projects have preceded this work; a partial list follows.  
 

 NEEA Study: LED Lighting Technologies and Potential for Near-Term Applications. 
This assessment evaluated LED technology and its likely uses in lighting applications. 

 NEEA Study: Technology and Market Assessment of Networked Outdoor Lighting 
Controls. This study evaluated and compared the many manufacturers of outdoor lighting 
controls available for street lighting. 

 Seattle Belltown: For this installation, the City of Seattle will respond to a high crime 
area by dimming the lights to seventy percent of full output for general nighttime use. At 
1:00 a.m. the lighting will be raised to full output in an effort to increase a sense of 
security. 

 Seattle Residential: The city is halfway through an LED conversion of 41,000 residential 
streetlights.  

 Anchorage: The consulting team for this project performed the first of these studies in 
Anchorage, Alaska. With high electricity prices, Anchorage sought to reduce luminaire 
wattage and power consumption. Written evaluation test results in both residential and 
commercial areas and user field test results in commercial areas provided enough 
confidence in LED lighting from HPS to move to a full change-out, city-wide. 

 San Diego: After a similar test in San Diego, the city adopted induction technology 
(another white light source) for its standard luminaire. Its decision was based on better 
visibility, a more maintenance-friendly light source compared to low pressure sodium – 
LPS and high pressure sodium – HPS, lower energy use and accepted light source 
spectral distribution range for the observatory at Mount Palomar. 

 San Jose: In San Jose, the team expanded the test to include the dimming capabilities of 
LEDs and controls. After showing comparative visibility and community acceptance of 
LED sources and reduced light levels, the City developed an Adaptive Lighting Guide 
and Luminaire Replacement Guide for use in both retrofits and new installations of street 
lighting systems. These documents provide guidance for dimming streetlights to a lower 
level at night, when traffic and pedestrian conditions have changed significantly from the 
high levels during rush hour, and for replacing existing LPS lighting with new LED 
luminaires. 

 The DOE gateway projects demonstrated LED street lighting in New York, Portland, 
Sacramento, Palo Alto, Minneapolis, San Francisco, and Oakland. Most of these 
monitored energy and light output performance compared to existing HPS lighting.  

 California Lighting Technology Center: The CLTC has conducted research and 
demonstration projects that evaluate LED and induction white light sources with 
networked controls and bi-level dimming. Its research also includes an in-depth study of 
California’s existing streetlight infrastructure.  

 Los Angeles: A city-wide conversion program had replaced nearly 77,000 luminaires 
with LEDs as of May 2012.  

 BC Hydro: Numerous Canadian cities have partnered with the utility for LED and 
adaptive control demonstrations and pilot projects including Vancouver, Port Coquitlam, 
and Prince George. 
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 BC Hydro: Adaptive Lighting Feasibility Studies performed for cities within British 
Columbia found average dimming ranges for each type of roadway (local, collector, and 
arterial). 

 BC Hydro Power Smart Program: The Adaptive Lighting Guide outlines a process for 
municipalities to develop adaptive lighting standards based on IES criteria for pedestrian 
and vehicular conflict.  

 A 2005 study by the Illuminating Engineering Institute of Japan found very little effect on 
driver visibility with changes in light levels. (Illuminating Engineering Institute of Japan 
2005). 
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Appendix B: Written Evaluation Form 
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Appendix C: Written Evaluation Comments 
 

Dry Pavement – 100% Light Level, Test Area 1 

 This is OK. Does the job. Discovered one patch of dark sidewalk though. 
 One streetlight is out on the opposite of the street.  
 It is a yellow, but not too yellow. Not terrible.  
 When trees have leaves, the light will be different. Light out at NW of 77th and 15th.  
 As with some of the other test areas, I like this lighting a lot. Without referencing my 

other notes, this seems like the best combo of all.  
 Dark Alleys 
 I like this light. It is not patchy and provides sufficient light. It is warm, but bright at the 

same time. Lots of shadows though.  
 Sidewalks are kind of dark. Road okay but could be a little brighter.  
 More trees.  
 One lamp isn’t working. The lighting isn’t overpowering. I like the color of the lights. 

Lots of shadows on sidewalks. 
 Add light pollution covers.  
 My fave so far.  
 The lights are very bright and glarey, but not enough light reaches the street level. All 4 

sets of bright glare lights would be distracting and annoying when driving at night.  
 Budget Rent A Car has lot spot lights that effected the overall street lighting in a negative 

way to bright and too much glare.  
 Appears lighter, but not too bright (although I like it bright). Sidewalk are better lit, more 

shops also have contributed to light source.  
 Good light on street, sidewalk was a bit dim.  
 There are some areas I would worry about due to darkness, but where the light covers it is 

nice.  
 Too much time was allotted for the walk. We could have easily done it in half the time 

(and not gotten so cold).  
 My street is residential and I would prefer less of the lights and less brightness. A little 

unsafe because of neighborhood, not lights.  
 I like the white color of the lights vs. the standard orange tinted lights that are common.  
 Lights could be brighter. Not enough for sidewalk.  
 The moon is very full tonight.  
 The nearly full moon should be accounted for. It is brighter tonight than usual for Seattle.  
 Hard to judge because of the full moon.  
 Glare when looking up at light.  
 Light is just a little dim.  
 Sidewalk park strip tree here.  
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Dry Pavement – 100% Light Level, Test Area 2 

 Too dim on sidewalks.  
 Sidewalks are darker.  
 Cozy. Like being in the moonlight.  
 Seems like sidewalks has better light on the West sidewalk.  
 Seems patchy in some places, but not as bad as patchiness in test area south of here (3). I 

like the non-glaring “safe softness” of the light.  
 The lighting is better than some of the other white lights but still patchy.  
 Good for a side street, but light on road seems dim for Main Street. Sidewalk patchy and 

uneven. Road also patchy. 
 Trees make light patchy on sidewalk.  
 Lights do not light up sidewalk completely.  
 This section has better lighting than the other of the same type of lighting source. I like 

the softness of the source. They really penetrate into the side yards well.  
 Add light pollution covers.  
 Sidewalk area okay.  
 Again these are too bright and glaring at the light.  
 It really is dark and does not light up sidewalk or parking lots or shops. It was an obvious 

change from previous street.  
 Darker, less even light.  
 Not too dim and not too glaring, a little patchy.  
 Some dark areas but gray, not black. Feels easier to see in shadow then I used to.  
 Lighting feels softer here – maybe because there aren’t as many business signs/lights.  
 The lighting would make it easy to see bicyclists/pedestrians while driving.  
 Lights too bright to look at directly, but impact on street lighting is great – everything is 

illuminated.  
 Much brighter and cleaner than area 1. Does sort of contrast with house lights – looks 

weird, but I like the brightness.  
 Looking directly at the lights is too bright for my eyes. But otherwise, they are nice and 

bright.  
 Better than area 1.  
 I haven’t really paid attention to other streets lighting.  
 This amplitude of light is very strong. Even blinds would not stop a bedroom from being 

in perpetual daylight.  
 Sidewalk feels safer because of porch lights.  
 Glaring when looking up toward/at light.  
 Good depth of coverage.  
 Nice solid street lighting. 
 Brightness of lighting varies depending upon distance and location between streetlights. 

 

Dry Pavement – 100% Light Level, Test Area 3 

 It is nice and bright. Good visibility on sidewalks and streets.  
 Sidewalk and environs are well lit.  
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 Great for driving in. Would not want to live on a street with these lights.  
 Just too much light. Plus it is yellow.  
 Lighting is yellow. Really bright against the apartments. Bright on sidewalk.  
 Seems bright, yet not glaring – I like it! 
 Alleys and shrubs are lit.  
 The lights were pleasant and gave enough light. I would feel safe driving and walking at 

night.  
 A little orangey, but good coverage on both street and sidewalk.  
 Aside from the lights leaving spots in your eyes when you stare too long, it is probably 

the best lit block so far. Less shadows on the sidewalk.  
 Add light pollution covers.  
 Very even lighting with few shadows.  
 Very few shadows, especially at edges of sidewalks. Fully lighted building facades at 

street side.  
 The lighting improves visibility tremendously; however, it is too bright. It seems that the 

LED lights provide much more comfortable lighting than the current streetlights.  
 Too bright.  
 A bit too bright, but way better than 4 or 5. 
 Too orange.  
 Sidewalks are better illuminated. I noticed more people talked too.  
 That tree looks awful.  
 Trees look awful.  
 Good light on sidewalk, still a yellow light but not as bad.  
 The brightness hurt my eyes a bit.  
 Way too bright for residential. Seems overly bright for commercial too.  
 Glaring! Have to squint. Very patchy. Hate it.  
 Seems like the lighting is more even than the other test areas without areas of darkness.  
 I definitely prefer these lights. Well lit and the lighting is warm. The sidewalk was very 

well lit.  
 Too much light for people in houses along street.  
 Nice bright glowy yellow light.  
 The yellow light creates less lighting pollution in the sky.  
 And by better, I mean brighter to a slight degree. I consider myself as a traditionalist, so 

favor the amber orange hue.  
 Seems brighter than previous 2 sections.  
 Brighter of all so far.  
 I like the yellow tone vs. the blue.  
 Old lights along this area. 
 Looking right at lights is difficult. Light on street and sidewalk seems to have more 

coverage on street and sidewalk than test area 1 and 2.  
 

Dry Pavement – 100% Light Level, Test Area 4 

 Sidewalk has a lot of uneven places and settling and the light does [not] illuminate it at 
all in many places. Bad for pedestrians. Unsafe. 
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 Insurance agency really lights the sidewalk. Trees block light on uneven sidewalk 
surface. In places sidewalk is very dark. 

 Low glare at light source is nice. 
 REALLY dark on sidewalks. Dark spot at 7040,  7037, 7052 
 Thinking about bike riders here, patchy lighting makes navigation much tougher! 
 Retailers sign is brighter than street 
 I did not feel safe on this road, especially if I was alone. Too many shadows. It seems if I 

was driving, I would have a hard time reading road signs. 
 Too dark on sidewalk. Patchy on street, style of light is a lit distracting 
 Significant dark areas before lights. 
 I feel like the color is nice. But it's not intense/bright enough for me to see what I am 

writing. 
 The LED lights here are good for driving, but visibility on sidewalk is not good. 
 Large areas of shadow on sidewalks and between some lights. Hard to see to avoid 

uneven sidewalk in places. Can't read this form well in places. 
 Darken edges/shadows-borderline almost too dark. Building facades are not illuminated 

very well. In the rain, this would be too dark. Sidewalk area too dark but this block has 
more residential - no much light from businesses. 

 A little dimmer. 
 Light is similar to Area 5, a bit more uneven, but way too much glare. 
 Patchiness on sidewalks unacceptable. 
 Can’t see people are tripping. 
 Patchier, less light than 5. 
 The owls scared me. 
 Much too dim, not light reaches the sidewalk. 
 Something about the light makes my eyes hurt and there are too many dark areas. 
 This section is a little patchy, which makes the lighting noticeably worse. Compare to the 

really bright. section, a burnt out bulb here would be very noticeable. The road is bright, 
sidewalk is dark. 

 Too little lighting on much of the sidewalk. 
 Horrid. Can’t see a thing. Had to stand under a light to fill this out. 
 The houses and sidewalks along the street are too dark. There are a lot of patchy areas. 
 Absolutely not enough light. Tripped on the sidewalk because of the lack of lighting 
 Patchier. 
 Not nearly enough dispersion, the patches are quite stark. 
 I wouldn't want my daughter driving here at night. 
 Style would be okay if some consistent light. 
 Light on the street is not continuous - but like spotlights with dark gaps between, uneven. 
 Live in the section. 
 I can now realize different lighting in test areas. This one seems very patchy. 

 
Dry Pavement – 100% Light Level, Test Area 5 

 Not as good as area 6. 
 It seems darker especially on the sidewalk. 
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 Things look natural and crisp. 
 Street trees will obscure lights. 
 Seems more glaring and patchy, more so on sidewalks than on the street. Business signs 

and storefront lights are very bright in some areas, accentuating glare and contrast. 
 Light is bluer than T6. 
 I had trouble reading my paper with these lights. Although the street seems well lit for 

cars, the sidewalks are not as well lit. The color of light was kind of uncomfortable. 
 Good light on street, but lights are a little distracting (and glaring) to look at. Good 

coverage on street but a little patchy on sidewalk. 
 Trees made light patchy. 
 Lights look very modern. Definitely felt like streets are evenly lit. 
 I believe you should look into a wider angle for your back bar. There are a few darker 

areas toward the center line between lights. 
 Add light pollution protectors. 
 Did not light sidewalk area as well - darker edges, more shadows. In the rain, this would 

be too dark. 
 I don't like these lights, way too much glare. Lots of light from shops on street (neon 

signs). 
 The shop auto repair made a big difference on the sidewalk as far as lighting. 
 It appears darker with more shadows - light is not as blotchy but seems dark unless 

directly under a lamp, more shop lights. 
 Good, cleaner and even lights, lit up the sidewalk almost as much as the street. 
 There were some more shadowy areas but there were no starkly black areas. 
 I usually walk faster. 
 The lighting seems really good here, but I think it is largely because of the lack of 

obstructions. 
 Good distribution of light to sidewalks and street, including between lights. 
 The light is bright enough and even (not patchy) to fully light the street and sidewalks. 
 This was nice not as light as area 3 but good. Color was soft. 
 This is a cold color and I don't like it much as a yellower light though it does provide 

good illumination. 
 This test area strikes a fine balance of amplitude between the glaring of section 2 and the 

dangerous patch work of 4. 
 Glare when look up at lights. 
 A little dim, not quite bright enough. 

 
Dry Pavement – 100% Light Level, Test Area 6 

 I like the pinkish tone. I can see colors quite well. 
 Street is evenly lit as is the sidewalk. Interval between the lights is good. 
 Orange glow is annoying. 
 With leaves, street trees will negatively impact light and visibility. Patchy light/hot spots 

are light and bright. Not light and dark. 
 1st stop. Hard to compare but this seems like very even light. Bright enough for safety, 

but not harsh or glaring. 
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 Stronger the light, the darker the shadows. 
 The lighting is nice, not too harsh and I think it gives full coverage of the streets and 

sidewalks. 
 Very orangey. Bright in some areas but less so in others. 
 Color is yellow/orange. 
 People were talking - kind of distracting. Lighting looks pretty average to me. Light 

fixtures do not bother my eyes. I felt like some lights were slightly dimmer. 
 Add light pollution protectors. 
 Sidewalk lighted, a few shadows at edges. 
 My eyes have become more sensitive to light as I've aged. 
 Similar to other bigger streets. 
 All the lights are working correctly. No flickering on and off. 
 Seems blotchy. Some areas darker than others. 
 Light seems dim and yellow, didn't reach the sidewalks. 
 There is some construction on the west sidewalk and a large dark spot immediately south 

of it. That would feel unsafe. 
 The lights are way too bright for residential application. The sidewalks are well lit, but 

also overly lit. 
 I like the yellow color better than white, but it seems like white lights things up more 

efficiently 
 Same thing as we have now. Too yellow, too patchy. 
 Lighting is very even (not patchy) but I prefer the white lights from other test areas. 
 This is the best; color illumination, not patchy, not glarey. I like style best too. 
 Best. 
 Again, count me a purist, another sucker for the dusky orange glow. Find a way to 

incorporate this hue into LEDs and its arguable even from an aesthetic standpoint. 
 Good consistency - no gaps with dark areas. I like the yellow town. 

 
Dry Pavement – 50% Light Level, Test Area 1 

 Like lower overall glare, lower level of light (less light pollution), slightly warm tint is 
nice. 

 I would feel safer if there were more light directed at sidewalks. 
 Some of LED lights are less brighter and kind of bothersome. 
 Super dark here! 
 Seems easy, like moonlight. 
 I think it is important to test the lighting on the side streets - usually the neighborhood 

streets are darker, so the question could be: is light enough to see house numbers and to 
see street signs? 

 Questions are in a font that is too light and too small to read easily. Binders are difficult 
to handle. 

 Street lighting was good (though darker than normal), but sidewalk lighting was a little 
dark. 

