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Preface

Energy Solutions provided monitoring, data collection, and data analysis services for an LED Street
Lighting Assessment project under contract to the Emerging Technologies Program of Pacific Gas
and Electric Company. The project was done in collaboration with Pacific Northwest National
Laboratory (representing the Department of Energy) as part of the GATEWAY demonstration
program. The project replaced high pressure sodium luminaires on four avenues in a San
Francisco, CA neighborhood with new LED luminaires from four companies, Beta LED, Cyclone,
Leotek, and Relume, referred to hereinafter as A, B, C, and D, respectively.
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Executive Summary

This report summarizes an assessment project conducted to study the performance of light
emitting diode (LED) luminaires in a street lighting application. The project included installation of
four manufacturers’ LED street lights on public roadways in San Francisco, California.
Quantitative light and electrical power measurements as well as surface and overhead photographs
were taken to compare base case high pressure sodium (HPS) performance with that of the LED
replacement luminaires. Estimated economic performance of the LED luminaires as compared to
HPS street lights was also calculated and qualitative satisfaction with the LEDs was gauged through
a resident survey.

Demonstration areas were chosen on 38t 41st 42nd and 44t Avenue, between Taraval and
Santiago Streets in the residential Sunset District of San Francisco. Each avenue has a total of five
street lights from the beginning to end of the block. The three central street lights on each avenue,
at spacings of 150" and 200°, comprised the Test Area. The two additional street lights, one on
either side of the Test Area, served as buffers. On each avenue, all five original HPS Type 11
dropped-lens luminaires were first replaced with 100 watt nominal HPS Type II full cutoff
luminaires, and then with a like number of LED luminaires from four different companies (one
company on each street). Mounting heights for the luminaires ranged from 24’ to 34’ above the
road surface, and the street lights were located on alternating sides of the streets within the Test
Areas.

This report is intended to independently demonstrate the performance of a number of
currently available products in one specific application. It is not intended to compare
manufacturers of LED products against each other. The best product for any given
application will depend heavily on the particular characteristics and relevant criteria for
that application. This report cannot be used for commercial purposes.

Energy Performance

While lighting performance varied among the LED luminaires assessed in this study, energy savings
potential was high in each case, with energy reductions ranging from 50% to 70% over the current
HPS system. A summary of measured electric power results from the study are tabulated in Table 1
below for the base case HPS luminaires and for luminaires from each LED manufacturer. Annual
savings for electrical energy and cost are estimated based on an assumed 4,100 annual hours of
operation.!

! From PG&E LS-2 Rate Schedule, Appendix E.
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Table I: Average Luminaire Power and Estimated Savings

Estimated Eneray Cost

Power Annual Energy Savings Sa\%iyn s
Luminaire Type Power (W) Savings (W) (4100 hr/yr, kWh) 9
HPS Type Il cut-off 138.32 - - -
LED A 58.66 79.66 (57.6%) 321 $30.20
LED B 62.22 76.10 (55.0%) 342 $28.45
LEDC 41.25 97.07 (70.2%) 398 $38.77
LED D 69.21 69.11 (50.0%) 283 $25.01

This study estimates that if the nationwide stock of installed HPS roadway luminaires were
replaced with LED luminaires such as those that were found to perform well in the field, 8.1 TWh
of total annual energy savings could be achieved, with a corresponding 5.7 million metric tons of
CO emissions abated (See Potential Energy Savings Section).

Lighting Performance?

Illuminance measurements to evaluate HPS and LED performance were taken over a grid covering
the roadway surface under each Test Area and illuminance metrics were calculated identically for
each luminaire type over both luminaire spacings (150” and 200°) and over the sum of the two
spacings. Comparative metrics included maximum, minimum and average illuminance, uniformity
values (Coefficient of Variation, Average-to-Minimum Uniformity Ratio, and Maximum-to-
Minimum Uniformity Ratio), and the percentage of total Test Area grid points that were
measurably illuminated (.05 footcandles or greater).

In order to compare illuminance levels from the HPS and LED sources, both photopic and
scotopic illuminance levels were measured. Though standards for roadway lighting levels are
currently written only for photopic levels, illuminance levels under nighttime roadway conditions
typically fall under the mesopic range of visual perception, where both photopic and scotopic
illuminance are important. For more information on mesopic illuminance, which is presently
receiving more attention in the outdoor lighting design community, see Appendix B: Mesopic
Illuminance.

When comparing lighting performance for LED outdoor retrofits, it is important to recognize that
equivalent lumen output may not be necessary. This is because improvements in color rendering,
lighting distribution, and enhanced nighttime lighting conditions (scotopic or mesopic vision
advantages) may allow for a reduction in total lumen output from LED light sources relative to

HPS.

2 Though the four Test Areas chosen were largely similar in terms of street light locations, spacing, and
layout, variation in conditions including baseline lighting levels is such that direct comparisons should
not be drawn between the different manufacturer’s LED luminaires from measured results.
Accordingly, measured lighting performance for each LED luminaire is compared only to base case
HPS luminaire performance in that Test Area. However, computer modeling of a hypothetical Test
Area of the same general dimensions as the field Test Areas was also carried out in order to allow for
better comparison of lighting performance between LED luminaires. Summary results are provided
in the Executive Summary; a more in depth discussion can be found in the Lighting Performance
Section of this report.
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Two of the LED options, luminaire types A and C, delivered lighting performance that was
equivalent or better than the baseline HPS by most metrics, showing promise for broader
installation in similar applications. Some increase in lumen output may be desired to improve
average photopic illuminance levels, though lower average levels do not necessarily indicate worse
lighting performance. In comparing lighting quality, it was observed that the lighting distribution of
HPS luminaires was such that they typically over-lit the area directly beneath the luminaires, creating
‘hotspots,” or areas of relatively high illuminance and contrast, that may have inflated the average
illuminance calculations. LED options B and D showed limited applicability for the site dimensions

assessed in this study, though they may be appropriate for other types of installations.

Table I11: Comparison of Measured Photopic Performance for LED Luminaire A, Entire Test Area

Grid Average llluminance | Coefficient Average-to-Minimum
Points (All Measured Points, Of Uniformity
Luminaire || Illuminated® footcandles) Variation (Iluminated Points Only)*
HPS 85% 0.5 0.98 53:1
LED A 95% 0.3 0.82 34:1

LED luminaire A provided measurable illumination over most of the Test Area and was by most
metrics more uniform than the base case HPS luminaires. While LED A provided slightly reduced
average photopic values, average scotopic illuminance values were increased.

Table I111: Comparison of Measured Photopic Performance for LED Luminaire B, Entire Test Area

Average llluminance | Coefficient Average-to-Minimum
Grid Points | (All Measured Points, of Uniformity
Luminaire || Illuminated footcandles) Variation (luminated Points Only)
HPS 86% 0.5 0.84 55:1
LEDB 56% 0.2 1.42 3.7:1

As compared to the base case HPS luminaires, LED luminaire B provided a smaller area of
measurable illumination, mixed uniformity results, and lower average photopic illuminance, though
average scotopic illuminance remained the same or slightly increased, depending on spacing;

Table 1V: Comparison of Measured Photopic Performance for LED Luminaire C, Entire Test Area

Average llluminance | Coefficient Average-to-Minimum
Grid Points (All Measured Points, Of Uniformity
Luminaire || Illuminated footcandles) Variation (luminated Points Only)
HPS 79% 0.6 1.08 75:1
LEDC 83% 0.2 0.90 25:1

3 ‘Grid Points Illuminated’ is the percentage of grid points that were measurably illuminated (.05 footcandles or

greater).

4 Average-to-Minimum Uniformity was calculated as the average of illuminance values for grid points that were
measurably illuminated (.05 footcandles or greater), divided by minimum measured illuminance value.
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Like LED A, LED C provided measurable illumination over most of the Test Area at uniformity
greater than the base case HPS luminaires although both average photopic and scotopic values were
reduced.

Table V: Comparison of Measured Photopic Performance for LED Luminaire D, Entire Test Area

Average llluminance | Coefficient Average-to-Minimum
Grid Points | (All Measured Points, of Uniformity
Luminaire || Illuminated footcandles) Variation (luminated Points Only)
HPS 99% 0.5 0.96 5.0:1
LED D 66% 0.3 1.34 52:1

LED luminaire D, similar to luminaire B, provided a smaller area of measurable illumination, mixed
uniformity results, and lower average photopic illuminance than the HPS luminaires, though
scotopic averages increased slightly.

Due to variations between the Test Areas, direct comparisons should not be drawn on lighting
performance between the different manufacturer’s LED luminaires based on the measured results.
As a result, computer simulations were used to model photopic illuminance performance on a
hypothetical street, thereby eliminating field variables associated with each specific installation site.
The same metrics used for the measured results were calculated for these simulated results.

Table VI: Summary of Computer Modeled Photopic Lighting Performance Results at 150’ Spacing

Average lllumination | Coefficient Average-to-Minimum
Grid Points (All Modeled Points, of Uniformity
Luminaire || llluminated footcandles) Variation (All Modeled Points)
HPS 100% 0.63 0.87 9:1
LED A 99% 0.30 0.71 6:1
LEDB 2% 0.34 131 165:1
LEDC 100% 0.15 0.62 2:1
LEDD 79% 0.35 1.07 22:1

Economic Performance

As an emerging technology, LED street lights have yet to experience major market penetration, but
cost reductions and performance improvements are continuing to increase LED street lighting
viability. Lighting, energy, and economic performance will all be important factors in LED street
lighting developments. High initial cost of LED street lights has been a challenge for the economic
case, as demonstrated by previous studies,” but energy savings and projected maintenance cost
savings through the luminaire lifetime both improve LED street light economics. The level of
savings will of course depend on energy and maintenance costs for any given location.

5 See,Cook, et al. “PG&E Emerging Technologies Program Application Assessment Report #0714: LED Street
Lighting; Oakland, CA.” January 2008. Available online through the Emerging Technologies Coordinating
Council at http://www.etcc-ca.com
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In this evaluation, simple payback and net present value were calculated for each LED luminaire
type, considering both retrofit and new construction cases and based on estimated energy savings
from field measurements and estimated host site maintenance costs. Retrofit economics consider
the entire LED luminaire cost as well as cost of installation, while new construction only includes
the incremental cost of the LED luminaire above an HPS luminaire.

Economic estimates are sensitive to site-specific variables such as maintenance and energy
costs, and to LED luminaire cost. Of particular note, estimates are also dependant upon
assumptions for LED luminaire lifetime, which is a function of the life of all parts of the
luminaire (LEDs, driver, housing, coating, etc.). Manufacturers’ claims for luminaire
lifetimes are highly variable. For more details see the Economic Performance section.
Readers are advised to use their own cost estimates and assumptions when possible.

Table VII: LED Luminaire Economic Performance (relative to HPS base case)

New Construction Retrofit
Luminaire P?%gfk 15-Year NPV PSaI)r/T;)Fz;lfk 15,\]}(,‘\9/”
(Years) (Years)
LED A 6.3 $306.72 10.8 $99.72
LED B 13.3 -$16.09 18.1 -$223.09
LED C 3.7 $512.34 7.4 $305.34
LED D 15.3 -$96.43 20.4 -$303.43

The products evaluated here that generally performed better in terms of lighting performance also
proved to be more economically attractive. Results show longer paybacks for retrofit scenarios but
more reasonable paybacks for new street light installations, especially for LEDs A and C. Net
present value, a more robust metric for evaluating energy efficiency investments, is positive for
LEDs A and C in both the retrofit and new construction scenatio.

Overall results from this assessment show that energy savings potential from current LED street
lighting is significant. This savings potential is likely to further increase in the future as the energy
and lighting performance of LED street lights continues to improve. However, not all products
currently available are ready for mass deployment; limitations continue to exist in the lighting
performance of some. Additionally, economic viability, though subject to location details, will
remain a key factor that must be weighed in concert with lighting performance. Incentive program
development may further encourage LED street light adoption. This study recommends that any
such incentive programs include performance standards that consider warranty, efficacy, light
distribution, and other important criteria.

ES-5



Project Background

Project Overview

This LED street lighting assessment project studied the applicability of light emitting diode (LED)
luminaires as replacements for existing street lights. One hundred watt nominal high pressure
sodium (HPS) luminaires were replaced with new LED luminaires from four manufacturers on four
streets located in the residential Sunset District of San Francisco, CA. The LED technologies were
evaluated for lighting performance, energy and power usage, economic factors (such as simple
payback and net present value), and qualitative satisfaction. The assessment was conducted as part
of the Emerging Technologies Program of Pacific Gas and Electric Company (PG&E). The
Emerging Technologies program “is an information-only program that seecks to accelerate the
introduction of innovative energy efficient technologies, applications and analytical tools that are
not widely adopted in California.... [The] information includes verified energy savings and demand
reductions, market potential and market barriers, incremental cost, and the technology’s life
expectancy.”

Technology and Market Overview

The most prevalent roadway lighting technology today is high intensity discharge (HID), at over
90% of all roadway lights. These are commonly high pressure sodium lights, and less frequently
mercury vapor, metal halide and low pressure sodium.” HPS lights are used primarily because of
their long rated life and high efficiency relative to other options. However, HPS technology is not
without drawbacks, such as low color rendition (typical CRI of 22) due to narrow spectral
distribution.®

Though the market penetration of LED street lighting at the time of this assessment is low, the
technology is making inroads due to potential savings in energy and maintenance costs compared
to traditional HID sources. Also, due to the inherent directionality of LEDs, they offer the
potential for lighting performance improvements such as more efficient lighting distribution and
increased uniformity. The US Department of Energy (DOE) is currently evaluating outdoor
applications of LEDs through field demonstration and lab testing programs (such as CALIPER

¢ Pacific Gas and Electric Company (2006). Program Descriptions, Market Integrated Demand Side
Management, Emerging Technologies. PGE 2011.

7 Navigant Consulting, Inc. (2002). “US Lighting Market Characterization, Volume 1.” Table 5-17.

8 High-Intensity Discharge Lamps Analysis of Potential Energy Savings Docket #: EE-DET-03-001 USDOE
Technical Support Document: Energy Efficiency Program For Commercial and Industrial Equipment.
December 2004.



and GATEWAY),? and acknowledges that “LED technology is rapidly becoming competitive
with [HID] light sources for outdoor area lighting.”10

One of the major market barriers to LED roadway luminaire adoption currently is the initial cost
of LEDs, which tend to be much higher than HID sources. However, LED technology has been
experiencing steady rates of improvement not only in efficiency (approximately 35% annually) but
also in cost (approximately 20% annually) according to a DOE study.!' Another recent publication,
referencing an industry source, projects advancements in LED chip manufacturing will allow for
LED cost reductions in 2009 of up to 50% over current costs, with total costs of roughly a penny
per lumen.!? Finally, PG&E recently completed a follow-up assessment of LED street lighting in
Oakland, California that demonstrated a luminaire cost reduction of 36% in less than 12 months.!3

A new DOE report entitled ‘Energy Savings Estimates of LEDs in Niche Lighting Applications’
estimates that street and area lighting (including floodlights, parking garages, highway, billboard,
pathway, and more) represents over 178.3 TWh of national energy usage annually, or 40.7 GW of
electric power demand (assuming 4,380 hours of annual operation).!* The report concludes that at
100% replacement of all street and area lighting sources with high efficacy LED luminaries,
matching previous light sources lumen for lumen, the nation could save an impressive 44.7 TWh of
electrical energy annually.!>

However, a lumen for lumen replacement scenario for LED outdoor retrofits does not account for
improvements in color rendering, lighting distribution, and enhanced night time lighting conditions
(scotopic or mesopic vision advantages) that might allow for a reduction in total output from LED
light sources relative to HPS. Recognizing the increasing interest in nighttime performance of
LEDs, the DOE study notes that more energy savings would be possible if these factors were

® DOE’ Commercially Available LED Product Evaluation and Reporting (CALIPER) program supports testing

11

of a wide array of SSL products available for general illumination. DOE allows its test results to be
distributed in  the public interest for noncommercial, educational purposes only.  See

http://www.netl.doe.gov/ssl/comm_testing.htm.

DOFE’s GATEWAY Demonstration Programs support demonstrations of high-performance LED products
to develop field data and experience for applications that save energy, are cost effective, and maintain or
improve light levels. See http://www.netl.doe.gov/ssl/techdemos.htm.

LED Application Series: Outdoor Area Lighting. USDOE Building Technologies Program. PNNL-SA
60645.June 2008. http://www.netl.doe.gov/ssl/PDFs/OutdoorAreal.ighting.pdf

Navigant Consulting, Inc. (2000). “Solid State Lighting Research and Development Portfolio. Multi-Year
Development Plan. FY’07-FY’12.”

12 Kanellos, Michael. Gregntech Innovations: LED Lights to Drop by 50% or More Next Year? November 3, 2008.

http://www.greentechmedia.com

13 Cook, et al. “PG&E Emerging Technologies Program Application Assessment Report #0726: LED Street

14

Lighting, Phase III Continuation; Oakland, CA.” November 2008. Available online through the Emerging
Technologies Coordinating Council at http://www.etcc-ca.com

Navigant Consulting, Inc. (2008) Energy Savings Estimates of Light Emitting Diodes in Niche Lighting
Applications. Building Technologies Program, Office of Energy Efficiency and Renewable Energy, US DOE.

15 Ibid, page 61



taken into account.!® Because this is increasingly a part of the lighting design and energy planning
discussion, evaluation of photopic and scotopic illuminance to characterize nighttime lighting
performance of LED street lights is included in this assessment.

Demonstration Technology Information

Four LED manufacturers were asked to provide an LED street light product appropriate for
replacement of 100 Watt HPS cobrahead fixtures with Type II optics. The LED manufacturers
were provided with relevant demonstration Test Area dimensions, including mounting height, pole
spacing and curb to curb street width. Manufacturers were also asked to provide model numbers,
cut sheets, independent lab test reports if available, and unit pricing information.

While only one luminaire type was tested from each manufacturer in this demonstration, other
products available from these manufacturers will have differing performance characteristics.
Additionally, performance may improve in future generations of these products, some of which are
now available. Results from this demonstration are only meant to characterize performance of the
specific luminaire models evaluated under this study’s test conditions.

For the four LED products assessed in this demonstration, Pacific Northwest National Laboratory
provided test results on luminaire photometrics, power, and efficacy from independent testing
laboratories. Lab results for luminaires power consumption ranged from 36.7 watts to 73.3 watts,
with efficacies ranging from 18.7 lumens/watt to 71.2 lumens/watt. Cotrelated color temperatures
(CCT) were calculated to be from a low of 5,210 K to a high of 14,628 K, with Color Rendition
Indices (CRI) from 68 to 75.

Table VIII:; Laboratory Reported LED Lighting and Energy Performance

Luminaire Power Lumens / CCT (K) CRI
watt
LED A 58.6 54.7 6,227 75
LED B 544 18.7 14,628 74
LED C 36.7 71.2 5,210 68
LEDD 73.3 46.9 6,052 72

Each manufacturer also provided information regarding LED rated lifetimes and product
warranties. Warranties range from two to seven years, while LED lifetimes of 50,000 to over
100,000 hours were reported. While it is likely that well designed luminaires with quality
components can last beyond the minimum reported LED life of 50,000 hours, industry standard
methods to verify these lifetimes are still in development. Additionally, as a luminaire consists of
multiple components (LEDs, driver, housing, coating, etc.), the expected useful life of the luminaire
may not be the same as that of the LEDs. Instead, the lifetime should be considered to be limited
by the first of all the components comprising the luminaire to fail.

16 The DOE reportt leaves the energy savings analysis at equivalent lumen output because lighting standards
bodies such as the Illuminating Engineering Society of North America (IESNA) and the International
Commission on Lighting [Commission Internationale de 1'Eclairage] (CIE) do not yet include these factors in
standards development, though the research on and consideration of these factors continues.



Table IX: Manufacturer Information

Luminaire Warranty Rated LEDll_ife
(years) (hours)
LED A 5 117,000
LEDB 2 50,000
LEDC 5 50,000
LED D 7 70,000

Brief descriptions of each demonstration LED product are provided below; full lab test reports are
also included in Appendix F. 18

LED A: Type 11, full cutoff luminaire; 30 LEDs with individual clear optics below each, arranged in
three, 10 LED light bars, in an aluminum housing with no enclosure.

Figure 1: Side and Bottom Perspectives of LED A

17 Refers to rated LED life (rather than whole luminaire life) as provided by manufacturers in product
specification sheets.

18 Product photographs used here are from laboratory reports in Appendix F.



LED B: Type II, full cutoff luminaire; 14 white LEDs in a specular aluminum housing with clear
plastic cover.

Figure 2: Side and Bottom Perspectives of LED B

LED C: Type 111, cutoff luminaire; 36 LEDs in a cast aluminum housing, with a specular metal lens
frame, molded gray reflector and clear plastic enclosure.

Figure 3: Bottom Perspective of LED C



LED D: Type III, cutoff luminaire; 24 LEDs in 4 rows, tilted 35 degrees from vertical with
individual hemispherical integral lenses and formed reflectors, housed in extruded aluminum with a
specular intetiof.

Figure 4: Front Perspective of LED D



Project Objectives

The objectives of this study were to examine energy, lighting, and economic performance of LED
luminaires from four manufacturers as compared to cobra-head style HPS Type 1I full cutoff
luminaires. The potential electrical demand and energy savings were measured in terms of average
wattage and estimated annual kWh usage. Lighting performance was measured in terms of
illuminance (photopic and scotopic), uniformity, correlated color temperature (in Kelvin), and by
the satisfaction and concerns of interested parties. Finally, economic performance was evaluated
through simple payback and net present value analyses for substitution of HPS street lights with
LED luminaires, in new installation and retrofit scenatios.



Methodology

Host site information

A total of twenty LED luminaires from four different manufacturers were installed on four avenues
in a residential neighborhood in San Francisco, CA. Five luminaires were installed on each avenue
on 38t 41st 42nd and 44t Avenues between Santiago and Taraval Streets to replace all of the street
lights in the Test Areas. To establish a consistent baseline, new HPS Type II full cutoff luminaires
were installed along each demonstration avenue before replacement with the LED luminaires. Each
Test Area consisted of three luminaires from a single manufacturer, bracketed on both sides by
identical luminaires to serve as buffers. Spacing of monitored luminaires was 150’ and 200° (on
alternating sides of the street) in each location, and spacing from monitored luminaires to buffer
luminaires ranged from 60’ to 200°. Luminaire mounting heights ranged from 24’ to 34’ above the
road surface.

Streets used for demonstration purposes were chosen based on comparable street light spacing and
layout, consistent lamp wattage, and minimal obstructions for photometric measurements. Close
proximity of all demonstration sites was intended to facilitate demonstration activities and
consistent street lighting layouts were also intended to allow for comparisons between the
demonstration sites, though in practice none of the sites were equivalent enough for direct
comparison.

Monitoring Plan

The Monitoring Plan consisted primarily of illuminance measurements and time series power
measurements. The measurements taken included: photopic illuminance, scotopic illuminance,
correlated color temperature, RMS watts, amps, volts, and power factor. Estimated annual energy
usage from the lighting systems was also calculated based on PG&E rate schedules and the
estimated load (in watts) from each luminaire.

Both photopic and scotopic illuminance measurements were taken at a height of 18”7 above
ground, after civil twilight, and when ambient light from the moon was at a minimum. 280
measurement points were laid out on a 5’ x 12.5” grid in each monitoring area, totaling 350° x 45.
This monitoring grid followed as closely as possible Illuminating Engineering Society of North
America (IESNA) guidance for photometric measurements of street lighting systems.!” The
avenues in the demonstration area were 40’ in width with one parking lane and one traffic lane in
cither direction. An additional line of measurement points was included on the sidewalks on either
side of the avenues; inset 2.5’ from the curb. Note that photometric measurements only took place
at points within parking lanes where parked vehicles were not present and on sidewalks where there
were no obstructions from shadows.

Measurements in each Test Area were repeated twice: once with new HPS luminaires and once with
new LED luminaires. In Appendix C: Monitoring Layout, Figure 51 details the monitoring grid
layout out and Figure 52 represents the cells where measurements were recorded. Measurement
points were located in the following arrangement:

See LM — 50 — 99; IESNA Guide for Photometric Measurement of Roadway Lighting Installations.
Recommendations call for three luminaire cycles; the monitored cycle and one complete cycle on either side.
Due to street block and lighting configuration in the demonstration neighborhood, only two luminaire cycles
are included at each site; the monitored cycle and 2 a cycle on either side.



e 10 points transverse to the street lanes (east-west) at 5 spacing, with two points per lane
beginning "2 point spacing (2.5’) in from street curb (onto the sidewalk on either sides of
the road).

e Fach line of transverse points was laid out with 12.5” longitudinal (north-south) spacing
between them, beginning Y2 point spacing (6.25°) in from the first luminaire in each
monitored cycle, and ending 'z point spacing in the last luminaire in each monitored cycle.

