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Preface  
The City of Sunnyvale, California, in accordance with city goals to achieve sustainability, initiated a 
study to evaluate the replacement of all city streetlights with high-efficiency light-emitting diodes (LED) 
models. The resulting report is modeled after reports submitted to the DOE Solid-State Lighting GATEWAY 
Program and on the US Department of Energy Solid-State Lighting GATEWAY Demonstration Program 
template and studies already published on the GATEWAY site including studies done in San Francisco 
and Oakland, CA. The city recognized that lighting is a significant fraction of its total electrical usage – 
9200 high-pressure sodium (HPS) streetlights drawing between 70 and 200 watts apiece for an average of 
11 hours per day – and streetlight efficiency is therefore crucial to the city’s progress in sustainability. 
Pacific Gas and Electric (PG&E) has recognized the importance of LED lighting through its Emerging 
Technologies programs and the recent establishment of a favorable electrical rate for LED streetlights. 
The Sunnyvale LED streetlight study culminated in the evaluation of products from three LED lighting 
vendors compared to existing HPS luminaires installed in a test area located on Fremont Avenue; a 4 - 6 
lane roadway with bicycle lane and pedestrian sidewalk in the city. The competitive products evaluated 
are referred to hereinafter as Vendor A, B, and C, respectively while HPS luminaires are referred to as 
Vendor D. 
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Executive Summary 

Two of the three light-emitting diode (LED) streetlight luminaires evaluated for this report showed 
excellent potential as replacements for existing high pressure sodium (HPS) luminaires.  

Project Summary 

Three specific LED streetlight luminaires from three different vendors (denoted by Vendor A, 
Vendor B, and Vendor C) were evaluated as possible replacements for the city’s existing HPS 
streetlights (denoted as Vendor D). Lighting quality, economic, safety, energy savings, and 
environmental aspects were considered. This is an important project for Sunnyvale in meeting its 
sustainability objectives:  streetlights account for over 2.4 million pounds of CO2 emissions per 
year. 1 

To bound the scope of the evaluation, three specific LED Type III streetlight luminaires provided 
by three different vendors, along with the type of high pressure sodium luminaires in common use 
within Sunnyvale were field measured and computer modeled for a specific roadway. 
Aladan+Plus software was used for computer modeling. Once computer models were correlated 
with field measurements, computer results were primarily used for the technical aspects of the 
evaluation. The ANSI/IESNA RP-8-00 Roadway Lighting Standard served as the primary 
evaluation method for rating lighting quality. Controlled digital photography was utilized to 
evaluate color rendering. Energy savings were field measured. Economic results were based on 
PG&E electric rates, vendor-supplied information, and current city streetlight practices and labor 
rates. Sunnyvale citizens provided feedback on the new streetlights via a survey. 

Fremont Avenue in Sunnyvale, a 4 - 6 lane roadway with bicycle lane and pedestrian sidewalk 
with streetlights installed on a central median was chosen for the test site. ANSI/IESNA RP-8-00 
recommended measurement practices were followed. Field measurements were performed on two 
separate nights in March 2009 – one for LED luminaires and one for high pressure sodium. 

Readers should note that the evaluation involved specific products in a specific roadway scenario 
with a specific methodology. Other choices could be made.  

 

Lighting Quality 

From a lighting quality standpoint based on the illuminance method of ANSI/IESNA RP-8-00, 
Vendor A and B LED products were found to be standard conformant in all metrics. The high 
pressure sodium lights were standard conformant and in several metrics, were seen as  greatly over 
lighting portions of the roadway (with consequent energy expense).Vendor C fell short of standard 

                                                            
1 Sunnyvale Council Policy Manual 3.7.2 Reduction of Carbon Dioxide Emissions from City Operations  
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conformance – the particular model evaluated was not a good fit for the Fremont Avenue test area. 
Type III streetlight distribution pattern was shown to be superior for the test area over Type II.  

Light-loss was evaluated utilizing a light-loss factor of 0.63 based on normal LED performance 
degradation over time, dirt and wear. All vendors remained standard conformant for the roadway 
through luminaire end of life, however, all LED vendors fell short of sidewalk average 
illuminance at end of life. LED correlated color temperature (CCT) ranged from 4800K to 5900K 
compared to 2000K for high pressure sodium.  Digital photographs at the test site showed that 
LED streetlights rendered colors better than high pressure sodium. 