 Seems a bit dim, sparse. The full moon is bright. 
 Different color. 
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 Like the lights - not enough of them. Glare uneven along the length of light. 
 When I look down the street, it looks really dark. 
 Trip hazard. 
 This is pretty good. 
 Very slight glaring when looking up at or very near the lights. 
 Even though I feel the lighting is worse, I think the lighting is good enough. 
 Sidewalk ok, street ok. 
 One of the street lamps was out. 
 Too dark, cold. 
 Good color, but too dark for walking on sidewalk….would be perfect if it were brighter 

and not so patchy. 
 I like the color of the light, but it is not bright enough. 

 
Dry Pavement – 50% Light Level, Test Area 2 

 A little brighter, good but a little glarey as you get closer or directly underneath. Still 
okay, though. 

 In comparison to area 1, area 2 seems better illuminated. 
 Test area 2 seems better lit than area 1. The lighting seems generally too dim overall. 
 Darker on sidewalk, lighter in street. 
 Seems more patchier that area 1. 
 Would like a little brighter. 
 Many sidewalks are darker than street. 
 Sidewalk lighting was adequate. 
 Adequate but a bit dim. 
 Nice balance overall. 
 Lighting across each lamp was very even. 
 Dark shadowy. Seedy. Cold. 
 I almost tripped three times. 
 If it could be a little brighter and or if the lights could be shining out to the sides a bit as 

well, it would be safer and aesthetically pleasing. 
 Good overall lighting, both sidewalk and street. 
 Too dark. 
 Way too dark on sidewalks. Lighting is extremely bad unless directly under lamp. Bad 

shadows. 
 Too dim. 

 
Dry Pavement – 50% Light Level, Test Area 3 

 Same yellow color as other streets, not bright white. 
 Warmer tone is nice, but lights are way too bright. Good to id pedestrians in black/dark 

clothing, though (see those in Seattle often). 
 Felt too bright, too many strong shadows. Might be good for high pedestrian areas at 

certain times. 
 These lights seem to be more intense and bright. I like it bright.  
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 Yellow/orange look. The LED lamps in area 1 and 2 had a daylight look. I like the 
daylight color better. 

 A lot more ground coverage of the light and that ensures more safety in less road kills or 
any unseen danger threat. 

 A little dark in between streetlights - the neighborhood bar brings out pedestrians late in 
the evening. 

 I see no difference between thin and existing lights on 15th. 
 I really like this style of lighting. It is sufficient for seeing both street and sidewalk. 

Quality is warm. 
 Too much unnecessary light pollution! Can’t see the stars. If you consider more light 

better, however I don't like it as much even though more light. 
 I like it bright on main streets but dimmer in neighborhoods. 
 Seems more consistent that other Seattle streets. 
 More coverage and less patchy. Sidewalks are illuminated. 
 Felt more comfortable, more light. 
 Look same as other arterials with older technology. 
 Don't like color and glare. Level of lighting on street and sidewalk is great! 
 Bright, warm. 
 I like this, even and good. 
 Bright sidewalk, bright street. 
 This was the only one that made me think it might be safe to walk at night. 
 Almost daylight! 
 Bright enough, but poor coloration. 
 The light is a bit too yellow but I like the even coverage and lights that are bright but not 

glaringly so. 
 

Dry Pavement – 50% Light Level, Test Area 4 

 The lighting seems low, they should be brighter for car visibility. 
 A little too dim, big black/dark areas between pools of light. Just barely enough. 
 Too many dark areas. Felt unsafe. 
 These lights are set way too low. To clearly see this survey I must be directly under the 

light or within 10 ft. 
 Seemed too dark and even the slightest shaded area felt super dark. 
 Super dark! Gives me the creeps! Terrible. 
 Darker on sidewalk, patchy on road. 
 Too dark. 
 Sidewalk lighting greatly compromised. 
 Dim, patchy. 
 Right color, too dim. 
 Dark shadowy. 
 Sidewalks need work. 
 Have to search for a place to read. 
 Dark sidewalk. 
 Too dim/too spotty. 
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 Not bright enough on sidewalks. 
 Dim light, though the color is better than in Area 5. 

 
Dry Pavement – 50% Light Level, Test Area 5 

 Residents should watch their language. 
 A little brighter, and cooler than I would prefer, but some good. 
 Lights are not bright enough. 
 Too dark here. Doesn't feel safe. 
 Seems normal, like moonlight, easy not obtrusive. 
 Dim, but better. 
 Nice color, nice balance. 
 Glare toward middle of each light fixture. 
 Lights from signs can affect perceptions of things. 
 Pretty dark, sidewalks are shadowy. 
 Sidewalks dark, streets even. 
 There seems to be enough light on street but sidewalks are dark. 
 Dark sidewalk. 
 Cold. 
 Not bright enough… 
 Way too blue, not bright enough. 

 
Dry Pavement – 50% Light Level, Test Area 6 

 Somewhat dim, but not awful. 
 Good brightness maybe a tad too much. Don't like the yellow look of source, washes 

color of things and sources are a little glarey. 
 Borders on being too much light. 
 IN the car you would have your headlights adding some light to the street. 
 Once again, this looks like existing lighting on 15th. 
 This feels nice and bright, safe. Best yet! I could read a book by this light. 
 Kind of yellowish but comfortable. 
 Better lighting but not enjoyable. 
 Overall, the LEDs were adequate for vehicles but not for pedestrians. Sodium was more 

comfortable, better visibility (pedestrians). 
 Looks similar to test Area 3, but seems more patchy in street. 
 Kind of muted. 
 Warm. 
 Seems a little dim, but I like the color of the light. 

 
Dry Pavement – 25% Light Level, Test Area 1 

 Although this project would be good for energy saving purposes, I would really prefer 
yellow low-pressure sodium lighting for purposes of insect conservation. 

 Moon glow casts more shadow. 
 I felt like a black-out. 



Visual Quality, Acuity, Community Acceptance - LED Streetlight Sources 
 

Clanton & Associates - 89 
 

 The light seemed to reduce depth perception, made everything same flat gray. I noticed 
people all stopped. directly under the lights to white. Too dark? I would feel unsafe 
biking on a road lit like this. 

 One of the lights actually flickered & went out during the test. 
 Just dim enough to be annoying. 
 Very washed out. 
 Full moon helps! 
 Seems a little dim. 
 Lighting from looking off sidewalk to street seems minimal/lacking. 
 But just not as bright but no glare. 
 Red, orange & white was easy to differentiate, but blue/green was very hard to tell apart. 
 Too much light to pee on sidewalk - good or bad? I'm not sure yet. 
 Too green. 
 This type of light is better for driving. It won't make people blind. 
 Whites seemed a diff color. 
 Too dark. 
 Too dim. 
 Adequate lighting for driving or walking. 
 Looks a bit yellow. 
 Like this best - not too bright, not too dark. 
 Rate this in the middle. 
 This is ok - lights are dim, but adequate for vehicular & pedestrian traffic. I think the 

color is 'warmer' than the other LED sections - I like that. 
 Full moon seems to be the better of the LED areas. 
 A bit too dark. 
 Feels a lot like test area 2, but sidewalks feels better lit. I think this zone is my most 

preferred! 
 I feel like the lecture provided some influence. Comments like "we hope you feel this 

way,” etc. 
 Best one even coverage of street cooler light. 
 Lights better than 2 but still too dark, ok for driving but questionable for safety of 

walking. Couldn't fill out forms except for light for buildings. 
 Best overall of the LED dot lights. 

 
Dry Pavement – 25% Light Level, Test Area 2 

 A light at the end/beginning of block between areas 1 & 2 would have been nice. 
 Looking for light. 
 Again, while slightly brighter, this light seems to make everything a flat gray. Very hard 

to distinguish colors. Would not feel safe biking here at night. Use fluorescent light to 
write this. 

 This light hurt my eyes a little when I first looked at it. 
 Nice dim light. 
 These lights seem brighter than test 1 even with less commercial lighting. 
 Seems more even than area 1. 
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 Less glare. Certain angles don't have sharp light that hurts my eyes. 
 More glare, uneven light, does not light sidewalk. 
 This area holds my local bars. 
 Sidewalk seems more open than #1 - could be uniformity of lighting? 
 Still too green. 
 Brighter than #1 but not glaring, doesn't overwhelm. 
 Seems a little brighter than test 1. 
 I like the color of the light, blue-white vs. yellow-white. Cool. 
 More glare than test S but nice. 
 This area the light seemed more consistent across the test area, like the light is more even. 

No businesses with really bright lights - makes me think of spring. Moonlight from the 
full moon where you can see once eyes adjust if this was a sketchy area (crime) would 
want more light. 

 To dark same as 5. 
 This acceptable dimmer than 6 & 3, but ok - I would not use my flashlight in this section 

- no color visible, but even without bright structures, I can see far enough ahead. 
 Full moon can barely read the survey. 
 Way too dark. 
 Feels like the perfect amount of light in the street, but sidewalk feels a bit shady. 
 Looks a bit dark. Little contrast w/ambient light. Preserves true colors great. 
 LED lights like design not as glary need slight amount more, dark areas on sidewalk. 
 light very dark - too dark for safety, patchy - unacceptable poorest so for. 
 2nd best of the LED dot lights. 

 
Dry Pavement – 25% Light Level, Test Area 3 

 Awfully bright from the sides as well. Maybe too bright for a vehicle? 
 Too bright. 
 Now I can see clearly. 
 This light makes it much easier to distinguish colors. I would feel visible to cars if I was 

biking here & more able to see obstacles in my own path. Compared to the softer, 
previous light it seems a little harsh. 

 This test site seemed especially bright, at a much higher intensity than previous tests. 
 The glaring is slight enough to tolerate. 
 Way too bright. 
 Quite bright - not too bright, but if more costly than #2, not necessary. 
 Patchy eye sight if look up directly @ light. 
 Good until I walk under light then there is a sharp/annoying source of light at the upper 

part of retina/glaring? 
 Lighting feels safer than test area 1 & 2 nature of the block that makes it questionable. 

Shadows - more on test 1 & 2 much more visibility here. 
 While the lighting is good for road travel, there is far too much light on the sidewalk. 
 This area felt much brighter in comparison. Too much light for biking? - No. Too much 

light for graffiti?- Yes. 
 Sodium lights FTW (If only they weren't so inefficient.) 
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 This kind of light is making blind during the rain. 
 Seems like regular streetlights, maybe brighter. Can pick out details that I could not see 

in 1 or 2 
 Much brighter. Is a glare when I look directly at lights. 
 (for driving glare) Brighter than necessary. 
 Color ok, but too bright. 
 This lighting is excellent from a pedestrian's standpoint-warm, bright, everything is well-

illuminated evenly. 
 Too bright too yellow too glaring. 
 Real difference with bright lights, wouldn’t want to live next to lights this bright. 
 Excellent! 
 I thought I liked LED lighting, but alter sections 4 & 5 this feels great! Every color is 

hard to see and yes they burnout, but I like this light. 
 Full moon. 
 Well lit area, although a bit glaring. 
 The street seems way too bright, but the sidewalk feels safe, but overall it feels like too 

much light. 
 Washes out on the colors!  I hate these lights. 
 Good for road & sidewalk very yellow lots of glare and light pollution. Seems over 

lighted for residential 
 Like the color quality and distribution of light my preference by far over 6 5 & 4. 
 way too bright - like daylight which seems like overkill as vehicles should have head 

lights on. 
 

Dry Pavement – 25% Light Level, Test Area 4 

 Very directed light, not glaring to the sides. 
 Brighter? Still a little hard to see colors. Less harsh, but would still feel less visible to 

motorists. 
 This lighting seemed to make the sidewalk more shadowed than the others so far. 
 Very dim there isn't a lot bleeding light from businesses. 
 A little too little light. 
 Sufficient light, could be a little brighter. 
 Quite dim. 
 Very patchy looking from sidewalk to street and on sidewalk, like the lack of glare 

though. 
 These shaded lights don't hurt retinas. 
 Sidewalk areas too dark. 
 The light level up to 20 feet is good on both sidewalk & street, but sharply declines to not 

enough light after that. 
 Sidewalk walking is fine, biking or running it may be too dark. 
 Sidewalks overgrown and dark. 
 Feels like #1 - too dim. Shadows encroach easily. Too dark, too long between lights. 
 Not as bright but less glare. 
 Way too dim. 
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 It is probably sufficient lighting for driving, but a bit dim for walking. 
 Too dark. 
 This was my 2nd area; found that my eyes adjusted better to lower levels of light would 

find it difficult to read small numbers, this block seemed more residential. 
 This section worse than section 5. 
 As dim as section 5, but more even (not patchy) - too dim! I would use my flashlight here 

at night. 
 Full moon very dark between lights. 
 Way too dark. 
 Trees seem to close some patchiness. 
 Lots of shadows difficult to see papers in this light. 
 Not enough light. Patchy somewhat harsh. Not enough lite to feel safe to walk. 
 Seems almost as dim as #5 area. 

 
Dry Pavement – 25% Light Level, Test Area 5 

 Better, still hard to distinguish shapes. Target in the road (for the car) was 
indistinguishable. In yellow light would immediately have ID'd it! 

 This lighting is my favorite thus far. 
 Great lighting. 
 Like #3, lighting here might be insufficient in cloudy/rainy conditions. 
 Even but a little dim. 
 Less tree cover on this block light looked more natural, like super bright star light. 
 Similar lighting to #4, but no vegetation overgrowth makes it feel safer. 
 Too dim, too diffuse. 
 A little dim. 
 Was in car experiment & missed the 1st marker as I did not understand where they were. 
 Lighting is even but there is not enough light. Had to fill out this page of the survey using 

light from the front of a business. 
 Love, not too bright, no glare-covers the street amazingly well. 
 Would be nervous about walking @ night without the additional lighting provided by 

storefronts - seems awfully dark, I would want to carry a flashlight. 
 Had to find a lighted area to fill out this form. 
 This must be a joke - this is way too dim - I notice all the testers huddling in front of city 

nails so we can see our surveys. I would get out my flashlight walking here at night. 
 Full moon barely enough light to read this survey. 
 Light is pleasant to look at but doesn't illuminate enough. 
 Lights from buildings are brighter than the streetlights! 
 Seems to blend with ambient light, which makes street area brighter is not bad or good. I 

love how it does not distort true colors!!! 
 Good prevention of light pollution upward. Lots of business lights on this side of street 

makes difficult to properly evaluate. 
 Very dark patchy. 
 Seems dimmer than #4 areas. 
 Little light. 
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Dry Pavement – 25% Light Level, Test Area 6 

 Note the bright moonlight makes conditions somewhat difficult verses if it had been a 
moonless clear night. 

 Quite bright. 
 All right. 
 Very bright glare. 
 I felt the section was patchier and the lights glare more. Can tell colors & objects though, 

which is important and helpful. 
 A little to yellow. 
 Not uneven but less light in center lane. 
 Unnatural color to the lights compared to past areas. 
 Brighter better lighting & open sidewalks feel safer. 
 Orange's lighter orange than 4 nice! My favorite. Chases away shadows without being 

glarey or too bright. 
 Too bright! 
 Should be better lit as it is a school area. 
 The only patchiness I noticed was due to trees near light source. 
 Glaring when looking up at one light but not overall. 
 Na - I'm very familiar with this section & these lights - they are fine, when they work. I 

have reported many burned-out sodium lights here. 
 Full moon. 
 Lots of shadows. 
 lots of shadows, dark spots on sidewalk. 
 Too "warm" of color. Seems to wash out true colors. 
 Yellow, glare. 
 Comfortable degree of light & color appears fairly evenly distributed adequate. 
 The glare from bulbs too much but light quality quite appealing, meaning its relative 

naturalness. 
 

Wet Pavement – 100% Light Level, Test Area 1 

 Could actually see the shade of green on building's sign. 
 Lots of dark patches. 
 Again, I think it would very informative to test o side streets where it's less illuminated & 

streetlights  need to be bright enough to see house numbers & street signs. 
 This light is pleasant and adequate - the wet street is well-illuminated the area right at 

77's looks too dark (from up the block) - but it's because a whole fixture is non-
operational. 