Correlated color temperature measurements were taken directly under test fixtures for both HPS
and LED luminaires in each Avenue. If instrument limitations did not allow direct correlated color
temperature measurements, chromaticity coordinates were measured and later converted to
correlated color temperature based on published equations.?’ The method for obtaining correlated
color temperature values was identical for both HPS and LED luminaires.

Power measurements were 15 minute averaged recordings logged over several days, using a Dent
ElitePro Datalogger. Measurements included RMS Watts, Amps, Volts, and Power Factor and were
taken on one luminaire per Test Area.

Completion of illuminance measurements necessitated several visits to the sites. Monitoring
equipment for power measurements on the luminaires was installed during HPS fixture and lamp
change out, and was removed after power monitoring on the LED luminaires was complete.

A description of each of the field visits follow:

FIELD ViIsSIT 1
The following occurred during this visit:
1) Evaluate, select and photograph appropriate demonstration avenues.

2) Measure and mark the illuminance measurement grids in preparation for subsequent field
visits.

FIELD VISIT 2

The second visit took place during the last week of July. Prior to this visit, the existing dropped-
lens HPS fixtures were replaced with new HPS Type 11 full cutoff fixtures, and new lamps were
installed. The timing of this visit allowed adequate lamp burn-in time (100+ hours). During this
visit, photometric measurements were taken for the HPS luminaires. Information collected
included photopic and scotopic illuminance levels, and chromaticity coordinates. Photographs were
taken to provide qualitative indication of lighting performance. All light measurements were taken
after civil twilight. Specific objectives of Field Visit II included:

1) Collect HPS illuminance and CCT measurements on the Data Collection Form
(photopic illuminance (fc), scotopic illuminance (fc), chromaticity coordinates / CCT).

2) Take HPS on-site photographs

20 McCamy, Calvin S. (April 1992). "Correlated color temperature as an explicit function of chromaticity
coordinates". Color Research & Application 17 (2): 142-144.



FIELD VISIT 3

The third visit took place in the last week of August. During this visit, photometric measurements
of LED luminaires were taken. Information was collected on photopic and scotopic illuminance
levels. Illuminance measurements were taken at the same locations where they were taken for the
HPS luminaires and were taken after civil twilight. In addition, photographs were taken from the
same locations and with the same camera settings as in Field Visit II. Between the second and third
visits, new LED luminaires were installed to replace the HPS luminaires in the designated areas;
again allowing for 100+ hours of burn-in time.

Specific objectives of Field Visit I1I included:

1) Collect LED illuminance and CCT measurements on the Data Collection Form
(photopic illuminance (fc), scotopic illuminance (fc), chromaticity coordinates / CCT).

2) Take LED on-site photographs

OVERHEAD PHOTOGRAPHY VISITS

For broader perspective qualitative representations of lighting distribution and quality, overhead
photos were taken from a vantage roughly 40’ above road surface for each demonstration avenue
during two additional site visits. Photos were taken for HPS Type II full cutoff luminaires in
August and for LED luminaires in September.

Monitoring equipment used in the execution of the Monitoring Plan was either owned by Energy
Solutions, or obtained from the Pacific Energy Center Tool Lending Library or Sacramento
Municipal Utility District’s Energy and Technology Center. The equipment used is detailed below:

ILLUMINANCE METER

Solar Light SnP Meters with Photopic and Scotopic Detectors
PMA 220
PMA 2100 2!

CORRELATED COLOR TEMPERATURE METER
Konica Minolta Chroma Meter

POWER METER
Dent ElitePro Datalogger

DiciTAL CAMERA
Nikon D80

21 'The Solar Light PMA 2100 was cross calibrated to the PMA 220 by a series of tandem field measurements.
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Project Results and Discussion

Electrical Demand and Energy Savings

Data on the power characteristics of the base case HPS luminaires and the LED luminaires were
recorded over several nights for one of each fixture type using a DENT ElitePro Datalogger. The
measurements were taken for between 10 and 15 days. Because the meter was installed at a height
that was not within reach from the ground, the monitoring team relied upon PG&E and their street
lighting maintenance crew to install and remove the meters. The number of days metered for each
luminaire is a product of when the data meter could be installed and removed. No significant
variations in power consumption occurred during the measured period.?? Spot readings were also
taken on an HPS dropped-lens luminaire as these luminaires are common in the study area.

The base case HPS luminaire consumed an average of 138 watts per luminaire over the monitored
period. As a result the estimated annual power consumption for the luminaire, assuming 4100
hours of operation annually, is 567 kWh. The dropped-lens HPS consumed an average of 144
watts per luminaire over the monitored period, or an estimated annual power consumption of 583

kWh.

The energy consumption for the LED luminaires ranged from a low of roughly 41 watts for
luminaire type C to a high of roughly 69 watts for luminaire type D. This represents savings of
50% to 70% versus the base case HPS luminaire, or 280 to 400 kWh per year.

Complete measured power data and calculated power and energy savings from the base case for
each fixture are given in the following tables.

Table X: Measured Power Data

Luminaire Type Voltage (V) Current (A) Power (W)
HPS Type Il full cutoff (base case) 122.21 1.13 138.32
HPS dropped-lens® 122.20 1.20 144.10
LED A 123.23 0.48 58.66
LED B 120.50 0.52 62.22
LEDC 122.29 0.34 41.25
LED D 121.60 0.57 69.21

22 See Appendix A.

23 Significant digits vary as a result of different meter used for spot-measurement of HPS dropped-lens type
luminaire.
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Table XI: Potential Demand and Energy Savings

Estimated Annual Estimated

Power Savings Usage Annual Savings
Luminaire Type Power (W) (W) (4100 hr/yr, KWh) (4100 hrlyr, kWh)
HPS Type Il full cutoff (base case) 138.32 - 567 -
HPS dropped-lens® 144.10 -5.78 (-4.0%) 583 -15
LED A 58.66 79.66 (57.6%) 246 321
LED B 62.22 76.10 (55.0%) 255 342
LEDC 41.25 97.07 (70.2%) 169 398
LED D 69.21 69.11 (50.0%) 284 283

Lighting Performance

ILLUMINANCE

Due to variations between the Test Areas, it is not possible to draw direct comparisons on lighting
performance between the different manufacturer’s LED luminaires. As a result, each manufacturer’s
LED luminaires are initially compared only to the performance of the base case HPS luminaires
that were previously installed on the same street. Thereafter, computer modeling results are used to
provide a comparison of lighting performance on a hypothetical street.

MEASUREMENT POINTS

Photopic and scotopic illuminance measurements were taken over a 350’ x 45’ area containing 3
luminaires at spacings of 150°, and 200’ as described in the Monitoring Plan section. However, the
nature of these test sites was such that the monitoring was significantly obstructed in some cases
for the parking lanes and on the sidewalks: points at (’, 5°, 40°, and 45’ transverse to the street. Due
to the extent of obstructed monitoring points, illuminance calculations are based only on
measurements from the ‘traffic lanes™ those ranging from 10’ — 35’ transverse to the street.

As can be expected in any field test, there was slight variation within the Test Areas such as the
orientation of the luminaire arms, and the installation parameters of the luminaires. While this
results in measurements not in the exact preferred locations relative to each luminaire, any
deviation can be assumed to be identical for both the base case and new luminaires, thereby
negating its effect when those are compared.

METRICS

Illuminance metrics were calculated identically for each luminaire type, over both luminaire
spacings (150’ and 200°), and over the entire Test Area. All metrics were calculated for photopic
and scotopic illuminance measurements.

24 Significant digits vary as a result of different meter used for spot-measurement of HPS dropped-lens type
luminaire.
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For some pole spacings, the HPS and LED luminaires were not sufficient to illuminate all parts of
the Test Areas to a level detectable by the photometer (0.05 fc minimum detection). The numbers
of the points with light levels above that threshold, as a percentage of the total numbers of
measurement points, are shown below as ‘Grid Points Illuminated” This, combined with the
average illumination, indicates the amount of light provided by the luminaires.

Average illuminance levels were calculated based on all measured points in the traffic lanes, as
described above, and rounded to the nearest tenth of a footcandle. While these levels provide
some indication of the total amount of light output by each luminaire, they may not be wholly
indicative of lighting output.?

The uniformity of the light provided by the luminaires was measured by three metrics: Coefficient
of Variation (CV), Average-to-Minimum Uniformity ratio (AMU), and Maximum-to-Minimum
Uniformity ratio (MMU).

CV, also known as relative standard deviation, is a measure of the disparity between the actual
values of all measured points and the average of those values. It is calculated as the standard
deviation of the distribution, divided by the average illuminance. It is useful because it provides an
indication of the uniformity of all points across the test entire area. A lower CV is indicative of a
more uniform distribution.

AMU provides an indication of how low the minimum measured level is, compared to the average
of all measured values. It is calculated by dividing the average of all measured values by the single
lowest value measured.

MMU provides indication of the largest disparity in illuminance level between any two points in the
area of interest — the minimum measured value compared to the maximum measured value. It is
calculated by dividing the single highest of all measured values by the single lowest level measured.

When there is incomplete illuminance of an area, neither AMU of MMU can be calculated because
it would require dividing by zero. As a result, these values have been calculated for the illuminated
areas only: the average or maximum of measurable values divided by the lowest measurable value.
This signifies the disparity between the minimum and average values, and the greatest disparity
between two points, where measurable amounts of light were provided. This suggests what that
the disparities would be in a situation where the luminaire spacing was just sufficient to provide
100% illumination.

CoMPANY A LED LUMINAIRE

The LED luminaires from Company A were installed on 41 Ave. Both photopically and
scotopically, they provided measurable illumination over all of the 150 spacing, and over roughly
90% of the 200’ spacing. This is the same as the HPS luminaires in the 150° spacing, and an
improvement in the 200 spacing, The resulting 95% of points with measurable illumination over
the entire area under the LED luminaire was also an increase over the base case HPS.

The average photopic illuminance provided by the LED luminaires was decreased in both spacings
as well as over the entire area, although the average scotopic illuminance was conversely increased.
As mentioned above, these values may not be wholly indicative of lighting output.

The CV was lower with the LED luminaires versus the HPS luminaires across all spacings, and in
both types of illuminance. This indicates that, considering all measured points, the LED luminaires
tended to provide a more uniform lighting distribution than the HPS luminaires in all cases.

25 See ‘Discussion’ section.
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Photopically, the LEDs provided better uniformity in illuminated areas when measured by AMU
and MMU across the entire area and in the 200’ spacing, but slightly worse in the 150” spacing;
Scotopically, the LEDs performed worse in these metrics in all cases.

Consolidated illuminance values for the LED luminaires from Company A are shown below,
followed by surface plots generated to provide further qualitative understanding,

Table XI1: LED A Photopic llluminance

Grid Average llluminance | Coefficient | Average-to-Minimum Maximum-to-Minimum
Luminaire Points (All Measured Points, of Uniformity Uniformity
(Spacing) || llluminated footcandles) Variation (llluminated Points Only) | (llluminated Points Only)
HPS (150 100% 0.5 0.79 25:1 105:1
LED A (150 100% 0.3 0.61 36:1 12.0:1
HPS (200" 73% 0.4 1.15 56:1 210:1
LED A (200 92% 0.3 0.91 32:1 10.0:1
HPS (Entire Area) 85% 0.5 0.98 53:1 210:1
LED A (Entire Area) 95% 0.3 0.82 34:1 12.0:1
Table XI11: LED A Scotopic Illuminance
Grid Average llluminance | Coefficient Average-to-Minimum Maximum-to-Minimum
Luminaire Points (All Measured Points, Of Uniformity Uniformity
(Spacing) || llluminated footcandles) Variation (llluminated Points Only) | (llluminated Points Only)
HPS (150 100% 0.4 0.80 39:1 16.0:1
LED A (150 100% 0.7 0.67 76:1 28.0:1
HPS (200" 67% 0.3 1.20 45:1 16.0:1
LED A (200 91% 0.5 1.07 65:1 23.0:1
HPS (Entire Area) 81% 0.3 1.01 42:1 16.0: 1
LED A (Entire Area) 95% 0.6 0.93 70:1 28.0:1
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Figure 5: HPS Photopic Surface Plot, 41st Ave

Figure 6: LED A Photopic Surface Plot, 41st Ave

Figure 7: HPS Scotopic Surface Plot, 41st Ave

Figure 8: LED A Scotopic Surface Plot, 41st Ave
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CoMPANY B LED LUMINAIRE

The LED luminaires from Company B were installed on 38" Ave. The LED luminaires did not
provide 100% illumination over either spacing, while the base case HPS luminaires were sufficient
to illuminate all points in the 150° spacing but not the 200’ spacing. This was true both
photopically and scotopically, with corresponding decreases in the percentage of points with
measurable illumination across the entire area under the LED luminaires.

The average photopic and scotopic illuminance provided by the LED luminaires was also decreased
in both spacings as well as over the entire area although, as mentioned above, these values may not
be wholly indicative of lighting output.

As measured by CV, the uniformity was decreased in all cases (higher CV) for the LED luminaires
as compared to the HPS luminaires, although photopic uniformity ratios were decreased. This
decrease in uniformity ratios however, is likely an artifact of generally reduced photopic light
output by the LED luminaires as compared the HPS luminaires.

Consolidated illuminance values for the LED luminaires from Company B are shown below,
followed by surface plots generated to provide further qualitative understanding,

Table XI1V: LED B Photopic Illuminance

Grid Average llluminance | Coefficient Average-to-Minimum Maximum-to-Minimum
Luminaire Points (All Measured Points, Of Uniformity Uniformity
(Spacing) || llluminated footcandles) Variation (llluminated Points Only) | (llluminated Points Only)
HPS (150 100% 0.6 0.66 57:1 170:1
LED B (150" 63% 0.2 1.18 47:1 12.0:1
HPS (200" 76% 0.4 0.99 53:1 18.0:1
LED B (200" 51% 0.2 151 34:1 12.0:1
HPS (Entire Area) 86% 0.5 0.84 55:1 18.0:1
LED B (Entire Area) 56% 0.2 1.42 37:1 12.0:1
Table XV: LED B Scotopic Illuminance
Grid Average llluminance | Coefficient Average-to-Minimum Maximum-to-Minimum
Luminaire Points (All Measured Points, Of Uniformity Uniformity
(Spacing) || llluminated footcandles) Variation (llluminated Points Only) | (llluminated Points Only)
HPS (150 100% 0.4 0.70 44:1 140:1
LED B (150 71% 0.5 1.30 8.7:1 350:1
HPS (200" 72% 0.3 1.05 40:1 13.0:1
LED B (200" 51% 0.4 1.59 85:1 320:1
HPS (Entire Area) 84% 0.4 0.88 42:1 140:1
LED B (Entire Area) 60% 0.4 1.53 89:1 350:1
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Figure 9: HPS Photopic Surface Plot, 38th Ave

Figure 10: LED B Photopic Surface Plot, 38th Ave

Figure 11: HPS Scotopic Surface Plot, 38th Ave

Figure 12: LED B Scotopic Surface Plot, 38th Ave
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CoMPANY C LED LUMINAIRE

The LED luminaires from Company C were installed on 42rd Ave. Both photopically and
scotopically, they provided measurable illumination over nearly all of the 150° spacing, and over
roughly 70% of the 200’ spacing. This is an improvement over the HPS luminaires scotopically in
the 150’ spacing, and both photopically and scotopically in the 200 spacing. As a result, the
approximately 85% of points with measurable illumination over the entire area under the LED
luminaires was also an increase.

The average photopic and scotopic illuminance provided by the LED luminaires was decreased in
both spacings as well as over the entire area, although these values may not be wholly indicative of
lighting output.

CV was lower with the LED luminaires versus the HPS luminaires across all spacings, and in both
types of illuminance. This indicates that, considering all measured points, the LED luminaires
tended to provide a more uniform lighting distribution than the HPS luminaires in all cases.

The LEDs also provided better uniformity in illuminated areas when measured by AMU and MMU
in all cases, both photopically and scotopically.

Consolidated illuminance values for the LED luminaires from Company C are shown below,
followed by surface plots generated to provide further qualitative understanding,

Table XVI: LED C Photopic llluminance
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Grid Average llluminance | Coefficient Average-to-Minimum Maximum-to-Minimum
Luminaire Points (All Measured Points, Of Uniformity Uniformity
(Spacing) || lluminated footcandles) Variation (llluminated Points Only) | (llluminated Points Only)
HPS (150" 100% 0.7 0.84 71:1 28.0:1
LED C (150" 99% 0.2 0.62 24:1 7.0:1
HPS (200" 63% 0.5 1.32 8.0:1 28.0:1
LED C (200 72% 0.2 1.03 27:1 8.0:1
HPS (Entire Area) 79% 0.6 1.08 75:1 28.0:1
LED C (Entire Area) 83% 0.2 0.90 25:1 80:1
Table XVII;: LED C Scotopic llluminance
Grid Average llluminance | Coefficient Average-to-Minimum Maximum-to-Minimum
Luminaire Points (All Measured Points, Of Uniformity Uniformity
(Spacing) || llluminated footcandles) Variation (llluminated Points Only) | (llluminated Points Only)
HPS (150 94% 0.5 0.86 56:1 20.0:1
LED C (150" 100% 0.3 0.61 40:1 13.0:1
HPS (200") 57% 0.4 1.38 6.7:1 26.0:1
LED C (200" 73% 0.3 1.08 44:1 13.0:1
HPS (Entire Area) 73% 0.4 1.12 6.1:1 26.0:1
LED C (Entire Area) 85% 0.3 0.93 42:1 13.0:1



Figure 13: HPS Photopic Surface Plot, 42nd Ave

Figure 14: LED C Photopic Surface Plot, 42nd Ave

Figure 15: HPS Scotopic Surface Plot, 42nd Ave

Figure 16: LED C Scotopic Surface Plot, 42 Ave
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CoMPANY D LED LUMINAIRE

The LED luminaires from Company D were installed on 44% Ave. Both photopically and
scotopically, the LED luminaires provided measurable illumination over roughly 85% of grid points
in the 150° spacing, and roughly half of grid points in the 200” spacing. As a result, roughly two-
thirds of grid points were illuminated across the entire area. This is compared to the HPS
luminaire, which illuminated 99% of all grid points photopically, and 93% scotopically.

The average photopic and scotopic illuminance provided by the LED luminaires was also
uniformly decreased photopically, although it conversely increased scotopically. As mentioned
above, these values may not be wholly indicative of lighting output.

As measured by CV, the uniformity was decreased in all cases (higher CV) for the LED luminaires
as compared to the HPS luminaires, although photopic MMU values were decreased, and photopic
AMU was decreased in 1507 spacing;

Consolidated illuminance values for the LED luminaires from Company D are shown below,
followed by surface plots generated to provide further qualitative understanding.

Table XVI11: LED D Photopic Hluminance
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Grid Average llluminance | Coefficient Average-to-Minimum Maximum-to-Minimum
Luminaire Points (footcandles, All Of Uniformity Uniformity
(Spacing) || llluminated Measured Points) Variation (luminated Points Only) | (llluminated Points Only)
HPS (150" 97% 0.6 0.87 59:1 21.0:1
LED D (150" 83% 0.4 0.95 52:1 18.0:1
HPS (200') 100% 0.4 1.03 44:1 230:1
LED D (200" 53% 0.3 1.53 51:1 18.0:1
HPS (Entire Area) 99% 0.5 0.96 50:1 230:1
LED D (Entire Area) 66% 0.3 1.34 52:1 18.0:1
Table XIX: LED D Scotopic Illuminance
Grid Average llluminance | Coefficient Average-to-Minimum Maximum-to-Minimum
Luminaire Points (footcandles, All Of Uniformity Uniformity
(Spacing) || llluminated Measured Points) Variation (luminated Points Only) | (llluminated Points Only)
HPS (150" 90% 0.4 0.88 4.7:1 150:1
LED D (150" 83% 0.7 1.01 10.1:1 38.0:1
HPS (200" 95% 0.3 1.02 34:1 170:1
LED D (200" 51% 0.5 1.58 106:1 35.0:1
HPS (Entire Area) 93% 0.4 0.96 40:1 17.0:1
LED D (Entire Area) 65% 0.6 1.41 103:1 38.0:1



Figure 17: HPS Photopic Surface Plot, 44th Ave

Figure 18: LED D Photopic Surface Plot, 44th Ave

Figure 19: HPS Scotopic Surface Plot, 44th Ave

Figure 20: LED D Scotopic Surface Plot, 44th Ave
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LUMINAIRE COMPARISON

In addition to field measurements, computer simulations were run to model photopic illuminance
performance of all luminaires for a hypothetical street. This modeling provides useful data for
comparison that eliminates field variables associated with each specific installation site.
Additionally, greater precision for hypothetical data can be achieved using computer simulations
than is possible for data gathered in the field.

Modeling was done using manufacturer .IES files for a hypothetical 450 foot street with luminaire
spacings of 1007, 150°, and 200” (luminaires at 0’, 100°, 250°, and 450°). The width of the modeled
street was 40°, and the modeling resolution was 5.

To verify accuracy of computer modeling, computer models of Test Areas were also compared to,
and found to be in agreement with, field data.

Metrics for the modeled data were calculated identically to those for the measured data,? with the
exception of the uniformity ratios. Since the modeled illuminance values were not subject to the
same minimum illuminance limitations as the measured data, the uniformity ratios in the modeled
results were calculated using all grid points. This resulted in very high uniformity ratios in some
cases, where the luminaires provide very little illuminance. While uniformity ratios this high are
unrealistic in the real world due to ambient lighting, these values are informative as a metric for
comparing luminaires.?’

In the 100’ spacing, all luminaires other than LED B provided illuminance over all modeled points.
Average illuminance among the LED luminaires ranged from a low of 0.22 footcandles for LED C
to a high of 0.51 footcandles for both LED B and D. This is compared to an average of 0.93
footcandles for the HPS luminaires. CV was reduced by the LED luminaires A and C versus the
HPS luminaires, indicating that those LED luminaires tended to provide more uniform lighting
when considering the full distribution. Uniformity ratios were also decreased by LED luminaires
A, C, and D, again indicating increased uniformity.

In the 150’ spacing, complete or near-complete illuminance over all modeled points was provided
by the HPS luminaires, as well as LED luminaires A and C. Average illuminance among the LED
luminaires ranged from a low of 0.15 footcandles for LED C to a high of 0.35 footcandles for
LED D, while the HPS luminaires provided an average of 0.63 footcandles. Uniformity
improvements were again shown by CV and uniformity ratios by LED luminaires A and C versus
the HPS luminaires. However, uniformity was decreased by these metrics under LED luminaires B
and D.

Finally, in the 200 spacing, no luminaire was able to provide complete illuminance over all modeled
points. LED A performed the best at 84%, followed by the HPS luminaires and then LED C.
Average illuminance among the LED luminaires ranged from 0.11 footcandles to 0.26 footcandles,
again with LED luminaires C the lowest and LED luminaires B and D the highest. As in the 150
spacing, uniformity was increased by all metrics by LED luminaires A and C versus the HPS
luminaires, and decreased by LED luminaires B and D.

Consolidated illuminance values for all luminaires are shown below, followed by surface plots
generated to provide further qualitative understanding,

26 This includes ‘Grid Points Illuminated,” which was calculated as the percentage of all grid points with a
modeled illuminance level greater than or equal to 0.05 footcandles.

27 'The very high uniformity ratios indicated for some luminaires resulted from minimum illuminance values near
zero. In the real world, ambient light would raise these minimum values disproportionately to the average and
maximum values, thereby decreasing the uniformity ratios.
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Table XX: Modeled Photopic Illuminance Values for All Luminaires

Grid Average llluminance | Coefficient | Average-to-Minimum Maximum-to-Minimum
Luminaire Points (footcandles, All Oof Uniformity Uniformity
(Spacing) Illuminated®® Modeled Points) Variation (All Modeled Paints) (All Modeled Points)
HPS (1007 100% 0.93 0.63 7:1 17:1
LED A (100" 100% 0.44 0.45 3:1 6:1
LED B (100" 80% 0.51 0.96 215:1 868:1
LED C (100" 100% 0.22 0.36 2:1 3:1
LED D (100" 100% 0.51 0.70 4:1 11:1
HPS (150" 100% 0.63 0.87 9:1 36:1
LED A (150 99% 0.30 0.71 6:1 21:1
LED B (150" 72% 0.34 131 165:1 981:1
LED C (150" 100% 0.15 0.62 2:1 6:1
LED D (150" 79% 0.35 1.07 22:1 98:1
HPS (200" 79% 0.48 1.14 39:1 198 :1
LED A (200 84% 0.23 0.96 11:1 471
LED B (200" 49% 0.26 1.61 168:1 1,318:1
LED C (200" 65% 0.11 0.86 5:1 19:1
LED D (200 60% 0.26 1.36 1,228:1 7,176 : 1

28 While all grid points had some level of modeled illuminance and taken into account for these metrics, ‘Grid
Points Illuminated” was calculated to be consistent with that used with the measured date (the percentage of
grid points with an illumination greater than or equal to 0.05 footcandles).
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Figure 21: HPS Photopic Surface Plot, Computer Model

Figure 23: LED B Photopic Surface Plot, Computer Model
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Figure 25: LED D Photopic Surface Plot, Computer Model
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COLOR TEMPERATURE

Color temperature measurements were measured using a Konica Minolta Chromameter under three
HPS Type 11 full cutoff luminaires on each avenue and under three of each type of LED luminaire.
Correlated Color Temperature was calculated from measured tristimulus coordinates. The average
CCTs for each HPS luminaire and LED luminaire are provided below; all recorded values are given
in Appendix A: Monitoring Data.