Energy Summary 

Measured energy savings of LED streetlights over high pressure sodium ranged from 56% to 62% 
with Vendor B showing the strongest result.  Given the city’s annual streetlight usage of 5.3GWh, 
LEDs have huge potential for reducing electrical consumption and resulting CO2 emissions. 
Luminaire efficacy of LED streetlights ranged from 47 to 66 lumens/watt with high pressure 
sodium measured at 60 lumens/watt. Vendor B LED coefficient of utilization (fraction of light 
actually reaching the roadway area) slightly exceeded high pressure sodium.  

Economic Summary 

Both new construction and retrofit economics were studied for LED models including 2 additional 
lower powered models for each vendor. New construction LED economics are good while retrofit 
economics are satisfactory for LED Vendors A and B.  LED products showed significant energy 
savings and even larger maintenance savings over high pressure sodium with a disadvantage of 
higher first cost. Expected future price reductions as LEDs mature should further advantage LEDs. 
Vendor B showed the strongest economic return with simple paybacks in the 0.8 – 3.6 year range 
for new construction and 4.9 – 6.1 years for retrofit.     

Environmental and Safety Summary 
LEDs performed well in environmental and safety analysis. LED streetlights emitted far less light 
at high angles (80-90 degrees vertical) than high pressure sodium, reducing the potential for glare 
which is an important safety issue. LED products outperformed high pressure sodium in reducing 
light trespass with Vendor B having an edge.  The city of Sunnyvale contributes to overall sky 
glow affecting the Lick Observatory as well as amateur stargazing – the more efficient LED 
distribution of light should reduce Sunnyvale’s contribution to overall sky glow. Finally, in 
contrast to LEDs, high pressure sodium lamps must be treated as universal waste due to mercury 
content.2 

                                                            
2 Managing Universal Waste in California.  Page 2, section 3 

http://www.dtsc.ca.gov/HazardousWaste/EWaste/upload/HWM_FS_UWR.pdf 
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Customer Acceptance 

Surveys of Sunnyvale citizens who viewed the test area showed 79% preferred or strongly 
preferred LED streetlights over high pressure sodium with Vendor A receiving slightly higher 
ratings than the other LED vendors. 

Overall Summary 

Overall, Vendor A and B LED products demonstrate strong potential as replacements for 
high pressure sodium streetlights. Vendor B showed the strongest results overall based on 
good results in all categories and the best results in energy savings. The Vendor C product we 
evaluated was a mismatch for our particular roadway scenario but may perform well in other 
situations. 
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Project Background 

Program Overview 

The City of Sunnyvale is in the second phase of assessing the feasibility of replacing the current 
high-pressure sodium (HPS) streetlights with light emitting diode (LED) luminaires. The first 
phase3 of this evaluation compared several competitive products against a set of criteria, choosing 
three of them for further evaluation. The second phase assessment involved the installation of 
these three products on Fremont Avenue between Hollenbeck and Mary Avenues. A total of six 
units per product were installed on twin-arm poles. Pole spacing for Vendors A, B and D of the 
monitored luminaires measured 143 feet apart. Pole spacing for Vendor C measured 137 feet. All 
monitored luminaires had a mounting height of 31 feet 6 inches. Field-testing was designed to 
determine if the new LED technology meets the Standard Practice approach for designing a 
roadway lighting system, meeting ANSI/IENSA RP-8-00 Roadway Standards with an emphasis 
on pedestrian and bicyclist safety. (IENSA is the Illuminating Engineering Society of North 
America). 
 
The City of Sunnyvale chose to evaluate LEDs Type III distribution with full cutoff luminaires. 
LED streetlight performance was evaluated in four areas: Lighting Assessment in conformance 
with the ANSI/IESNA RP-8-00 Standards, Electrical Energy Use, Safety and Environmental, and 
Light Pollution. 

 

Technology 

 
An estimated 94% of roadway lighting in the U.S. is High-Intensity Discharge (HID) lamps and 
59% of those are HPS lamps.4 The introduction of LED streetlights has gained momentum over 
the years as a viable replacement for HID lights such as HPS streetlights because of their low 
energy usage, long predicted lifetime5, and reduction in maintenance cost. LEDs also provide 
improved light quality that enhances road safety. Initial LED cost is higher than HPS, but reduced 
energy use and lower maintenance costs are a strong argument in favor of LEDs.  
An LED is a semi-conducting device that produces light when an electrical current flows through 
it. It consists of a chip of semi-conducting material treated to create a structure called a p-n 
(positive-negative) junction. Current flows from the n-side (cathode) to the p-side (anode) when 

                                                            
3 Appendix E 
4 Navigant Consulting, Inc. (2002). “US Lighting Market Characterization, Volume I.” Table 5‐17 
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/lmc_vol1_final.pdf 
5 "Pre‐Qualified LED Fixtures." ENERGY STAR Qualified Commercial LED Lighting for PG&E Rebate & Incentive Programs. 