 Full moon is a lighting factor in test. 
 The pre explanation tonight was much more explicit than last night causing me to answer 

my questions w/ a different understanding. Last night I had variables such as broken 
cement causing falling & potential muggings. 

 Cold/dull light also shadowing patchy light on sidewalk. Roadway lit ok. 
 If you like shadows this is good. Nice for shady activity. 
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 Were some of the lights meant to be out? 
 White light. 
 Rolled my ankle on an uneven part of the sidewalk that I didn’t notice. 
 Very white lighting, harsh on eyes bright. 
 Light at the end was out, really noticeable. Glare only when looked up at directly. 
 Full moon patches of dry & wet pavement, wet much reflection. 
 Standing directly under the light is too glaring, but looking across the street to the other 

light is fine. 
 It's actually hard to tell if the lamps are lighting the as much as the street signs it's pretty 

bright. 
 Park gaps between light areas - too much contrast. 
 Didn't look like enough light on street. 
 The moonlight (full moon) may have enhanced the illumination along with the reflection 

off the wet street. 
 More balanced than previous areas especially considering I do not favor the cooler light. 
 Patchy but good overall coverage. Light all the way just some bright spots. 
 Difficult to get full effect of lighting due to commercial signage. 
 This was my 2nd fave. 
 Can see oncoming car lights in this area. And goldilocks said, this is just right. 
 Patchy. 
 Not bright enough, shadows. 
 The budget rental spotlight meant that I had to get to mid-block to really tell what the 

lighting looked like. 
 I liked this area best in the LED style. 
 Sidewalk is less patchy than area 2, but still a bit too patchy. 
 Although not my favorite, it is not the worst. I prefer the warmer lights. 
 This lighting is my favorite of the LED. It feels more natural than other LED lights. 
 There was a street lamp out and in that area it was very dark. The other street lamps did 

not help in that area. 
 The light is not harsh or uncomfortable; it sits in the middle for me. But it doesn't make 

me feel too comfortable. 
 

Wet Pavement – 100% Light Level, Test Area 2 

 Too much glare: I'm squinting in the dark. 
 Really good lights. 
 Are the lights performing any differently when it is raining? Of course there is reflection 

when the street surface is wet, but is the lights bright when they're shining through rain. 
 Well-lighted, Adequate, 'color' of light feels sadder than section #1 - but it's ok, even the 

wet pavement is well-lighted. 
 The lighting seemed better on this section than the first - lighting is more of a natural 

color. 
 Full moon is so bright it is hard to tell. 
 Much better (more) lighting on sidewalk. 
 Funky tint to the light, shadowy. The sands red-light district still visible. 
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 We have these sort of lights where I live they work great. 
 White light. 
 Lights from buildings seemed to assist streetlights. 
 Spacing better than unit one. 
 Closer together Brighter. 
 Has dark patches in parts. 
 Felt more like more building light this section. 
 More directed light whiter can see cracks on sidewalk better. 
 I like test area 1 better, this light feels less friendly. Also still standing under streetlight is 

glaring but looking across at it is not. 
 Due to less distracting lighted sign I can see the street lamps effects better. 
 Better than 1. 
 Even brightens up a depressing and shady strip club corner! 
 Seems brighter than area #1. 
 Uncomfortable. 
 Sidewalk very dark, street patchy. 
 Again, not enough light on sidewalk. 
 Fine for residential areas. I have LED lights outside my house. This reminds me of them. 
 Doesn’t emit as much light as others. 
 Spotty, too dark. 
 These lights look glaring from afar but are not as bad when standing under them. 
 Seemed really dark. 
 Donut shop and corner store make for any sidewalk lighting. 
 Very patchy with lots of dark spots. 
 Lights are not bright enough and need more lights. 
 Very poor visibility, definitely too dark. 
 The light seems very sharp, but I feel like I can see well. 
 My favorite so far - I really like it. A bit dimmer at night, this is much more comfortable. 
 Seemed darker. 
 The light seems too harsh which makes me feel uncomfortable. 

 
Wet Pavement – 100% Light Level, Test Area 3 

 Can't see colors; everything looks yellow. 
 Very bright but also very glaring. No dark patches. 
 I think this was well organized w/professional attitude & execution. Justin was especially, 

especially helpful & encouraging. Thanks You! Also the cookies & beverages were a 
nice touch! 

 Good old sodium - compared with LED's in 1 & 2 this does seem 'glarey'- easier to see 
colors (even w/yellow light) I do like this lighting, but I know it starts flickering and 
flashing eventually, which is awful - I like it, but I don't doubt it being obsolete. 

 This lighting lit up the sidewalks better giving a bright yellow here on sidewalk. Easy to 
see problems w/sidewalks - lighting better than test one. 

 I can see a great distance under this light, good depth of field, good color. 
 Great light for watching TV. Seems like light is dimmed need more watts. 
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 So far best lit sidewalks. 
 Yellow light. 
 Not the industrial blue. 
 Full lighting, no dark patches. 
 More yellow, spreads out more color. 
 Seems lighter than I'm used to, I thought that the LED lights were glaring but actually 

these are more. 
 This area is really light; there are a lot of lamps giving off a lot of light. I will not want to 

live on this street, but as a main arterial this is really lit. 
 Bright, sort of glaring, but good. 
 Light was brighter here. 
 Very beige. 
 Too much glare! 
 There were some dark areas! Housing little scary. 
 Warmer the light the better. 
 Lighting reflects brightly off buildings strongly. 
 Stark contrast in pedestrian lighting. Light actual hits sidewalk compared to area 4. 
 Would be too bright outside my home windows. 
 A little glaring but not distracting. 
 Good light, sidewalk very good like the brightness in street. 
 While bright, I think this light is too yellow and too bright. 
 Better lighting - doesn't blend in with the stop lights. 
 Harder to read than 5. 
 Light was even on sidewalk. 
 Plenty of light for all lanes. Full visibility and I like the warmth of the light color. 
 The lighting really seems to distort color. 
 Yellow light is casting a icky shade on all objects. 
 It is bright enough where I can see people clearly far ahead of me and behind me which 

make me feel safer. 
 

Wet Pavement – 100% Light Level, Test Area 4 

 Way too dim; couldn't see the sidewalk. 
 Way too dark unsafe to walk unsuitable. 
 If not for the commercial lighting, this street would be unsuitably dark. I don't like it. 
 Not enough light in this test section. Sidewalks dark & dangerous (cannot see cracked & 

uneven surfaces.) 
 Light in street very patchy - shadowy dark, alternating banks of dark & light. Light is 

pooled under lamps. 
 Nice & mellow able see with less shadow. I can see & smell green. 
 Way to dark! 
 White light. 
 Trees and branches blocked some of the light in certain areas. 
 Seems darker but you can still see to walk and drive. 
 Lighting threw shadows on sidewalk, actually making visibility worse. 
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 Too many shadows, areas with no light very patchy. 
 Dreary. 
 This light seems less harsh, more natural colors & although it's darker there is less glare 

& my eyes do not need to adjust as much as the previous area test #3. 
 Is this the same light as #1? So dim people gather in doorways to write comments! 
 Easy on the eyes. Solar powered? 
 Too dim. 
 Very uneven light, sidewalk dark. 
 Unacceptable amount of lighting on sidewalk. Street is barely lit. If I wasn't familiar with 

neighborhood, I would not walk here at night. 
 Maybe this is darker? 
 Too dark, spotty, sidewalk way too dark, Danger. 
 Some of the streetlights seem brighter than others. 
 Hard to see on sidewalk. 
 It is a little hard to read things. 
 It is a much softer glow. 
 Street was well lit, but sidewalk was dark. Color was good. 
 Could use some yellow lights as well. Possibly need more lighting. 
 Definitely too dark. Not enough for all lanes. Sidewalk was very dark. 
 The light is too dim. 

 
Wet Pavement – 100% Light Level, Test Area 5 

 Needs to be a tad brighter. 
 Aren't very bright but minimally acceptable. 
 Too dark; again, without commercial street fronts, I would use a flashlight to walk this 

street. 
 I like this. 
 More of day light feel - pleasant. 
 White light. 
 More commercial industry to aid in lighting. 
 Glare in reflections. 
 Spreads out more uniformly. 
 Lighted signs for stores stand out more than the streetlights. 
 I guess I now notice the glare on the street from the wet pavement, I actually like it. And 

although the light is darker on the sidewalk yes it looks more natural as opposed to an 
orange high glow. 

 Dim. 
 Spotty. 
 Some glare on wet pavement but not distracting. 
 Lot of lighting from businesses which helps. 
 Neon signs affect perception of color contrast of non-luminescent sign. 
 Lighting on sidewalk is lacking compared to street. 
 I have had Lasik halo effect? Not aesthetically pleasing but wouldn't care if it meant 

saving energy. 
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 Perhaps distracting that you can make individual bulbs. Draws attention because 
different. 

 Glaring. 
 Not bright enough. Glarey and spotty on wet pavement. 
 Need some more lighting source focused on sidewalk. 
 Feels like inside light. 
 Overhead light source is much cleaner. 
 I felt there was more reflection from the stop light. 
 The lighting does not feel as warm I can't decide if I like it or not. 
 I dislike walking in this light because it makes me have a feeling something bad will 

happen. It is creepy and ominous. 
 
Wet Pavement – 100% Light Level, Test Area 6 

 Can't see…. too yellow/glaring. 
 Good light but like LED more. 
 I understand the LED's use less energy - however is there any way to get them brighter? 
 This section seems dimmer than 3 (also sodium) maybe the lack of commercial lighting? 

I walk this block before dawn every day and seems visual, but only when all the lamps 
are functioning. 

 This is different than 5 but I like both. 
 A little glaring, but great light on roads & sidewalks - some of the trees blocked lighting 

in places on sidewalk. 
 First 2/3 of this station was great. Then streetlight disappeared & last 1/3 more tenuous. 

My ratings ate on beginning walk. 
 A little patchy on the sidewalk. 
 Light seems dull & Yellow. A little old school streetlight feel. 
 One spot was very dark due to big trees! 
 If there was more "rain" I'm sure the road glare would be much worse w/this lighting. 
 Dark spots in tree blocking reflection areas. 
 Yellow, softer. 
 This feels the most normative. 
 Yucky yellow, but bright (good). 
 Too many shadows created. 
 Trees along sidewalk both shaded as well as impeded flow of light. 
 The moon was very bright. 
 This was my fave. 
 These lights seem like typical old school Seattle lights. The control? 
 A little spotty. 
 I do like the yellow cast light, makes it easier to see headlights of cars. 
 Could use more white lights. 
 I like the warmth of the light color. Plenty of light for both sides of the street. 
 This site is free of distracting lights. 
 Warm familiar light we are all used to, but not very effective. 
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Wet Pavement – 50% Light Level, Test Area 1 

 Don’t like that there are light and dark areas. Very uneven. Dark in the center of the 
street. 

 Dim lighted. 
 My favorite overall. 
 Uneven brightness, where light is dimmer. It is harder to see the lines on the street. 

Driveway alleys are largely unlighted and a little unnerving. 
 There was not enough light to read the questions in some areas. 
 They wanted to know what I would say the professionals from NEEA walking south of 

the avenue lights were yellow some blue. Now they can evaluate as they may. 
 I feel safe in my known environment which is this area. If I was in Beacon Hill, outside 

of my comfort zone, I would probably feel less safe. Maybe good to have people from 
outside of the area. 

 Appears as a soft light, no washing out, but gives everything a soft gentle appearance. 
 To be perfectly honest, I am not sure about #13. I chose about the same since it seemed 

the most neutral. 
 Sidewalks not wet, were they supposed to be? 
 Trees may have affected sidewalk light. 
 Bright enough to drive and see any obstacles. Very even light. Too dim lighting to 

illuminate any dangers. around corners or out of sight. The bright signs create even more 
light. The color is aesthetically pleasing but not bright enough. 

 I loved the lighting. 
 Questions 2 and 8 are misguided. I wouldn't walk here after dark when the businesses are 

closed. In December it is dark before 5. 
 Not bright enough to see colors except under streetlights. 
 This not a safe street for a female to walk down alone at night. I could tell the colors of 

things due to other sources of lighting. The streetlights did not enable me to see colors. 
 Too dark. 
 Glare on roadway. 
 Could be better. 
 For a busy street, this is dark. These lights don't give off much light between actual light 

locations. 
 Seemed like there was one light out, west side south most light. 
 Without reliable light from stores, it would be too low. With it is the lowest amount I 

would find comfortable with in a community. 
 Best area so far. Seems very soft but not as invasive feeling as the very bright bronze 

color. Good for commercial, bright for residential. 
 Tone is a little cool, but brightness is just about right. Slightly patchy and dark spots, but 

adequate lights. 
 Damn you budget rental truck! Do we get a party favor from the love zone? 
 Unclear whether questions refer to street or sidewalk (1-3, 6, 9, 11, 12). I don't drive so 

can't respond to #10. 
 Seems really patchy/dim in some areas (south end of test area and almost and north end 

of test area). 
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 2nd favorite. 
 Higher distribution of LED style lights this block. 
 All through, areas 1-6, street trees will obscure. 
 Too dark and patchy on road. Too dark on sidewalk. 
 It is still too dim to make me fully comfortable walking around at night. 
 Dark. 
 Full moon! 

 
Wet Pavement – 50% Light Level, Test Area 2 

 This is better than test area 1. 
 Seems a bit dim overall. 
 Uniform lighting doesn't seem that much brighter but good shadows are reassuring. Lines 

on street uniformly visible. 
 This area appeared to be patchier, although this may have been a result of hyper 

examination and over examination on my part. 
 Maybe I am crazy but this feels like there is less lighting than Area 1 but that also might 

be because there are less stores with lights. 
 Areas of shade beneath trees making it harder to see in the street. Too dark to see around 

corner if reflects off wet areas better than dry. 
 IT was hard to answer #9 because the streetlights were the only thing on. 
 same as area 1. 
 Safe to walk on sidewalk, light to see obstacles. 
 There was less lighting from businesses in this section. 
 Green light. 
 Looks good. 
 This section is brighter and more even than the last. 
 Not bright enough to feel safe in an urban area. Moonlight light. Most fill light from other 

sources. 
 Not a lot of business lights so it was a truer test of the light spread on the sidewalk. 
 Colors appeared muted. Shadows cast by the soft light are fuzzy and indistinct – creepy. 
 More like there is hardly any light on the street! Also sidewalk lighting is only good 

under streetlight or in an area where the storefront has good lighting. 
 #1 strip club! Not safe. Nothing to do with lighting. 
 Way too dark, seems like hospital lighting only worse. Does nothing for my complexion. 
 Appears to be less ambient light from businesses/residences this block. Sidewalk seems 

darker. 
 Under awning, lights are distracting. It seems patchy on west side of street. 
 Too patchy on streets, too dark on sidewalks. 
 I didn't realize what patchy really meant until this test area. There seem to be pools of 

light and the contrast creates more of a sense of mystery. It makes me feel less safe. I am 
not sure wheat or who might be lurking in the dark corners. 

 Too dark on the sidewalk. 
 Lights seems bright enough, but poles seemed further apart. 
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Wet Pavement – 50% Light Level, Test Area 3 

 The center of the street is very well lit compared to all the others. Also lights up the 
sidewalk as well. 

 I know that orange color of the spectrum is best in terms of lights rendering the farthest 
from the source, but this makes the street look fairly ghetto. Some may not prefer this. 

 Way, way too bright especially over wet pavement. 
 Brighter lights, more yellow? Glare patches on wet pavement. Lines on pavement a little 

hard to see in areas. Nice bright sidewalks. 
 The lighting in this area is very bright. 
 Lights overall very well. Less dark areas on the sidewalk. 
 Although not a fan of the more yellowish orange light, the clarity and evenness of the 

light in this area is much higher than the whiter lights in area 1 and 2. This light is much 
more even and covers more area. 

 This feels really bright and I like it. For walking by yourself at night this would be really 
nice, I would feel much safer. However, it might be kind of glaring for drivers (I am not 
sure on that though). 