Table XXI: Average Measured Correlated Color Temperature

Luminaire CCT (K)
HPS* 2,077
LED A 6,573
LED B 12,710
LEDC 4,582
LED D 5,781

*HPS CCT displayed is average over four streets, HPS CCT for each street is reported in Appendix A:
Monitoring Data

PHOTOGRAPHIC COMPARISONS

To provide further qualitative indication of lighting performance, various ground level and
overhead photographs were taken of each fixture type. These photographs were taken with a
Nikon D80 digital camera, with identical settings under HPS and LED luminaires.

First, various ground level photographs were taken to show the lighting underneath each fixture
type as it would be observed by a driver or pedestrian. These photographs were taken at a height of
5 feet, with the camera settings indicated below: It should be noted that, in order to provide better
indication of differences in lighting color, the white balance of the camera was manually set to
4000K for these photographs and held constant under all luminaires. One HPS and one LED
ground level photograph for each demonstration area is shown below.

Ground Level Camera Settings
Flash: No

Focal Length: 18 mm
F-Number: F/8
Exposure Time: 4 sec.
White Balance: 4000K
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Figure 26: Base Case Ground Level Photograph for LED A (41st Ave under HPS)

Figure 27: Ground Level Photograph under LED A (41st Ave)
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Figure 28: Base Case Ground Level Photograph for LED B (38th Ave under HPS)

Figure 29: Ground Level Photograph under LED B (38th Ave)
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Figure 30: Base Case Ground Level Photograph for LED C (42nd Ave under HPS)

Figure 31: Ground Level Photograph under LED C (42nd Ave)
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Figure 32: Base Case Ground Level Photograph for LED D (44th Ave under HPS)

Figure 33: Ground Level Photograph under LED D (44th Ave)
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To provide better indication of lighting distribution, photographs were also taken from an
overhead vantage point. These photographs were taken with automatic white balance adjustment,
and other camera settings as indicated below. One HPS and one LED overhead photo for each
demonstration area are shown.

Overhead Camera Settings
Flash: No

Focal Length: 18 — 20 mm
F-Number: F/5

Exposure Time: 2 sec.
White Balance: Automatic
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Figure 35: Overhead Photograph under LED A (41st Ave)

31



Figure 37: Overhead Photograph under LED B (38th Ave)
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Figure 39: Overhead Photograph under LED C (42nd Ave)
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Figure 41: Overhead Photograph under LED D (44th Ave)
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CUSTOMER ACCEPTANCE

The Pacific Northwest National Laboratory managed the customer opinion survey for this
assessment. A public opinion research firm, Fairbank, Maslin, Maullin & Associates, was engaged
to contact residents of the neighborhood by telephone and obtain their feedback on the new lights.
A total of 46 were reached, 31 of which (67%) had noticed the new street lights.

Of those that noticed the new street lights, the number providing opinions on each street ranged
from 9 to 15. As a result, the margin of sampling error was relatively high for each LED product,
precluding statistical extrapolation to a larger population. While there was also no statistically
significant preference for or against the LED luminaires compared to the base case HPS luminaires
in general, there was indication that customer opinion regarding LED luminaires in this study
varied by both manufacturer and by the specific aspect of lighting performance being considered.
In some cases, responses indicated increased perception of lighting performance from the LED
luminaires. This was especially true for areas in which the LED luminaires showed good
quantitative performance. In other cases respondents indicated perceived reduction in lighting
performance for the LED luminaires, suggesting that those particular luminaires may not have been
well matched to the particular installation area.
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Economic Performance

Cost and savings estimates were used to evaluate economic performance of each LED luminaire
versus the base case HPS luminaires through simple payback and net present value (NPV)
analyses.??

Economic estimates are sensitive to site-specific variables such as maintenance and energy
costs and LED luminaire cost. Of particular note, estimates are also dependant upon
assumptions for LED luminaire lifetime, which is a function of the life of all parts of the
luminaire (LEDs, driver, housing, coating, etc.). Manufacturers’ claims for luminaire
lifetimes are highly variable. Readers are advised to use their own cost estimates and
assumptions when possible.

ESTIMATED ENERGY COSTS

To estimate energy costs for each luminaire, a 2008 PG&E LS-2 rate schedule for customer-owned
street lights, was used.’® Under this rate schedule, street lights are billed a monthly set rate based on
the type of lamp and an assumed 4100 hours of annual operation. One hundred-twenty volt,
nominal 100 watt HPS luminaires are billed at a rate of $4.9220 per luminaire per month. While
PG&E is planning to generate rates for LED street lights, currently there is no published rate
schedule. As a result, an estimate of $0.12004 per kWh based on the LS-2 rate schedule was used.
The energy costs for the LED luminaires were then calculated assuming this charge and based on
the energy performance of each LED luminaire as measured in the field. Annual energy savings
ranged from $25 to $39 per luminaire for the LEDs.3!

ESTIMATED HPS MAINTENANCE COSTS

Street light maintenance can be divided into two broad categories: scheduled group lamp
replacements, and burn-out replacements due to lamp or other component failure. Often, a
combination of both maintenance categories is utilized, as burn-outs occur even in a group
replacement scheme. In this demonstration, PG&E’s total maintenance costs for HPS luminaires
were estimated based on reported labor and material spending for PG&E'’s street light maintenance
system, from January through September of 2008, for both group and burn out replacement
scenarios. General data on monthly system wide street light replacements via group and burn out
maintenance were provided for the same time period. A system wide annual maintenance cost per
luminaire was then calculated based on the fraction of PG&E’s total HPS street light fleet
(estimated at 197,000 units??) maintained through group replacement and burn out scenarios every
year and the total annual costs for each scenario.

2 NPV calculations were based on a project analysis term of 15 years, an escalation rate for all costs of 3%
annually, and a real discount rate of 5%. Readers are advised to use their own rates if applicable. See the
Simple Payback and Net Present Value Calculations Tables in Appendix D: Economic Data and Calculations.

30 See Appendix E: PG&E LS-2 Rate Schedule.
31 See Appendix A.

32 Based on communications with PG&E’s Distribution Maintenance division.
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Because mercury is present in HPS lamps, removed lamps are treated as hazardous waste. They
therefore incur addition disposal charges, which were also included in maintenance costs on an
annualized per-lamp basis.

Resulting costs used in this analysis are estimates based on available data; due to uncertainties on
reported costs and maintenance totals, these estimates should not be considered absolute. Readers
are advised to use their own estimates if possible. Assumptions and calculations can be found in
Appendix D: Economic Data and Calculations.

Monthly budget estimates from PG&E did not include administrative overhead and management
costs for the street lighting division. If these costs were included in the analysis, the annual
maintenance costs per fixture would be higher. The maintenance cost savings here are therefore
conservative. A large-scale change over to lower maintenance luminaires would likely reduce
administrative and management costs, though some of these costs would not vary with respect to
the maintenance performance characteristics due to a required base level of administrative and
management time, regardless of maintenance activity.

ESTIMATED LED MAINTENANCE COSTS

The manufacturers of the LED luminaires assessed in this study supplied predicted lives for the
LEDs used in the luminaires ranging from 50,000 to over 100,000 hours (roughly 12 to 29 years at
4100 hours per year). These lifetimes are significantly longer than an HPS rated lamp life of 30,000
hours, or roughly 7 years. Though LED lamps are expected to outlast HPS lamps, it was assumed
that LED luminaires would still require some level of maintenance costs for occasional catastrophic
failure and periodic routine visits for cleaning, inspection, photocell repair, and so forth.

Since LED sources tend toward rare catastrophic failure, the commonly accepted metric for
determining rated life is the amount of time the LED source takes to depreciate to 70% of its
initial lumen output (known as L70). However, the most relevant currently established industry-
standard testing procedure, IESNA LM-80, does not specifically provide a method for measuring
depreciation at the whole luminaire level. It is instead a component (package, module or array) level
test, which then must be correlated to overall performance based on the thermal and electrical
properties of the luminaire. Additionally, there is not currently an accepted standard for
extrapolating from the depreciation measured during LM-80 testing (6,000 hours) to depreciation
over the useful life of a luminaire. The IESNA is currently working on development of a
standardized method (TM-21) for extrapolation of LM-80 data, but this has not been finalized. As
a result, there is no unprejudiced methodology to propetly verify manufacturers’ claims for lumen
maintenance Additionally, as a luminaire consists of multiple components (LEDs, driver, housing,
coating, etc.), the expected useful life of the luminaire may not be the same as that of the LEDs.
Instead, the lifetime should be considered to be limited by the first of all the components
comprising the luminaire to fail.

In order to maintain a consistent comparison between the HPS luminaires and the four LED
products in light of the current difficulties with determining LED luminaire useful lives, a 16 year
(65,600 hrs) luminaire life was assumed. This is the lifetime given by the Database for Energy
Efficient Resources for HPS fixtures.? It should be understood that this assumption will likely
overstate the life of some LED luminaires, while understating the life of others.

3 The Database for Energy Efficient Resources (DEER) is a California Energy Commission and California
Public Utilities Commission (CPUC) sponsored database; available at http://www.energy.ca.gov/deer
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Since the assumed life of the luminaires is greater than the longest time period considered (15
years), end-of-life replacement costs were not included in this analysis. However, it was assumed
that a small percent (10%) of LED luminaires will fail before the end of this assumed luminaire
life. Luminaire replacement frequency was then based on an annualized probability of failure.34
Annual maintenance costs were calculated based on the probability of luminaire failure during and
after the warranty period for each manufacturer, because it was assumed that the cost of
replacement for LED luminaire failure under warranty would be only labor, while cost of
replacement after warranty included labor and luminaire replacement.3

LED luminaire costs were based on bulk purchase rate estimates (1000+ units) for each LED
manufacturer. Given the downward trend in LED luminaire costs today, future replacement costs
can reasonably be expected to be lower per unit, but due to a lack of information on expected cost
reductions, LED luminaire replacement costs were held constant. Note that individual or small
number luminaire purchases would likely carry higher luminaire costs than those used in this
analysis and thereby lengthen the simple payback period and decrease the net present value.

For the HPS luminaires, maintenance accounted for roughly 29% of the total annual cost (energy +
maintenance). Estimated maintenance costs for the LED luminaires varied depending on expected
luminaire costs and manufacturer warranty periods and ranged between 21% and 28% of total
annual cost, but 59% to 68% less than the HPS base case.3¢

Table XXI1: Estimated Annual Costs and Savings per Luminaire

Luminaire Maintenance Maintgnance Energy Cost Engrgy Total To.tal
Type Cost Savings Savings Cost Savings
HPS $24.44 -- $59.06 -- $83.50 --
LED A $8.17 $16.27 $28.86 $30.20 $37.03 $46.47
LED B $10.13 $14.31 $30.61 $28.45 $40.74 $42.77
LEDC $7.78 $16.66 $20.30 $38.77 $28.07 $55.43
LED D $9.04 $15.40 $34.05 $25.01 $43.09 $40.41

For comparison between LED and base case HPS options, two economic scenarios were
considered: a ‘new construction’ scenario in which LED luminaires are installed instead of the
standard 100 watt HPS luminaires, and a ‘retrofit’ scenario in which LED luminaires atre installed in
place of existing and fully functional 100 watt HPS luminaires. The details of these scenarios are
presented in the Simple Payback and Net Present Value Calculations tables of Appendix D:
Economic Data and Calculations.

NEwW CONSTRUCTION ECONOMICS

In the new construction scenario, the cost of installation is assumed to be the same for both
luminaire types. As a result, the incremental cost of installation for LED luminaires is only the
difference in material costs between the LED luminaires and the HPS luminaires. For the new

34 Tacking information, on probability distributions of failure over time, a uniform distribution was used to
g > p >

estimate annual failure rates.

% See LED Luminaire Maintenance Cost Estimates table in Appendix D for calculations and assumptions.

3% For further details, see Appendix D.
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construction scenario, simple paybacks for the LED luminaires ranged from 3.7 years to 15.3 years,
with 15-year net present values from -$96 to $512.

Table XXI111: New Construction Economics

Luminaire Initial Incremental Cost Annual Simple Payback 15-Year
Type Investment Savings (Years) NPV
HPS $107.00 -- - - --

LED A $400.00 $293.00 $46.47 6.3 $306.72
LED B $675.00 $568.00 $42.77 13.3 -$16.09
LED C $310.00 $203.00 $55.43 3.7 $512.34
LED D $725.00 $618.00 $40.41 15.3 -$96.43

RETROFIT ECONOMICS

In the retrofit scenario, there is no assumed initial investment in the HPS luminaires. As a result,
the incremental cost of LED installation is the full estimated cost of the LED luminaire plus
estimated installation costs, driving payback higher and net present value lower. For the retrofit
scenario, simple paybacks for the LED luminaires ranged from 7.4 years to 20.4 years, with 15-year
net present values from -$303 to $305.

Table XX1V: Retrofit Economics

Luminaire Initial Incremental Cost Annual Simple Payback  15-Year
Type Investment (Includes Labor) Savings (Years) NPV
HPS -- -- -- -- --
LED A $400.00 $500.00 $46.47 10.8 $99.72
LED B $675.00 $775.00 $42.77 18.1 -$223.09
LED C $310.00 $410.00 $55.43 7.4 $305.34
LED D $725.00 $825.00 $40.41 204 -$303.43

Calculated simple payback periods and net present values for each LED option are sensitive to
estimated maintenance savings, which will vary for a given street lighting customer depending on
cost of labor and materials, size of street light system, maintenance practices, and other variables.
Because of wide differences in maintenance costs, simple payback and net present value ranges
were calculated for new construction and retrofit scenarios for a range of maintenance savings
estimates. Readers are advised to use their own estimates if applicable. Also, due to many
unknowns regarding field maintenance requirements for the LED luminaires, simple payback and
net present values were calculated for two conditions: assuming the LED maintenance costs
estimated above and assuming an LED luminaire maintenance cost of zero. Figures Figure 42
through Figure 45 below plot simple payback and net present value curves for each LED luminaire
at a maintenance savings range of $0 to $100 for new construction and retrofit scenarios.
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Figure 42: Estimated LED Luminaire Simple Payback for New Construction Scenario
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Discussion

At the current state of the technology, white LED luminaires can be a viable, cost effective
replacement for HPS street lights and have the potential for significant energy savings. However, as
this study demonstrates, the viability and cost-effectiveness depends highly on the specific product
and specific application considered. In this particular application, two of the four LED luminaires
tested were shown to be both technically and economically feasible.

Technical Feasibility

For an LED luminaire to be a technically feasible replacement for an existing luminaire there are a
number of factors that must be considered. The first main category of factors is the purely
mechanical considerations. Examples of these considerations are whether the luminaire can be
propetly installed in the same location as the luminaire to be replaced, whether the luminaire is
durable enough to operate in the installation environment, and whether the luminaire is
interoperable with required accessories such as photocells. The other main category of technical
feasibility is that of performance considerations — whether the luminaire provides the necessary
amount of lighting, whether the lighting distribution is sufficient, etc. Included in this category are
also considerations such as the efficacy of the luminaires and the correlated color temperature of
light produced.

MECHANICAL CONSIDERATIONS

While some LED luminaires may not meet the mechanical requirements for replacement, the
preconditions for inclusion in this study were such that all luminaires studied met these criteria.
Specifically, all of the LED luminaires studied were required to be able to operate on a 120-volt
circuit, work with photocells, and to be installed on the existing mounting arms for the base case
HPS luminaires.

Beyond the preconditions for inclusion, there was variation in both the ease of installation and
perceived durability of the luminaires. LED luminaire B was perceived as the easiest to install and
adjust, especially for one installer, although installation time wasn’t significantly reduced from two
of the other luminaires (A and C). LED luminaire C was considered the next easiest to install,
although the perceived durability was less than the other luminaires. LED luminaire A required
some verification that installation was done correctly due to multiple possible electrical connections,
resulting in a slightly more difficult installation than the other two luminaires. LED luminaire D was
the most difficult to install, requiring some modification to the bracket on the pole for completion.
While purely anecdotal, this information was deemed appropriate for inclusion in this report as it
represents the opinions of experienced street light technicians. In general, all LED luminaires took
more time to install than the base case HPS luminaires, although this may be partially explained by
familiarity with those luminaires.

PERFORMANCE CONSIDERATIONS

The primary determinant of whether the LED luminaires performed sufficiently to be feasible
replacements for the base case luminaires was whether they provided adequate lighting. Commonly
accepted guidelines for street lighting are laid out in IESNAs Standard Practice for Roadway
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Lighting, RP-8-00 (Table 2: Recommended Values).’” For this particular demonstration area (local
roads with low pedestrian conflict), the applicable guidelines call for a minimum average photopic
illuminance of 0.4 footcandles and a maximum AMU of 6.0:1. It should be noted however, that
these guidelines assume certain lighting characteristics that may not be directly applicable to white
LED illumination; average illuminance values in and of themselves do not necessarily denote
superior light performance. This is because the lighting distributions may be such that hotspots
(areas of high illuminance and contrast) exist in areas directly below luminaires, increasing averages
but not necessarily adding useful light.

As a result of the potential problems with average illuminance, this study places more weight on
percentages of area with illuminance above 0.05 footcandles as a metric for providing adequate
lighting3® This is a gauge of whether luminaires maintain a minimum lighting level across the entire
area of interest. When combined with uniformity measurements and average illuminance levels, this
metric provides a good indication of the overall lighting performance.

While good lighting design for new installations will meet certain criteria (such as 100% of area of
interest illuminated, minimum uniformity levels, or average illuminance levels), these criteria may or
may not be met by existing installations. As a result, these criteria should not necessarily be used to
determine whether a new luminaire is a sufficient replacement for an existing luminaire. For
example, the base case HPS luminaires in this study only met the RP-8 guidelines in 2 of 12
luminaire spacings evaluated in the Test Areas.

Additionally, while light levels have traditionally only been measured by photopic illuminance, visual
perception follows scotopic illuminance during very low light conditions. The relative importance
of scotopic illuminance and photopic illuminance at modestly low light levels are still uncertain. It
is reasonable to assume though, that better lighting performance will result if minimum lighting
levels are maintained while scotopic illuminance is increased. In recent years interest has also grown
in scotopic light due to the potential to perceive objects more clearly from sources with enhanced
scotopic quality, particularly at night. As a result, both photopic and scotopic illuminance values
were measured and reported in this study.

It should also be noted that proper lighting design takes into account the mean lumen output of
light sources/luminaires. This provides indication of the average lighting performance over the
useful life of those luminaires. Unfortunately, accepted industry standards do not currently exist to
determine the depreciation of LED luminaire performance over time. As discussed previously in
the Economic Performance section, the most relevant currently established testing procedures do
not apply at the whole luminaire level. Instead, correlations must be made with other measurements
to predict changes in performance over time. Since there is not currently an accepted standard for
making this correlation, only initial outputs are considered here.

As mentioned in the ‘Project Results’ section, variations existed between the Test Areas used for
each LED luminaire type. Among others, these variations included differences in luminaire
mounting heights, differences in precise luminaire locations, differences in street geometry, and
differences in installation parameters such as luminaire aiming. As a result, direct comparisons
should not be made of lighting performance between the different manufacturer’s LED luminaires
based on the field testing. However, LED luminaires tested in this studied did vary substantially in

37 American National Standard Practice for Roadway Lighting. ANSI / IESNA RP-8-00, Approved 6/27/2000
Reaffirmed 2005. Page 8

38 0.05 footcandles was primarily chosen as minimum illuminance level because it was the lowest level detectable
by the meters used in this demonstration. This level is slightly lower than the minimum level acceptable by
RP-8-00 standards in this application, as determined by minimum average illuminance and maximum AMU
(0.4 fc / 6 = 0.0667 fc).
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their ability to provide equivalent lighting compared to the base case HPS luminaires in each Test
Area.

Readers are advised that the LED manufacturers assessed here also offer other LED street light
products that may vary in terms of energy and lighting performance. The results discussed here are
only meant to characterize performance of the specific luminaire models evaluated under this
study’s test conditions.

LED LUMINAIRE A PHOTOMETRIC PERFORMANCE

LED luminaire A generally provided measurable illumination over a larger area, and which was
more uniform, than the base case HPS luminaires. This is evidenced by the increased percentage of
grid points illuminated both photopically and scotopically as compared to the HPS luminaires over
the larger spacing and over the entire area, and the decreased coefficients of variation in all cases.
The LED luminaires also provided increased average scotopic illuminance values, although the
average photopic values were reduced. This does not necessarily denote inferior light performance
however, because the lighting distribution of HPS luminaires is such that they must over-light the
area directly below (creating ‘hotspots’) in order to maintain minimum levels further away.

HPS luminaires provide most of their light in wavelengths where photopic vision is more sensitive
than scotopic vision. As a result, the photopic MMU values should be considered when evaluating
the prevalence of hotspots in their distribution. Indeed, high MMU values over the entire testing
area indicate that the increased average illuminance values may be the result of hotspots. Qualitative
evidence of this is provided by observing the photopic surface plot. The much lower MMU value
in the 150’ than the 200’ spacing is the result of overlapping light from the two bounding
luminaires slightly raising the minimum illuminance level which, at very low light levels, can have a
significant impact. While MMU was increased scotopically by the LED luminaires, reduced CV
values in all cases indicates that, when considering all points, the LED luminaires still provided
more uniform light than the base case HPS luminaires.

LED LUMINAIRE B PHOTOMETRIC PERFORMANCE

As compared to the base case HPS luminaires, LED luminaire B provided a smaller area of
measurable illumination and reduced uniformity. This is evidenced by a decreased percentage of
grid points illuminated, and the increased coefficients of variation in all cases. While photopic
AMU and MMU values were improved by the LEDs, this is likely the result of generally decreased
photopic light output as opposed to increased uniformity. Qualitative evidence of this is provided
by observing the photopic surface plot.

The LED luminaires also provided decreased average photopic illuminance values, although the
average scotopic values were increased. This increase in average scotopic illuminance is likely the
result of hotspots directly beneath the luminaires, similar to those occurring photopically under the
base case HPS luminaires. Again, qualitative evidence of this is provided by observing the surface
plots in the ‘Project Results’ section.

LED LUMINAIRE C PHOTOMETRIC PERFORMANCE

Like LED luminaire A, LED luminaire C generally provided measurable illumination over a larger
area, and which was more uniform, than the base case HPS luminaires. This is evidenced by the
maintained or increased percentage of grid points illuminated both photopically and scotopically as
compared to the HPS luminaires in all cases, and the decreased coefficients of variation in all cases.
The LED luminaires also provided decreased AMU and MMU values in all cases, further indicating
better uniformity than the base case HPS luminaires.
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The LED luminaires did, however, have decreased average illuminance values compared to the base
case HPS luminaires in all cases. This does not necessarily denote inferior light performance
however, because the lighting distribution of HPS luminaires is such that they must over-light the
area directly below (creating ‘hotspots’) in order to maintain minimum levels further away.

As previously mentioned, the photopic MMU values should be considered when evaluating the
prevalence of hotspots in the HPS distribution. High MMU wvalues for the HPS luminaire in all
cases, combined with high CV wvalues, indicate that at least a portion of their increased average
illuminance values may be the result of hotspots. Again, qualitative evidence of this is provided by
observing the photopic surface plot.

It should be mentioned that LED luminaire C used the least amount of energy of any luminaire
tested, and was also the lowest output luminaire available from the manufacturer. It is reasonable to
assume that a moderate increase in light output could be achieved with a similarly uniform lighting
distribution, and slight increase in energy consumption.

LED LUMINAIRE D PHOTOMETRIC PERFORMANCE

LED luminaire D, similar to luminaire B, provided a smaller area of measurable illumination and
reduced uniformity compared to the base case HPS luminaires. The LED luminaires provided a
decreased percentage of grid points illuminated, and the increased coefficients of variation in all
cases. Photopic AMU and MMU values were improved by the LEDs, however scotopic AMU and
MMU values were worsened.

The LED luminaires also provided decreased average photopic illuminance values, although the
average scotopic values were increased. As with LED luminaire B, this increase in average scotopic
illuminance is likely the result of hotspots directly beneath the luminaires, similar to those occurring
photopically under the base case HPS luminaires. Qualitative evidence of this is provided by
observing the surface plots in the ‘Project Results’ section.

COMPARISON OF LED LUMINAIRE PHOTOMETRIC PERFORMANCE

The different luminaires in this study varied greatly in their ability to provide satisfactory light
output over different spacings. While, as previously mentioned, direct comparisons could not be
made between measurements taken in the field, computer simulations provide a means for such
comparison.