Version Last Modified: 02/17/2010 http://www.energystar.gov/index.cfm?c=ssl.pr_commercial. ENERGY STAR Solid‐State 

Lighting Luminaire Program Requirements, n.d. Web. 17 June 2010. <www.pge.com/includes/docs/pdfs/ 
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the barrier voltage inherent to the semiconductor materials and the various dopants used in the 
fabrication of the LED is exceeded. Since very little heat is created, and the voltages and current 
are relatively small, the resulting emission of photons is efficient compared to the power input. 
The atomic characteristics of these materials determine the color (frequency) and efficiency of a 
device. Today, the standard white LED uses a blue LED that acts as a stimulator for its phosphor 
packaging material.  These phosphors are the key to the broad spectrum of light emitted 
commonly called white light.6  

Current LED technology has the potential to provide significant electricity savings for streetlights. 
As will be discussed in this report, depending on lighting luminaire design and how the systems 
are deployed in the field, an energy savings of 33 to 66 % can be realized.  
 
Advantages: 
 Substantial energy savings. 
 Reduced maintenance and operational costs. 
 Estimated luminaire life of 50,000 hours. 
 Light output can be directed and controlled. 
 Improve light quality for improved visibility and safety. 

 

Project Objectives 

The City’s objectives for this study were to compare LED Type III distribution / full cutoff 
luminaires against the performance of the 200W cobra-head style HPS Type II / medium cutoff 
luminaire lighting with the performance of HPS Type III luminaire as they affect: 
 

 Safety 
 Environmental Aspects  
 Energy savings  
 Conformance with ANSI/IESNA RP-8-00 roadway lighting standards 
 Economic performance.  

 
Safety is a primary concern for the City, so assessment included roadway, bike lane and sidewalk 
illuminance measurements. IESNA guidelines for field measurements were followed, with 
conditions and exceptions noted. Economic performance was evaluated using a simple payback 
and NPV methods for both retrofit and new construction values.   
 
Efficient street lighting is part of the City of Sunnyvale’s Framework for Environmental 
Sustainability. City policy mandates the use of efficient street lighting, hence, the need to evaluate 
the products available to determine the best choice to meet these goals. 

                                                            
6 HyperPhysics (©C.R. Nave, 2006). Carl R. (Rod) Nave. Department of Physics and Astronomy, Georgia State University  

http://hyperphysics.phy‐astr.gsu.edu/hbase/Electronic/led.html 
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Lighting Assessment 

 
Consistent with the desire of the city to focus on safety, the ANSI/IESNA RP-8-00 roadway 
lighting standard was chosen as a primary method of assessing lighting quality. The standard 
specifies lighting metrics covering a variety of different roadway types and carefully defines a 
measurement methodology to validate conformance. Because there are so many roadway 
configurations, each of which has a particular lighting requirement, choices had to be made to 
bound the study. As a representative roadway configuration, the city chose a particular stretch of 
Fremont Avenue, a 4 - 6 lane roadway with a median island and center-mounted twin-armed 
streetlight poles. The evaluation covered only this roadway scenario with specific lighting 
products provided by the vendors. However, with interpretation, the results are useful for 
considering other roadway configurations in the city and other lighting product choices.  
 
One additional choice helped bound the study. The ANSI/IESNA RP-8-00 standard allows the 
choice of three different evaluation methods for determining standard conformance. Although 
computer modeling was used for all three methods, the illuminance method was chosen for the 
field evaluation due to instrument availability and simplicity of the measurement process. 
 
Other aspects of lighting quality were also addressed as part of the study. Correlated color 
temperature was measured.  Controlled digital photography was employed to evaluate color 
rendering differences between the lights. 

   

Electrical Energy Use 

 
The City of Sunnyvale finds the preservation of natural resources through the use of energy- 
efficient activities to be of great importance to the citizens and businesses of Sunnyvale. Formal 
City Council policy includes a commitment to “Use energy-efficient streetlight and traffic signal 
systems.”7 The City also adopted a goal of 20 % CO2 emissions reduction for City operations from 
1990 levels by 2010. 

 
In 2008 the City of Sunnyvale reported the annual electric usage for streetlights was 
approximately 5.3 GWh. Resulting CO2 emissions were projected at 1100 metric tons.8 Streetlight 
electrical usage is clearly significant.   
 
Actual electrical energy usage was measured for each streetlight and compared as part of the 
study. The financial cost of energy usage was analyzed based on the new PG&E LS-2 Rate 
Schedule9.   
 