 Note: I said worse, because I do not like extra bright lighting. 
 More glare and distracting color but better lighting. Much brighter and makes me feel 

safer. A bit patchy and glare. Very safe driving 
 The lights in this section are much brighter. 
 Yellow lights are warmer color. 
 This section is way brighter than 1 and 2. Although as a female, I wouldn't feel safe 

walking here, alone, at night. I feel much more comfortable with this lighting. 
 This color of light. 
 Best lighting for walking. 
 The best of the 1st three. 
 This is the kind of lighting I am used to - compared to the others, this is the brightest. 
 Like the brightness level. 
 Floods very evenly and bright. So bright it sort of drowns out surrounding lights. Car 

headlights - too over powering and invasive. 
 Too/very bright, very glarey especially with wet street. Not a fan of the yellow tint. Good 

illumination on sidewalks, though. 
 Way too freaking bright from the lights and the reflection of the street. Hurts the eyes! 

Glad I was wearing a ball cap. 
 I may like a color of light, but that doesn't necessarily mean it is safer or easier to walk in 

it. The converse of this is also valid. 
 Best light of the night. 
 Too bright for a residential streets. Great for major thoroughfares. 
 Main and first impression = lots of glare here. 
 Very warm, comfortable light. 
 Sodium type lights. Slight yellow orange shift. This block seems to have a higher 

concentration of lights that a typical street. Individuals sensitive to glare may be 
distracted in this area. 



Visual Quality, Acuity, Community Acceptance - LED Streetlight Sources 
 

Clanton & Associates - 102 
 

 The bleeding of light onto the aperture along here has got to annoy people. It is a bit 
bright - now would this look coming from a residential street. Arterials fine, residential 
no. 

 Too bright for residential street, but great for main roads. Neighboring homes may find it 
annoying (too bright). 

 The lighting is very bright and makes me feel safe. 
 Very bright. 

 
Wet Pavement – 50% Light Level, Test Area 4 

 Way too dark, especially sidewalk.. 
 Spotty coverage. Blocked by vegetation especially once trees in leaf. 
 Most dim out of all, so far. 
 Too dim overall. Seems the dimmest. 
 Lighting sees dimmer, particularly E streets overgrowing the sidewalk. Makes it feel less 

safe even though the street is wide open. 
 Very dim. Do not like the bluish color it gives off. Least favorite so far. Sidewalk is hard 

to see in this light. 
 This has been the worst of the 4 so far. Kind of patchy does not illuminate much. Area 

covered by each streetlight very low. 
 I think this has less lighting but I could be feeling that way because the last section was 

so bright and I am comparing it to that. 
 Much brighter than area 1 and 2. More glare. More patches on street, uneven lights. Too 

dark on sidewalk if not under light. 
 This section was darkest because most of the businesses/houses had no exterior lights on. 
 It feels dark and creepy compared to test area 3. Luckily there is someone singing 

karaoke in the tavern across the street to ease my fears. Since the lighting is not as bright, 
it probably saves energy, which is good. 

 Too dark (worse so far). 
 Dark! 
 Might as well have no lights. Rely on lights from store signs. Have to stand directly under 

the lights. 
 Lights on opposite side of street glare more than on my side. Business lights contribute to 

safety. In front of a business with no light son it was too dark. 
 Almost too dim, patchy before with pools of light with lots of dark patches. 
 First half was better than second half. 
 Looking down or up the street the sides of the lights are visible and possibly distracting. 
 Way too dim for driving or walking safely. 
 Dark! 
 Majority of actual streetlights on opposite side of street/sidewalk, seem very dark. 
 Johnson agent awning light too bright = distracting. Look up e side no glare, look a w-

side glare. 
 Too dim. On sidewalks, can't see cracks plus lots of dark areas for strangers to be lurking. 
 Area much darker than others. 
 Too dark on the sidewalks. 
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 Darker. 
 

Wet Pavement – 50% Light Level, Test Area 5 

 Slightly patchy but not too bad. 
 Something about these lights seems like they are the best out of all the LED lights I have 

seen so far. 
 Some glare off the wet pavement. Sidewalks seem well enough lighted. 
 Light seems blue. Dislike but the sidewalk isn't too bad. 
 Best of all the white light areas so far. Not as patchy and illuminates a lot of area. 
 This doesn't seem well lit but better than the last one. I think I am still comparing this to 

the area 3 where I felt the safest. 
 Strong moonlight again, like last night, must affect results. 
 Less patchy than some. But not bright enough. 
 Better lighting on sidewalk, more even, wider light on street, sign light distracting, still 

bright with less glare. 
 The lighting is really nice in this area. Much better than test area 3. Lighting is more 

even, making it more comfortable. 
 Pretty dark, but not as bad as 4. 
 Could be brighter - sidewalks are pretty dark. 
 Like the light from a full moon. Pretty, but doesn't make things bright enough to feel safe 

at night. 
 Needs to be brighter for ideal safety. Business lights did help with the safety. 
 Adequate, but lower level of lighting. Not glare. Good! Even when looking up at directly 

of from reflections. 
 Dr. Hoats wellness for life sign is freaking blinding, as the shop. 
 This style of lighting seems to be more absorbed by the moisture on the roadway. 
 Looking up or down the street, or long distances the sides of the lights are visible. 
 Seems dimmer in a bad way that test area 6. Raises a few questions/concerns about 

walking or driving at night in this area. 
 This light feels very "cold.” 
 White/blue color shift (slight). Appears less luminous than are sodium (area 6). 
 Seems dim on both street and sidewalk. 
 I think for this kind of commercial street, the lighting works because it’s augmented by 

lights from the stores. 
 Darker. 

 
Wet Pavement – 50% Light Level, Test Area 6 

 Lighting partially block by trees. 
 Most mediocre/plain/typical lighting compared with other Seattle streets out there. 
 Favorite test area, bright E good shadows on sidewalk, but not a hard white light. 
 Even though the lighting is brighter, I did not think it was better. 
 I like the warmth of this light. It is a bit on the bright side though. 
 I am finding it difficult to rate glare and patchy in isolated instances might have been 

easier in relationship to each other. 
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 Not the best of the two orange lights, but still better than the white lights. 
 With regards to the color - I think I prefer this yellow light not because it is yellow so 

much but because it makes it seem brighter. 
 Test areas 3 and 6 were the brightest - test area 6, the best overall. 
 Very bright and easy to see obstacles. Feel safe walking. 
 Lighting suitable for downtown Seattle. 
 This is a safer part of 15th than the other sections. 
 Could see well. 
 Looks good (for an old guy). 
 Good. 
 Made the area very visible and comfortable to walk through at night. 
 Very different from when it was dry, much darker, but still good. 
 #3 and #11 comfortable and I like the color mainly out of familiarity, not necessarily a 

true likeness of the color. Even though it is a widely used color, it reminds me of an 
industrial area. 

 Bright, but glarey. I don't like the strong yellow tint of the light. 
 The glare from the reflected light off of the street is very uncomfortable. 
 The rain water makes the lighting different and more reflective. 
 Sidewalk would feel safe if fewer cracks and more level - nothing to do with lighting. 
 Patchy lighting (not really much of it) seems more attributed to road surface and paving  

and wetness that variations in lighting. 
 I like the soft yellow effect of the light. 
 Seems representative of usual arc-sodium type city lighting. Slight color shift yellow-

orange. 
 Light casts a lot on the utility poles. W-side seems brighter than e-side. 
 Orange color is not too pleasing. 
 I love this lighting! 
 It is all a little dim, although well spread out. 

 
Wet Pavement – 25% Light Level, Test Area 1 

 Too dark. 
 Too dim to write legibly. 
 Seems better with wet roads. Remember not liking it a lot last night when dry. Sidewalks 

still a little dark. 
 I live and walk up and down 15th Avenue NW almost every day. 
 The biomat spotlight was distracting. 
 Light is a bit too low. 
 Very dark on sidewalks, seems a bit dark on streets. 
 One dark alley no shadows. On all: the color depends on the distance. 
 Street is dark and so is sidewalk. 
 There was an area where there was one regular (not led) light shining over a budget rental 

place which lit up the street much more than the LED streetlights, but also created more 
glare. 

 Dim but I like the wet reflections. The sodium light at the budget light is distracting. 
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 Seems a touch dim. I think a higher intensity light would be preferable. 
 I like that there is very little glare off the water. 
 Walked into the back of a person who had stopped on the sidewalk. 
 The light doesn't seem much brighter than the ambient light from what you would get just 

from the businesses. 
 Orange hued light is more glaring. 
 Too dark, feels unsafe. 
 Let there be light. 
 I am standing directly under a streetlight and can barely see what I am writing. My 

yellow pencil looks red. 
 This is part of the area I consider sketchier than the other points on the test zone. 
 Full moon make made it seem lighter out. 
 Lighting fills in the spaces between commercial light very nicely. 
 Test sequence Area 6 to 1. Not impressed with intensity settings on LEDs. Seemed 

uniformly off. Made the old sodium look too bright (with horrendous amber color). 
 I can at lease read what I am writing here. This was not the case in Test Area 2. 
 Don’t be a tattle talk (directed at lady). As far as LED lights go, this section is the best. 
 Sidewalks are a little better lit, but still kind of dark. 
 You should say in the introduction and on the slides for the driving on the street that the 

signs are on the road, yesterday I missed the 1st 2 as I didn't understand. 
 Lights are dimmer, yet comfortable. Of all test areas, I prefer this one. 
 This is the best one. Smoothest lighting. 
 Bright enough to see by, while still preserving ambiance. A very pleasing choice. 
 Good color, even distribution, not quite enough lumens. 
 Light directly down from streetlight patchy. 
 My favorite of the LED styles. 
 Very dark section, almost unsafely so. Rain not a factor. Sidewalks too dark, unsafe. 
 I live in Ballard and I feel that all streets are safe day or night. 

 
Wet Pavement – 25% Light Level, Test Area 2 

 So dim I couldn't see the paper. 
 Sidewalk a bit bright on this one, but creepy street. 
 Seems brighter than test area 1. 
 Not enough illumination. 
 Fine on the streets, still a bit dark sidewalk. 
 On bright bus light is distracting. 
 Lighting is good. 
 This section brighter. There were bright "patches" but that were private light () reflecting 

in the wet street 
 The moon is pretty bright. 
 Many patchy and again seems dim; underwhelming. 
 Again, lack of glare is nice. Smell of doughnuts is, however, distracting. 
 Light seems very patchy and gets overpowered by porch lights. 
 Without light from businesses, it is hard to see lane lines on street. 
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 Not enough light. 
 Better than test area 1. 
 Tesses boutique and other storefronts gave off light so I could see. Crossing street, I 

stepped in a huge puddle that was invisible. 
 I feel like the LED lights are better for really bright, but focused lighting. 
 I would feel uncomfortable walking down this street alone. 
 Still set too dim, needs to be brighter/whiter. 
 The donut shop smelled so delicious that I almost walked straight in to the wall. Perhaps 

moving to a more lit location would have allowed met to find it easier and avoid walking 
into things. 

 The color is not so harsh but it still not a lot of light on the sidewalk. 
 Sidewalks are badly illuminated. 
 Better for driving, worse for walking. 
 Seems the same as Area 4. 
 Lovely mood lighting, but could stand to be a touch brighter. Pleasant color, seems to 

preserve my night vision better. A little brighter and this would be my first choice. 
 Patchy areas make this not comparable to other comm. Areas. 
 I like this lighting. 
 Fine for driving, not for walking - unless I had a headlamp. 
 This is hilariously insufficient lighting!!! Totally unsafe. But perfect for a bad hair day. 

 
Wet Pavement – 25% Light Level, Test Area 3 

 Too bright, too orange, too glarey. 
 I find the yellow to be pleasing and not at all harsh. 
 Lighting on sidewalks is better and it needs to be. Another creepy street. 
 This is the best lighting yet. 
 Love! Bright, safe, and not intrusive. 
 Light is a little glaring, but he amount of illumination is favorable. 
 Seems like the existing lighting, plenty of light on sidewalks. 
 A few deserted buildings, feels so isolated. 
 Old light better but not cost efficient. 
 I like this way better than Area 1 and 2. 
 The brighter illumination is much more comfortable, better visibility, colors. 
 During rainy conditions at night the glare could be too much. It is also a lot more yellow. 
 These lights seems much brighter isn't more glaring. 
 Very bright/maybe too bright. 
 WOW! This is it! 
 Feels like I am in a well lit room. Nice, warm, safe. Can see to the end of the driveways 

and lots, safe. 
 These areas might be too well lit. 
 Better for old eyes. 
 Standard sodium lighting - similar to test area 6. 
 Lots of shadows, but I can see pretty far ahead of me. 
 Barely crosses over into too bright. Preferable to too dim. 
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 Glare hurts, giving me a headache. At least I can see the forms, can see the uneven 
sidewalk. 

 Yellowish light bright like daylight. 
 Very well illuminated section, warm color to the lights. 
 This is optimal lighting - effective, warm, easy on the eye. Much better than the dim cool 

blue light. Feels safer. No reflective problems. 
 I was in the group last night where our guide let slip that areas #3 and #6 were controls. 

 
Wet Pavement – 25% Light Level, Test Area 4 

 Feels very dark, maybe okay using brights but probably won’t on busy arterial. 
 Too dim. 
 Darker street area in general, brighter lights might be more beneficial on areas like this 

with less business lights. 
 Light is pleasant but too dark. 
 Too dark on sidewalks. 
 My apartment is on this section. It needs more light. 
 It seemed more "patchy" here but not enough contrast to be a problem. 
 This section seems pretty dark. This opinion is unaffected by doughnut aroma. 
 Bushes on sidewalk are overgrown. 
 The light is very uneven with patches of darkness between lights. 
 This section seems a lot darker after the last section. 
 Too little light to be safe. 
 Back to test 1. 
 Midas sign and apt lights seemed to be the only light source. Streets are in almost total 

blackness. 
 Not sure if it was because of the lighting, or this sidewalk () more uneven ground, but I 

nearly tripped on a couple of cracks in the sidewalk. 
 The man singing karaoke at the bar where we stopped would probably not win on 

American Idol. If he were to pass out in the street here it would be hard to see his body. 
 Worst of the lot. Without the few commercial lights it would be a cave. 
 Way too dim, to even see this page to fill out. Sidewalks too dim. More light comes from 

businesses along street. 
 I don't feel safe here. 
 Best version of Radiohead karaoke I have heard, ever. At waterwheel lounge. 
 The screaming drunks were kind of distracting. 
 Not nearly bright enough. Treacherous. 
 Have to use store lighting to read form sidewalk is dark. 
 Lights really dim but better light than # 5. 
 Too dim for pedestrians. 

 
Wet Pavement – 25% Light Level, Test Area 5 

 Sidewalk better than sum. Glaring in spots but not all. Maybe depend on what is near. 
 More residential areas could use brighter lights. 
 Patchy light, too dim. 
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 Light is very blue, too dark on sidewalks. 
 One glaring business light distracting. I like seeing shadows. 
 Dark! 
 The light seemed brighter, more comfortable. I liked it. 
 Businesses have distracting lights in this section. 
 Now I understand glaring. 
 A bit dark. 
 The brightness is similar to other streets but the lights aren't as glaring. Would be better if 

the light was more even. 
 Darker but less glaring. 
 Not bright enough. 
 In life, there is always the unexpected. 
 "The Shop" signs provided light. Streetlights did not and Scandinavian specialties. 
 There are a lot of businesses with bright lights in this area so that makes it a little harder 

to judge the lighting. 
 I would have a tight grip on some bear mace and a rape whistle if I had to walk through 

here along at night. 
 Had to find a lighted storefront to be able to read the questions. 
 Too dim. 
 Can't see while writing this. 
 Very dim, sidewalks are barely lit. 
 I like that it feels like moonlight, but it would be better if it was brighter. 
 Hard to see where I am walking - see sidewalk grade can’t see cracks (except by 

buildings with lights). 
 More light on street from businesses than streetlights. 
 I was in the car for this section. Note: objects stood out due to silhouetting by streetlights 

skews findings. 
 Feels like I am in a cave. 