In modeled results LED luminaires A, C, and D, as well as the HPS luminaire, each provided
significant illumination across all points in the 100’ spacing. LED luminaires A and C and the HPS
luminaire each also provided significant illumination across all points in the 150” spacing, While no
luminaire considered was sufficient to provide illumination across all of the 200’ spacing, the
percent of illuminated points was increased by LED luminaire A versus the base case HPS
luminaire.

Modeled average photopic illuminance values were decreased by all LED luminaires versus the base
case HPS luminaires. High average photopic illuminance values for HPS luminaires may be partially
compensated for by the higher color temperature of the LED luminaires though, which would
increase scotopic levels. Among the LED luminaires, luminaires B and D generally provided the
highest calculated average illuminance values, followed by LED A, and finally LED C. In addition,
it is reasonable to assume that a moderate increase in light output could be achieved for the LED
luminaires while maintaining very similar lighting distributions, and with an increase in energy
consumption that would still be significantly less than the HPS luminaires. This is particularly true
of LED luminaire C, which had the lowest average illuminance values, but also used the least
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amount of energy of any luminaire tested, and was the lowest output luminaire available from the
manufacturer.

As has been indicated, the HPS average illuminance values do not necessarily denote superior light
performance due to the possibility that the averages are increased by hotspots. As a result, it is very
important to also consider the uniformity of lighting distributions. LED luminaire B had the
highest coefficient of variation of all considered luminaires in all cases, indicating the worst
uniformity when judged based on all calculated points. LED luminaire D had the second highest
CV in all cases, followed by the base case HPS luminaire. Both LED luminaire A and LED
luminaire C demonstrated reduced CVs versus the other luminaires in all cases, with LED C slightly
better than LED A. The uniformity performance of the LED luminaires was similar when
measured by uniformity ratios. The exception was LED luminaire D, which demonstrated increased
uniformity versus the HPS luminaire in the 100’ spacing, but decreased uniformity versus all the
other luminaires in the 200” spacing;

All considered, the LED luminaires varied in their viability to replace the base case HPS luminaire.
When based on percentage of points illuminated and uniformity from computer simulations, LED
luminaire A provided maintained or increased performance versus the base case HPS luminaire in
all cases. LED luminaire B, on the other hand, provided decreased performance in all cases. LED C
provided increased or maintained performance in the 100’ and 150” spacings, but not in the 200’
spacing, and LED D provided increased or maintained performance in the 100° spacing alone. As a
result, LEDs may be a viable replacement for HPS fixtures if the LED luminaire is well chosen.

OTHER PERFORMANCE CONSIDERATIONS

In addition to wvariation in photometric performance, the LED luminaires tested in this
demonstration varied greatly in other metrics such as Color Rendition Index, Correlated Color
Temperature, power usage, and efficacy. The metric which showed the least variation was that of
CRI; all of the LED luminaires showed increased CRI over the base case HPS luminaires. The
LED luminaires had CRIs determined by independent laboratory testing of approximately 75, 74,
68, and 72, for types A, B, C, and D respectively. The HPS lamps used in the base case luminaires
had a manufacturer reported CRI of 22.

The Correlated Color Temperatures calculated based on the lighting measured underneath LED
luminaire types A, C, and D ranged from roughly 4500 to 6500K, with LED C the lowest and LED
A the highest. These values are similar to some mid-wattage mercury vapor lamps (~5700K),
indicating that they are appropriate for street lighting applications. They are compared to the
calculated HPS color temperatures of roughly 2000K, and in keeping with the independent
laboratory testing of the LED luminaires, which showed CCTs from 5210 to 6227K. LED type B
however, had a calculated CCT of nearly 13000K and a laboratory tested CCT of 14628K. This is
likely to be too high to be acceptable to most customers.

The power usage of the LED luminaires ranged from a roughly 40 to 70 watts, depending on the
manufacturer. This is compared to the roughly 130 watts used by the base case HPS luminaires.
The variation in efficacy between the LED luminaires was more significant, however. The most
efficacious luminaire, LED C, emitted approximately 71 photopic lumens per watt. This was neatly
four times as much as the least efficacious luminaire, LED B, which produced approximately 19
lumens per watt. The other luminaires, LED A and LED D, produced approximately 55 and 47
lumens per watt respectively.® The base case HPS luminaires tested emitted roughly 45 lumens per

% Based on independent test laboratory results.
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watt;* lower than all but the worst performing LED luminaire. This indicates that, if necessary, any
of LED types A, C, or D could be used to generate an equivalent amount of photopic light output
to the HPS luminaires while using less energy.

Customer Acceptance

General opinions expressed regarding the LED luminaires in this study suggest that there is some
amount of variance in customer acceptance, by both manufacturer and by the specific aspect of
lighting performance being considered. In some cases, especially for LED luminaires in areas that
showed good quantitative lighting performance, there was indication of positive customer
perception of lighting performance. In other cases, responses indicating perceived reduction in
lighting performance suggest that those particular luminaires may not have been well matched to
the particular installation area. However, individual sample sizes were not great enough to extract
statistically valid conclusions regarding specific luminaires, ie., one vs. another. Similarly,
overarching trends did not show statistically significant preference for or against the LED
luminaires in general.

This lack of strong statistical preference is in some cases partially a result of the percentage of
respondents indicating no opinion, or others reporting that they had not even noticed the new
streetlights installed in their neighborhood. In this case, no news can be good news; it is reasonable
to take some number of the “no opinion/ do not know” responses, in addition to those who
explicitly noted “no change,” as qualitative indication that the LED luminaires are at least sufficient
replacements for the base case luminaires.

Ultimately, if a new energy-saving technology can be substituted for the old and no one notices or
is otherwise displeased, then the technology has surpassed what can be a significant market hurdle.
In contrast, technologies that engender significant negative qualitative response will continue to
face market resistance no matter how much energy they save.

Economic Feasibility

Market adoption of LED street lighting on a larger scale will hinge not only on lighting and energy
performance, but also on economic competitiveness for new lighting installations and retrofit
projects. The relatively high initial cost of LED street lights is certainly a barrier to wider use,
though costs continue to decrease, as has been noted previously. Energy savings also help to buy
down the incremental cost of LEDs relative to HID options, but the influence of this factor will
depend on the degree of savings and energy costs for a given product and location. Expected
maintenance cost savings for LED street lights, based on reduced need for burn-out or group
replacement visits annually, should further the economic case for LEDs. However, there are still
many unknowns regarding LED luminaire lifetimes; the diodes themselves are expected to last
quite long (50,000 + burn hours) but there is less certainty regarding component and overall
luminaire lifetimes (see Economic Performance section). Product warranties in this study ranged
from 2 to 7 years.

Decision makers may look at the simple payback of LED investments compared with HPS when
planning retrofits or new street light projects. Including estimated energy and maintenance savings,
it was found that a purchaser could expect 3.7 to 6.3 year paybacks for the more affordable and
higher performing options in a new installation scenario, and 7.4 to 10.8 for a retrofit scenario. For

40 Based on manufacturer provided photometric files and measured power usage.
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the lowest cost luminaire to meet a payback threshold of 5 years or less in the retrofit scenario, the
LED luminaire cost would need to drop by over $130 per luminaire or the savings (energy +
maintenance) improve by $25 - $30 per year per luminaire over current estimates.

However, since simple payback is not a very robust metric for economic decision making, this
assessment also included net present value calculations for investments in LED street lights. These
calculations are highly sensitive to the specifics of a given project, such as energy and maintenance
costs, a customer’s discount rate, escalation rates, and the time hotizon for investment decisions.
General assumptions were used here to calculate net present value for retrofits and new street light
projects; for the more affordable and higher performing luminaires, 15-year NPV was in the $300
to $500 range for new construction and $100 to $300 for retrofit. This is the equivalent of an
internal rate of return of 18% to 30% for new construction and 9% to 15% for retrofit. In many
cases these would be considered acceptable returns for street lighting investment decisions.

To reiterate, wide differences from location to location in maintenance and energy costs mean that
simple payback and net present value ranges may vary for LED street lighting projects. Readers are
advised to use their own estimates for economic variables if available.

Incentive programs could also help bring LED street light prices down to a more attractive level.
PG&E uses Emerging Technologies assessments to support development of potential incentives
for viable emerging energy efficient solutions. Because the performance and quality of LED
luminaires are critical to the long-term delivery of energy savings, it is important that incentive
programs include quality control mechanisms. Incentive programs should include performance
standards for qualifying products that include minimum criteria for warranty, efficacy, light
distribution, and other important criteria.

Potential Savings

The LED luminaires assessed in this study showed significant energy savings potential, achieving
from 50% to 70% energy savings compared to the base case HPS luminaires. Of course, lighting
performance must be taken into account along with any energy performance characteristics when
evaluating LED street lighting options. This study found that some of the LEDs delivered both
significant energy savings and equivalent or improved lighting performance relative to the HPS
luminaires. For these luminaires, potential energy savings through large scale adoption could be
significant.

A 2002 DOE report estimated annual energy usage of 31 TWh in the US from street lights alone,
for an inventory of approximately 38 million street lights.# Of these 59% are taken to be HPS, or
52% by energy usage, with average wattage of 192W.#2 While this wattage is somewhat higher than
the HPS base case of 138W in this study, the LED companies studied here offer higher wattage
luminaires. If it is assumed that the minimum energy savings achieved here (50%) could scale for a
higher average wattage HPS replacement, and assuming 100% replacement of the installed HPS
inventory nationwide with LED luminaires, 8.1 TWh of total annual energy savings would be

41 Navigant Consulting, Inc. (2002). “US Lighting Market Characterization, Volume 1.”
42 Tbid; Tables 5-17 and 5-19
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expected.®® At an EPA non-base load national average emission rate of 778g CO: equivalent per
kWh, this represents savings of 5.7 million metric tons of CO, emissions annually. 4

Based on a reported estimate of roughly 500,000 total HPS street lights in PG&E service tertitory
(both PG&E and customer owned) and the DOE reported average HPS wattage of 192W, total
energy consumption for PG&E HPS street lights would be 394 GWh (at 4100 hours per year).
Assuming replacement of all system HPS street lights with LED luminaires at 50% energy savings,
annual energy savings of 197 GWh are possible. At a PG&E average emission rate of roughly 240g
COz equivalent per kWh* this represents savings of 47.3 thousand metric tons of CO; emissions
annually. Replacing HPS street lights with LEDs throughout PG&E service territory would also
eliminate the costly hazardous waste stream of HPS lamps replaced during maintenance every year.
Assuming group and burn out replacement rates equal to those estimated for PG&E - maintained
street lights, and based on lamp disposal costs from PG&E data,* LED street lights could
eliminate 73,800 pounds of hazardous waste in PG&E service territory annually.

#50% (Demand Savings) X 52% (Total HPS Energy) X 31 TWh (Total Street Light Energy)

# See the EPAs Emissions & Generation Resoutce Integrated Database, e¢GRID2007 Version 1.0

http://www.epa.cov/cleanenerov/energy-resources/egrid /index.html

4 Estimate based on PG&E’ online Carbon Footprint Calculator conversion values. The calculator can be

found at: http://www.pge.com/mvhome/environment/calculator

46 See Annual HPS Luminaire Maintenance Cost Estimates in Appendix D.
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Conclusion

This demonstration shows that the potential for energy savings from LED street lighting is vast
using current technology. Furthermore, this potential is only expected to increase in the future as
LED technology continues to improve. However, this demonstration also shows that the viability
of LED street lights to replace conventional technologies depends on careful consideration of
both the specific application and the product chosen.

Two of the LED luminaires studied as a part of this demonstration were considered sufficient to
replace the base case HPS luminaires. However, the other two LED luminaires were not sufficient
in the cases measured in the field. In addition, while two of the LED luminaires performed as well
or better in all cases, neither they nor the HPS luminaires were deemed to provide adequate lighting
in the 200’ spacing. It would be advised that a replacement LED luminaire in the wider spacing be
of sufficient power and lumen output to provide significantly increased performance.

Similarly, of the four LED luminaires assessed, two were cost-effective in the scenarios considered
in this study. While the cost-effectiveness metrics used were dependant on application-specific
estimates of costs and savings, it can be reasonably assumed that this will be true in many cases.
Additionally, decreasing luminaire costs and increasing energy savings will result in even more cost-
effective scenarios in the future.

Both technical and economic performance of the LED luminaires continues to increase. This,
combined with growing industry acceptance of their higher performance as compared to HPS
luminaires, may provide early adopters the impetus to invest in the emerging technology. Utility or
government incentive programs could also help to tip the scale towards greater adoption of LED
luminaires for street light applications by reducing the initial investment. Utility incentive programs
should require minimum performance standards for qualifying products in order to ensure long-
term energy savings and lighting quality.

Readers of this study are advised to use their own cost and savings estimates, and to consider their
own unique installation characteristics before making any final decisions with regard to replacing
their existing street lights with LED luminaires. However, we believe that LED luminaires will
certainly be a viable, cost effective replacement for HPS street lights in many situations, with the
potential for significant energy savings.
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Appendix A: Monitoring Data

POWER DATA

Table XXV: Averaged Power Measurements.

Power
Luminaire Type Voltage (V) Current (A) Power (W) Factor
HPS Type Il full
cutoff (base case) 122.21 1.13 138.32 0.45

47

HPS dropped-lens 122.20 1.20 144.10 0.44
LED A 123.23 0.48 58.66 0.98
LED B 120.50 0.52 62.22 0.93
LEDC 122.29 0.34 41.25 0.98
LEDD 121.60 0.57 69.21 0.99

Measured with DENT ElitePro Datalogger

47 Significant digits vary as a result of different meter used for spot-measurement of HPS dropped-lens type luminaire



Figure 46: Sample of HPS Power Demand Data Series



Figure 47: Sample of LED A Power Demand Data Series
(Measured with DENT ElitePro Datalogger)



Figure 48: Sample of LED B Power Demand Data Series
(Measured with DENT ElitePro Datalogger)



Figure 49: Sample of LED C Power Demand Data Series
(Measured with DENT ElitePro Datalogger)



Figure 50: Sample of LED D Power Demand Data Series
(Measured with DENT ElitePro Datalogger)
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MEASURED ILLUMINATION DATA
38™ AVE. HPS FIXTURE DATA

Table XXV1I: 38th Ave. Photopic Illumination over HPS Test Area. (In fc)
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gecar car car shadow |car shadow 0.2 fshadow 0.0 0.0 0.0 0.1 0.2 0.3|shadow  Jcar ar 1.4 0.7 03 far car car car car car car ar ar ar 375
10 0.2 0.3|shadow 02 0.1 0.1 0.1 fshadow 0.0 0.0 0.0 0.1 0.1 0.2 04 0.7 12 11 0.6 03 0.2 0.1]shadow 0.1|shadow 0.2[shadow 0.2 fshadow 02| a5
-6.25' 6.25' 1875 31.25 43.75' 56.25' 68.75' 8125 93.75' 106.25' 11875 131.25' 14375 156.25' 168.75' 181.25' 19375 206.25' 21875 231.25' 243.75' 256.25' 268.75' 281.25' 293.75 306.25' 318.75' 33125 343.75' 356.25'
Table XXVII: 38th Ave. Scotopic Illumination over HPS Test Area. (In fc)
AA AB AC AD AE AF AG AH Al AJ AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ BA BB BC BD
1 0.7 0.8 0.4 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0shadow 0.1 0.0 0.1fshadow 0.1 0.1 0.1 0.1 0.1 0.1shadow 0.1 0.2 0.3 0.6 1.0 10| 25
2 0.9 0.9fcar 0.3Jcar 0.1fcar 0.0 0.0fcar 0.0 0.1]car 0.1 0.1 0.1fcar 0.2 0.1 fcar 0.1 0.1]car shadow Jcar 0.3Jcar 0.8 fcar 12) 25
3 1.1 11 0.5 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.1 0.3 0.5 0.4 0.8 1.4 13| 75
1.0 10 0.6 0.3 03 0.1 0.0 0.0 9.0 9.0 0.0 0.2 0.3 0.2 0.2 0.3 0.5 0.5 0.3 9.3 0.4 0.4 0.1 0.1 0.4 0.7 0.5 0.8 13 12] 125
1 0.5 0.6 0.4 0.3 0.4 0.3 0.1 0.0 0.0 0.0 0.0 0.2 0.4 0.4 03 0.7 1.3 12 0.6 0.2 0.3 0.2 0.1 0.2 0.4 0.5 0.3 0.4 0.5 04| 275
9 93 95 93 92 9.3 92 LR 9.0 99 90 9.0 9l 9.2 93 93 9. 13 12 95 93 92 9 ol 9.2 93 93 9.2 93 9.3 o3l 25
car car car shadow |car shadow 0.1 fshadow 0.0 0.0 0.0 0.0 0.1 ozlsnauow |cal ar I 10I 0.5 02 far car car car car 1nar car ar ar ar 375
P T T T T T Y Y T T Y Y Y T T BT Y BT BT Y BT T I P S Y B T T e
-6.25' 6.25' 18.75' 3125 43.75 56.25' 68.75' 81.25 93.75' 10625 11875 13125 14375 15625  168.75° 18125 19375 20625 21875 23125 24375 25625  268.75 28125 29375  30625' 31875  33125° 34375 35625

Vi




38™ AVE. LED B FIXTURE DATA

Table XXVIII: 38th Ave. Photopic Illumination over LED Test Area. (In fc)

AA AB AC AD AE AF AG AH Al AJ AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ BA BB BC BD
0.1 0.1 0.1 0.0 9.0 OIM 0.1 od 0.1 0.0 0.0 0.1 0.1 00 25
2 0.3 0.1fcar 0.0 0.0 0.1fcar 0.1 0.1 fcar 0.0 0.0 0.0 0.0fcar 0.1fcar car ar 03] 25
3 0.8 0.6 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1 od 0.6 L1 11l 75
4 0.6 0.7 0.5 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.1 02 0.5 0.6 0.6 0.5 02 0.1 0.1 0.0 0.0 0.0 0.1 0.2 0.6 0.9 08| 125
o 0.6 0.6 0.4 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 03 0.5 0.7 0.7 0.5 02 0.0 0.1 0.0 0.0 0.0 0.1 0.3 0.6 11 10| 175
9 0.7, 0.6 0.4 0.2 0.1 0.0] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.5 0.7 0.7 0.4 0.2 0.0] 0.1 0.0 0.0 0.0 0.1 0.2 0.6 0.8 08| 225
1 0.6 0.7 0.5 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.5 0.8 0.8 0.6 0.2 0.1 0.1 0.0 0.0 0.0 0.1 0.2 0.3 0.5 04| 275
9 0.1 0.3 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 02 0.6 11 1.0 0.6 02 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 01| 325
gecar 0.0fcar shadow |car shadow 0.0 0.0 0.0 0.0 0.0 0.0fshadow Jcar shadow |car ar ar ar o ar ar shadow 0.0 0.0fcar car car 0.0 0.0fcar 375
10]shadow 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.1 01 0.0 0.0 0.0 0.0 0.0 0.0fshadow 0.0 0.0 00| a5
-6.25' 6.25' 1875 31.25 43.75' 56.25' 68.75' 8125 93.75' 106.25' 11875 131.25' 14375 156.25' 168.75' 181.25' 19375 206.25' 21875 231.25' 243.75' 256.25' 268.75' 281.25' 293.75 306.25' 318.75' 33125 343.75' 356.25'
Table XX1X: 38th Ave. Scotopic lllumination over LED Test Area. (In fc)
AA AB AC AD AE AF AG AH Al AJ AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ BA BB BC BD
0.1 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0]shadow 0.0 0.0 0.1fshadow 0.1 0.1 0.0 0.0 0.0 0.0 0.0|shadow 0.0 0.0 0.1 0.1 01| 25
2 0.7, 0.2 car 0.1fcar shadow 0.0 0.0 0.0 0.0 0.0 0.0fcar 0.0 0.1 0.1ffcar 0.1 0.1 fcar 0.0} 0.0 0.0 0.0fcar 0.1fcar fcar fcar 07) 25
2.1 16 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.3 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.2 0.4 1.4 238 27| 75
4 1.6 0.2 0.4 1.0 1.4 1.4 0.9 0.3 0.2 0.1 0.0 0.0 0.0 0.1 0.4 1.2 2.2 21 125
9 18 0.2 05 12 17 17 0.8 0.2 0.1 0.0 0.0 0.0 0.1 0.2 0.4 11 ld 10] 225
1 1.6 0.2 0.4 11 2.0 19 1(1 03 0.1 0.1 0.0 0.0 0.0 0.1 0.2 0.7 1.0 07| 275
0.3 ci 0.4 0.3 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.5 15 2.8 2.3 1.0 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 o1] 325
gcar 0.1car shadow |car shadow 0.0 0.0 0.0 0.0 0.0 0.0fshadow Jear shadow |car ar ar ar ar ar shadow 0.0 0.0fcar car car 0.1 0.1fcar 375
P o I Y Y Y Y T Y Y T ) ) ) ) T I T Y ) Y ) I I ) ) 0 I I e
-6.25' 6.25' 18.78' 3125 4375 56.25' 68.75" 81.25 93.75' 106.25' 11875 131.25' 14375 156.25' 168.75' 181.25' 19375 206.25' 21875 231.25 24375 256.25' 268.75' 28125 29375 306.25' 31875 33125 34375 356.25'

VIII




41°" AVE. HPS FIXTURE DATA

Table XXX: 41st Ave. Photopic illumination over HPS Test Area. (In fc)

AA AB AC AD AE AF AG AH Al A AK AL AM AN AO AP AQ AR AS AT AU AV Aw AX AY AZ BA BB BC BD
2 2.0 1.9 Jcar car 0.6/ 0.2 0.1 0.0 0.0 0.0 0.0 0.1 0.1fcar x car ar 0.2 fear 0.1 far 0.1 0.1 0.1 0.2 0.2 0.4 1.0 1.9 fcar 25
3 23 2.1 11 K | Lol 0.4 0.1 0.0 0.0 0.0 ud 0.1 0.1 0.2 03 ol 0.4 ] | Lo | 0.2 0.2 0.2 0.2 0.2 03 0.4 05 10 2.1 2.] 75
4 2.1 2.1 11 0.8 1.1 0.5 0.1 0.0 0.0 0.0 0.0 0.2 0.3 0.3 0.3 0.4 0.6 0.5 0.3 0.3 0.3 0.3 0.2 0.3 05 0.5 0.5 11 2.0 20] 125
E 18 18 0.9 06 0.7 0.4 0.1 0.0 0.0 0.0 0.0 0.2 0.4 0.4 03 0.6/ 0.9 08 0.4 03 0.4 0.3 0.3 0.4 0.6 0.6 0.5/ 1.0 16 17| 175
13 1.1 0.7 0.4 0.4 0.2 0.1 0.0 0.0 0.0 0.0 0.2 0.5 0.6 0.4 0.7 12 11 0.5 0.3 0.4 0.3 0.3 0.4 05 0.5 0.5 0.7 1.0 12| 25
7 0.7 0.7 0.4 0.4 0.2/ 0.1 0.0 0.0 0.0 00 0.0 0.1 0.4 0.6 05 0.8/ 15 14 0.6 04 0.3 0.3 0.3 03 0.4 0.4 0.3 05 0.6 07) 75
f: 0.5 0.4 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.4 05 0.8 16 1.4 0.6 0.3 0.2 0.2 0.2 0.2 0.2 0.3 0.2 0.3 0.5 05| 325
9 0.3]car 0.2]car shadow  fear 0.0 0.0 0.0 0.0fshadow  Jcar x car o0.8fcar 1.3 0.6 03 far 0.1fcar car 0.1fshadow Jcar 0.2fcar 03] a7s5
10, 0.2shadow 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.4 0.7 12 1.0 0.5 03 0.2 0.1 0.1|shadow 0.1shadow [shadow 0.2 0.2 02| a5
6.25' 6.25' 1875 3125 4375 56.25' 68.75' 81.25 93.75' 10625 11875 13125 14375 15625 16875 18125 19375 20625 21875 23125 24375 25625  268.75 28125 29375 30625 31875 33125 34375 35625
Table XXXI: 41ST Ave. Scotopic illumination over HPS Test Area. (In fc)
AA AB AC AD AE AF AG AH Al AJ AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ BA BB BC BD
12 12 0.6 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1shadow 0.2 0.1 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.1 0.3 0.7 12 12] 25
2 1.5 1.4)car car 0.5 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.1car car car ar 0.2 fear 0.1 far 0.1 0.0 0.1 0.1 0.2 0.3 0.8 1.5 fcar 25
3 17 1.6 0.8 0.7 0.8 0.3 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.3 0.2 0.2 0.1 0.2 0.1 0.1 0.1 0.2 0.3 0.4 0.8 1.6 16] 75
4 16 16 0.8 06 0.5 0.4 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.2 0.2 0.3 0.5 0.4 Lo | 0.2 0.3 0.2 0.1 0.2 0.4 0.4 0. 0.9 15 16] 125
9 10 0.9 0.5 0.3 0.3 0.2 0.0 0.0 0.0 0.0 0.0 0.1 0.4 0.4 0.3 0.5 0.9 0.9 0.4 0.2 0.4 0.2 0.2 ] | 0.4 0.4 0.4 0.6 0.8 09] 225
0.6 0.5 0.3 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.4 0.3 0.6 12 1.0 0.5 0.3 0.3 0.2 0.2 0.2 03 0.3 0.2 0.4 0.5 os] 275
f: 0.4 0.3 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.3 03 0.6 12 10 0.5 0.2 0.2 0.2 0.1 0.1 01 0.2 0.2 0.2 03 0a] 325
9 0.2]car 0.1]car shadow  fear 0.0 0.0 0.0 0.0fshadow Jcar car car 0.6fcar 0.9 0.4 0.2 far 0.1fcar car 0.1fshadow Jcar 0.2fcar 03] a7s5
1 P s I T Y Y Y T Y T ) I I ) Y Y Y Y ) Y ) T Py e e S S e
6.25' 6.25' 1875 3125 4375 5625 6875 8125 9375 10625 11875 13125 14375 15625 16875 18125 19375 20625 21875 23125 24375 25625 26875 28125 20375 30625 31875 33125 34375 35625