 

                                                            
7 Sunnyvale Council Policy Manual  3.5.1 Energy 
8 Sunnyvale Council Policy Manual 3.7.2 Reduction of Carbon Dioxide Emissions from City Operations 
9  Appendix C 
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 Methodology 

 

Host Site Information 

 
Eighteen LED luminaires from three competitive products were installed on Fremont Avenue in 
Sunnyvale, California, between Mary Avenue and Hollenbeck Avenue. The LED luminaires were 
installed on streetlight poles in the center median of Fremont Avenue, where the roadway 
classification type is Local Street and pedestrian classification is low with Low Density 
Residential. Two luminaires were mounted per pole on eight-foot arms. The roadway in that 
section of Fremont Avenue is mostly two lanes in each direction, with a short section of three 
lanes, and includes some turn lanes. The width of the roadway in each direction varies from 34 
feet to 43 feet. In addition to the two traffic lanes on each side there is a bicycle lane and a paved 
sidewalk. Three test areas were established, one for each LED luminaire manufacturer. Each test 
area consisted of three adjacent poles with Type III full cutoff LED luminaires from the same 
manufacturer with measurements taken on the westbound lanes of Fremont Avenue. The middle 
LED test area was subsequently used to test Type III High-pressure Sodium (HPS) semi-cutoff 
luminaires using the same measurement points.   
 
The luminaires have a height of approximately 31 feet 6 inches above the road surface. Pole 
spacing is approximately 143 feet in two test areas and 137 feet in the third test area. Luminaires 
in the test area did not have backlight control. Thus both luminaires on each pole provided light to 
the westbound lanes where measurements were taken. Sunnyvale typically uses semi-cutoff Type 
II HPS luminaires. The city has been interested in Type III luminaires for the future and decided to 
specify Type III luminaire for this test. Photometric plots for the lights studied showed a Type III 
luminaire light distribution pattern which is fairly square and throws light farther across the street 
than Type II luminaire distribution which is more rectangular. The difference between Type II and 
Type III luminaire light distribution patterns for the Fremont Avenue test site will be discussed 
reporting more detail later in this report.  
  
The test area on Fremont Avenue is typical of comparable streets in Sunnyvale. The section 
selected provided a fairly consistent roadway where several types of LED luminaires could be 
evaluated under the same roadway conditions. Very little extraneous light was present from the 
surrounding area. To minimize headlight interference, traffic was fully blocked from entering 
westbound lanes and measurements were taken only when eastbound lanes were clear of traffic.  
 

Establishing The Measurement Grid 

 
There were challenges in establishing a measurement grid in the test area. The roadway changed 
from six lanes to four lanes on the west end, left-turn lanes were present resulting in poles with 
shorter arms and different offsets from the roadway, and trees caused shading in one test area. The 
result was that not all luminaires were exactly aligned along the median but were generally within 
two feet of a line along the center of the median. The varying roadway width was dealt with by 
assuming a uniform lane width, conforming to the narrowest section of Fremont Avenue. A 
uniform measurement grid was laid out accordingly to allow a fair comparison of the three 
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sections of the test area - the major difference being the narrower pole spacing for Vendor C (137’ 
versus 143’). The varying roadway width combined with a uniform measurement grid meant some 
of the sidewalk measurement points were actually laid out on the roadway.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Monitoring Plan 

 
The Monitoring Plan consisted primarily of illuminance measurements and time series electrical 
power measurements. These included:  
 

 Horizontal and Vertical Photopic Illuminance 
 Correlated Color Temperature  
 Voltage, Current, True RMS Power (Watts), RMS Volt-Amps, and Power Factor 
 Luminaire temperature 
 Controlled digital photographs of objects to illustrate qualitative performance 

 
Measurements were made over two nights. LED luminaires were measured first. Measurements of 
HPS luminaires were taken on a subsequent visit two weeks later, after luminaires in Vendor A 
test area were replaced with HPS luminaires.  
 
HPS and LED luminaires were burned-in for a minimum of 100 hours before being tested. The 
exception was one outside pole LED luminaire from Vendor C that failed, requiring replacement 
shortly before the scheduled test. 
 
LED luminaires were measured on Thursday March 12, 2009 beginning at 11:30pm following 
layout of the measurement grid and concluding at 2:00am. The weather was clear, wind was less 
than 5 mph and the ambient temperature ranged from 41 to 48 degrees F. In an adjacent, dark area 
the instruments measured an illuminance contribution from waning gibbous moon/sky glow of 
0.02 footcandles (fc). The HPS luminaires were tested two weeks later on Thursday March 26, 

Vendor B Vendor A, D Vendor CVendor B Vendor A, D Vendor C
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2009 beginning at 11:00pm and concluding at 12:30am under similar weather conditions, at 
ambient temperatures ranging from 53 to 58 degrees F, with new moon/sky glow measured at 
0.01fc. 