 
Wet Pavement – 25% Light Level, Test Area 6 

 Too bright, too orange, too glarey. 
 Again with yellow, very nice! Again might be because of () though. 
 A bit of glare when wet in spots, but overall good visibility. 
 I like the brighter lights, but as a pedestrian in Ballard, I don’t generally feel safe ever. 
 Light color and glare are disagreeable, but illumination is good. 
 Color is a bit whiter, plenty of light on sidewalks; it seemed odd to me that there was not 

a section with LEDs that attempted to match the normal lights. 
 Best lighted area in this section…6. 
 Overall, I like the color of the LEDs. If you turn the lights down for efficiency, you will 

need to add pedestrian lighting to the commercial arterials. Too dim in some cases. 
 I like this lighting the best. 
 It is a very comfortable brightness but the yellow of the light is a bit harsh. 
 Good overall lighting, feels safe. 
 And there was light! 
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 Ah! Light! 
 It seems like the lighting here is the same as it has always been. 
 This lighting seems like normal, boring street lighting. 
 Some areas near apartment parking lots are dark. These areas are probably scary for 

attractive women. 
 Writing in the back of this booklet sucks. 
 Lots of shadows on sidewalk, feels like it would be scary at night. 
 Not unfriendly, but not the most personable. 
 Some colors are easier to see than others yell/or = good, green not obvious. 
 Trees make lighting on street patchy lighting yellowish. 
 In the future, you should change the order of the test area pages in the booklet for ease of 

use. Oh and I like these lights a lot. 
 The wet streets don't have much impact on my impressions. 
 The bright porch lights on W side of Ballard HS were distracting and north side of pool. 
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Appendix D: Product Specifications 

 



Visual Quality, Acuity, Community Acceptance - LED Streetlight Sources 
 

Clanton & Associates - 111 
 

 

 
 



Visual Quality, Acuity, Community Acceptance - LED Streetlight Sources 
 

Clanton & Associates - 112 
 

 



Visual Quality, Acuity, Community Acceptance - LED Streetlight Sources 
 

Clanton & Associates - 113 
 

 



Visual Quality, Acuity, Community Acceptance - LED Streetlight Sources 
 

Clanton & Associates - 114 
 

 

 



Visual Quality, Acuity, Community Acceptance - LED Streetlight Sources 
 

Clanton & Associates - 115 
 

Appendix E: Preliminary Luminaire Testing 

 
Equipment Pretesting 

 
The luminaire pole stands on a level surface offset in the measurement grid. The pole is fitted 
with an attachment bracket for luminaires and the bracket can be adjusted based on the type of 
luminaire. The LED luminaire was mounted at a height of 30 feet. The measurement grid 
extends six meters (19.7 feet), behind 13 meters (42.7 feet) in front of, and 20 meters (65.6 feet) 
to each side of the luminaire. This is a modification from the standard measurement technique 
developed in IES-TM-73 which specifies wheel path measurement only. The technique here 
includes glare, light trespass and a more comprehensive pavement evaluation. This configuration 
allowed the team to evaluate the backlight not directed at the roadway, (the “house-side” of the 
luminaire) as well as the light output to the roadway-side (the “street-side,” of the luminaire). 
Horizontal and vertical illuminance measurements were performed on two-meter spacing in the 
test grid using Minolta T-10 illuminance meters. The data was recorded manually at each point 
along the grid. 
 
Horizontal measurements were taken with an illuminance meter on the pavement, facing up, at 
two-meter spacing locations on the 20x40 meter grid. Vertical measurements were taken using 
an illuminance meter affixed to a mobile cart, mounted 1.5 meters from ground level (Figure 45). 
For the vertical measurements the meter was aimed along the roadway direction with the meter 
facing the luminaire. This means that in the top half of the grid the meter was aimed parallel to 
the grid facing the bottom half of the grid and in the bottom of the grid, the meter was reversed 
and faced toward the top of grid, parallel to the grid. 
 
Additional vertical measurements were recorded along each edge of the grid with the meter 
aimed into the grid to estimate light trespass. 
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Figure 45: Vertical illuminance meter on cart 

 
 
 

 
 
The electrical power usage and the spectral power distribution of the sample luminaires were 
also recorded. A Yokogowa WT 110 power meter was used to measure electrical power usage. 
The spectral power distribution was measured using an Ocean Optics S4000 spectraradiometer 
with a Teflon integrating sphere acceptance optic. 
 

Vertical Illuminance 

 
Each luminaire was evaluated at the VTTI laboratory in the grid environment. Figure 46, shows 
the vertical illuminance for the 4100K Type II LED luminaire as an example.  
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Figure 46: 4100K Type II Grid - Vertical Illuminance 

 
 
 

 
 
Vertical illuminance measurement gives an indication of the light that would affect an observer’s 
eyes 1.5 meters from the ground. Each measurement is taken facing the direction of the 
luminaire per the orientation of Figure 46, the vertical plane below the luminaire are facing up 
the road and the vertical plane above the luminaire is facing down. The roadside is the area to the 
left of the luminaire and the house side is the smaller area to the right. This measurement 
provides information about both the ability of the luminaire to highlight objects and pedestrians 
in the roadway as well as the glare experienced by a driver. The Federal Highway Administration 
(FHWA) recommends 20 vertical lux in crosswalks for pedestrian detection; these values are 
shown in the top half of the grid. The levels in the lower portion of the chart indicate light aimed 
toward a driver and higher values in the lower part of the grid indicate higher levels of glare. 
Though the legend indicates a possibility of 30-40 lux, not all luminaires achieved this level. 
Each vertical illuminance figure, however, is derived using the scale necessary for the luminaire 
that did provide 30-40 lux levels. In the case of this 4100K luminaire, one can see the overall 
uniformity of the output of the luminaire; however, Figure 47 shows the vertical illuminance grid 
for the asymmetric luminaire.  
  

Luminaire 
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Figure 47. ASYM Grid - Vertical Illuminance 

 
 
 
 

Horizontal Illuminance 

 
Horizontal illuminance was also measured at the ground level at the VTTI Laboratory. This 
measurement gives an indication of the distribution of the light actually reaching the ground. It 
also shows the level of uniformity of the luminaire’s output. This data provides the information 
required to assess the overall lighting of the roadway brightness of the road surface. Figure 48 
and Figure 49 show horizontal illuminance grids for the 4100K and asymmetric luminaire. 
  

Luminaire 
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Figure 48. 4100K Type II Grid - Horizontal Illuminance 

 
 

  

Luminaire 
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Figure 49. Asymmetric Grid - Horizontal Illuminance 

 
 
 
Table 24 provides a summary of the illuminance measures within each luminaire’s grid. It is 
noteworthy that the luminaires had very similar performance across the grid with the exception 
of the asymmetric design where only one half of the test area was illuminated. 
 
 
 
  

Luminaire 
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Table 24: Summary of Lab Illuminance 
Summary of Lab Illuminance 

  
4100K ASYM 3500K 5000K 

HS SS HS SS HS SS HS SS 
Average Vertical 
Grid Illuminance 

(lux) 
4.49 11.74 3.25 6.37 4.71 10.97 4.54 10.75 

Average Horizontal 
Grid Illuminance 

(lux) 
4.83 9.83 3.80 7.25 5.03 9.48 4.73 9.25 

Max Grid Vertical 
Illuminance (lux) 24.76 20.93 27.40 21.62 

Min Grid Vertical 
Illuminance (lux) 0.57 0.29 0.67 0.59 

Max Grid Horizontal 
Illuminance (lux) 28.74 32.20 27.41 26.05 

Min Grid Horizontal 
Illuminance (lux) 0.62 0.19 0.64 0.76 

 
 

Note: HS = House-Side, SS = Street-Side 
 

Light Trespass  

 
The level of light trespassing beyond the roadway to the house-side of the luminaire was also 
evaluated. This measurement is considered due to the concern for light that is directed or 
“spilled” into areas where light is not intended to reach (such as into residential homes or 
commercial locations). The Illuminating Engineering Society recommends (IES TM-11-00) the 
following limitations on light trespass (Table 25). 
 
Table 25: IES Light Trespass Limitations 

IES Light Trespass Limitations 
Environmental 

Zone 
Pre-Curfew 
Limitations* 

Post-Curfew 
Limitations* 

E1 1.0 (0.10) 0.0 (0.00) 
E2 3.0 (0.30) 1.0 (0.10) 
E3 8.0 (0.80) 3.0 (0.30) 
E4 15.0 (1.50) 6.0 (0.60) 

Note: * Lux (foot-candles) 
 



Visual Quality, Acuity, Community Acceptance - LED Streetlight Sources 
 

Clanton & Associates - 122 
 

Environmental Zone 3 is described as generally “urban residential areas,” so this corresponds to 
the locations for this cobra head style. Each of the luminaires was evaluated in the laboratory 
setting for this factor on both the house-side of the luminaire and what would be considered 
beyond the intended reach of the luminaire on the street-side of the luminaire. Figure 50 and 
Figure 51 show an example of the light trespass measured in the laboratory setting. The figures 
represent house side, light trespass with the luminaire facing 6m out (5 meter overhang and 1 
meter sidewalk). 
 
Figure 50: 4100K - Light Trespass - House Side  
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Figure 51. 4100K - Light Trespass - Street Side  

 
 

 
Table 26 provides a summary of light trespass as evaluated in the laboratory setting. VTTI used 
the average to give a single value for each luminaire. In cases of a maximum value that is meant 
to be a threshold, for example if light trespass is not allowed to exceed five lux behind the 
luminaire, the value is listed as a maximum value in the table. 
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Table 26. Summary of Dimming Pretesting 

 
 
  

Dimming Illuminance (lux) % Light Output V A W VA var PF deg.
0 102.8 21.3 122.9 0.219 24.7 27 10.8 0.916 23.7
1 108.1 22.4 122.8 0.227 25.7 27.9 10.9 0.921 22.9
2 171.4 35.5 121.8 0.322 37.6 39.3 11.4 0.957 17
3 237.1 49.1 122.1 0.431 51.2 52.6 12.1 0.973 13.2
4 297 61.5 122.9 0.542 65.3 66.5 12.7 0.982 11
5 356 73.7 122.8 0.657 79.7 80.8 13 0.987 9.3
6 416 86.1 122.7 0.788 95.7 96.7 13.3 0.99 7.9
7 468 96.9 123.7 0.902 110.6 111.5 13.8 0.992 7.1
8 483 100 123.7 0.934 114.8 115.6 14.1 0.993 7
9 483 100 122.2 0.947 114.9 115.6 13.8 0.993 6.8

10 483 100 122 0.948 114.9 115.7 13.9 0.993 6.9
0 132.4 21.6 123.2 0.226 25.6 27.9 11.1 0.918 23.3
1 137.4 22.5 123.5 0.232 26.4 28.7 11.1 0.921 22.9
2 215.8 35.3 123.5 0.324 38.3 40.1 11.7 0.956 17.1
3 298 48.7 123.6 0.431 51.8 53.2 12.1 0.974 13.1
4 374 61.1 123.6 0.54 65.6 66.8 12.5 0.982 10.8
5 448 73.2 122.7 0.659 79.8 80.9 12.5 0.988 8.9
6 525 85.8 122.8 0.788 95.8 96.6 12.6 0.991 7.5
7 591 96.6 122.5 0.909 110.6 111.4 12.9 0.993 6.7
8 611 99.8 122.6 0.946 115.2 116 12.9 0.994 6.4
9 611 99.8 122.8 0.946 115.3 116.1 13 0.994 6.5

10 612 100 122.2 0.951 115.5 116.2 13.1 0.994 6.5
0 96 18.6 119.9 0.224 24.8 26.9 10.6 0.92 23.1
1 100.7 19.5 120.7 0.229 25.6 27.7 10.7 0.923 22.7
2 163.9 31.8 120.8 0.322 37.2 38.8 11.3 0.957 16.9
3 233.4 45.2 120.6 0.428 50.2 51.5 11.5 0.974 13.1
4 300 58.1 119.2 0.544 63.7 64.8 12.1 0.983 10.7
5 367 71.1 119.2 0.66 77.7 78.6 12.1 0.988 8.9
6 438 84.9 119.4 0.792 93.7 94.5 12.4 0.991 7.6
7 498 96.5 119.3 0.911 107.9 108.7 12.7 0.993 6.7
8 516 100 118.9 0.952 112.7 113.4 12.7 0.994 6.5
9 517 100.2 120.1 0.952 112.7 113.4 12.8 0.994 6.5

10 516 100 120.1 0.945 112.8 113.5 13 0.993 6.6
0 71.3 18.7 120.1 0.234 26 28.1 10.8 0.923 22.7
1 72.9 19.1 119.1 0.239 26.4 28.5 10.7 0.927 22.1
2 118.4 31.1 119.2 0.332 37.9 39.5 11 0.96 16.2
3 169.2 44.4 120.1 0.439 51.5 52.7 11.6 0.976 12.5
4 217.7 57.1 119 0.556 65.1 66.2 11.9 0.984 10.4
5 266 69.8 118.8 0.675 79.3 80.2 11.8 0.989 8.4
6 319 83.7 118.9 0.812 95.7 96.6 11.8 0.992 7.1
7 362 95 118.8 0.931 110 110.6 12.1 0.994 6.3
8 379 99.5 120 0.967 115.3 116 12.2 0.995 6
9 380 99.7 119.9 0.967 115.5 116.1 12.2 0.994 6.1

10 381 100 118.8 0.979 115.6 116.3 12.1 0.995 6

3500K

5000K

4100K

Asymmetric
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Vertical Illuminance 

 
Figure 52. 3500K Grid - Vertical Illuminance 

 
 
  

  

Luminaire 
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Figure 53. 5000K Grid - Vertical Illuminance 

 
 
 
 

  

Luminaire 
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Horizontal Illuminance 
 
Figure 54. 3500K Grid - Horizontal Illuminance 

 
 
 

  

Luminaire 
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Figure 55. 5000K Grid - Horizontal Illuminance 

 
 
 
 

 
 

Luminaire 
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Light Trespass 
 

Figure 56. ASYM - Light Trespass - House Side 
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Figure 57. ASYM - Light Trespass - Street Side 

 
 

 
Figure 58. 3500K - Light Trespass - House Side 
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Figure 59. 3500K - Light Trespass - Street Side 
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Figure 60. 5000K - Light Trespass - House Side 

 
 
 

Figure 61. 5000K - Light Trespass - Street Side 
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Appendix F: Luminance Calculations 
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400 W HPS
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250 W HPS  
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105 W Typical LED 
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105 W Asymmetric LED 
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Appendix G: Procedure 
 
Controls Commissioning 
Once the SeCo was installed and the ZigBee labels were placed on the commissioning 
spreadsheet, representatives from Owlet scanned the ZigBee labels and associated each with that 
particular SeCo. Researchers requested GPS coordinates from the City, but global positioning 
coordinates are not used within the City; instead local northings and eastings are used. Rather 
than use a converter between the two coordinate systems, researchers placed each of the LED 
luminaires via Google Maps satellite view. They then recorded GPS coordinates into the system.  
 
After all of the components of the control system registered with the control system and each of 
the luminaires was energized, the system began propagating each of the LuCos. Soon after the 
system was up and running, only a small number of LuCos were appearing out of the forty-two 
that should have been propagating in the system. Seattle City Light (SCL) determined that the 
installation crew had installed some of the LuCos at a higher voltage, 240V, rather than at the 
specified voltage of 120V. Because the LuCos can only accept one voltage, either 120V or 240V, 
they had to replace the majority of the LuCos.  
 
After SCL had replaced the original 120V LuCos energized at 240V with 240V LuCo versions, 
nearly all of them began to appear in the control system monitors. At the time of the 
demonstration, a few LuCos still appeared only sporadically. After the demonstration, 
researchers determined why these LuCos were not fully registering into the system; a 
malfunctioning AT&T cell tower adjacent to the non-registering LuCos created interference. 
These malfunctioning LuCos meant the last two luminaires of one series were unable to dim; 
they operated at one hundred percent light output throughout the demonstration. 
 
Weather Conditions 
Approximately two weeks before the demonstration, researchers asked a local meteorologist 
from the KING5 television station to help the team forecast the weather. Rain was in the forecast 
during the days leading up to the demonstration, although the meteorologist forecast March 6 to 
be dry by evening. The meteorologist forecast rain for both March 7 and March 8.  
 