41°" AVE. LED A FIXTURE DATA

Table XXXII: 41st Ave. Photopic lllumination over LED Test Area. (In fc)

AA AB AC AD AE AF AG AH Al Al AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ BA BB BC BD
L0 0.9 0.4 od 0.3 0.2 9.1 OOEhadow 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 8shadow 0.1 0.0 0.1 0.1 0.1 Olm 0.2 25
2 12 1.2]car car 0.4 0.3fcar 0.1 0.0 0.0 0.1 0.1 0.1 0.1 0.1]car ar car car hadow 0.1 0.1 0.1 0.2 0.2 0.2]car 0.5fcar ar 25
g 0.8 0.8 0.6 0.5 0.3] 0.3 0.1 0.1 0.0 0.1 0.1 0.1 0.2 0.1 02 0.5] 0.5 0.6 0.4 02 0.2 0.2] 0.1 0.2 0.2 0.3 0.4/ 0.6 0.8 08| 125
: 0.8 0.7 0.6 0.4 0.3 0.2 0.1 0.1 0.0 0.1 0.1 0.1 0.3 0.2 0.3 0.5 0.6 0.6 0.5 0.3 0.3 0.2 0.2 0.1 0.2 0.3 0.4 0.6 0.7 07] 175
9 0.6 0.6 0.5 0.3 0.2] 0.2 0.1 0.1 0.0 0.1 0.1 0.1 0.3 0.3 0.4 0.6/ 0.8 0.8 0.6 0.4 0.4 0.3] 0.1 0.2 0.2 0.2 0.3] 0.5 0.6 06f 225
1 0.5 0.5 0.4 0.2 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.3 0.3 05 0.7 0.8 0.8 0.6 0.4 0.4 0.3 0.2 0.1 0.2 0.1 0.2 0.4 0.4 os] 275
0.4 0.3 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.1 0.4 0.3 05 0.9] 0.9 1.1 0.6 0.3 0.3 0.3] 0.1 0.1 0.1 0.1 0.1 0.3 0.3 04f 325
gcar 0.2]car 0.1]car 0.0 0.0 0.0fcar kshadow  Jcar shadow  Jcar shadow |car 0.7 11 1.2 0.5 0.2 0.2 0.2]car 0.0 0.1shadow Jcar 0.2 0.2 02| 375
10| shadow 0.1]shadow 0.1shadow 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.2 0.2 0.4 11 0.7 0.3 02 0.1 0.1 0.1 0.0 0.1[shadow 0.1 0.2 0.1 01| a5
6.25' 6.25' 1875 3125 4375 5625 6875 8125 9375 10625 11875 13125 14375 15625 16875 18125 19375 20625 21875 23125 24375 25625 26875 28125 20375 30625 31875 33125 34375 35625
Table XXXII1: 41st Ave. Scotopic Illumination over LED Test Area. (In fc)
AA AB AC AD AE AF AG AH Al AJ AK AL AM AN AOQ AP AQ AR AS AT AU AV AW AX AY AZ BA BB BC BD
2.2 1.9 0.6 0.4 0.5 0.3 0.1 0.1fshadow 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.2fshadow 0.2 0.1 0.1 0.1 0.1 0.2|shadow 0.3 0.3 0.7 2.1 20| 25
2 2.6 2.7fcar car 0.7 0.4ffcar 0.1 0.0 0.0 0.0 0.0 0.1 0.1 0.2fcar fcar ar ar fshadow 0.1 0.1 0.2 0.3 0.3 0.4fcar 1.2 fear ar 25
2.1 19 16 1.0 0.7 0.4/ 0.2 0.1 0.0 01 0.1 0.1 0.1 0.1 03 05 0.7 0.7 0.4 02 0.2/ 0.2 02 0.3 03 0.4 0.8 15 2.1 20| 75
4 17 17 12 09 0.6 0.3 0.1 0.1 00 01 0.1 0.2 0.3 0.2 03 0.8 10 0.9 0.7 03 0.3 0.3 03 0.3 03 05 0.8 13 18 18] 125
q 13 12 1ol 0.4 03 0.3 0.1 0.1 9.0 0.1 0.1 0.2 0.4 0.6 081 14 18 L6 11 9.7 0.6 0.4 (] | ] | K | 0.4 25
1 0.9) 0.9 0.7 03 0.2 0.1 0.1 0.0 0.0 01 0.1 02 05 0.6 09 15 1.9 16 13 07 0.7 0.5 0.3 0.3 0.3 275
ool oo os 02 ol oa oo o0 00 o1 o ool oo os 10 20 20 22 i oz I P ou ou “_I 0s OEI o] s
gcar Ojcav 0.1fcar 0.0 0.0 0.0fcar hadow Jcar shadow fcar 1shauaw car 17 2.4 2.6 1.0 0.4 0.3 Ojcav 0.1 0.1fshadow  Jcar 0.3 0.3 0z| a75
P ) o2rasen T ) ) Y Y T T Y Y Y I T Y ) T T T Y T = T e
£.25' 6.25' 1875 3125 4375 5625 6875 8125 9375 10625 11875 13125 14375 15625 16875 18125 19375 20625 21875 23125 24375 25625 26875 28125 29375 30625 31875 33125 34375 35625




42"° AVE. HPS FIXTURE DATA

Table XXXIV: 42nd Ave. Photopic Illumination over HPS Test Area. (In fc)

AA AB AC AD AE AF AG AH Al AJ AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ BA BB BC BD
1.4 1.6 0.9 0.5 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0fcar shado 0.2 0.2 0.2 0.2 0.1 farshadowfcar shado 0.1 0.0 0.1 0.2 0.5 0.8 1.6 15] 25
2 1.8]car 1.1fcar 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0fcar 0.1fcar 0.2 0.3 0.3 0.2 0.2 far car car car 0.1 0.4fcar 1.0 18] 25
3 2.0 2.4 13 11 0.9 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.3 0.4 0.4 0.3 0.3 0.3 0.3 0.1 0.1 0.2 0.7 0.9 11 2.0 20] 75
4 ] | 2.3 1.2 1.2 1.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.3 01 0.7 0.6 L | 0.5 L | 0.4 0.2 0.1 0.4 1.1 1.1 1.1 2.8 19] 125
; 17 1.9 11 0.9 1.0 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.5 0.5 0.8 12 12 0.7 0.8 0.9 0.5 0.2 0.1 05 11 1.0 1.0 1.9 18] 175
Ll 12 LK | 0.5 0.5 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.2 101 11 1.0 2,0 2,0 L1 L0 L1 0.4 0.1 0.1 (o | R | 0.7 0.7 1.4 14] 225
1 0.7 0.8 0.5 0.5 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 11 18 1.2 26 2.7 12 0.9 0.9 0.3 0.1 0.1 03 0.4 0.5 0.5 0.9 11] 275
9 0.4 0.5 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 04 1.2 1.3 2.8 2.8 1.2 0.6 0.4 0.2 0.1 0.1 0.2 0.3 0.3 0.4 0.5 0s] 325
T Y Y Y Y Y Y Y Y Y I ) ) I ) ) T Y T Y D T T T e e
6.25' 6.25' 18.75' 3125 43.75' 56.25' 68.75' 81.25' 93.75' 106.25' 11875 13125 143.75' 156.25' 168.75' 181.25' 193.75' 206.25' 218.75 23125 24375 256.25' 268.75' 281.25 293.75 306.25' 31875 33125 34375 356.25'
Table XXXV: 42nd Ave. Scotopic lllumination over HPS Test Area. (In fc)
AA AB AC AD AE AF AG AH Al AJ AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ BA BB BC BD
11 12 0.7 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0fcar shado 0.1 0.1 0.1 0.1 0.1 fhadow  Jcar 0.1 0.0 0.0 0.2 0.4 0.7 12 11] 25
2 1.4]x 0.9fcar 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0fcar 0.0fcar 0.1 0.2 0.2 0.2 0.1 x x x 0.1 0.3fcar 0.7 14] 25
3 15 18 1.0 0.8 0.7 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.3 0.3 0.3 0.2 0.2 0.2 0.1 0.0 0.1 0.5 0.7 0.8 1.7 15) 75
4 15 18 0.9 0.9 1.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.3 0.6 0.5 0.4 0.4 0.4 0.3 0.1 K | 0.2 0.8 0.8 0.8 16 14] 125
; 13 1.4 0.8 0.7 0.8 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.4 0.4 0.6 0.9 0.9 0.6 0.6 0.7 0.4 0.1 0.0 0.3 0.8 0.8 0.8 15 14] 175
9 0.9 [X:] 0.6 0.4 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.8 0.9 0.8 L6 15 051 0.8 ] | 0.3 0.1 0.1 0.3 0.6 0.5 0.6 L1 1] 225
0.5 0.6 0.4 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.9 14 0.9 2.0 2.0 0.9 0.7 0.7 0.2 0.0 0.1 0.2 0.3 0.4 0.4 0.7 o8] 275
9 0.3 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.9 1.0 2.6 2.0 0.9 0.5 0.3 0.2 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0s5] 325
9 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2|car 0.0far 1.9 0.8 0.4 0.2 0.1 0.0]x 0.1 ull I. 375
T T T Y ) ) Y Y Y Y Y Y T I ) ) I ) Y Y T Y T T T T e e
6.25' 6.25' 18.75' 3125 43.75' 56.25' 68.75' 81.25' 93.75' 106.25' 11875 13125 143.75' 156.25' 168.75' 181.25' 193.75' 206.25' 218.75 23125 24375 256.25' 268.75' 281.25 293.75 306.25' 31875 33125 34375 356.25'

Xl




42"° AVE. LED C FIXTURE DATA

Table XXXVI: 42nd Ave. Photopic Illumination over LED Test Area. (In fc)

AA AB AC AD AE AF AG AH Al AJ AK AL AM AN AO AP AQ AR AS AT AV AW BA BB
0.4 0.5 0.3 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.3fhadow 0.2 fshadow 0.2 0.1 0.1 0.3 0.3 25
2 0.5fcar 0.4fcar shaow car shadow  Jear 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.2 fcar 0.3 fear 0.2 0.1fcar 0.4 fear 25
3 0.6 0.6 0.4 0.2 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.2 0.2 0.3 0.4 0.3 0.2 0.2 0.1 0.0 0.2 0.4 75
4 0.6 0.6 L | 0.3 0.1 2.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.3 0.4 0.4 L] | 0.2 0.1 0.1 0.3 0.4 125
od 0.6 0.4 K | 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.4 0.6 0.6 0.4 0.2 0.1 0.1 0.2 0.4 25
1 0.3 0.5 0.4 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.3 oaI 0.6 0.6 0.4 0.2 0.1 0.1 0.2 0.2 275
9 0.3 0.3 0.3 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.2 0.4 0.7 0.6 0.4 0.2 0.1 0.1 0.2 0.2 325
9 0.3 0.3 0.3 0.2 0.2 0.1 0.0far 0.0 0.0 0.0 0.1fshadow  Jear shadow 0.4 0.6fcar 0.3 0.2 0.1 0.1 0.2fcar 375
T T T Y ) ) Y Y Y T Y Y Y T T Y ) P > | 25
6.25' 6.25' 18.75' 3125 43.75' 56.25' 68.75' 81.25' 93.75' 106.25' 11875 13125 143.75' 156.25 168.75' 181.25' 193.75' 206.25' 218.75 23125 256.25' 268.75' 31875 33125 34375
Table XXXVII: 42nd Ave. Scotopic Illumination over LED Test Area. (In fc)
AA AB AC AD AE AF AG AH Al AJ AK AL AM AN AO AP AQ AR AS AT AW BA
0.7 0.8 0.4 0.3 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.2 0.3fshadow 0.3 fshadow 03 0.1 0.1 0.3 0.4 25
2 0.7car 0.5 fcar shadow Jcar hadow ar 0.0 0.0 0.0 0.0 0.1 0.2 0.3 0.3fcar 0.4 fear 0.3 0.1fcar 0.5 fcar 25
0.8 1.0 0.7 0.4 0.3 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.2 03 0.4 0.5 0.5 0.4 03 0.1 0.1 0.3 0.6 75
4 0.9 1.0 0.7 0.4 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.4 0.3 0.1 0.1 0.3 0.6 125
N ST IS S ) Y, ST S Y, ST BT Y S " - 7 — 7 o
q 0.7 0.9 0.6 9.3 0.3 0.2 0.1 0.1 0.6 9.3 0.2 0.1 04 0.5 25
1 0.6 0.6 0.5 03 0.3 0.1 0.1 0.2 0.6 03 0.2 0.1 0.3 0.4 275
0s es_l 0s 03 02 I 00 00 00 00 I Y o3 03 eEI i m_I os 03 02 ou 01 0s 25
9 0.3 0.4 0.3 0.3 0.2 0.1 0.0fcar 0.0 0.0 0.0 0.1shadow  Jear shadow  |car 1.0fcar 0.5 03 0.1 0.2 0.3fcar 375
P T T T ) T T Y Y Y Y Y Y Y T S Y ) ) Y D) 2 % 25
-6.25' 6.25' 18.78' 3125 4375 56.25' 68.75" 8125 93.75' 106.25' 11875 13125 14375 156.25' 168.75' 181.25' 19375 206.25' 21875 23125 256.25' 268.75' 31875 33125 343.75

Xl




44™™ AVE. HPS FIXTURE DATA

Table XXXVIII: 44th Ave. Photopic lllumination over HPS Test Area. (In fc)

AA AB AC AD AE AF AG AH Al AJ AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ BA BB BC BD
1 1.2 1.2 0.7 0.3] 0.2] 0.1] 0.1] 0.0 0.0 0.0 0.1 0.1 0.1] 0.1] 0.1] 0.2] 0.2|shadow 0.1 0.1 0.1 0.1|shadow 0.0] 0.1 0.3 0.5 0.9 1.5 1.4] -2.5'
2| 1.5[car 0.8 0.4]car 0.1] 0.1] 0.0 0.0fcar 0.1fcar 0.1] 0.2] 0.2] 0.3] 0.3car 0.2 0.2 0.2fcar shadow |car 0.2 0.5 0.6 1.0 1.8|car 25
3| 1.6 1.7 0.8] 0.4 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.4] 0.4] 0.3] 0.3] 0.3] 0.2] 0.1 0.1 0.4] 0.9 0.7, 11 2.1 20| 7.5
4] 1.6 1.6 0.9] 0.5f 0.3 0.2 0.2 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.5 0.7] 0.6 0.4] 0.5] 0.5] 0.4] 0.1 0.1 0.5] 0.9 0.7, 1.0 2.0] 19| 125
5] 1.4] 1.5] 0.8] 0.4 0.4 0.4 0.3 0.1 0.1 0.1 0.1 0.3] 0.4f 0.3 0.4f 0.7 11 1.0] 0.7] 0.7] 0.9] 0.5] 0.1 0.2 0.4] 0.5! 0.6 0.9 1.6} 1.6] 17.5
6 0.9 11 0.6 0.4] 0.3] 0.4] 0.2] 0.2 0.1 0.1 0.1 0.3 0.5] 0.5] 0.5] 1.0] 18 17 0.8 0.7 0.7 0.4 0.1] 0.1] 0.2 0.3 0.4 0.6 1.0 1.0] 22.5'
7| 0.6 0.8 0.4 0.3] 0.3] 0.3] 0.3] 0.2 0.1 0.1 0.1 0.2, 0.4] 0.5] 0.5] 1.1] 2.2 2.0 0.9 0.7 0.9 0.3 0.1] 0.1] 0.1 0.2 0.3 0.4 0.6 0.7] 27.5
8 0.3 0.5 0.3 0.3] 0.2] 0.3] 0.2] 0.2 0.1 0.1 0.1 0.1 0.3] 0.4] 0.5] 1.1] 23 2.1 0.9 0.5 0.4 0.2 0.0] 0.0] 0.1 0.1 0.2 0.3 0.4 0.4] 325
9 0.2 0.3] 0.2|car 0.1jcar 0.1jcar shadow _|car 0.1 0.1|shadow |car 0.5[car 2.1 1.8 0.8|car 0.2] 0.1] 0.0fcar 0.1|car 0.2|car 0.3car 37.5
10 0.2 0.2 0.2';adow 0.2|;aduw 0.1jshadow |[shadow [shadow [shadow 0.1] 0.2] 0.2] 0.;'_ 0.9] 1.6 1.5 0.;'_ 0.4} 0.2 0.1 0.01_ 0.0] 0.1'_ 0.1 0.11_ 0.2 0.2 0.2| 42.5'
-6.25" 6.25' 18.75' 31.25' 43.75' 56.25' 68.75" 81.25' 93.75' 106.25' 118.75' 131.25' 143.75' 156.25' 168.75' 181.25' 193.75' 206.25' 218.75' 231.25' 243.75' 256.25' 268.75' 281.25' 293.75' 306.25' 318.75' 331.25' 343.75' 356.25'
Table XXXIX: 44th Ave. Scotopic lllumination over HPS Test Area. (In fc)
AA AB AC AD AE AF AG AH Al Al AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ BA BB BC BD
0.9 0.9 0.5 0.2 0.1] 0.1 0.1 0.0 0.0 0.0 0.0] 0.0 0.1 0.1 0.1 0.1] 0.1 fshadow 0.1 0.1 0.1 0.1]shadow 0.0 0.1 0.2 0.3] 0.7 12 11| 25
2 1.1fcar 0.6 0.3Jcar 0.1 0.1 0.0 0.0 fear 0.0fcar 0.1 0.1 0.2 0.1 0.2 fear 0.1 0.1 0.1fcar shadow  Jcar 0.2 0.4 0.4] 0.8 1.4 fcar 25
3 1.2 1.3 0.6 0.3 0.2 0.2 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.2 0.2 0.2 0.2 0.1 0.1 0.3 0.7 0.6/ 0.8 1.5 1.5 75
4 1.2 1.2 LK | 0.4 0.2 0.2 0.2 X | 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.4 0.6 0.5 0.3 0.4 0.4 0.3 0.1 0.1 0.4 0.6 0.5 0.8 1.5 14 125
9 0.3 0.3 0.2 0.2 0.1 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.2 0.3 0.4 0.8 1.7 1.5 0.7 0.4 0.3 0.1 0.0 0.0 0.0 0.1 0.1 0.3 0.3 03] 325
9 0.1 0.2 0.1fcar 0.1fcar { 0.1 fcar 1snadaw fcar 0.0 0.1fshadow Jcar 0.3fcar 1 1.6 14 0.6 fcar 0.1 0.1 0.0fcar 0.0fcar 0.1fcar I DZIcar 375
10/ 0.1 0.1 0.1]shadow 0.1fshadow I 0.0 fshadow Isnauaw shadow shadow 0.0 0.1 0.2 03 uﬁl 1.2 11 0.6 03 0.1 0.0 cul uol uul 0.1 0.1 OJI ulI 01] 425
6.25' 6.25' 18.75' 3125 43.75' 56.25" 68.75' 81.25' 93.75' 106.25' 11875 13125 143.75' 156.25' 168.75' 181.25 193.75' 206.25' 21875 231.25 243.75 256.25' 268.75' 281.25' 293.75 306.25' 318.75 33125 343.75 356.25'

Xl




44™™ AVE. LED D FIXTURE DATA

Table XL: 44th Ave. Photopic lllumination over LED Test Area. (In fc)

AA AB AC AD AE AF AG AH Al AJ AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ BA BB BC BD
11 12 0.6 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.1shadow 0.4 0.4 0.2 0.2 0.1 0.1fshadow 0.0 0.0 0.1 0.3 1.0 1.2 0] 25
2 1.3]car 0.6 0.2fcar shadow 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.2fcar 0.6 0.6 0.3 0.3 0.1fcar shadow 0.0 0.1fcar shadow ar ar 13| 25
3 15 13 0.6 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.2 0.3 0.7 0.7 0.4 0.2 0.1 0.1 0.0 0.0 0.1 0.2 0.3 0.7 1.4 14] 75
4 37 13 0.6 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.5 0.8 3 0.5 0.3 0.2 0.1 0.1 0.0 02 0.2 0.3 0.6 16 23] 125
1 1.0 0.6 0.4 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.4 0.7 15 1.4 0.7 0.3 0.1 0.0 0.0 0.1 0.1 0.2 0.3 0.5 1.0 os] 275
9 0.7 0.6 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.8 1.7 13 0.7 0.3 0.2 0.0 0.0 0.1 0.1 0.2 0.3 0.4 0.7 0s5] 325
10 0s 0.4 0.2 0.2 0.2]snadow | ool o] o] | o.0] o.0f 0.0] 0.0 02 i | 12 B 02 0.1 o.0] o.f 0.1 0.1 0.2 0.2 0.4 osfhadow | a5
6.25' 6.25' 18.75' 3125 43.75' 56.25' 68.75' 81.25' 93.75' 106.25' 11875 13125 143.75' 156.25' 168.75' 181.25' 193.75' 206.25' 21875 23125 24375 256.25' 268.75' 28125 293.75 306.25' 31875 33125 34375 356.25'
Table XLI: 44th Ave. Scotopic lllumination over LED Test Area. (In fc)
AA AB AC AD AE AF AG AH Al AJ AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ BA BB BC BD
1] 2.1 2.2 0.9 0.3] 0.0f 0.0 0.0 0.0] 0.0f 0.0 0.0] 0.0] 0.1 0.2 0.3|shadow 0.7] 0.7 0.3 0.3] 0.2 0.1[shadow 0.0] 0.0f 0.2 0.4] 1.8 2.2 19| -2.5
2 2.6car 1.3] 0.4|car shadow 0.0] 0.0 0.0] 0.0 0.0] 0.0 0.1] 0.2 0.3|car 1.0 1.0 0.4] 0.3 0.2|car shadow 0.0 0.0]car shadow _|car car 24| 2.5
3| 2.8 2.6 1.4 0.5] 0.1 0.0 0.0] 0.0| 0.0f 0.0 0.0] 0.0] 0.0f 0.2 0.3 0.6 1.3] 1.4] 0.6 0.3] 0.2 0.1 0.0] 0.0] 0.1 0.3 0.6 13| 2.6 25| 7.5
4 3.0 25| 1.3 0.6 0.1 0.0 0.0 0.0] 0.0f 0.0 0.0] 0.0] 0.0f 0.2 0.3 0.9] 1.6] 2.1 0.9 0.4] 0.3 0.1 0.0] 0.0] 0.1 0.3 0.5 13| 2.8 25| 12,5
5| 3.2 2.2 1.1] 0.5 0.2] 0.0 0.0] 0.0 0.0] 0.0 0.0] 0.0 0.0] 0.2 0.4] 1.1 1.8 2.8 1.0] 0.5 0.3] 0.1 0.0] 0.0 0.1] 0.3 0.5] 1.1 3.3 22| 175
6| 2.7 1.6 1.0] 0.4] 0.2 0.0 0.0f 0.0| 0.0f 0.0 0.0f 0.0| 0.0f 0.2 0.5 14| 2.4 3.0 1.3 0.6 0.3 0.1 0.0f 0.0| 0.2 0.3 0.4 1.0] 2.6 17 225
7 20| 13 0.8 0.4] 0.2 0.0 0.0 0.0] 0.0f 0.0 0.0] 0.0] 0.0f 0.1 0.6 15| 2.9 29| 1.5] 0.6 0.3 0.0 0.0] 0.1} 0.1 0.3 0.4] 0.8 1.9] 12| 27.5
8 1.4 1.0 0.6] 0.3 0.2] 0.1 0.0] 0.0 0.0] 0.0 0.0] 0.0 0.0] 0.1 0.6] 15 3.0 2.8 1.4] 0.6, 0.2] 0.0 0.0] 0.1 0.2] 0.2 0.3] 0.7, 1.3 10| 325
9 1.0 0.9 0.5 0.3] 0.2fcar 0.0f 0.0| 0.0f 0.0 0.0f 0.0| 0.0f 0.0 0.4] 14| 2.8jcar 1.5[car 0.1 0.0|car 0.1] 0.1 0.2 0.3fcar 1.0fcar 37.5'
10| 0.7 0.7 0.3] 0.3 0.2|shadow 0.0] 0.0 0.0] 0.0 0.0] 0.0 0.0] 0.0 0.3] 1.0 2.2] 2.0 1.3_ 0.3 0.1] 0v0|_ 0.0] 0.1 0.1] 0.2 0.;'_ 0.7, 0.7|shadow 42.5'
-6.25' 6.25' 18.75' 31.25' 4375 56.25' 68.75'° 81.25' 93.75' 106.25' 118.75' 131.25' 143.75' 156.25' 168.75' 181.25' 193.75' 206.25' 218.75' 231.25' 243.75' 256.25' 268.75' 281.25' 293.75' 306.25' 318.75' 331.25' 343.75' 356.25'