 

Table 1: Instruments 

 
Name Calibration Date 
Konica Minolta Illuminance meter T-1H 6/12/2008 
Konica Minolta Chroma Meter CL-200 10/10/2007 
Oregon Scientific Digital Thermometer THR-138 Unknown 
Fluke 62 Mini-IR Thermometer Unknown 
Nikon D50 Digital SLR Camera NA 

 
The Pacific Energy Center of Pacific Gas and Electric in San Francisco made available the T-1 
Illuminance meter, Chroma meter, tripods, and extension trigger. All measurements of a given 
type were made with the same light meter and the two light meters agreed within 2-3% for a set of 
sample illuminance measurements. 
 

Grid Setup 

 
Illuminance measurements were taken in each test area on a grid measuring approximately 150 
feet x 42 feet. The mid-point of the grid in the roadway direction was aligned with the middle 
luminaire of each set of three similar luminaires. 
  
The measurement points in each grid conformed as closely as possible to the requirements of the 
ANSI /IESNA RP-8-00 measurement standards.10

  In the roadway direction (East-West), the 
measurement points were set at 1/10 the spacing between luminaires (approximately 14.3' for 
Vendors A, B and D and 13.7’ for Vendor C). In the transverse direction (North-South - across the 
roadway) the spacing between measurement points was seven feet (half the width of a lane).  This 
provided four rows of measurement points across two lanes with the innermost row beginning 3.5 
feet from the median curb. An additional row of measurement points, 35 feet from the first row, 
was used to measure illuminance at the sidewalk. A total of 50 measurement points within each 
grid were marked on the roadway and sidewalk (see Appendix B). A 300-foot measuring tape, 
pre-marked with key intervals was used to establish and mark precise locations for measurements. 
A laser level and building square were used to establish square and straight lines for marking the 
grid. To minimize the number of street closures, grid layout and measurement were done on the 
same night. This required careful preparation and rehearsal to achieve an elapsed time of 45 
minutes to complete the layout of each grid section.   

                                                            
10  See IESNA Publication LM‐50‐99 Photometric Measurements of Roadway Lighting Installations 
The document recommends 3 luminaire cycles ‐ the monitored cycle and one complete cycle on either side. Due to the 
availability of only 3 luminaires of each type per test area, one full cycle around the center luminaire was monitored, with 1/2 
cycle on either side of it. 
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Horizontal Illuminance 
 

Luminaires were mounted approximately 31feet 6 inches above the roadway on 8-foot mounting 
arms extending from poles in the roadway median   Horizontal illuminance levels were taken with 
a Minolta T1 Illuminance meter. The meter had a photopic detector mounted on a tripod at a 
height of 18 inches above ground. It was operated remotely using a 6 foot 6 inches trigger cord. 
There was no light source behind the operator. The operator, dressed in dark clothing, took 
readings from a crouched position six feet away from the light meter to minimize any effects on 
the readings. The meter has a precision of 0.01 foot-candles. The meter was leveled before taking 
each measurement using the tripod bubble levels. Although the ANSI /IESNA RP-8-00 standard 
specifies measurements 6 inches above the pavement, due to equipment limitations, we measured 
at 18 inches.  However, modeling shows that measurements at 18 inches should introduce no more 
than a 1% error in LED average illuminance for purposes of establishing standards conformance. 

   
Vertical Illuminance at Sidewalk 
 

Vertical illuminance levels at the sidewalk were taken with a Minolta Chroma Meter CL200 
mounted on a tripod at a height of 4 feet-6 inches as per ANSI /IESNA RP-8-00 standard. The 
meter was leveled using a bubble level before recording each reading. 

 
Correlated Color Temperature   
 

Correlated Color Temperature (CCT) values were recorded at each luminaire using the Minolta 
Chroma Meter CL200. The meter was unable to calculate CCT for the high pressure sodium 
luminaires due to meter limitations in measuring CCT in the range 2000K and below. Instead, for 
HPS luminaires, X, Y, Z tristimulus values were recorded and later converted to CCT. CCT was 
measured at three different positions for each luminaire and averaged to obtain the result. 