The day before the demonstration, March 5, the meteorologist predicted dry weather for all three 
days. After receiving this forecast, the researchers decided to artificially wet the roads one night 
(March 8).  
 
As forecasted, all three evenings of the demonstration had dry roads. The sky was mostly clear, 
the moon was full, and the temperature was in the mid-forties. The moon delivers approximately 
one hundredth of a foot-candle to the roadway surface. While the brightness was noticeable, the 
0.01 footcandle contribution of moonlight did not affect the results of the user field test.  
 
Written Evaluation 
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On the test days, Continuum Industries directed participants to meet at the Salmon Bay Middle 
School, located a few blocks from the test site. On each night of testing, the first group of 
participants arrived at 7:00 p.m. After the participants were all registered and given their survey 
booklets, they received an orientation explaining their task. Three team members answered their 
questions and concerns at this time. They also addressed safety precautions, instructing 
participants to remain on the sidewalk. At the conclusion of the orientation, the participants were 
escorted to the front of the school to board a bus to the demonstration test site.  
 
Experimental Protocol 
When the general participants arrived at the testing site, three of them volunteered for the driving 
portion of the study. The participants chose among themselves who sat in the front versus the 
back of the vehicle. Researchers then asked participants to enter the vehicle and review the tasks 
prior to starting this portion of the research study.  
 
While participants were sitting in the stationary experimental vehicle, the in-vehicle 
experimenter reviewed the detection task with them. The experimenter pointed out the response 
buttons positioned both in the front and rear seats of the vehicle and told participants to press the 
response buttons upon detecting a target on the roadway. The experimenter showed participants 
an example target after the buttons were introduced. The experimenter instructed participants to 
press a response button only when they were confident that they had seen a target and requested 
they notify the experimenter if they accidentally pressed a button during the experimental run. 
 
Prior to beginning the experimental drive, the in-vehicle experimenter asked the participants in 
the back seat to move to where they could comfortably see the forward view of the roadway and 
thus detect targets out of the front windshield (rather than through the side windows). The 
experimenter asked participants not to converse or hint to the other participants when they had 
seen a target in order to minimize influencing detection distances. The experimenter addressed 
additional questions and concerns prior to starting the experimental run. 
 
The experimenter then started recording a data collection file. For targets present at or near the 
starting location, the experimenter marked the data so these targets would be ignored. The 
starting location of the experimental vehicle varied during the testing sessions and was 
dependent on the location at that time of the participants. The experimenter took the research 
vehicle to one of the written evaluation groups, at which point the participants were dropped off 
and a new set of participants picked up at the end of each in-vehicle test session.  
 
Dry Pavement 
Sixty-two people completed the written evaluations for the one hundred percent light output 
level. Twenty-four people completed the user field test. 
 
While the first group of participants was on site evaluating the lighting, the second group of 
participants took part in the orientation and safety presentation at the middle school. The second 
group of participants left the middle school via bus and was dropped off in the same fashion as 
the first group. This group evaluated all of the LED test areas both at fifty percent light output. 
The two HPS test areas were not dimmed and remained at one hundred percent light output. 
Researchers did not alert participants to the lower light output; rather they were told that it was 
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important to get as many people as possible through the survey safely and that the best way to do 
that was to split up into three groups over the course of the evening.  
 
Fifty-four people completed the written evaluations for the fifty percent light output level. 
Twenty-four people completed the user field test. 
 
As the second group of participants arrived at the test site, the third and final group of 
participants attended the orientation and safety presentation at the middle school. This group then 
evaluated all of the LED test areas at twenty-five percent light output. The two HPS test areas 
were not dimmed and remained at one hundred percent light output. Again, researchers did not 
tell the participants that the lights were tuned to a lower output.  
 
Forty-nine people completed the written evaluations for the twenty-five percent light output 
level. Twenty-four people completed the user field test. 
 
With each group, a representative from SDOT tuned all of the LED lights in the field via an iPad 
with a 3G Internet connection. The response time for the command was approximately one 
minute. The light output level was changed when participants were on the bus either departing or 
arriving at the demonstration site.  
 
Wet Pavement 
The bus schedule was slightly revised after the first night of general testing. Researchers allotted 
approximately one hour for each group to evaluate all six test areas. Participants completed the 
evaluations in approximately forty-five minutes.  
 
The first group of participants on the second night of testing still arrived at 7:00 p.m. for the 
overview and safety presentation, although to allow enough time for road closure, dry pavement 
luminance data measurements, road wetting, and setup of the visibility targets, they were not 
bussed to the demonstration site until 8:30 p.m. The team used the same dropoff and pickup bus 
route as for the evening of the dry pavement. This first group evaluated all six test areas at one 
hundred percent light output.  
 
Fifty-nine people completed the written evaluations for the one hundred percent light output 
level. Twenty-four people completed the user field test. 
 
The second group of participants attended the safety and overview presentation during the time 
that the first group was evaluating the test areas. During the time between the first group leaving 
the second group arriving, flusher trucks again wet the road surface. This second group evaluated 
all of the LED test areas at fifty percent light output. The two HPS test areas remained at one 
hundred percent light output. 
 
Fifty-nine people completed the written evaluations for the fifty percent light output level. 
Twenty-one people completed the user field test. 
 
The third group of participants completed the overview and safety demonstration while the 
second group evaluated the test areas. During the time between the first group leaving the second 
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group arriving, the flusher trucks wet the road a final time. This third group evaluated all of the 
LED test areas at twenty-five percent light output. The two HPS test areas remained at one 
hundred percent light output. 
 
Forty-nine people completed the written evaluations for the twenty-five percent light output 
level. Due to a system failure in the data collection activity, only six people in this group 
completed the user field test. 
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Appendix H: Written Evaluation Findings 
 

Responses to Written Evaluation Statements 
S1: It would be safe to walk here alone during daylight hours. This statement sets a baseline for 
the statements regarding safety and evaluates the other environmental factors that determine the 
safety of an area.. Average ratings for this statement ranged from 4.4 to 4.8 (or on the high side 
between “Agree” and “Strongly Agree”), indicating that participants considered the street fairly 
safe to walk during daylight hours.  
 
S2: It would be safe to walk here alone during darkness hours. Dimming to fifty percent and 
twenty-five percent of full light output did not necessarily correlate to less perceived safety 
within any given test area. In fact, no statistically significant differences existed in the responses 
to this question among dimming to one hundred percent, fifty percent, and twenty-five percent of 
full light output under wet or dry conditions. The only exception was for the asymmetric 
luminaire under wet conditions, for which participants agreed with this statement slightly more 
(safer) on average at twenty-five percent of full light output as compared to fifty percent of full 
light output. 
 
S3: The lighting is comfortable. The results showed no statistical differences among responses 
within in a given test area with a seventy-five percent light output reduction. Interestingly, men 
generally preferred cooler color temperatures while women preferred warmer (including HPS) – 
a phenomenon observed for this statement and several others, 
 
S4: There is too much light on the street. Even when the LED areas were dimmed to twenty-five 
percent of full light output, participants did not assign higher agreement ratings for this statement 
to the HPS luminaires (always at full output) compared to their agreement ratings for this 
statement for the much lower-output LED luminaires. 
 
S5: There is not enough light on the street. These results yielded the expected trend, with 
participants most strongly agreeing with this statement at the twenty-five percent of full light 
output level. However, the standard LED products still resulted in neutral ratings. Participants 
agreed with this statement for the asymmetric luminaire at all levels and road conditions, and 
conversely disagreed with this statement for the HPS sources. 
 
S6: The light is uneven (patchy). The pre-study calculations showed the worst uniformity for the 
asymmetric test area; not surprisingly, participants agreed most strongly with this statement for 
the asymmetric test area over the other test areas. However, because the asymmetric luminaire 
was designed to reduce veiling reflections under wet conditions and low light levels, it earned 
comparable agreement ratings to the others at twenty-five percent of full light output and wet 
roads.  
 
S7: The light sources are glaring. As expected, participants agreed least with this statement for 
the asymmetric luminaire, meaning they perceived it had the least amount of glare of any of the 
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luminaires. Participants agreed next-least for this statement (meaning lower perceived glare) for 
the 3500K and 4100K LEDs. 
 
S8: It would be safe to walk on sidewalk here at night. Participants agreed most strongly with 
this statement for the 400 W HPS, followed by the 250 W HPS. No significant differences 
existed among the three standard LED luminaires. The second data collection trip indicated that 
the amount of backlight present for the HPS luminaires was approximately four times greater 
than that for the LED luminaires, which may have contributed to ratings for this statement. 
 
S9: I cannot tell the colors of things due to the lighting. Surprisingly, the agreement ratings for 
this statement showed virtually no statistically significant differences across color temperatures, 
including HPS, across all three dim levels. Most of the ratings fell between “Disagree” and 
“Neutral” for this statement. 
 
S10: The lighting enables safe vehicular navigation. The two HPS sources (250 watt and 400 
watt) earned the highest agreement scores for this statement, exceeding an average response of 4 
(“Agree”). The three standard LED sources averaged ratings between “Neutral” and “Agree” (3 
and 4). Participants agreed least with this statement for the asymmetric luminaire, with a neutral 
score of three. 
 
S11: I like the color of the light. Interestingly, the standard 4100K LED and the asymmetric 
source showed statistically significant differences (at fifty percent light output) despite being the 
exact same LED color. This suggests that the participants may not have liked the asymmetric 
luminaire for reasons other than color. Again, this statement showed men preferring cooler 
colors and women warmer colors. Both HPS sources showed nearly the same levels of 
agreement for this statement as the LED sources. 
 
S12: I would like this style of lighting on my city streets. With the exception of the asymmetric 
test area, participants agreed with this statement for the LED luminaires as much as for the 
current 400 W and 250 W HPS standards. They agreed with this statement for the asymmetric 
group to a significantly lower degree than they did for the existing HPS systems. 
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Appendix I: Written Evaluation Results – Duplicate 
Participant Analysis 

 
Figure 62. Question 3 – Wet Pavement 
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Figure 63. Question 5 – Wet Pavement 

 
 

Figure 64. Question 6 – Dry Pavement 
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Figure 65. Question 7 – Dry Pavement 
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Figure 66. Question 10 – Wet Pavement 
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Figure 67. Question 12 – Wet Pavement 

 
 

Figure 68. Question 13 – Wet Pavement 

 
  

g



Visual Quality, Acuity, Community Acceptance - LED Streetlight Sources 
 

Clanton & Associates - 177 
 

 

Appendix J: User Field Test Results 

 
The following figures (Figure 69 through Figure 79) show the measured detection distance (in 
meters) for each test area. The corresponding light level is noted in the caption.  
 

Figure 69. Dry Pavement at One Hundred percent Light Output 

 
Note: Y-axis shows measured detection distance in meters. 

 
 

Figure 70. Dry Pavement at Fifty percent Light Output 

 
Note: Y-axis shows measured detection distance in meters. 
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Figure 71. Dry Pavement at Twenty-five percent Light Output 

 
Note: Y-axis shows measured detection distance in meters. 
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Figure 72. Wet Pavement at One Hundred percent Light Output 

 
Note: Y-axis shows measured detection distance in meters. 

 
 

Figure 73. Wet Pavement at Fifty percent Light Output 

 
Note: Y-axis shows measured detection distance in meters. 
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Figure 74. Wet Pavement at Twenty-five percent Light Output 

 
Note: Y-axis shows measured detection distance in meters. 

 
 

Figure 75. Wet vs. Dry Pavement at One Hundred percent Light Output 

 
Note: Y-axis shows measured detection distance in meters. 
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Figure 76. Wet vs. Dry Pavement at Fifty percent Light Output 

 
Note: Y-axis shows measured detection distance in meters. 

 
 

Figure 77. Wet vs. Dry Pavement at Twenty-five percent Light Output 

 
Note: Y-axis shows measured detection distance in meters. 
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Figure 78. Dry Pavement at Each Light Level 

 
Note: Y-axis shows measured detection distance in meters. 

 
 

Figure 79. Wet Pavement at Each Light Level 

 
Note: Y-axis shows measured detection distance in meters. 
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Appendix K: Public Outreach  

 

 
 

Five Hour Nighttime Closure of 15th Avenue NW in early March for 
Roadway Visibility Study 
 
The Seattle Department of Transportation (SDOT) and Seattle City Light (SCL) in collaboration with the 
Northwest Energy Efficiency Alliance (NEEA) are conducting a demonstration project to evaluate the use 
of energy-saving LED streetlights.  Similar studies have been conducted in Anchorage, San Jose, and San 
Diego, all intended to help local governments determine how LED streetlights can meet safety goals 
while reducing energy costs.    
 
To conduct the study, it will be necessary to close 15th Avenue NW from NW 65th Street to NW 80th 
Street, for three consecutive nights in early March – Tuesday thru Thursday, March 6, 7, & 8.  The study 
will require a complete closure of the roadway between 8 p.m. and 1 a.m. on each of these nights.   
 

 No parking will be allowed in the study area during the study hours 
 The only non-test vehicles permitted in the study area will be 

emergency vehicles. 
 Residents who live in the study area will not be able to enter or 

leave 15th Avenue NW during the test period with their vehicles. 
 The closure will not impact east/west traffic on either NW 65th or 

NW 80th Streets. 
 15th Avenue NW traffic will be detoured to 24th Avenue NW during 

the closure. 
 For information on changes to bus service, look for Rider Alert 

notices at bus stops, see Metro Online, 
www.kingcounty.gov/metro or call (206)553-3000.  

 Participants are now being recruited to take part in the test and 
will be paid $40 for 2 to 2 ½ hours of their time.  To register online, 
please visit www.neea.org/seattletest.   

 Residents of the community are welcome to watch from the 
sidelines on any of the nights. 
 

We realize that these tests are an inconvenience for local residents and 
businesses and thank you for your patience and understanding. If you’d like 
specific information on how your business or residence will be affected by 
the streetlight test, please contact:  
 
Paul Elliott, Community Relations, SDOT / paul.elliott@seattle.gov / 
(206)684-5321  
 
For more information on this study, its sustainability goals, and its resulting energy-efficiency 
assessments, please visit www.neea.org/streetlighttest.  You may also contact: 
 
Mark Rehley, Emerging Technology Operations Manager, NEEA / MRehley@neea.org /Robert Sawyer, 
Project Manager, Seattle City Light / robert.sawyer@seattle.gov  / (206)684-3925 
 

Study Area 
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Response to the2016AMAReport onLEDLighting

In response to the American Medical Association (AMA) report “Human and Environmental Effects of
Light Emitting Diode (LED) Community Lighting,” Mark S. Rea, PhD and Mariana G. Figueiro, PhD of
the Lighting Research Center at Rensselaer Polytechnic Institute have prepared the below, which is
limited to the effects of indium gallium nitride (In Ga N) LED lighting on humans.



Physical stimulus characteristics

Biological response characteristics

What must be known to make predictions



Summary: Predictions of health consequences from light exposure depend upon an accurate
characterization of the physical stimulus as well as the biological response to that stimulus.
Without fully defining both the stimulus and the response, nothing meaningful can be stated
about the health effects of any light source.

Biological Response Characteristics

Blue light hazard

potential

Summary: Notwithstanding certain sub populations that deserve special attention, blue light
hazard from In Ga N LEDs is probably not a concern to the majority of the population in most
lighting applications due to human’s natural photophobic response.3 11

Disability and discomfort glare



Summary: In Ga N LED sources dominated by short wavelengths can cause relatively greater
discomfort than sources dominated by long wavelengths, including “warm” In Ga N LED
sources, at the same photopic illuminance at the cornea. As with disability glare, however,
discomfort glare is mostly determined by the amount and distribution of light entering the
eye, not its spectral content.12 14

Melatonin suppression



Summary: In Ga N LED sources dominated by short wavelengths have greater potential for
suppressing the hormonemelatonin at night than sodium based sources commonly used
outdoors. However, the amount and the duration of exposure need to be specified before it
can be stated that In Ga N LED sources affect melatonin suppression at night.