XV




Table XLII: HPS Photopic IHluminance Summary

Max (fc) - Min (fc) - Avg (fc) - Avg UR - Max UR -

% Grid llluminated | Illuminated | llluminated | Hluminated | llluminated Avg (fc) - Min (fc) - Avg UR - Max UR - Coeff. Of

Spacing Avenue llluminated Area Area Area Area Area Entire Area | Entire Area | Entire Area | Entire Area Variation
38th 100% 1.7 0.1 0.6 5.7:1 17.0:1 0.6 0.1 5.7:1 17.0:1 0.66
150" 41st 100% 2.1 0.2 0.5 2.5:1 10.5:1 0.5 0.2 2.5:11 10.5:1 0.79
42nd 100% 2.8 0.1 0.7 7.1:1 28.0:1 0.7 0.1 7.1:1 28.0:1 0.84
44th 97% 2.1 0.1 0.6 5.9:1 21.0:1 0.6 0.0 >11.5:1 >42.0:1 0.87
38th 76% 1.8 0.1 0.5 5.311 18.0:1 0.4 0.0 >8.1:1 >36.0:1 0.99
200" 41st 73% 2.1 0.1 0.6 5.6:1 21.0:1 0.4 0.0 >8.1:1 >42.0:1 1.15
42nd 63% 2.8 0.1 0.8 8.0:1 28.0:1 0.5 0.0 >10:1 >56.0:1 1.32
44th 100% 2.3 0.1 0.4 4.4:1 23.0:1 0.4 0.1 4.4:1 23.0:1 1.03
38th 86% 1.8 0.1 0.5 5.5:1 18.0:1 0.5 0.0 >9.5:1 >36.0:1 0.84
Entire |41st 85% 2.1 0.1 0.5 5.3:1 21.0:1 0.5 0.0 >9.0:1 >42.0:1 0.98
Area |42nd 79% 2.8 0.1 0.8 7.5:1 28.0:1 0.6 0.0 >11.8:1 >56.0:1 1.08
44th 99% 2.3 0.1 0.5 5.0:1 23.0:1 0.5 0.0 >9.9:1 >46.0:1 0.96

Table XLIII: LED Photopic Illuminance Summary
Max (fc) - Min (fc) - Avg (fc) - Avg UR - Max UR -

% Grid llluminated | Illuminated | Hluminated | Illluminated | Illuminated Avg (fc) - Min (fc) - Avg UR - Max UR - Coeff. Of

Spacing Avenue llluminated Area Area Area Area Area Entire Area | Entire Area | Entire Area | Entire Area Variation
38th 63% 1.1 0.1 0.4 4.0:1 12.0:1 0.2 0.0 >4.7:1 >22.3:1 1.18
150 41st 100% 1.1 0.1 0.3 3.6:1 12.0:1 0.3 0.1 3.6:1 12.0:1 0.61
42nd 99% 0.6 0.1 0.2 2.4:1 7.0:1 0.2 0.0 >4.4:1 >13.0:1 0.62
44th 83% 1.7 0.1 0.5 5.2:1 18.0:1 0.4 0.0 >8.1:1 >33.4:1 0.95
38th 51% 1.1 0.1 0.3 3.4:1 12.0:1 0.2 0.0 >3.3:1 >22.3:1 1.51
200" 41st 92% 0.9 0.1 0.3 3.2:1 10.0:1 0.3 0.0 >5.4:1 >18.6:1 0.91
42nd 72% 0.7 0.1 0.2 2.7:1 8.0:1 0.2 0.0 >3.6:1 >14.9:1 1.03
44th 53% 1.7 0.1 0.5 5.1:1 18.0:1 0.3 0.0 >5.0:1 >33.4:1 1.53
38th 56% 1.1 0.1 0.3 3.7:1 12.0:1 0.2 0.0 >3.9:1 >22.3:1 1.42
Entire |[41st 95% 1.1 0.1 0.3 3.4:1 12.0:1 0.3 0.0 >5.9:1 >22.3:1 0.82
Area |42nd 83% 0.7 0.1 0.2 2.5:1 8.0:1 0.2 0.0 >3.9:1 >14.9:1 0.90
44th 66% 1.7 0.1 0.5 5.2:1 18.0:1 0.3 0.0 >6.3:1 >33.4:1 1.34

XV




Table XLIV: HPS Scotopic Illuminance Summary

Max (fc) - Min (fc) - Avg (fc) - Avg UR - Max UR -

% Grid llluminated | Illuminated | llluminated | lluminated | llluminated Avg (fc) - Min (fc) - Avg UR - Max UR - Coeff. Of

Spacing | Avenue Iluminated Area Area Area Area Area Entire Area | Entire Area | Entire Area | Entire Area Variation
38th 100% 1.4 0.1 0.4 4.4:1 14.0:1 0.4 0.1 4.4:1 14.0:1 0.70
150' 41st 100% 1.6 0.1 0.4 3.9:11 16.0:1 0.4 0.1 3.9:1 16.0:1 0.80
42nd 94% 2.0 0.1 0.6 5.6:1 20.0:1 0.5 0.0 >10.6:1 >40.0:1 0.86
44th 90% 1.5 0.1 0.5 4.7:1 15.0:1 0.4 0.0 >8.5:1 >30.0:1 0.88
38th 72% 1.3 0.1 0.4 4.0:1 13.0:1 0.3 0.0 >5.8:1 >26.0:1 1.05
200" 41st 67% 1.6 0.1 0.4 4.5:1 16.0:1 0.3 0.0 >6.0:1 >32.0:1 1.20
42nd 57% 2.6 0.1 0.7 6.7:1 26.0:1 0.4 0.0 >7.7:1 >52.0:1 1.38
44th 95% 1.7 0.1 0.3 3.4:1 17.0:1 0.3 0.0 >6.5:1 >34.0:1 1.02
38th 84% 1.4 0.1 0.4 4.2:1 14.0:1 0.4 0.0 >7.1:1 >28.0:1 0.88
Entire [41st 81% 1.6 0.1 0.4 4.2:1 16.0:1 0.3 0.0 >6.7:1 >32.0:1 1.01
Area |[42nd 73% 2.6 0.1 0.6 6.1:1 26.0:1 0.4 0.0 >0:1 >52.0:1 1.12
44th 93% 1.7 0.1 0.4 4.0:1 17.0:1 0.4 0.0 >7.4:1 >34.0:1 0.96

Table XLV: LED Scotopic Illuminance Summary
Max (fc) - Min (fc) - Avg (fc) - Avg UR - Max UR -

% Grid llluminated | Illuminated | llluminated | Hluminated | llluminated Avg (fc) - Min (fc) - Avg UR - Max UR - Coeff. Of

Spacing Avenue llluminated Area Area Area Area Area Entire Area | Entire Area | Entire Area | Entire Area Variation
38th 71% 2.8 0.1 0.7 8.7:1 35.0:1 0.5 0.0 >9.9:1 >56.4:1 1.30
150" 41st 100% 2.4 0.1 0.7 7.6:1 28.0:1 0.7 0.1 7.6:1 28.0:1 0.67
42nd 100% 1.1 0.1 0.3 4.0:1 13.0:1 0.3 0.1 4.0:1 13.0:1 0.61
44th 83% 3.3 0.1 0.9 10.1:1 38.0:1 0.7 0.0 >14.5:1 >65.9:1 1.01
38th 51% 2.8 0.1 0.7 8.5:1 32.0:1 0.4 0.0 >7.5:1 >55.5:1 1.59
200" 41st 91% 2.0 0.1 0.6 6.5:1 23.0:1 0.5 0.0 >10.2:1 >39.9:1 1.07
42nd 73% 1.1 0.1 0.4 4.4:1 13.0:1 0.3 0.0 >5.6:1 >22.5:1 1.08
44th 51% 3.0 0.1 0.9 10.6:1 35.0:1 0.5 0.0 >9.4:1 >60.7:1 1.58
38th 60% 2.8 0.1 0.7 8.9:1 35.0:1 0.4 0.0 >8.5:1 >56.4:1 1.53
Entire |41st 95% 2.4 0.1 0.6 7.0:1 28.0:1 0.6 0.0 >11.5:1 >48.5:1 0.93
Area |42nd 85% 1.1 0.1 0.4 4.2:1 13.0:1 0.3 0.0 >6.2:1 >22.5:1 0.93
44th 65% 3.3 0.1 0.9 10.3:1 38.0:1 0.6 0.0 >11.6:1 >65.9:1 1.41

XVI




CORRELATED COLOR TEMPERATURE

Table XLVI: Color Correlated Temperature of HPS and LED Luminaires

41" Ave. 38" Ave. 42" Ave. 44™ Ave.
HPS Correlated HPS Correlated HPS Correlated HPS Correlated
Luminaires Color Luminaires Color Luminaires Color Luminaires Color
Temp (K) Temp (K) Temp (K) Temp (K)
1 2142 1 2053 1 2043 1 2042
2 2139 2 2154 2 2050 2 2033
3 2140 3 2043 3 2053 3 2029
Avg 2140 Avg 2083 Avg 2049 Avg 2034
LED A LED B LED C LED D
Luminaires Luminaires Luminaires Luminaires
1 6565 1 11486 1 4637 1 5765
2 6694 2 12986 2 4552 2 5820
3 6460 3 13659 3 4558 3 5759
Avg 6573 Avg 12710 Avg 4582 Avg 5781
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Appendix B: Mesopic Illuminance

While light levels have traditionally only been measured by photopic illuminance, human perception of
light follows two distinct spectral response curves depending on the light level. The photopic spectral
response curve dominates during typical daytime, and results from the “cones” in human eyes. During
very low light conditions, perception follows the scotopic response curve, which results from the “rods”
in the human eye. At modestly low light levels however, such as those typical under nighttime roadway
lighting, both the photopic response curve and the scotopic tesponse curve are important. This is
known as the ‘mesopic’ range.

Unfortunately, the relative importance of scotopic illuminance and photopic illuminance in the mesopic
range is still uncertain. However, due to the significant import of this range for roadway lighting, one of
the competing models was used to calculate ‘mesopic illuminance’ levels despite the controversy.

The model used to calculate mesopic illuminance in this study is the Mesopic Optimization of Visual
Efficiency (MOVE) model. The MOVE model is a performance-based model developed at the Lighting
Laboratory at the Helsinki University of Technology for the European Community. It was developed
using the results of vision experiments which evaluated subjects’ ability to complete various tasks
required for night-time driving,

The MOVE model uses photopic and scotopic luminance values to calculate mesopic luminance values.
The photopic and scotopic illuminance data recorded during the course of this assessment were
converted into luminance, assuming that the roadway was a lambertian reflective surface with a
reflectance value of 0.07. The conversion formula is as follows: L (luminance) = E (illuminance) * P
(reflectance of the surface) / I1. The resulting photopic and scotopic luminance values were then used
to calculate mesopic luminance values, which were then converted to mesopic illuminance values by the
same formula.

Mesopically, LED luminaire A provided measurable illumination over an equivalent or larger area, and
which was more uniform, than the base case HPS luminaires. This is evidenced by the increased
percentage of grid points illuminate, and the decreased coefficients of variation. Average mesopic
illuminance values were decreased with the LED luminaires. As previously discussed however, this does
not necessarily denote inferior light performance. High MMU values for the HPS luminaires in the 200
spacing and over the entire testing area indicate that the increased average illuminance values may be the
result of hotspots. The lower MMU value in the 150’ than the 200’ spacing is the result of ovetlapping
light from the two bounding luminaires slightly raising the minimum illuminance level which, at very low
light levels, can have a significant impact.
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Table XLVII: LED A Mesopic Illuminance

Avg. to Min. Max to Min
Luminaire | Grid Points Coeff. Of | Uniformity, lllum. | Uniformity, lllum.
(Spacing) || llluminated | Avg (fc) | Variation Points Only Points Only
HPS (150" 100% 0.57 0.85 2.67 11.15
LED A (150" 100% 0.38 0.67 3.82 12.15
HPS (200" 75% 0.47 1.17 7.49 27.79
LED A (200" 92% 0.31 0.88 4.31 13.37
HPS (Entire Area) 86% 0.51 1.02 7.13 27.79
LED A (Entire Area) 96% 0.34 0.78 6.55 14.53

As compared to the base case HPS luminaires, LED luminaire B provided a smaller area of measurable
illumination and reduced uniformity mesopically. This is evidenced by a decreased percentage of grid
points illuminated, and the increased coefficients of variation in all cases. While AMU and MMU values
similar or slightly were improved by the LEDs, this is likely the result of generally decreased mesopic
light output as opposed to increased uniformity.

Table XLVIII: LED B Mesopic Illuminance

Avg. to Min. Max to Min
Luminaire | Grid Points Coeff. Of | Uniformity, lllum. | Uniformity, lllum.
(Spacing) || llluminated | Avg (fc) | Variation Points Only Points Only
HPS (150" 100% 0.56 0.67 5.63 17.05
LED A (150 65% 0.28 1.22 5.02 14.54
HPS (200" 77% 0.44 0.98 6.75 21.70
LED A (200" 54% 0.20 1.38 4.79 14.54
HPS (Entire Area) 87% 0.51 0.85 7.02 21.72
LED A (Entire Area) 59% 0.23 1.31 8.10 14.54

Like LED luminaire A, LED luminaire C generally provided measurable mesopic illumination over a
larger area, and which was more uniform, than the base case HPS luminaires. This is evidenced by the
maintained or increased percentage of grid points illuminated as compared to the HPS luminaires in all
cases, and the decreased coefficients of variation in all cases. The LED luminaires also provided
decreased AMU and MMU values in all cases, further indicating better uniformity than the base case
HPS luminaires. The LED luminaires did, however, have decreased average mesopic illuminance values
compared to the base case HPS luminaires. As mentioned above and previously discussed, this does not
necessarily denote inferior light performance. High AMU and MMU and values for the HPS luminaire
in all cases, combined with high CV values, indicate that at least a portion of their increased average
illuminance values may be the result of hotspots.
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Table XLIX: LED C Mesopic llluminance

Avg. to Min. Max to Min
Luminaire | Grid Points Coeff. Of | Uniformity, lllum. | Uniformity, lllum.
(Spacing) || llluminated | Avg (fc) | Variation Points Only Points Only
HPS (150" 100% 0.76 0.82 8.44 33.94
LED A (150" 99% 0.25 0.69 251 7.22
HPS (200" 65% 0.55 1.26 10.15 33.65
LED A (200 74% 0.20 0.97 3.54 9.78
HPS (Entire Area) 80% 0.64 1.04 9.58 33.94
LED A (Entire Area) 84% 0.22 0.84 5.63 9.78

LED luminaire D, similar to luminaire B, provided a smaller area of measurable mesopic illumination
and reduced uniformity compared to the base case HPS luminaires. The LED luminaires provided a
decreased percentage of grid points illuminated, and the increased coefficients of variation in all cases.
Mesopic AMU and MMU values were similar with the LEDs and the HPS luminaires. The LED
luminaires also provided decreased average mesopic illuminance values.

Table L: LED D Mesopic llluminance

Avg. to Min. Max to Min
Luminaire | Grid Points Coeff. Of | Uniformity, lllum. | Uniformity, lllum.
(Spacing) || llluminated | Avg (fc) | Variation Points Only Points Only
HPS (150" 97% 0.63 0.88 7.06 25.37
LED A (150 85% 0.45 1.04 6.39 21.45
HPS (200" 100% 0.47 1.02 5.64 27.79
LED A (200" 56% 0.32 1.43 7.45 21.45
HPS (Entire Area) 99% 0.54 0.96 6.52 27.79
LED A (Entire Area) 68% 0.38 1.24 9.67 21.45
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Appendix C: Monitoring Layout
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Figure 51: Test Site and Measurement Area
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Appendix D: Economic Data and

Calculations

Table LI: Annual Luminaire Energy Costs

Estimated Annual Energy Costs

! Based on PG&E LS-2 2008 Rate Structure

2 Monthly Fixed Charge x 12

3 Assuming 4,100 hr/yr. From PG&E LS-2 Rate Structure
* Based on PG&E LS-2 Rate Structure for HPS Luminaires
® Usage x Rate + Monthly Fixed Charge x 12

© 100W HPS Annual Cost - LED Annual Cost

100 Watt HPS

Monthly Fixed Chargel 4.9220|%/fixture

Annual Cost® 59.06|$/yr

LED A B C D
Demand 58.66 62.22 41.25 69.21
Usage® 240.51| 255.10| 169.13 283.76
Rate* 0.1200 0.1200 0.1200 0.1200
Annual Cost® 28.86 30.61 20.30 34.05
Estimated Annual Savings:6 30.20 28.45 38.77 25.01

W
kWh
$/kWh
$lyr

$/fixture
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Table LII: Annual HPS Luminaire Maintenance Costs

HPS Luminaire Maintenance Cost Estimates

Details
Maintenance Category
Group Burn Out

Cost per Replacement1 51.57 245.42|$/fixture
Annual Replacement Frequency2 8.20 8.16|%l/yr
Annualized Replacement Cost® 4.23 20.03($/yr

Annualized Cost per Luminaire® $24.26

Annualized Hazardous Disposal Cost per Lamp5 $0.18

Total Annualized Cost per Luminaire: $24.44

! Jan - Sept '08 Maintenance Spending in Each Category / Reported System Wide Replacements in Each Category
Includes material and labor cost, does not include administrative overhead

2 (Average Replacements per Month for Jan - Sept, '08 X 12) / PG&E System Wide HPS Street Light Total
Calculated tor each maintenance category seperately

3 Cost per Replacement X Annual Replacement Frequency

4 Sum of Annualized Replacement Costs for Each Maintenance Category

®HID lamps incur hazardous waste disposal costs, calculated at $1.07 per lamp (from PG&E data)
Annualized cost based on sum of replacement frequencies for lamps in group and burn out categories
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Table LI1I: Annual LED Luminaire Maintenance Costs

LED Luminaire Maintenance Cost Estimates

Assumptions
Failure Rate (before end of rated lamp life") 10%
Luminaire Operating Hours 4,100(hrlyr
Emergency Replacement Labor Cost” 223|%
Routine Service Labor Cost® 25|%
Routine Service Cycle 5[yr
LED Manufacturer

LED A LEDB LED C LEDD
Warranty and Replacement Frequency Details
Assumed Luminaire Life” 65,600 65,600 65,600 65,600

16 16 16 16

Manufacturer Warranty 5 2 5 7
Annual Probability of Failure® 0.66% 0.66% 0.66% 0.66%
Probability of Failure Outside of Warranty® 6.99% 8.81% 6.99% 5.75%
Probability of Failure Within Warranty’ 3.24% 1.31% 3.24% 4.50%
Economic Details
Luminaire Cost (Bulk Rate) 400.00 675.00 310.00 725.00
Annualized Cost of Failure Outside of Warranty® 2.72 4,94 2.33 3.41
Annualized Cost of Failure Within Warranty® 0.45 0.18 0.45 0.63
Total Annualized Cost of Failure 3.17 5.13 2.78 4.04
Total Annualized Cost of Routine Service™ 5.00 5.00 5.00 5.00
Total Annual Maintenance Cost 8.17 10.13 7.78 9.04

! Best guess estimate that assumes some fraction of luminaires will fail catastrophically before LED lamp failure due to normal wear and tear

2 Cost equal to cost of labor only for emergency HPS lamp replacement, see HPS Luminaire Maintenance Cost Estimates table

3 Cost equal to cost of labor only for routine group HPS lamp replacement, see HPS Luminaire Maintenance Cost Estimates table

“ Due to lack of data available to verify manufacturers’ L70 values, a 16 year (65,600 hrs) luminaire life was assumed for each LED

° Based on assumed luminaire life and failure rate: 1 - (1 - Failure Rate) ~ (1 / Assumed Luminaire Life)

% Based on annual probability of failure, assumed luminaire life, and length of warranty:
1 - (1 - Annual Probability of Failure) ~ (Assumed Luminaire Life - Length of Warranty)

7 Based on annual probability of failure and length of warranty: 1 - (1 - Annual Probability of Failure) » (Length of Warranty )

8 (Emergency Replacement Cost + Luminaire Cost) * Probability of Failure Outside Warranty / Assumed Luminaire Life

° (Emergency Replacement Cost) * Probability of Failure Within Warranty / Assumed Luminaire Life

% Cost based on Routine Service Cost x [1 / Routine Service Cycle]

hr
yr
yr

$/luminaire
$/luminaire
$/luminaire
$lyr
$lyr

$lyr
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Table LIV: New Construction Economics

Simple Payback and Net Present Value Calculations: New Construction Scenario

LED Manufacturer

LED A LED B LED C LED D
Costs and Savings
Incremental Cost* 293.00 568.00 203.00 618.00|$/fixture
Annual Maintenance Savings 16.27 14.31 16.66 15.40|$/fixture
Annual Energy Savings 30.20 28.45 38.77 25.01|$/fixture
Economic Evaluation
Simple Payback2 6.3 13.3 3.7 15.3|yr
Real Discount Rate® 5% 5% 5% 5%|/yr
Cost Escalation 3% 3% 3% 3%]|/yr
Term of Analysis 15 15 15 15]yr
Equivalent Discount Rate” 1.94% 1.94% 1.94% 1.94%|/yr
PVF® 12.91 12.91 12.91 12.91
NPV° 306.72 -16.09 512.34 -96.43($

1 LED Luminaire Cost - HPS Luminaire Cost

2 Incremental Cost / [Annual Maintenance Savings + Annual Energy Savings]

3 Rate used in this analysis is an estimate of municipal or utility scale customer expected rate of return on large capital investments

“ [Real Discount Rate - Cost Escalation] / [1 + Cost Escalation]

® [[[1 + Equivalent Discount Rate]*y ] - 1]/ [Equivalent Discount Rate x [[1 + Equivalent Discount Rate ]*Y]]
® [[Annual Maintenance Savings + Annual Energy Savings] x PVF] - Incremental Cost
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Table LV: Retrofit Economics

Simple Payback and Net Present Value Calculations: Retrofit Scenario

LED Manufacturer

LED A LED B LED C LED D
Costs and Savings
Incremental Cost* 500.00 775.00 410.00 825.00|$/fixture
Annual Maintenance Savings 16.27 14.31 16.66 15.40|$/fixture
Annual Energy Savings 30.20 28.45 38.77 25.01($/fixture
Economic Evaluation
Simple Payback2 10.8 18.1 7.4 20.4|yr
Real Discount Rate® 5% 5% 5% 5%]|/yr
Cost Escalation 3% 3% 3% 3%|/yr
Term of Analysis 15 15 15 15|yr
Equivalent Discount Rate’ 1.94% 1.94% 1.94% 1.94%|/yr
PVF® 12.91 12.91 12.91 12.91
NPV° 99.72 -223.09 305.34 -303.43|$

! LED Luminaire Cost + Installation Cost

2 Incremental Cost / [Annual Maintenance Savings + Annual Energy Savings]

3 Rate used in this analysis is an estimate of municipal or utility scale customer expected rate of return on large capital investments
“ [Real Discount Rate - Cost Escalation] / [1 + Cost Escalation]

® [[[1 + Equivalent Discount Rate]*y ] - 1 ]/ [Equivalent Discount Rate x [[1 + Equivalent Discount Rate ]*y]]
® [[Annual Maintenance Savings + Annual Energy Savings] x PVF] - Incremental Cost
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Appendix E: PG&E LS-2 Rate Schedule
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%mmdﬁ Concthion 4, Oinly dudy autherzed smployass
usimanrs. ads 1o, oF disconnect e s from,
FGAE's electical dotnbofon Latibbas.