 
Computer Modeling 

The roadway module of the ALADAN+Plus lighting software package was used to model the 
Fremont Avenue test site. The actual test site has a number of irregularities that could not be 
modeled by ALADAN+Plus. Experiments showed that these irregularities yielded very small 
differences and could safely be ignored. ALADAN+Plus calculated all of the ANSI/IESNA RP-8-
00 standard metrics for all three standard methods (illuminance, luminance, and small target 
visibility), with the exception of vertical illuminance for the sidewalk. 

Computer modeling of luminance relies on a classification of pavement type to determine the 
actual reflectance of the pavement. R3 was used to determine the approximate reflectance as 
suggested by ANSI/IESNA RP-8-00 but was not validated by measurement. Therefore luminance 
and small target visibility metrics may have a higher degree of error in the calculations than 
illuminance.  Illuminance is independent of pavement characteristics. 
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Measurement Results  
 

Given the successful correlation between field and modeled results for LED vendors, except for 
vertical illuminance all results presented below are modeled results unless specifically noted. 
Vertical illuminance for the sidewalk is always field-measured. Raw field measurements are listed 
in Appendix A. Vendor A, B, and C products are LED luminaires. The Vendor D product is a high 
pressure sodium luminaire. 
 
Field measurements were done centered around the middle pole in each test area.  However, the 
software computed results between two poles. A simple transposition of locations allows 
conversion between these two methods. For simplicity, all results are mapped to equivalent 
locations between two poles. 

ANSI/IESNA RP-8-00 Standard Metrics 

The ANSI/IESNA RP-8-00 standard lists a variety of metrics required to demonstrate standard 
conformance for continuously lighted roadways - organized around three different methods, any 
one of which can be used to demonstrate conformance. ANSI/IESNA RP-8-00 also lists metrics 
for sidewalk illuminance. Illuminance was chosen as the primary method for this report although 
the complete listing of metrics are shown for completeness  

Table 2 below lists the modeled results for a roadway matching the Fremont Avenue test site. 
Roadway type is local street and pedestrian classification is low. The ANSI/IESNA RP-8-00 
column in the table lists the standard requirement. As can be seen, Vendors A and B are standard 
conformant. Vendor D (HPS) is standard conformant in all metrics with average illuminance far 
larger than required for standards conformance. Vendor C underperforms in several of the metrics 
for the test scenario. 

Note:  In the tables below, results that meet ANSI/IESNA RP-8-00 standards are green; those that fail to 
meet red. General guidelines are given for other parameters ‘>’ mean bigger values are better and  
‘<’ means smaller values are better. Typically bigger illuminance values are better, while smaller ratios are 
better, smaller numbers indicate better uniformity. 

Table 2: ANSI/IESNA RP-8-00 Roadway Metrics  

Location on Roadway   Middl West East Midd
Results (model) Unit RP-8-00 A B C D 

Pole Spacing Ft NA 143 143 137 143 
Horizontal Illuminance Average Fc >0.4 0.85 0.88 0.65 2.35 
Horizontal Illuminance Average/Min  <6 2.59 2.21 23.02 2.20 
Roadway Luminance, Average cd/m2 >0.3 0.57 0.57 0.29 2.25 
Roadway Luminance, Average/Min  <6.0 2.11 2.32 7.91 2.63 
Roadway Luminance, Max/Min  <10.0 4.15 4.81 19.79 4.71 
Veiling Luminance Ratio, VL max/L avg.  <0.4 0.26 0.28 0.15 0.28 
Weighting Average Visibility Level  >1.6 2.81 2.83 3.59 3.30 

Key:  a > means bigger is better, > x means value must exceed x to be ANSI/IESNA RP-8-00 conformant 
Modeled results are initial lumens, RP-8-00 standard mandates maintained lumens (see section on Light Loss) 
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Key results for roadway illuminance are shown graphically below. Both average and uniformity of 
illuminance are shown. Average illuminance is calculated by averaging the foot-candles of 
horizontal illuminance across all of the grid points and needs to be above a standard level to 
maintain adequate visibility. Uniformity is calculated as the ratio of the average horizontal 
illuminance to the minimum. The standard provides limits on how big the ratio is allowed to be. A 
smaller uniformity ratio means more uniform lighting across the pavement surface. 