Circadian disruption

Summary: Until more is known about the effects of long wavelength light exposure (amount,
spectrum, duration) on circadian disruption, it is inappropriate to single out short
wavelength radiation from In Ga N LED sources as a causative factor in modern maladies.

The use and misuse of metrics

a
particular



Overall summary
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Abstract

The purpose of the present report is to provide a quantitative analysis of the impact of light at
night, particularly from streetlights of different spectral power distributions, on the human
circadian system. The Rea et al. (2005, 2012) model of human circadian phototransduction was
used to estimate levels of circadian stimulation, as measured by melatonin suppression by light,
from four typical outdoor light sources as might be experienced by people under different
realistic scenarios. Under the practical application scenarios examined here, three of the four
sources examined would not meaningfully stimulate the human circadian system after one hour
of exposure, while one source (a 6900 K LED) is predicted to have a modest stimulating effect
after a one hour exposure (corresponding to 12 – 15% nocturnal melatonin suppression).

The approach taken was to determine whether sufficient light is incident on the retina to reach
a working threshold for stimulating the circadian system and, thereby, to ascertain whether and
to what degree outdoor lighting might stimulate the circadian system, as measured by
melatonin suppression. Although the information presented represents a state of the art
analysis of light induced nocturnal melatonin suppression, there are several limitations to this
analysis due to the uncertain causal relationship between retinal light exposure at night and
human health.

Introduction

Every species on earth exhibits a wide range of biological cycles that repeat approximately
every 24 hours. These are known as circadian rhythms (circa – approximately; dies – day) and
are exhibited at every level of biological systems, from timing of DNA repair in individual cells to
behavioral changes, like the sleep wake cycle. Circadian rhythms reflect the tight coupling
between the intrinsic timing of the brain’s internal clock in the suprachiasmatic nuclei of the
hypothalamus (SCN) and the natural timing of the solar light dark cycle. In fact, the light dark
cycle registered on the retina is the primary stimulus for setting the timing of a multitude of
circadian rhythms exhibited by humans and most other mammals.
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Light can be specified along five dimensions: quantity, spectrum, distribution, timing, and
duration (Rea et al. 2002). Responses by the visual and circadian systems to changes along
these dimensions reveal fundamental differences between their operating characteristics.
Compared with the visual system, the human circadian system is relatively insensitive to light.
Relative to the visual system, light effective for the human circadian system must be several
orders of magnitude greater in quantity and prolonged for many minutes to produce a
measurable response (Rea et al. 2002, McIntyre et al. 1989). The visual system and the human
circadian system are both sensitive to short wavelengths (400 – 500 nm); however, the human
circadian system is nearly blind to long wavelength radiation (> 600 nm) that the visual system
can, in fact, see very well. Unlike the visual system, the human circadian system is not
concerned with image formation, so the light can be blurred or diffusely distributed over a large
portion of the retina to provide stimulation. Thus, the human circadian system is biased against
false positive responses to optical radiation—it needs to reliably know when it is day and when
it is night. To do so, it exhibits a high threshold and a narrow spectral response to light, and it
needs prolonged exposure to light, probably over a large portion of the retina. Moreover, the
system is differentially sensitive to light over the course of the day; both the direction and the
magnitude of response change depending upon when light is incident on the retina. Light
exposure in the morning advances the timing of the SCN clock, whereas the same light
exposure in the evening delays the timing of the clock—at midday, the system is much less
sensitive to light exposure (Jewett et al. 1997, Khalsa et al. 2003).

Civilization has changed the natural light dark cycle that humans experience. Buildings shield us
from the weather as well as the bright daytime sky. Electric light sources not only provide
illumination at night and throughout building interiors, they also provide self luminous displays
such as televisions and computer monitors. Epidemiologists and other medical researchers
have expressed concern over electric lighting as a potential disruptor of the natural light dark
cycle (Stevens et al. 2007, Stevens 2009, Haus and Smolensky 2012). Indeed, a wide range of
maladies from insomnia to breast cancer have been statistically associated with disruption of
the natural 24 hour light dark cycle (reviewed in Blask 2009). Further, animal studies have
shown that tumor growth is faster when melatonin is suppressed by light at night (Blask et al.
2005). Other studies suggest that “jet lagged” animals (i.e., subjected to irregular light dark
patterns) are at higher risk for cancer, cardiovascular disease, diabetes and obesity (Filipski et
al. 2004, 2006; Fu and Lee 2003; reviewed in Rüger and Sheer 2009). Despite the absence of a
causal connection between disrupted circadian rhythms and compromised health in humans,
continued investigations of light induced disruption of the human circadian system are clearly
warranted (Reiter et al. 2009).

Considering the significance of the light dark cycle for regulating biological functions, and the
accumulation of evidence from epidemiological and animal studies linking circadian disruption
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to compromised health and well being, it is surprising that so little has been done to quantify
light and dark in industrialized societies as they might affect the human circadian system. Given
this paucity of photometric data, it is perhaps not surprising that so little has been done to
parametrically study the impact of circadian disruption on health and well being in people.
However, without proper photometric data it is essentially impossible to draw valid inferences
about the impact of lighting, both natural and fabricated, on human health and well being.

Recently, a model of human circadian phototransduction (i.e., the conversion of optical
radiation incident on the retina to neural signals sent to the SCN) has been developed (Rea et
al. 2005, 2012). The model considers the necessary biophysical characteristics of optical
radiation incident on the retina that influence human circadian phototransduction, as
measured in terms of light induced nocturnal melatonin suppression. More specifically, the
model takes into account the spectral composition of the optical radiation, the absolute
amount of radiation, the spatial distribution of irradiance on the cornea, and the duration of
exposure necessary to evoke a particular biological response from the human circadian system.
Validations of the model have been made (Figueiro et al. 2006a, Figueiro et al. 2007, Bullough
et al. 2008, Figueiro et al. 2008).

Concerns have been raised by an advocacy group, the International Dark Sky Association (IDA),
over light at night as it affects human health through stimulation of the circadian system (IDA
2009). The purpose of the present report is to provide a quantitative analysis of the impact of
light at night, particularly from streetlights of different spectral power distributions, on the
human circadian system. The Rea et al. (2005, 2012) model was used to estimate levels of
circadian stimulation from four typical outdoor light sources as might be experienced by people
under different realistic scenarios. Although perhaps obvious, it must be emphasized that
stimulation of the human circadian system at night is not necessarily synonymous with health
risk. For a meaningful discussion of the relationship between light at night and human health, it
is nevertheless essential to first determine if and to what degree practical light sources used for
nighttime illumination stimulate the human circadian system. If, under realistic scenarios,
outdoor lighting systems could measurably stimulate the human circadian system, then the
health concerns raised by the IDA may have merit. If, on the other hand, outdoor lighting
minimally stimulates the human circadian system, then IDA’s cautionary advice, while still
potentially valid, is more speculative and less deserving of immediate social action in the
context of all the other concerns that face society.

Problem statement

The IDA has drawn attention to the relative spectral composition of different outdoor light
sources as a possible concern for human health. The concern stems from the epidemiological
studies of rotating shift workers having increased cancer risks and of animal studies showing
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that suppression of melatonin by light increases tumor growth, as previously noted above.
Since the human circadian system is maximally sensitive to short wavelengths (440 – 460 nm)
and since “white” light sources used for outdoor lighting typically have strong emissions at
these short wavelengths, the IDA has made the argument that “white” light sources used in
outdoor lighting may negatively impact human health. It is, however, impossible to draw any
inferences about the impact of a given type of light source on the circadian system response, let
alone on human health and well being, without first providing a complete specification of the
stimulus. In other words, knowing the relative spectral content of a source is only a very small
part of the whole picture, and one that can easily mislead the non expert. Therefore,
discussions of the topic of light at night as it might affect human health and well being must
include the temporal spatial spectral distribution of optical radiation incident on the retina
together with corresponding temporal spatial spectral and absolute sensitivity of the human
circadian system.

Analytical approach

First, and notwithstanding the fact that some optical radiation does filter through closed eyelids
(Hätönen et al. 1999, Jean Louis et al. 2000, Bierman et al. 2011), the eyelids must be open to
effectively stimulate the human circadian system at night by ambient electric lighting. Only
optical radiation incident on the healthy, functional retina can stimulate both the visual and the
circadian systems of people. To have a meaningful discussion of outdoor lighting then, it is
necessary to have a much more detailed understanding of the light exposure on the retina than
the relative spectral content of the source. Indeed, any discussion of a single aspect of optical
radiation is a disservice to rational discussion of the impact of light at night on human health
and well being. For that reason, several scenarios of light exposures that might be experienced
by people are presented using the best available information, recognizing again that the link
between light at night as it stimulates the human circadian system is not synonymous with a
link between light at night as it affects health and well being. The approach taken here then is
simply to determine whether sufficient light is incident on the retina to reach a working
threshold for stimulating the circadian system and, thereby, to ascertain whether and to what
degree outdoor lighting might stimulate the circadian system, as measured by melatonin
suppression.

Figure 1 shows the spectral irradiances of four sources at 95 lx, one each for two commercially
available “cool white” LED sources, a sodium scandium metal halide (MH) lamp, and a high
pressure sodium (HPS) lamp. Using the model of human circadian phototransduction by Rea et
al. (2005, 2012), it is possible to compare the effectiveness of the different light sources at
defined irradiances for suppressing a criterion amount of nocturnal melatonin for a known pupil
area. Pupil areas for a young population (17 – 25 years of age) can be estimated (over a limited
range of irradiance levels) from a model published by Berman et al. (1992) using the spectral
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irradiance distributions at the cornea (i.e., light spectrum and amount). The spectral irradiances
at the cornea from the “cool white” LEDs, the MH, and the HPS lamps in Figure 1 can be
therefore adjusted using the model by Berman and colleagues to scale the spectral irradiance
distribution incident on the retina, which can then be input to the model of human circadian
phototransduction to calculate a prediction of nocturnal melatonin suppression.

Fig. 1. Spectral irradiance distributions for a photopic illuminance of 95 lx.

Estimates of irradiance levels at the cornea from the “cool white” LEDs, the MH and the HPS
sources for three different conditions were considered: a reference condition comparable to
what has been employed in controlled laboratory conditions, and two practical scenarios that
could occur with an outdoor lighting installation (Figure 2). From those irradiances, and
assuming a one hour exposure with natural pupils, it was possible to estimate the degree to
which the circadian system of a 20 year old would be stimulated, defined operationally for this
exercise as percentage of nocturnal melatonin suppression.

For each of the following conditions, a 20 year old person views each of the four light sources
(Figure 1). The eye height of the observer is 5 ft. (1.5 m) above the ground, the luminaire
mounting height is 27 ft. (8.2 m), and the lighting distribution and intensity are nominally based
on a 150W, Type III, full cutoff luminaire (Figure 2).
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Reference condition: The person directly views each luminaire from a point 5 ft. (1.5 m) from
the vertical center line of the mounting pole, and the illuminance at the cornea is 95 lx.

Scenario 1: This same person is now looking down the road and is 10 ft. (3 m) away from the
vertical center line of the mounting pole at the location where the luminaire would produce the
maximum illuminance, 27 lx, at the cornea.

Scenario 2: This same person is 30 ft. (10 m) away from the vertical center line of the pole
looking directly at the luminaire; the illuminance at the cornea is 18 lx.

Fig. 2. Reference condition and two lighting scenarios (see text) used to calculate effective circadian
light stimulation for four light sources. For calculation purposes, each of the four sources is nominally
150W and installed in a Type III distribution luminaire mounted on a 27 ft. (8.2 m) pole. The eye
height of the observer is 5 ft. (1.5 m) above the ground. Illustrated is the horizontal illuminance, in lux
(green line), and the vertical illuminance, in lux (orange line), at different distances from the pole. Also
shown is the range of IESNA recommended horizontal illuminance values, in lux (shaded area), for
roadway lighting (IESNA 2000[R2005]).

Figure 3 illustrates the results of the calculations. For the reference condition emulating a
laboratory experiment, melatonin would be suppressed by 15% for the HPS source, 14% for the
MH source, 21% for the 5200 K “cool white” LED source, and 30% for the 6900 K “cool white”
LED source. Under the two more realistic scenarios, based upon the model calculations, the 20
year old would not have reliably suppressed nocturnal melatonin (above the 10% uncertainty
level for assaying melatonin) after one hour of exposure to the warmer 5200 K “cool white”
LED, the MH or the HPS sources. For both practical scenarios, some melatonin is expected to be
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suppressed for the cooler 6900 K “cool white” LED source: 12% for scenario 1 and 15% for
scenario 2. It should be noted that people older than 20 years of age will have lower retinal
irradiances due to senile miosis and denser crystalline lenses (Rea and Ouellette 1991), so
melatonin suppression would be less, on average, for older individuals for all four sources
under the reference condition and under the two more realistic scenarios. Further, anyone
exposed to that same light level for durations shorter than one hour will also likely exhibit less
melatonin suppression. Finally, it is important to note that there are only limited data available
in the literature on the characteristics of the circadian system response near threshold
activation, so a precise estimate of melatonin suppression near threshold cannot be made.
Figueiro et al. (2006b) suggest, for example, that light induced nocturnal melatonin suppression
levels must be greater than 15% to be measured reliably; a more conservative 10% criterion is
used for the present assessment.

Fig. 3. Melatonin suppression (%) by the human circadian system in response to two “cool white”
LEDs, metal halide (MH), and high pressure sodium (HPS) sources plotted for a wide range of corneal
photopic illuminance levels. The calculations (Rea et al. 2010, 2012) are based upon age dependent
pupil area (Berman et al. 1992) for a one hour exposure according to the model by Rea et al. (2005,
2012). The vertical lines indicate the photopic illuminance at the cornea for a reference laboratory
condition and for two practical street lighting scenarios explained in the text. The shaded gray area
reflects the absolute level of uncertainty for assaying melatonin from saliva or blood plasma.
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Limitations

Although the information presented represents a state of the art analysis of light induced
nocturnal melatonin suppression, there are several limitations to this analysis due to the
uncertain causal relationship between retinal light exposure at night and human health. First,
this analysis depends fundamentally upon the assumption that nocturnal melatonin
suppression is in fact directly related to human health. This causal relationship has not been
firmly established yet in humans, although there does appear to be indirect evidence for that
link from animal studies. Light at night can also delay the timing of the circadian system, and
thereby may potentially disrupt a regular 24 hour biological rhythm, much like jet lag or shift
work. Light can also affect hormones other than melatonin (e.g., cortisol) and enzymes (e.g.,
alpha amylase) that are important markers of circadian regulation in various biological systems.
Melatonin is not synthesized at a constant rate at night but, rather, exhibits a pulsatile nature
(Arendt 1994). Light may affect this pulsatile behavior with unknown implications for
communicating circadian timing to other biological systems as they might affect human health.
The calculations reported here assumed that the model by Berman and colleagues (1992) can
be used to scale the spectral irradiance distributions at the cornea to characterize the effective
retinal stimulus for the circadian system, but there are of course wide individual differences in
crystalline lens transmission and pupil response to light that would directly affect the amount
of light actually reaching the retina. Individuals with inherently high concentrations of
melatonin may be less susceptible to diseases, such as cancer, than those with inherently low
concentrations, regardless of the impact of light at night on circulating melatonin. A person’s
light history also affects the degree to which light can suppress melatonin (Hébert et al. 2002,
Smith et al. 2004). A person working outdoors during the day will have a higher threshold to
light induced nocturnal melatonin suppression than those who spend the day in dimly
illuminated interiors. So a fixed level of light may have differential consequences on people
with different lifestyles. As already noted, there is great uncertainty in the threshold response
to light at night. Whether a small but constant suprathreshold amount of suppression has a
cumulative effect on human health is also unknown. In general then, we are coming closer to a
quantitative understanding of how light affects the circadian system, but we still do not fully
understand if or how light at night might affect human health through the circadian system.

Conclusions

Based upon the model predictions, as illustrated in Figure 3 and as pointed out by Figueiro et al.
(2006b), a reasonable and conservative working threshold for suppressing nocturnal melatonin
by light at night following a 30 minute exposure would be about 30 lx at the eye for a “white”
light source. This working threshold is based upon the determination of a reliable degree of
light induced nocturnal melatonin suppression of 15% or greater. As suggested by Figure 3, any
given threshold value (10% for this analysis) will show that different light sources, depending
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upon their spectral irradiance distributions, will require different photopic illuminance levels to
be considered above or below that threshold value. With regard to narrowband light, the
threshold would be either higher for long wavelength (red) light or lower for short wavelength
(blue) light.