Rearr Cu shall advance, PEAL
ooty vty o st elabion o sedvaneanant ol PLAE s axisting soou
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o Lusinamer masst
loag wmnwmmﬂmm in bkl above,
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SPECIAL 4 HOMREFUMDABLE PAYMENT FOR SERVICE INSTALLATHOM: M
CONDITIONS: |
{Cond'd § al Emh:mrn'!;ph:riﬂhﬂulp:gm.ﬂumhrmﬂumdm I
wmqﬂ:ﬂ a sorace delveny poat, A one-Bntg g
abtwaanci will be wmhnndmﬁﬂmmfnmwﬂﬂﬁ |
dmstribution componss of B enengy rabs postid m i Rate Schedul for ths |
Emps inglalied, The total alicwance shall be determned by laking the anmual |
equivakent k¥ tmes the Ditnbubon component of T rabe dooeded by The |
el of service factar shoan in Electne Rule 15.C |
|
b}  The aliowance will only be pronded where FOAE must mslall cagetal axssts o |
W%wmﬂmmmiamw: I
requisnd O & MR (AN} scheduls
hmmbhfd IIPwAH i :
mmbﬁqﬂnﬁmn
mmﬂnMM?MhﬂMthﬁwﬂ |
13) years foliowng commencemen| of senios I
L of st exlenmons n eacess of B above shall bs matalsd unds spsoal |
conditon 9. |
|
E :EW!EME:TMWHMMWMHM :
|
& muuunazunﬁ_ﬁzmmu- ﬂuzhnytn-:ﬁb‘hmwn?ﬁaﬁmﬂ :
ours cpaation pe apply 1o lamgs which Turmsd on oo
each night in aocordancs with 2 negulsr operating schadule selected by the |
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ELECTRIC SCHEDULE LS-2 Sheaat &

CUSTOMER-OWMHED STREET AND HIGHWAY LIGHTIMNG

OPERATING SCHEMUILES OTHER THAM ALL-NEGHT: Rates for regular
opsating schadues athar than bl almght wil be the AN rate, phes o mns,
respRcively, The hall- koo adpesovda o8 aach hail-hour mone o ks than an
wqgﬁilhnnp-mﬂﬁﬂq-ﬂ vall sgply anly by Larmpa an
ocpserating schadies of not U PR yTar, OF 3 hoUrs s

sl rruary b sggabeed For Z-hour dperaton Pholo conlrol deoges wed ko or {T}

Inss Tan AN mus] be approved by PGEE pror 1o adjusiments in biling
MUAHTEMANCE, RCCESS, CLEARMNCES
al  Mamlbenance

The Clazs B and C rates include a8 labor and matenial recessany for the

mspection, deaning, of replacemnien] by PGAE of lamps ard gasseaie.
Rieplacement is kmded to cedan gihsswam such as is commonly used and

A comnbansurate axtrd chage

wmmhmmﬂmnuamnm—q

The Class © rate afso moudes af labor and matenal mecessary dor

WWWE&‘MM& CEass I and © raes e

closod to new nstaliations and 1o additonal lamps in ensting acoounits 2 of

Mareh 1, 2004
Bl Under the grand laitoed Clans B and 0 rabes, S falowmg shal apply
1) Ar Cussorne's requas], whans POLE s redcarces permi, POLE wil

pand poles for Custord om a Bme and matenal bass. This serdon wil

ey Lt offered for poles thal have been desgrsd to e paintesd

21 PGAE will lsofale arvy Inouble in the Cusiomer's sysiem which has
rezuled in an conage or diminshed Iight cugput.

3 PGAE wil make necessary repars which do not requing wining

on aecaaubls winng batenan poles and on squipmant and

rRpiacamsni
wirnag in and on poies. 10 kesp this SySinm in Gpoerng condeicn

4] PGAE wil proade abor for Tie replacemant of mabenal such as boflasks,
rukirys, fitures, mdivdual cabls runs beteeen polas whine auch funs ane

i eondun, and pther ndradual pans of Be Sysiem Thal ane mol capial
lera.

51 Customer shall compensale PGEE for any mmenal fumished by PGRE

riot inchuded n 8A, above ﬂﬂmbﬁlmﬂuhpﬂmu
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ELECTRIC SCHEDULE L5-2 Sheat 10
CUSTOMER-OWMNED STREET AND HIGHWAY LIGHTING
SPECIAL 0 MAINTENARCE, ACCESS, CLEARANCES i'd
CONDITIONS. 1oy m
{Conl'd ) cf  Acoeds (Ml
Custonar will maintain adiquate acokss for PGRE'S standand equipsmant
usid i maintai Tanlhes and for nstallaton of its Bacilies. PGAE

o

reserves the nghl 1o collect addtonal mamienance costs due 1o obatrucied
AccEs3 or olher condiions prevering PGLE inom mariaenng its egupment
with starndard operating procedures. hpphmmﬁmmm shall be
?wwhhrmnwm:m a9 providod Tt in Speceal Conditon
B

Clasrances

Customer apphicant shald, at its expense, commec! all Soopes o cleaance
infracticns, or pay PGAE its total estimated cost for PGAE o relocate fcilses
h:r-l.'l:i:.m'l is aceptable o FGEEE. Failure to comply wish
coirechee ey wihm a ieasonabie Lrs may resull m deconbinuances of
serace n sotordance wih electes Huls 11, Appheant of Custoner shall be

responsdilo for tren imming 1o maintain kghting patiems of axisting hghts
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ELECTRIC SCHEDULE LS-2
CUSTOMER-OWNED STREET AND HIGHWAY LIGHTING

SPECIAL 9 LIME EXTENSIONS

CONDITIONS:

(Gent'd.) A Wwnere PGAE axierds as lncibbes bo street kght instalascns m advance of
susbsdrasnn propects whers subdnann mags have basn appecnsd by leeal
anrlhorhes, exlensesns will be malaled under the provmons of elecine
Rule 15, sxcapd 0a noled balow.

B, ‘Where PGSE exlends s lacikbes bo streel bghl mataBatons n e absence of

any approved subdivison maps, apphoant shall pay PGAE's estmated cost,
plus cost of canstship and tax. Standard korm contract 62-2527,

Agregmant to Perform Taef Related Werk, shal be used for these
malall g,

10. STREET LIGHT LAMPS - STANDARD AND NOMSTANDARD RATINGS: The
raties under Classes B and £ ane to both stardard and group
regilatamant sieet amps thmrmu

-mumwmmm IrFq ratings within e
percent of those specified in the EC ﬂuﬂ:ﬂlh ilamsent Lamps Used n

Sireat Lighting. Whése Class A senvies is %0 larmgs of other ratings fan
ihomas specifed in EELNEMA Standards an wil bp made i e lanng
ﬂhapmﬁuuhhhﬂumbﬂ.ﬂmﬂuwﬂhhnﬁ ared 1has
standand ampa of they Sants lunmien rting

1. CONTRACT: Ew::nﬂ-nulpmndudmﬂummh wﬁw-hsllhnu

BANAER I8 inslaled in ssnunetion e iasbbes rstnbed undar tha proviuors ol
Phaies 15 or 16, standard fomn confract H2=<L627T, A.g'lumhlﬂ'ﬂﬁmnl‘:.rﬂ
$:I'|-Iﬁll Wﬂﬂhmﬂhﬂm,mmmﬁ
relsrationg

12, POLE CONTACT AGHREEMENT: Where Cusiomer requesis io harve a parbion o

{Eorm T3 938) wil ba requred.
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.‘ S?&Frﬂm Cakiomia Cancaffng  Resised  Gad AULC Sheet Mo 2T0S8-E
ELECTRIC SCHEDLULE L&.2 Sheat 12

SPECIAL

CONDITIONS,

(Contd }

CUSTOMER-OWNED STREET AND HIGHWAY LIGHTING

3. BALLING: This Rate Schadust is subect bo PGEE's athar nfes
5305, a8 mary b apphcable, PGAE perfoms regular audbng as part of

biling
rat

Limdtad eanring af Enangy Efficlan Strasn Lighe T will ba sl
anm&mmuwuhrﬁwmﬂmﬁmm
lamp o be insied aen nof prosenty nchuded tabdea Such
installatons aie subjed 1o approeal by POAE Falliowng approval. test rmtalabons
will br beesd ol e customer's outrently bilod rabe. Custome©n sl pronde a
mwanicey of thad 'will b iegingd  The formad and corient ol the irrasniony
tham E. The Cofmpany resenas e ighl to sadd calomer,
Pﬂ!ﬂnmhrﬂﬂmtﬂmﬂ-uﬂﬂwwaﬂmh
. |imited b wxsting strect Bght Seheres and the total ome

imirst pol oo current enengy ush por fictune. Adﬂdrl.‘l
mmhtwmmnmmmmhmhmmh
cuirent fate upon the approval of PGEE. The leal psod wall not ancesd 12
rmciths.

E!JMME-HHHEW and delevary S8fvich SO0k from
PGAE ﬁnﬁ:-ﬂflhtlmbnqdm okl Rate st foth above

Transhional Bundlied Service Custamaers tais transacnal bunded sanion as
plmhdnﬁ.hlﬂ1m1}!_mhhmlﬂdmpﬁhm-udh
o (] month advandd nolics risquingd b oiect bundled portioho servicg as
presoribed in Rulns 22 1 and 23 1 Thess cusiomes. shall pay chargos for
WHMrﬁl@m |Hﬁt{_‘ servces, dainburbon,
Fl'.ﬂ.li‘-n-l‘nh-:q:#.ﬂﬂL

i‘.‘ﬂﬂ sapensshildy Surchasgs
mmrmmusm:ns«mmmms and shor-lerm
commadity prices as st dorth in Schedule TBCGC

Direct Access [DA) a.ndfl:lh'l'rmrﬂj- Choice Am.-gmm {CCA) Customers

a- lnl.h-m nl:h:ugntn GanEmEEE,
Irmmmmwmrd: sarvaceds, detnbation, pubilc 'Eﬁf""
iwhere apgibcabie], the mmt 0 he apphcatie GRS, The CRS
h :
H?MNMHHMHWHMW. Exgnptions 1o
R st forth i Schedudes D& CRS and CCA GRS
[4 CRS CCACRS
Enargy Cost Recovery Amount Charge (por KWh) 5000318 &0 00710
Pr.wu' Inddierance Adjustment (per Bn) (30 00008} [i) S0.004870 ()
Wﬁfl'ﬁhr S0.0047T B0,004TT
ETGW'H#P'H $0D0022 (R} B0.0002Z [R)
Total GRS (par kivh) S0.007 %3 £0.02745
14, DWR BOND CHARGE: mwuwammuﬂ VR Bond
Chaings was impdted by Calformia Pullic Lsbtes Comaisainn 02 1¢]~EE!
umdhdhyﬂ-cumﬂhﬂﬂl-ﬂuuﬂwryﬂnwﬁhd
Catfornia law. The Bond Charge apphies o all retail sales, excluding .nl

Misdical Hasaline salss. The DWW Bond Chaegs (whas applicabla) B incuded in
custonsers’ iofl billsd amounta.
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Appendix F: Lab Test Results for
Demonstrated LED Technologies
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Transverse Distance in Units of Mounting Heights
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CAMDELA DISTRIBUTION

1] 5 15 5 a5 a5 L 65 FE] BS a36.8
o[ o 7] m o 0 0 ] 0 o 0 ]
175 o o m A 0 7 ] i) o i o
165] o o 0 i 0 0 ] 0 o 0 0
155 o o 0 o 0 0 ] 0 o 0 ]
145 o 7] 0 o 0 0 7] 0 o 0 0
135 0 0 L] 0 L L 0 L] 0 0 0
125 @ o i o 0 0 ] i o i ]
15 o il 0 i 0 0 ] 0 o 0 ]
1ws] o i] 1] 0 i 0 i] 7 i 0 i]
ps| o ] 0 0 il 0 i] 0 0 0 i]
go[ o ] [ i 1] 0 ] [ i 0 ]
grsl o 0 [ i 7 0 i 0 i 7 i
Bs] o 0 1] 0 7] 0 ] [ 1 ] 13
X 7 5 3 [ [ 13 13 T 50 74
so|__27 24| 24 2 2 21 22 | 46 | 4 | 183 | zer
778 24 24 e 19 27 36 37 166 473 454 534
78] a6 36 36 36 &0 56 43 456 G4 1008 | 1158
728 a8 g 40 43 T Fd B BEH 1468 | 1713 | 18SS
7o &2 7 B1 £a B0 T 248 | 1257 | 1o | mem | 2am
Br.5 &b Fi 86 116 183 3T <l 1438 g ) Z4BT 2558
Bs| =02 1A 79 957 e 954 4753 1478 | 2078 | T | o
E2E| 12 an7 IR 50 ar 407 47 1488 | 1@04 | 18R2 | 18&A
BO| 849 154 ETTH] 427 480 CE T 14718 1FEE 1543 1528
57.5] 421 421 451 551 597 #69 502 1368 | 1437 | 1358 | 10a8
58] A1 519 581 [T T T 1012 1278 1257 116825 1178
525 G62 B2 0% B0 a1t Ba5 1068 | 1185 | 1187 | 1o8s | 1073
o[ 7ie 110 BB 7 T 2 5] 1071 | 112% | 1158 | 1014 | 1008 |
475 BB a7 B5D BBd 0432 7o 1033 | 1073 | 1128 | oes [
45| me2 B Bid BES 810 G600 B84 1046 | 1047 B4 A
40 &m B3 BaT ATh BAS B2 a0 B60 046 | oo 25
35| mE6a B4 B70 BT BT B4 B35 Bf 1025 | w4 48
30| Bss 852 B53 B4 BO9 770 743 B50 E S a74
b1 IR 775 763 741 712 008 71 B50 BB BES 980
20| msa 653 BEE BES B2 863 712 B5G 962 975 54
15] Eaz 632 R 632 B0 665 752 56 17 B30 936
10/ ®oa 604 A13 625 657 711 770 B10 B3R BAT 855
5| _es0 BE2 674 [ 706 723 743 T5S 761 766 766
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FLUX DESTRIBUITION TABLE BASED O THE TESNHA LUMINATRE CLASSIFICATION 5YSTEM

FLUX
® OF
LIS INATRE LLUMINAIRE

ZONE LUMENS LUSEMS

|FormaRD LIGHT 1948 62.7

FL L 0" -3") 120 18,5

UM UN P (30" -60") 1050 33,8
" UL PH (60" -30") 556 18,2
I K o (B0 -0 6 0.2

Ex FH
ALK LIGMT 1160 i7.3
Fi - " 5

"] . i B { 0°-30") 123 10,4

= - oM (30" -60°) 556 17.49

A (B0 =80 ) 278 q

{ _ B g e

v (80" -90") 2 0.1

UPLEGHT [u] [ 1]

UL (90°-1007) a o

BACH FRONT Ul (100°-180°) 0 g

| TRAPEED | DGHT | A | '™
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LTL Mumber: 14231 Dt 11-00-2008
Prepaned For; Pacilc Norifress) Nasoral Laborsony Batielie

PHML Cataksg Nurrbar: CALIPER 08-108

Lamgp: X White LEDs with clear plasic optics below aach.

LED Powar Supply: Ora Advanon LEDIMNTA1 00050 300

LuFmiraers Eficacy: 54T Lumene N as

Lamp Arc | Lamp Wavelength Wavelength
Wolage | Curresi Lamp Watis| Freguency i nm n Am
Radianl |Lumincus| Coer.Cobar | Color Rend, 350 B0
Fhis Fius  Temperstue Index R 360 20
Y mimen K 0 [Z503]
%) PR To0 | BT ¥ 380 &0
Chroma | Chroma 380 ﬁ
B-ET R i o
1 1 410 &7
- 40 £a
1 430 860
) TG
450 Ti0
45 Ta0
AT T
400 140
400 TEQ
S0} 760
510 7
520 TEQ
B30 TEd
B4l B
S50 10
1) B2 &0
810 Bid [CT]
580 B0 i
S0 45 &0
—
1%
i= A
-4 Iy
- 1t —
!: -1 =z —
ol N ~
o j.r N ‘-«-h___ﬁ-_
‘: -t ==_'_'_-—.
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|

TESTING WAS PERFORMED IN ACCORDANCE WITH IES LM-T9-08. aAporoved By: _L
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IES CLASSIFICATENN: TYPE 11 Ly
LORGITUDINAL CLASSIFICATINS: SHOKT
CLUTURE CRASSIER A TICES: FULL-CLU TCHFF™"
=W W O T DS B S LT T T
FENTR R 1 T T A Pl | B o TR b L el L
WP TN LA L R T LR
FLUX [MSTRIBUTHON
LUVIESS | BEVWSY LRI § USRI | OV alLs
I!‘-IuII}J:k T i 5% T4
\LT;':: i 0GR 49 i 5 R R
TOTALS (RN LR ] | 44
Approed By JT‘

&, ALEINT A

FIBATH, WS SOOI TRETY DD THE CAL B L TED P O T OO SETHONE OF ARSDLLTTE M0l ETR
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O THE PNFTOOET PCTOR AN
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TESTING WAS PERFORMED IN ACCORDANCE WITH IES LM-78-08.
TEST ANGULAR INCREMENTS AND REPORT FORMATTIG WAS BASED ON IES LM-31.8
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Transverse Distance in Units of Mounting Heights

T
]
e

LTL ) LUMINAIRE TESTING LABORATORY, INC.

JEENA

W05 VTl BErees - DR, FA, 1A - 0= T70- W04 - FRE 610 T7a-Ipia - AruL L re T ng 2o

ISOFOOTCANDLE LINES OF HORIZONTAL ILLUMINATION
VALUES BASED ON 25.00 FOOT MOUNTING HEIGHT

.

a
2
r —i -
4
5 I 'l
0 5 7

3 4
Lﬂ'lﬂi%-lﬁ]ﬂl Cistance i Units of Mounting Heights
thFlD.EDTIJHiF HALF-WAY CANDELA CONTOLR
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LUMINAIRE TESTING LABORATORY, INC.

FLAT e
M R

o
fat ]

CANDELA DISTRIBUTION
[1] 5 15 25 35 A5 55 65 75 a5 1]
180 a 1] ] [1] o 0 0 0 ] 1] o
175 1] [1] 1] [V ] i 1] (1] 0 [1] ]
165 a [1] o L] o 0 8] 0 o 0 o
155 i} i} i [i] o i} u] [i] i 1] o
145 1] ] 1] [ Qo 1] 0 0 0 1] o
135 a [i ] i i} o i} [i] 0 i) 0 o
125 i [1] 1] [V] ] ] 1] [1] 1] [1] ]
115 i} 1] 0 0 o 0 0 L1 ] 1] 0o
105 1 [1] 1] [V] ] 1] 1 1] ] 1] 0
5 1] 1] 0 1] 0 0 0 0 0 0 o
pil | u] 1] i) [i] o i} u] [i] i 1] o
Br.s 0 '] 0 [ 0 1] 0 0 0 0 o
B5 a [i] i 0 o i} 1] i} i 0 i}
825 1} 1] 0 [} o 0 u) 0 ] 1] o
B0 i} 1] 0 0 0o 0 u] 3 T 3 0o
s 1] 1] 1] Y] 0 3 10 10 18 T T
5 a ] 0 0 78 54 24 2i L1 7 10
?2.5[ & [} a6 a0 T2 51 a7 73 aa 58 24
10| 182 100 134 giiyt] 4 &3 o 124 135 4 51
BT.5] 163 165 150 124 o1 Ta 104 141 158 117 [T
E5 182 1683 148 117 (i} = 202 248 1891 145 T
B25 1&r 147 138 11g 102 141 E-H- F58 31'-1- 175 b ]
B 135 135 1298 112 132 250 362 168 274 211 02
s7.5] 13z 132 127 135 215 1T 576 380 EF 7] 20 11
55 150 157 167 197 341 488 512 401 S45 283 118
525 =27 215 it Eli] 447 T80 &TH 410 368 <548 117
80| ara ars 417 450 126 815 £52 422 455 i 123
4T5] 443 452 509 650 O&0 721 516 443 510 35 L)
45] 586 800 e CHah BST Ha 516 470 EES 307 120
411 1111 1115 1040 B2 TO3 586 27 524 645 253 123
401 10F0 1UF1 A4 818 6T a1 30 543 657 Ejﬂ IL
35] 7B T T35 il 583 558 B0 B35 B 293 128
W ez [ 558 574 553 558 &01 718 635 275 145
28] =ar 50T 501 568 501 628 T26 TTE SES 253 160
200 504 B12 Fa a8 BEE T3k Bs 7 468 230 162
18] 7o T 750 THHE a0s B20 745 563 amn 208 153
10] E24 BE Bz 7r8 Taz 60 536 Ll 2B 186 168
5] G636 827 0% S 413 381 anr 253 21 175 163
0 130 180 168 1 180 18 180 180 180 186 i1
PEL J-LTL WEBER 14333
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105
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70
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CANDELA DISTRIBUTION
95 105 115 125 135 145 155 165 175 180
L] 0 0 0 0 ] 1] 0 ] L]
0 1] 0 0 i 0 Q 1] ] 0
1] 0 o 0 0 1] 1] 1] 1] 1]
0 1] 0 L] i 1] Q 1] ] [
0 0 1] o 0 0 i ] 0 1]
0 1] 1] 0 ] 0 0 1] 0 1]
i 0 Lt o i 1] 1] ] e i
0 0 L] 0 1] ] 0 0 ] 1]
0 i i 0 ] L) i i i i
L] 0 '] 0 1) o ] 0 1] 1]
0 1] 0 0 1 0 1 1] 1] 1]
1] 1] 1) a i ) i & a ]
0 0 L) 0 0 0 1] ] ] 0
[1] 0 [1] [1] 1] ] 1] 1] ] (1]
o 0 o o 0 0 1] 1] 1] 0
] 1] 0 L] a ] i i] i] 1]
[ o o 0 1] 0 1] 1] ] 1]
10 ) 2 o i 0 i ] L) ]
12 8 3 o 0 ] 1] 0 1] 0
13 16 4 0 0 0 1] 0 1] 0
16 24 10 0 a ] i 1] ] 0
£l 31 12 4 i ] Q 0 o o
i) 28 22 7 ] 0 i i] ] 1]
Ik £ A0 Py i 0 0 0 1] 0
44 X 33 o] 15 2 Q 0 ] ]
51 31 L X3 34 10 i 1] 1] L]
54 33 40 M 47 28 10 1] ] 0
60 3 &0 B4 I a5 a0 10 T i
73 N 51 = 3| 48 ] 48 36 ]
B EY] 57 45 i 40 48 57 61 5T |
L] ar 49 449 il F 43 51 a7 i %]
T I 45 7] 54 46 45 48 54 54
L] 3 dd a8 Bl 57 i i 5 48 E_
10 4% 349 51 58 T o T n r
130 63 L 3 5z 60 &0 &0 60 &3
127 Fitl 55 ] ar 43 44 51 55 54
151 120 88 =t a6 39 i) 36 35 Eil
153 138 127 114 103 3 =5 ] 81 ] a7
1B 180 16 1B 180 1B 180 180 180 180
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MAXIMUM PLANE AND CONE PLOTS OF CANDELA
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FLLTY DISTRAUTHON TADLE BASHD ON THE IESNA LUMINAIEE CLASSIFICATION SYSTEM

I1||
UL
BYHE
BH
L]
BACK

BL

FL

FRONT

L N 4 o

H

FaH

FLLX
% OF
LUMIMATRE LLMINATRE

TOWE LLIME W5 LUMENS
|r-:|n'.».'un LEGHT 9% 92.8
FL [ O =30} J45 44.5
B (3 =00") 589 8.8
FH (B0 =-BO°) a6 9.5
P (507 =50" ) a [
BACE LIGHT T2 r 4

BL ( 9 =M} &8 £.8
Bd (30" -60 A0 5
B (O -850 ) L 0.4
B (B0 -90") a L
UPLIGHT i i
UL (50°-100°) (i 0
Wl [ 1007 =180" ) [4] [

I TRAPPIDN LIGHT L LT .
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Prepared For; Pacilis Modfwess! Matonal Labordong/Batielle

PHML Catalcg Numer: CALIFER 08-107

Lurrinsars: Casd and forrmed shumirum housing, Tomed speculir shermmnum rflscior, clear plasic encioans.
Lamgp: 14 Wihite LEDs

LED Power Supply. Linmarked LED powesr supply

Lurminairn 1 TEMWm
Lemp Arc | Lamp Wavelenglh Wavekength
Wolage | Curreni | Lamp Watls| Freguency i nm
LM'W —BOre: | —
Radign] | Luminous Caler Rend B0

Flux, Flux Index Fea

L i

B0 | 028 15 743
“Chroma |

S e R A B e R \
EE'E‘EE%'EFHEEEEEEHEEEEEEE

[i]
[ &[]
0.1
E: A
I /5!
E.
f \ e —
i'l: _.'Jr . —_ -=._________
W @ W W W m m m  m
Wirrlmngts jrmj

TESTING WAS PERFORMED IN ACCORDANCE WITH IES LM-79-08. approved Br._'ﬁ_
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1Il ‘lbll:'ﬂllil!gl!il1'r INDEFPEHDENT TESTING LABODRATORIES. INC.
LWt CLMT LMo P s i beacs e 3080 LOMGHORN ROAD, BOULDER, GO BOB02 LISA

PHONE: (J03)442-12365 » FAX [30345-52T4 « E-MAIL adbocicsicom + WEBSITE: weanw itiboulder coim
AERART MUMESS: TFLELLED DATE: LOS2ESDE Faga 1 af 12
FREPRRED BOS: RDE

CATALOG HURBSR CREIFER DaE-110

LUMINALRE ! CRET METAL HOUSING WITH FINNED TOF SECTION. ONE WHITE ©31 iF BOARD
WITH 3¢ LEDS, LI CLEAR MOLDED FLASTIC INTERICR LEN3IES ATTACRED TO
CIRCUIT BOARD EACH WITH 9 QOPTICS. ONLY 3¢ OPTICS OF INTERIOR LEWIES
MAS & CORBEXPOMDING LED, MOLOED cHAY PLASTIC REFLECTOR, CLERR MOLDED
FLRSTIC EXTERION ZRe LFHS, FABAICATED SPECHLAR METAL LENS FRAME.