 

Table 3: Roadway Horizontal Illuminance 
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Comparison of the contour plots of roadway horizontal illuminance for all the luminaires indicates 
that roadway illuminance of LED luminaires (A - C) range from 0 – 2fc, while that of D (high-
pressure sodium) range from 1-5fc. Vendor B has the least area less than 0.4fc illuminance. 
Vendor C has the most area less than 0.4fc among the LEDs measured. IESNA required average is 
0.4fc. 
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Pedestrian Safety 

Pedestrian safety is an important aspect for roadway street lighting for the City. Sidewalk 
illumination was therefore evaluated. ANSI/IESNA RP-8-00 specifies standard metrics for the 
sidewalk, including horizontal and vertical illuminance. Table 4 below lists modeled 
ANSI/IESNA RP-8-00 metrics for the sidewalk. Low Pedestrian Conflict and Low Residential 
Density are assumed 

 

Table 4:  Sidewalk Illuminance   

Results Unit RP-8-00 A B C D
Sidewalk Horiz. Illuminance Average fc >0.3 0.39 0.40 0.32 0.73 
Sidewalk Horiz. Illuminance Average/min   <6.0 2.17 1.82 3.56 1.62 
Sidewalk Vertical Illuminance, min fc >0.08 0.25 0.39 0.11 0.75 

 

Based on the results obtained all vendors are in conformance with ANSI/IESNA RP-8-00 values 
for sidewalk illuminance. 
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Correlation Between Field and Modeled Results 

ALADAN+Plus software was used to model the roadway with the photometric data provided by 
the vendors. Horizontal illuminance data from the computer model and field were compared for all 
the vendors. In the case of Vendor B, field data was modified by replacing the data affected by 
tree shading with data from symmetric measurements.   

Goodness of fit (R-sq or R2)* between the measured roadway horizontal illuminance data and the 
model was calculated since for every data point in the model the corresponding field (measured) 
data was available. The goodness of fit, average, standard deviation and the coefficient of 
variation (ratio of standard deviation to the mean) are given in Table 5 for the roadway horizontal 
illuminance.  

Table 5 is a comparison of model and field data for roadway and sidewalk illuminance. It can be 
seen from Tables 3 and 4 that field data matches the model for all three LED vendors. However, 
the fit is not as good for Vendor D (high-pressure sodium).   

 

Table 5:  Goodness of Fit Between Model & Field Roadway Horizontal Illuminance 

Average 
Illumination, fc

Standard 
Deviation, fc 

Coefficient of 
Variation Luminaire 

Goodness 
of Fit, R2 

Model Field Model Field Model Field 

Vendor A 0.963 0.85 0.84 0.42 0.47 0.49 0.56 

Vendor B 0.967 0.88 0.84 0.47 0.47 0.53 0.56 

Vendor C 0.995 0.65 0.65 0.60 0.57 0.92 0.88 

Vendor D 0.85 2.35 2.00 1.17 1.11 0.50 0.56 

 

 * The goodness of fit, R-sq (R2), is calculated using the formula:  R2 = 1- SSerr/SStot SSerr is the sum of squares of the 
residuals (difference between the field and the model, i.e., error). SStot is the sum of the squares of the difference between 
the data point and the mean of the data points.  An R-sq of “1.0” means that the difference between the model and the 
experimental value (residual) is zero or the fit is excellent. Typically, an R-sq value >0.95 is considered very good, and 
>0.8 acceptable.  

 
It should be noted that the correlation effort revealed that Vendor A luminaires installed in the test 
area were non-standard lights – not in the manufacturer’s catalog. The closest comparable light from 
the Vendor A catalog was used for computer modeling. This reinforces the value of conducting both 
field measurement and computer modeling studies to validate results.  
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Table 6:  Model vs. Field Data Comparison   

Field Vs. Model Comparison
Model Field Model Field Model Field Model Field

Horizontal Illuminance Average fc 0.85 0.84 0.88 0.84 0.65 0.65 2.35 2.00

Horizontal Illuminance Min fc 0.33 0.31 0.40 0.41 0.03 0.02 1.07 0.84

Horizontal Illuminance Max fc 1.71 1.98 1.96 1.90 1.93 1.89 4.95 4.73

Horizontal Illuminance Max/Min 5.18 6.39 4.90 4.63 64.33 94.50 4.63 5.63

Horizontal Illuminance Avg/Min 2.58 2.71 2.20 2.05 21.67 32.50 2.20 2.38

Sidewalk Hor. Illuminance Average fc 0.39 0.35 0.39 0.38 0.32 0.32 0.72 0.66

Sidewalk Horizontal Illuminance Min fc 0.21 0.22 0.25 0.29 0.09 0.10 0.62 0.56

Sidewalk Horizontal Illuminance Avg/Min 1.86 1.59 1.56 1.31 3.56 3.20 1.16 1.18

Vendor A Vendor B Vendor C Vendor D
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The fit between model and field data validates the model for LED vendors and gives us confidence 
that modeling can be used for roadway/luminaire optimization and selection.   