It is important to stress yet again that this analysis is not specific to a determination of the risk
to human health and well being from outdoor lighting. The analysis is limited to estimating the
stimulating effects of light sources used from outdoor lighting on the human circadian system
as measured in terms of nocturnal melatonin suppression. Nevertheless, the correct
characterization of the light stimulusmust be made before any inferences can be drawn about
the potential health effects of exposure to outdoor lighting. Indeed, providing a complete
quantitative estimate of the impact that light exposure at night has on the human circadian
system is the necessary first step in responsibly discussing the potential impact of outdoor
lighting on human health and well being. Based upon this analysis then, it would appear that
under the practical application scenarios examined here, three of the four sources examined
would not meaningfully stimulate the human circadian system after one hour of exposure. The
cooler of the two “cool white” LEDs is predicted to have a small stimulating effect on the
human circadian system after one hour exposure (corresponding to 12 – 15% nocturnal
melatonin suppression).
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NEMA Comments on American Medical Association Community Guidance: Advocating
and Support for Light Pollution Control Efforts and Glare Reduction for Both Public
Safety and Energy Savings
NEMA  >  News

06/24/2016 3:00PM

ROSSLYN, Va.—The National Electrical Manufacturers Association (NEMA) is a long-time proponent of good quality lighting design and

application with technical standards and guidance for manufacturers and their end-use customers. The American Medical Association's

community guidance on LED outdoor lighting is aligned with lighting manufacturers' long-standing recommendations on how to

design safe and efficient  light for night, including:

Using lighting control options such as motion or dusk-to-dawn sensors

Shielding the light source to curtail excessive uplight, sidelight, and glare

Designing for the minimum light levels and energy necessary for the task

NEMA and its lighting manufacturer Members support the proper application of light at the right placement, right time and in the right

amount. NEMA Members actively assist installers and customers with the best application and maintenance of their products. Consequently,

there are few technical reasons or limitations to stand in the way of preventing misdirected light and glare. NEMA Member products are

readily available for a wide array of solutions.

The AMA makes further recommendations regarding the spectral content of outdoor lighting installations that raise serious concerns for

electrical manufacturers. NEMA agrees that spectral content should be one factor in effective lighting for outdoor installations. However, a

single solution is simply not appropriate for all situations. NEMA also questions the wisdom of assigning significant weight to this

recommendation since outdoor lighting design requires a complex analysis of many criteria. Outdoor lighting systems will vary depending on

the application and local conditions. Tradeoffs in the considerations of visibility, environmental impacts, energy efficiency, cost, personal

safety and security need to be optimized, which cannot be achieved with a single solution.

The AMA recommendation encouraging the use of 3000K correlated color temperature (CCT) or lower may compromise the ability of the

lighting system to meet all critical design criteria for each unique application. As indicated by the U.S. Department of Energy (DOE) in its June

21, 2016, statement, CCT does not explicitly characterize the potential for nonvisual effects, which also depend on quantity and duration of

exposure to light. The DOE further clarifies than an LED light source with the same CCT as a non-LED source has about the same amount of

blue spectral content. The AMA recommendation for 3000K or lower is not an appropriate solution for all applications, nor is it is supported by

the current body of research. NEMA will issue additional technical guidance specific to the issues and tradeoffs related to the spectral content

of lighting solutions.

NEMA welcomes the opportunity to work with AMA and other organizations on projects to further research the complexities of night lighting.

We are committed to science-based improvements to night lighting so that people the world over can safely and efficiently enjoy the

extension of their living space as well as the beauty of the nighttime natural world.

###

###

The National Electrical Manufacturers Association (NEMA) represents nearly 400 electrical, medical imaging, and radiation therapy

manufacturers at the forefront of electrical safety, reliability, resilience, efficiency, and energy security. Our combined industries account for

more than 400,000 American jobs and more than 7,000 facilities across the United States. Domestic production exceeds $117 billion per

year.

Press contact:

Tracy Cullen

703-841-3282

press@nema.org
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To the IES Membership:

On June 14, 2016, the American Medical Association (AMA) announced its adoption of

recommendations contained in CSAPH Report 2-A-16 entitled “Human and Environmental

Effects of Light Emitting Diode (LED) Community Lighting.”1 2 This report was approved as part

of the AMA’s Council on Science and Public Health (CSPAH) proceedings. The IES was not

consulted in this process.

The adopted AMA recommendations in this report are:

1. That our American Medical Association (AMA) support the proper conversion to

community-based Light Emitting Diode (LED) lighting, which reduces energy

consumption and decreases the use of fossil fuels. (New HOD [AMA's House of

Delegates policy-making body] Policy)

2. That our AMA encourage minimizing and controlling blue-rich environmental lighting by

using the lowest emission of blue light possible to reduce glare. (New HOD Policy)

3. That our AMA encourage the use of 3000K or lower lighting for outdoor installations such

as roadways. All LED lighting should be properly shielded to minimize glare and

detrimental human and environmental effects, and consideration should be given to

utilize the ability of LED lighting to be dimmed for off-peak time periods. (New HOD

Policy)

Since the AMA’s adoption of this report, several news channels and websites are carrying

reports with varying degrees of information and misinformation about the claims and

recommendations within the report specific to recommendations 2 and 3, and the

accompanying AMA press release. Of primary concern to the IES is the potential for this report

and its ensuing press to misinform the public with incomplete or inaccurate claims and improper

interpretations.  We intend to respond to this through a proper analysis, in keeping with the IES

Mission Statement, “to improve the lighted environment by bringing together those with lighting

knowledge and by translating that knowledge into actions that benefit the public.”

We are working with a group of researchers familiar with these issues, representing different

institutions and areas of practice, to review the AMA report. Here is where we are at this point:

1. In 2012, the AMA prepared a Report A-12, “Light Pollution: Adverse Health Effects of

Nighttime Illumination.” That 2012 report included 134 references and was consistent
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with IES Standards and findings. The 2012 report recommendations include, “Supports

the need for further multidisciplinary research on the risks and benefits of occupational

and environmental exposure to light-at-night”.

2. The new 2016 report contains 37 references, some of which are repeats from the 2012

report. Our first effort is to establish which of these 37 references, if any, provide any new

information significant enough to warrant the change in AMA recommendations.  We will

also determine if any significant references were not included in the report, but should

have been, to ensure accuracy.

3. The IES was not represented in the deliberations leading to this document. We intend to

contact the AMA and work with them to ensure that any lighting related recommendations

include some discussion with the IES.

We are dedicated to perform a thorough and reasoned review of this AMA report, on behalf of

the IES, our constituencies, and the general public.

Brian Liebel, Technical Director of Standards

Bob Horner, Director of Public Policy

Mark Lien, Industries Relations Manager

Press Release: http://www.ama-assn.org/ama/pub/news/news/2016/2016-06-14-community-

guidance-street-lighting.page

Report: Can be downloaded from this site, will require registering on AMA website (free):

http://www.ama-assn.org/ama/pub/about-ama/our-people/ama-councils/council-science-public-

health/reports/2016-reports.page

ABOUT THE ILLUMINATING ENGINEERING SOCIETY (IES)

IES is the oldest and largest educational and scientific society in North America devoted to

lighting. Since 1906, the IES has sought to improve the lighted environment by bringing

together those with lighting knowledge and by translating that knowledge into actions that

benefit the public. A broad variety of programs, including publications, conferences and

seminars, have been established to accomplish this mission. IES publishes and distributes the

finest lighting literature authored by committees with the most experienced minds in industry

and academia today. For more information about IES, go to http://www.ies.org/.

###
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IS LED STREET LIGHTING BAD FOR YOUR 
HEALTH?

JUNE 29,  2016

IS LED STREET LIGHTING BAD FOR YOUR HEALTH? 
MISINTERPRETATION OF AMA REPORT DISTRACTS FROM THE REAL PROBLEMS

(http://www.lampartners.com)
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The American Medical Association’s (AMA) recently issued report (http://darksky.org/wp-
content/uploads/bsk-pdf-manager/AMA_Report_2016_60.pdf), “Human and Environmental 
Effects of Light Emitting Diode (LED) Community Lighting,” highlights many important issues 
regarding the implementation of street lighting to avoid negative environmental and health effects. 

Unfortunately, on the subject of potential negative health effects of LED street lighting, the report 
has been misinterpreted by online media and even by the International Dark-Sky Association (IDA). 
The report has been boiled down to a sound bite along the lines of: “AMA says LED streetlights are 
bad for your health! (unless they are 3000K)”. This is really unfortunate, not just because it’s 
wrong, but because it puts attention solely on the issue of color temperature, distracting from the 
other very important issues raised in the report. 

JUMPING TO CONCLUSIONS

Here are some examples of misinterpretations and misstatements. 

From NPR: 

Bright, Bluish-White LED Streetlamps Disrupt Sleep Cycles, AMA Says

(http://www.npr.org/sections/thetwo-way/2016/06/21/482936520/bright-bluish-

white-led-streetlamps-bad-for-our-health-ama-says)

…Not true. The AMA report does not say this. 

From takepart.com: 

LED Streetlights Are Good for the Earth, Bad for Humans and Wildlife

(http://www.takepart.com/article/2016/06/16/light-pollution-safe-people-wildlife)

“Studies have shown that white LED streetlights are five times more powerful at 

suppressing circadian rhythms than the high-pressure sodium lights they are replacing, 

the AMA noted.” 

…Not true. The AMA report does not say this. 

From the International Dark Sky Association blog (http://darksky.org/ama-report-affirms-

human-health-impacts-from-leds/): 

“Not only is blue-rich white LED street lighting five times more disruptive to our sleep 

cycle than conventional street lighting, according to the report…” 

…Not true. The AMA report does not say this, either. 
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WHAT THE AMA REALLY SAYS

Here is what the AMA report does say (emphasis added): 

“It is ESTIMATED that a “white” LED LAMP is at least 5 times more powerful in influencing 

circadian physiology than a high pressure sodium light based on melatonin suppression. 

Recent large surveys found that brighter residential nighttime lighting is associated with 

reduced sleep time, dissatisfaction with sleep quality, nighttime awakenings, excessive 

sleepiness, impaired daytime functioning, and obesity. Thus, white LED street lighting patterns 

also COULD contribute to the RISK of chronic disease in the populations of cities in which 

they have been installed.

MEASUREMENTS AT STREET LEVEL FROM WHITE LED STREET LAMPS ARE NEEDED TO 

MORE ACCURATELY ASSESS THE POTENTIAL CIRCADIAN IMPACT OF EVENING/NIGHTTIME 

EXPOSURE TO THESE LIGHTS.” 

All the AMA report is saying is that it has been estimated that an LED source (of undefined color 
temperature) could potentially have 5 times the melatonin-suppressing effect as a high-pressure 
sodium source. (High-pressure sodium was the lamp source commonly used in street lighting 
before the arrival of LED). What the report neglects to mention is that the exposure to these two 
sources would have to be of sufficient intensity and duration to have any effect at all. It cites no 
evidence that the intensity and duration of exposure typically experienced from street lighting is 
sufficient to have any melatonin-suppressing effect. 

The “recent large surveys” mentioned in the report refer to two epidemiological studies which 
looked for correlations between outdoor light at night, and obesity and sleep disruption. The 
measurement of outdoor light at night was derived from satellite imagery, with no information on 
spectral content (“color”) of the light. Since the satellite data used in the studies was from 2001 to 
2009, the lighting was most likely high-pressure sodium, and certainly not LED. The studies show 
an association between obesity and sleep disruption and the level of outdoor lighting, but no causal
effect. But even if a causal connection was proven, it can’t be connected to “blue” light, and would 
have been a problem long before the advent of LED street lighting. 

In this RPI/LRC study (http://www.lrc.rpi.edu/programs/solidstate/assist/techpaper-
outdoorcircadian.asp), computer modeling was used to predict the potential melatonin-suppressing 
effect of exposure to street lights. The authors estimate that if you stood on the street under 
5900K (high “blue” content) LED street lighting for one hour you might experience a small effect. 
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The AMA report also notes that the percentage of “blue” light in a 4000K LED source is 29%, vs. 
21% for a 3000K LED source. Even if exposure to LED streetlights did have a negative health 
effect, 3000K instead of 4000K probably would not make much difference, based on the marginal 
difference in percentage of “blue” light. 

And most importantly, the AMA says that further study is needed to assess potential health 
impacts from street lighting. Agreed! 

IS WARMER BETTER?

There are reasons to use 3000K sources in outdoor lighting, such as reduced sky glow (see Ian 
Ashdown’s Color Temperature and Outdoor Lighting (http://agi32.com/blog/2015/07/07/color-
temperature-and-outdoor-lighting/)), glare reduction, design aesthetics, or personal/community 
preference. Until recently, there was a reason to not use 3000K LED, due to significantly lower 
energy efficacy compared to 4000K LED. But with recent improvements in LED technology, this 
difference in efficacy is very small, negating the disadvantage. 

But, there are also possible reasons to use 4000K sources in some outdoor lighting applications. A 
study by Clanton & Associates and VTTI (https://neea.org/docs/default-source/reports/seattle-
led-adaptive-lighting-study.pdf?sfvrsn=4) showed that 4000K LED street lighting resulted in 
significantly better ability of drivers to detect pedestrians at greater distances, compared to the 
other higher and lower color temperatures tested. This might make 4000K the best choice from a 
safety standpoint on streets with pedestrians and cyclists. Research from RPI
(http://lrt.sagepub.com/content/47/8/909) shows that perceived outdoor scene brightness is 
higher with higher color-temperature sources. If you accept the premise that you need less light 
(fewer photopic lumens) from 4000K street lighting than from 3000K street lighting, then a 
4000K street lighting system could use less energy, and create less light pollution than a 3000K 
system…possibly. 

It’s a complex problem with no simple answer. So let’s use 3000K sources for all the good 
reasons, but not for some presumed public health benefit. 

LET’S KEEP OUR EYES ON THE BALL

We should be concentrating our efforts on reducing overall light levels, putting the light only where 
it’s needed, and controlling glare. This is where we can have a real impact on reducing light 
pollution and negative environmental impact. I'd hate to see a future where all the streetlights are 
3000K, but we are still over-lighting our streets and parking lots. 

And when it comes to the effects of light on health, we should be focusing our attention on interior
lighting, lighting for shift workers, and light from display screens. This is where there is solid 
evidence that the quantity and the “color” of light can have negative (and positive) health effects. 
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For other perspectives on this issue, read the comments from the US Department of Energy
(http://energy.gov/sites/prod/files/2016/06/f32/postings_06-21-16.pdf) and The National 
Electrical Manufacturers Association (http://www.nema.org/news/Pages/NEMA-Comments-on-
American-Medical-Association-Community-Guidance-Advocating-and-Support-for-Light-Pollution-
Control-Efforts.aspx), and the detailed analysis from The Lighting Research Center at RPI
(http://www.lrc.rpi.edu/resources/newsroom/AMA.pdf). 

TO THE AMA: PLEASE HIRE A FACT-CHECKER

A final comment on one blatant error in the AMA report, that is of special interest to me—the 
report says: “In Cambridge, MA, 4000K lighting with dimming controls was installed to mitigate the 
harsh blue-rich lighting late at night.” 

The truth is that the adaptive dimming system was planned from the beginning of the project to 
reduce energy use and limit light pollution. The decision to use the adaptive dimming system had 
nothing to do with mitigating “harsh blue-rich lighting”. I know this because I was intimately 
involved with the design of the conversion of Cambridge’s street lighting to LED. 

The Cambridge lighting control system is still the largest street lighting adaptive dimming system 
in the US, as far as I know, and is significantly reducing light pollution in our City. Other cities 
should be following Cambridge’s well-studied lead, and not take media sound bites or one line 
excerpts from this AMA report as accurate recommendations on how to minimize negative 
environmental or human health effects. 
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