LR THIRTE-SI8 WEITE LIGET SHITTIRG DICUEE [LEDF], VERTICRL EREE-UF
PREIZION.

LED DRIVER: LEOTER ELECTRONICE CORR. LP1O50-24-Go-1T0

FOMIODMETRIC

INSTRUMENTATICN: ITL Maving Mirrer Gonisphotometsr = 25.257 Test Distancs
Yoakogawa WT2ZL0 Bigiral Powbks Matars
Elgar CWIS01 RS Powar Eourcd
tmega H¥=-21 Bigital Thersmometer with Type J chermocouple

EFECTRORADIOHNETRIC

IHSTRUMENTATION: Yokogawa WI2l0 Digital Fowwer MHeter
cptronic Zaboratories QLT Epectroradiometer
1.5 mater integrating sthere
Elgar CMISH]l AT Powsr Sourcs

CRJEST OF TEST: Measure distribution photomsszy and input slestpical pavamsrers on ths
ganiophatamater. Report candela discributicn and caleulated Lumen
AEpUE. Measure the Ttocal Flux sutpur im lumens, Correlated Color
Tamparacurs (OCT), Colasr Rendering Index (CRI), Chromatiziey
Coordinates {xfy: wiiv'), and Spectral Power Digeribucion (EPD) of the
lumipaires and input electrical paramsters when operated in ths
antegrating sphere. Mesasure tepmperature of the luminaire ac ons
locacion.

PROCEDURE | The luminaive was supplied by clisnt with an unkoowsn mugker of butn
heucs. The lumlnalss was poewasmed ovesnlght befoze sach teat.
Stabilizaticon data was recozded to assuze stabile cperation
(stabilizaticn data availakle on zeguess). Distoibution photometzy and
fnpiie alectrical data wers messdred with the unie msuntesd oo the
gqanisphatarater. O80T, ORI, xSy and 0"y chromatisity coordinates,
SPD. total flue, apd input slsctrizal data wers msasured with ths umnie
eperating in the integracing sphers. In order to measurs the mean
carformancs, twenty daca sees were averaged using the Optraonics OLTI0.
h Typs J thermocouple was attached to the sprface of rhe unir ea
measure operating rerperatise (see phorograph in the cepore for
Iscarion) . AlL dacs are crfaceabls to the MNarional ITascitdure of
Standards and Techoology. ALL tescing parformed with che unic Sperated
at L20V AQ in a 285 +/-1 degres Celsius fiee air ambient.

Checked: R BERGIN
Approved: R BEATTIE

THIZ PEPFORT 25 BRIED o0 FUSLIZEED INDUEIRY PROCEDUREER, FIELD FERFOIBNCE May DIEFER FPOH LRBORRIORY FERECHMICE.



MODEPEMNDENT TESTIMNG LABDRATORIES, IMC
3350 LONGHORN ROAD, BOULDER, CO BOSDZ LSA
WEBSITE: wawe Sl ST

l'.-!. bl-r T Ey ey Sl i rina
FAXC [BOIE40-653T4 + E-MALS iEEbouider oom -
DRTET 14 26/l Fage 3 |

PHODNE. (03421755 -
FEPORT NOMBER: ITLELLE
PEEFPARED FOR: BOE
RAAK ML PLANE AND MUK IMLIM CONE PLOTS OF CANDELS,

VERTICAL PLANE THROUGH BMAsRILIR CarDELA CONE THROUGEH MBI CaMDELS
[Degrees. Verical) Dagress Horizontal) 11
T FROCEITRES, FIELD FERFORSICE MRY DIFTER FROM LABORATORY FERFCRSURTE

THIS FEPORT I8 BASED ol FUELISERD IEITSTRY



”“0 it] bouldar

PHOMNE: [303)442.1285 -

COEFFICIENTS OF

ts of Tkilizaticn

icien

Coeff

-

FAX: [30X440-5274 -
BEPORT WUMESR: IPLELLED
FEEPARED FOR: BOS

0.8 f : i f

E-MAIL- Eitboulder.com =
DATE: 10/2&508

UTILIZATION AND FLUX DISTRIBOTION

i
Fry
i
El'l
-

|
\

P L L[ T T F 3T

0.3

0.1

0 1 2 3 4
Sereet Width / Mounting Height

DOWNWARD
STREET SI0E

DOWWWRRD
HUTEz BIDE

DOWHWARD

=
=’ -

UFWRED
ETREET 3IDE

UERWARD
HOEE BI0E

UFRARD
TOTAL

TOTRL
TLUR

=Eld

INDEPEMDEMNT TESTING LARORATDRIES, INC.
3388 LONGHORN ROAD, BOULDER, C0 20202 USA
WEBSITE: waw.ilboukder.com

Fage 4 of 12

FERCENTY
CF FLETURE

Ba.2

.y

EFFICACY = 71.23 1a/w

fll CANDELA AND LUMENS IH THIS BEFONT ARE DASED 9N ABSOLUTE FPHOTGHMETIRY.

THE CCEFFICIENT QF UTIL
LUMEN OUTEUOT OF THIS LUMTHATEE SRMPLE.

TIATION WALUEZ ARE RASED oW THE TOTAL AR2CLUTE

RETORT 13 BaSED i TUBLISHED INHCUSTRY PROCEDCRED, FIELD FERFUORANCE HMAY DIFFER FRon LASORATORT FERSTEHANCE.



INDEPENDENT TESTING LABORATORIES, INC.

'ﬂ-r th ¥ Tl DAY R & 2386 LGHGHGHI"I HCI'F.D H'C".I.DEH- G-DBI.‘I]'E UEH

PHONE: (30584213788 - : (M03ES-53T4 - E-MAIL: iifftibouldorcom + WEBSITE: www Eboulder com
REFORT WUMBER - [
FREFRRED 0

LE3 BATE: 14/ 6 0B Fags = o0& l=

FLAL DISTRISUTION BY SOLID ANGLE

|PER TESHR TM=1%=07, LOMINATREF CLASRIFICATION
SJYETEM FOR OUTDOOR LUMIHRIRES)

FEFRCENT
1
LUMERS TFINTORE

FoneEND LIGHT 1521, 568.2
FL [ 0= 30) T .
O J= gi]
FR [ el= EQ]
FUH( BD= &)

301 S.E
EM [ 30= g0] 13,5
EM [ &0= EO] L300
BYEL &0= #0) o' nm
HPLTGHT 3 0.1
BE [ 50=140]) 0.1
UH (LO00=180) 0.4
TEAVFED LiLEY 1} 0.0
TOTAL FLTX =014, L0 . ik

FNIS FEFGRT I BASED @8 FUDRISHEL TEINGIRT FROCEIVRES . TIERRD FEAMOFHAIRE MAY DETTER ImoH LARCRASTRY FEFTRRGNGE.
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1Il J!;!’i!!!!!l!illi'lr’ MOEPEHDENT TESTING LABORATORIES, INC,
LT o ariir meect o 2388 LONGHORN ROAD, BOLILDER, CO 80302 LISA

c (04421288  « FAX [3034E0-5ITL - EJIAL'I“!Ihuuthw:nil +  WEBEITE: wearw ibouidar com

REPORT WUMBER: ITLE11E3 DATE: 10/2&508
FRFPARFR FOR: ROE

CRNDELR TASUTLATION

(ol R R ]

B b D e

Fage €& of 12

STREET BIDE LATENARL ANGLE

0.0 £.0 1%.0 220 23%.0 £%.0 S50 #5.0 7%.0 AL 90.0
16G.0 . i 8 a, . &. a. i 1 d. i, .
1750 0. e & 18 3. = B, 0. /N b, 0.
165.0 0 1] 0, L1 @, o, 0. 118 0. A 0.
185.0 Q. Q. 0. Q. 2. Q. 0. 18 &, Q. Q.
145.0 0. 1 0, L8 2. Q. o, Qe 0y 2 Q.
138 & 0. 0. 0, g. Q. 0. g, 0. 0. {i. 0.
1250 0. Q. 0 Q. & Q. 0. Q. & . 0.
115.4 d. i g, 1 [+ Q. b . &. d. b, b.
105.3 0. 1 0y Q. 1. = L. 1. 1 i, 0.
5.0 3. 3. 3; L 3. 4. 1. 1. 3. L 2
#3.0 7. [ 7. 7. 7. 7. £ (- 5. 3, Z.
B1.5 P 9 A . g & g, 9 Ty g A
L 2l Ll 1L, 13 LE. ;e ia - 2l L&, 8. s
i ip. 43, TT. 4. 103. T, F-F 15. 53, T ZH.
Bl .o 68 . 6. 162, 178. 157. 214, 221, 205. 153.. 152, 117,
17.5 150. 1B%. &I, 278. 2B&, 304, &0, 381, 3TE.. 314, 2EL.
T5.0 287. 320, 545, 304. 402, 422, @58, 455. 560, 623, 563
72.5 424. 433, 454, 71. S04, 534. 581, e48. TI1. RET, EHE
TR0 B582. 583, 593, BO4. &25, &7V, TI1. TRO. ARl DEI. 1048,
7.5 | Tie. W23, Tiw. YEE. VeV, Gi€. - @32, o584, &R, gif. 3.
65,0 | MBI&. B20. A11. AR, 42, 8ER. B4E. BES. Ale. TS, TR4.
B2.5 | Ei&. @10, A2T., E2%. 820, @818, EO3. TEe. Tl&. eE&. TO03.
0.0 | T87. 002, THRE, BO&. 805, V0. TIR. €98, &&0.. €24, 611,
57.5 | 7es. Tei. TEs. Y88,  Yé6. T2 A%4. e6l. &0, 5VE. 561,
§5.0 | TaE. 43, 783, T54. 722, €%¥. E€0, ELE. 5B3,. 53w, G541,
B2.5 | Ti&. 730, 136, TOB. &8, 663, 632, 5BV, &HBL: 5ll. 500,
£0.9 | To2. e8%, €95, @TE. €69, €498, g0d. EBE6. 5I7. 48E. 483,
47.5 | £7¢. EBE. EE&. E5%. £42, €38, L5E. 8543, 518, 47E. 444,
«5.0 | E5E. EE5. 685, E36. &34, €02, BT7T. S35, 4TE. A4E. 434,
#2.5 | E#0. Ba4. €32, 624, HBE. 5TL. 240, 2. 483, A3, 410,
40.0 1| E2&. E23,. &35, 601, BBL. HEE. 524, 12, 483, 423, 39V
37.5 | E0&. €08. 555. LR8. 557, 3530, 456. 474, 446, a&06. 396.
A5.0 | 58%. BLO. BVE. Bel. 3T, 519, 483, 459, 418, 383, 383,
32.5 | Td. SB1. &57. ESl. 525, 3500, 470. 442, 407. 373, 354,
3.0 | 551, 522, 543, R2A. 812, 484, 4€0. 433, 3RE. J4T.  3%0.
27.5 | 532. B2%. 533, Bl5. 483, &HET. 451. 425, 357. IEE. 3I50.
I5.0 | 510. &1Z. 507, 4. 4T, &L, 440, A28, 9%, DEm. 4.
0.0 1 47&. ATT. 473, 4€5. 453, 430, 410, 405, 3R0. 3A7I. El.
5.0 | 44B. 445, 444, 440, 427, 413, 401, 3BE. 3TH. 365, 3E4.
10.0 | 41%,. 415; 41&. 411. 403, 2355, 2385, 2378, &7, 2ED.  3EE,
5.0 | -38v. 3@Y. 38T, 384, 3IB1. 3MEL - ITE. 372. 3EB. 363,  3EL.
O.0 | XE2Z. I8, Y. Xéd. b2, XED. B3, . AER. 3E2. XED.

|

|

|

CONE OF MAKIMUNM CRHDELA



FEPORT NUMBER: ITLELL1EX
FEEFARED FOR: BIS

CRNDELA TABULATION

BOUEFR EIDE

95.0 HE.Q 105.0

11
180.0 0. 0. 0.
175 . d. a,
185 a. . a,
1EE 0. 0. 0.
145, . g, .
138 o, a, v,
125, [ .y .
115, W [ 0.
108 W . o,
ELT - - -
-1u [ L 24 =
b L. 5. 3.
85 6. 6. 5
BZ. =4, L 7
-{u 1Ly, 113, 1U%¥
7. 283, 250, 214,
TS, E0Z2. 452, 337,
12 BO0E., 875, 534,
TOOdC 1115, 1120. 514,
¥ &7 ¥r0. hEA; 573,

31, &40, Q7

[ S ]
dm
il

ES 538, E3&, BEBE,
52 B12. B2&. 527,
0. fE6, 400, S04,
47 . 432 440, 430,
A 4% il%. 4LL. 410,
H 4z, 153, 331, 374,
G 40,
L 37. 65, ARG 3AE,
- R L e R |- R iy
32 337. 335. 306,
5. AvR_ . AL, 304,
s 336, XA, 304,
25 3d43. 3di. 314,

353, 382, 356

- Ll

Ll L]
b 4 & - ¥ ok & i P H e B
!:ll:ll:l'l:lCll:l'l.l'\lCrl.“'l:ri.n"-l:\ltl'itlL"lCli.-'ll\:lh‘{lul!:-L"ClmDUiCrthLHﬂtlErCr'CIC-EFCICFIZI

§i5. @834, a¥5.
TIT. Ta4. TEZ.

I, 558, &£18.

483, J4b, 3130,

352, 353, 34T,
3Bs. 368, 3b&.
362, 382, 3IE2.

LESHT OIRTER OF T'HE

PHONE. (303)442- 1255 . FAX: [A0IMLD-EZT4

&

T!L,
210,
IS,
4L,
&L
E2E.
550,
£50,
459,
413,
J0E,
3E5,
325,
304
253,
2h8,
=90,
as5,
LY I
327,
342,
153,
JEZ.

INDEPENDENT TESTING LABORATORIES, INC.

EMCE 3386 LONGHORN ROAD, BOULDER, CO B0A02 LISA

o b
=R
v a

118.
178,
276.
175,
€E3.
T5E.
TEE.
Tt
EE5.
£05,
L T-18
501 .
454,
#07T.
3ER.
136,
jls.

02

=78
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THOTE Frapes salibrarise 28 LhteFEAt iRy sphaces SoF SEaMEELRg batal lux Sdlnpie 4% RAR—
direczional lamps will preoduse =elisble, repsazable results withiz the salibe=azisn

celezances 2f the squipmese used. Mawewer, measuremgnt =d lpwps wich sygnifissme
pelf shsorpticn acdfor directicmal ogotput, ever when thess sffeccs mre compenssced
feg; abe likely =o have & goeaner vasiatich Lo Eesults compaed o the flax susput
chlzulaved frce o gonlcphorcpansic sxplodenion sizce thess acnifaste do nor affect
the genisphotemetzlie reanles. Fae this cask, dos o the disesibukEisn af ke
lusizaize usdes weat, the integeating aDhere was calibrated uwsing a
directional ircardsscant Flux srtandagd.

TUIS BEPORT IS BASED OH FUDLIFHED INCUSTRAY PROCEDURES. FIELD FERFCRMGNCE MAY DIFTER FPom LABRIRATORY PERTOREAMCE.
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RESULTE:

Tabulated Spactial Powar Distnbuton

& radng ‘Fararhegth
e ] i T {rumip e allsm

500 | 0660 MO0 | 4355020
IE00 | 075006 EA0.0 | 42 25837
a0 | 082305 GO0 | a0 75534
3800 0.82350 G000 | 38184654
3000 | 085S G100 | 7202430
d00D | 1 17052 200 | 2843760
4100 | 217137 G300 | 24 G120
4200 | 656835 B40.0 | 20 56502
4300 | 2245007 G500 | 1667060
S4000 | 58 TO0QT BR00 | 1350407
4500 | 71.7R0G0 B700 | 9EN00
46000 | 26.95001 800 TAEA25
A7000 | 1062614 GH00 | 65ETT
ARO0 | 530707 7000 | SE51BS
4000 | 504055 oo | 442417
50000 | 97300 00| A4ere2
51000 | 19 50676 fano | 270447
52000 | 3087657 7400 | 2.0EZ96
53000 | 3904257 TEOO | 1.62307
SA00 | 4304005 L] 126208
55000 | 44 65242 700 | DEFToT
56000 | 44 7454 o0 | 076168
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LN

) 0.z e ne o
Temperatura Meaasuremeants

At ehermsesupls #1 lacatisn (fzont top): 28.0%
Thermocouple was placed on top of the luminalirte above the cencter of the LED azzay.
THERMOCOUFLE
ATTACHMENT PODRST

THIS BEFORT IS5 BASED of FUBLISHED INDRIZTRY FROCEIUMES. FIELD FERFORHANCE MaY DOFFER FRoer LASORRTONY FERECERGRNCE.
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PHOTOGRAFHS

LUMINAIRE - FULL VIEW

LUMIMNAIRE - SIDE VIEW

IMIS RERSET IS DAJED QN PUDLISHED INDUSTEY PROCLITRES. FILLD FERFSEHAICE MAY COITER MEOul LABCRAIORY PERIMCEMANCE.
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LUMINAIRE — CLOSE-UP VIEW

ADDITIONAL WOTES: Stabilization data was recorded for approximately one hour prior o
each test on each appacatus to ensure complete stabiliration prisrc to
tescing. If RD8 would like this data supplied, please notify ITL and
we will supoly the data negded.

Tortal timd this unlt was eneEgized for aAll testing is 144.0 hours.
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R_PCI.F'.:" HL-I!-!IHE_'-":. ITLE]lLED DRTE: L10/24/08 Fage 1. &£ 13
FREPARRED POR: RDE
CATALDG WiHBER: CRLIPER 08-10%

LOHINAIRE: EXTRUDED GRAY PAINTED METAL ROUSIKG WITH HOLDED GORY PLASTIC ERD CARS AND
AP, FOUR GRAY CIRCUIT BORRDS ERCH WITH € LEDS AND RLACK PAINTED CENTER
STRIP PARALLEL WITH U-DEGPEE PLRNE, CONE FORMED REFLECTOR/SHIELD KEXT TO
EP.I:i'II LED WITH FFECULAR INTERICE AND BLACK FAINTED EXTERICE. ONE CLEAR
LASTIC DROP LENS BELCW ERCH CIRCUIT EBOARD.

LaMF: THENTY=-FOURE WHITE LIGHT EMITTING DIODES (LEDS) EACH WITH CLEAR
HEMISPHERICAL INTECPAL LEMS, TILTED 35-DESREES FRCM VERTICAL BASE-UP
POSITION.

LED DRIVER: ADVARCE LEDINTAOGI4WVEIFD

GOMIGHETRIC

INSTRIMEMTATION: ITL Moving Missor Fonicphobcmetss - 25,25 Test Distancs
¥Yokogawa WIZ10 Digical Power Merter
Elgar CWZE0L AC Power Bouzce
Cmega HE=81 Digital Thermometer with Tvpe 7 thermocouples

SFECTRORADICMETRIC

INATRIMENTATION: Yokogawa WTZ10 Digital Fower Heter
Sptesnis Labscatoziss OLTT0 Spectivsadicmetes
1.5 meter incegracing sphere
Elgar CW2IS0L AT Fower Souzce
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Maasure distribuoticon photometry and input electcical parazmeters on the
ganisphatamstar, Fsport sandsla digeribotion and saleulated lumen suspute.
Measuze the total flux oubput in lusens,; Cosselated Coles Temperatuse
{CET), Calsar Randeriang Padest (CRI}, Chremariefiry Coordinates (%v:

u' vt} and Spectral Power 3::1:.H"=:¢n (57D) =f ths luminairs and input
slecesical pacamstess when opszased in the ilntegsating sphece. Measucs
campariture of the lumissire at one location.

FRCCEDURE The lumlnaize was suppllied by clleant with an unknewn number of bucn
hours. The Iuminalré wis pravarmed cveraight beforse sach TesST.
Stabilization data was secorded to assube stabile wperbation
(stabhfiiizarion data avallable on request). Disesibueion photosetry and
ilgpdt Slectrical date werd measured With the ualt mounted on the
gonlophotomecer. ECT, CRI, x/y and u'/v" chromaticity coordinates, 870,
eotal Flux, apd ismpur eleccrical daca were measured with the usic
Wﬁ:ﬂ.»-n"; in the iacegrating sphece. In opder to measure the mean
performance, twenty data sets were averaged using the Optromics QLT A
Typae J chersecouple was Attached roe the surface of the unlie o Seasure
Fperating temperature (see photcgraph in the report for leocationl. R1L
data are traceable to the National Inmstitute of Ftandards and Techralogy.
All essting performed with the unit cpsraced ar 120V RC im a 285 +/=]
dagres Celsius free air ambient.

Checked: R BERGIN
pproved:_ R BEATTIE

THIZ REPORT 12 BREED Of PUBLISSED INCUSTRY PROCECURER. FIELD FERFORMANCE HAY DIFFER ol LABORATORY PERFORMRMNCE.
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R MU PLANE &HD MOOKUM CONE PLOTS OF CaNDELS,

VERTICAL FLANE THROUGH MABUM CANDELA CONE THROUDH MAKIMLUIES SAMNDELA
17 (Chegrisas Wiarlical) 10 (Cuegreas Hosizonlal) L

IHIS REPORT I5 BASED O FUDLISHNED INIWSTRY FROCEDIREES. FIELD FERFOGMANCE MAY TIFTER TROM LABDGATCRY FEIRIDGMANCE.
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COEFFICIENTS OF UTILIZATION AND FLUX DISTRIBUTION

ﬂ.E’ ¥ : !
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':'ﬂ' /If""
/ |
0.8 f} 1 PERCENT
1 1 LUMENS OF FINTURE
f l | DOWNWARD
- STREET 57 2564 4.7
0.5 1
T 5 DOWNWARD
5 | HOUSE SIDE 863 25,1
- {
= 1 DORNWART
B D.4 . | TOTAL 3427 §9.8
4 f 1]
it | [ | upwano
=) | | i STHEET SITE z .1
= . | 1
e 0.3 ' UPRARD
m : | : HMOUSE S1OE 2 5
i I . | .
& | HAUE BBIDE UPNARD
o i1 [ | 7o g 0.2
:'L" ﬂ-a _’r
i -—f , : , ; | TOTAL
g fi | | | | FLUX 1534 100.0
o | | | I :
| | 1 EFFICACY = 4€.8% In/W
ﬂ'l | 1 a q
/ I
ﬂ.ﬂ{ .
o 1 2 3 4 3

Strect Width / Hounting Helght

ALL CANCELA ARNHD LUREN2 Ih THIS REFORT ARE BASED ON ABSCQLUTE PHOTOMEIRY.
THEE COEFTICIENT OF UTILIZATION VALUES ARE BASED ON THE TOTAL ARRCLUTE
Ly oUThUT OF THIE LUMINKARTRE ShRMELE.
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L DISTRISUTICH BY S0LID AMNGLE

(FER IESHA TH=15-07, LUMIRAIRE CLASSIFICARTION

YSTEM FOBR OUTDOON LOMINATRES)

FERCENT
oF

LinERE FINTURE
FORMARD LIGHT JETA, T4, 8
L | 30) L -
M { J0= EU 2d.%
FH | &0= EO) 14.¢
SR 80— B o

BACE LIGET -] 5.0
BL - 3] 19, %
BM | F0= &0} 13.5
BY | &0= EO) 0. E
BYH{ BO= &) 0.0

UPLIGH E i
0L | w0=100) 1
OH {14 L8] I

TRAFFED LI&HET = .0

TOTal TLUK 2404, Luda

IMIS EXPORET IE BRSED 0N FOBLIEHED INDOSTRY PROCEDORES. FIFLD FERFOEMANCE MRY DIFFEN FROM LABDERTONY PIRFOHMANCE.
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THIS REFORT I8 BASED 0N FUBLISHED INEIUSTRY PROCEDUALRS. FIELD FIRFCRMANCE MAY DIFTER FADN LAICRATDAT FERFOMGUECT



	LED Street Lighting
	Table of Contents
	List of Tables
	List of Figures
	Preface
	Acknowledgements
	Executive Summary
	Project Background
	Project Overview
	Technology and Market Overview
	Demonstration Technology Information

	Project Objectives
	Methodology
	Host site information
	Monitoring Plan

	Project Results and Discussion
	Electrical Demand and Energy Savings
	Lighting Performance
	Economic Performance

	Discussion
	Technical Feasibility
	Customer Acceptance
	Economic Feasibility
	Potential Savings

	Conclusion
	Appendix A: Monitoring Data
	Appendix B: Mesopic Illuminance
	Appendix C: Monitoring Layout
	Appendix D: Economic Data and Calculations
	Appendix E: PG&E LS -2 Rate Schedule
	Appendix F: Lab Test Results for Demonstrated LED Technologies