Coefficient of Utilization 

One measure of luminaire efficiency is the coefficient of utilization (CU) that quantifies how 
much of the light emitted by a luminaire reaches its intended target – in this case, the roadway and 
sidewalk. The higher the CU, the more light that actually reaches its target and the lower the 
wasted light and power.  Due to limitations in software tools, we computed the CU for only 
vendors B and D shown in the table below.   

Vendor B scored slightly higher than vendor D. 
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Table7: Coefficient of Utilization 

 Vendor B Vendor D 

Coefficient of Utilization 0 .43 0.41 

 

Type II vs. Type III Streetlights 

Although Type III streetlights were measured in the test area, it is important to understand whether 
Type II streetlights might have improved visibility. Photometric plots of the two types of lights 
showed that the Type III light distribution pattern was square with greater range extending across 
the road and Type II more rectangular with greater range extending down the road. In Table 8 
below, equivalent Type II luminaires for Vendor B were modeled and compared to Type III 
luminaires.  

Since the choice of Type II or Type III streetlights affects sidewalk illumination which is the 
furthest point from the streetlight, additional modeling of a more powerful light in Vendor B’s 
catalog was done to illustrate the benefits that could be achieved on sidewalk Illuminance by 
choosing the best light distribution pattern for the area under consideration. Of the two models 
evaluated for each type, the left entry represents the model evaluated in the field or its equivalent 
Type II model, the right entry represents the next most powerful model in Vendor B’s catalog.  

Table 8: Vendor B – Type II and Type III Comparison Summary  

Unit 
RP-8-

00 Type 2 Type 2 Type 3 Type 3 
Luminaire Type/ Lumens     6210 8280 6720 8880 

Horizontal Illuminance Average fc > 0.4 0.97 1.29 0.88 1.16 
Horizontal Illuminance Avg/Min (Uniformity Ratio)   < 6.0 2.31 2.31 2.21 2.21 
Roadway Luminance Average cd/m2 > 0.3 0.72 0.96 0.57 0.78 
Roadway Luminance Avg/Min (Uniformity Ratio)   < 6.0 2.45 2.45 2.32 2.63 
Roadway Luminance Max/Min (Uniformity Ratio)   < 10.0 5.95 5.95 4.81 6.1 
              
Veiling Luminance Ratio, Max/Roadway Luminance, Avg   < 0.4 0.28 0.28 0.28 0.27 
Small Target Visibility   >1.6 2.89 3.2 2.83 3.08 
Pedestrian Grid (Sidewalk) Horizontal Illuminance Avg fc > 0.3 0.26 0.35 0.4 0.53 
Pedestrian Grid (Sidewalk) Horizontal Illuminance 
Avg/Min   < 6.0 2.89 2.69 1.82 1.83 
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Both models of Type II and Type III luminaires meet the ANSI /IESNA RP-8-00 standard for 
horizontal illuminance on the roadway. Type II has higher roadway average illuminance but Type 
III has better roadway uniformity and sidewalk illuminance (and by extension bicycle lane 
illuminance). Only the lower-powered Type II luminaire failed ANSI /IESNA RP-8-00 standard 
requirements for sidewalk illuminance. Type III luminaires have an advantage over Type II 
luminaires in sidewalk and bike lane illuminance for the test area studied as they show higher 
illuminance and a better uniformity ratio. 

 

Light Loss  

 

Street light lumen maintenance varies over time due to a variety of factors. Light output from 
LEDs gradually declines over time based on the specific LED product, average nighttime 
temperature, and driver loss.  LED lifetimes are quoted as L7011  thousands of hours before light 
output degrades to 70% of initial output (see page 36)*    
 
In addition to LED lumen maintenance, other degradations can occur which will impact lighting 
effectiveness including dirt, luminaire wear, tree shading, etc. In the Fremont Avenue test area, we 
would expect a 10% degradation over time from dirt and wear. 

                                                            
11 IES LM‐80‐08 , Measuring Lumen Maintenance of LED Light Sources , Illuminating Engineering Society  
* See page 36 in the economic section Estimated LED Maintenance and Installation Option Costs for assumptions 
on how L70 maps to hours  
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It is important to understand how an LED luminaire will perform over its entire lifetime 
(maintained lumens) vs. the ANSI/IESNA RP-8-00 standard. For our analysis we combined the 
end of life luminaire depreciation factor (0.7) and “very clean” dirt depreciation factor (0.9) and 
produced 0.63 (0.9*0.7) as our total light loss factor.12  All LED vendors met average horizontal 
illuminance requirements in the roadway through end of life, however all of the LED vendors 
failed to meet average horizontal illuminance requirements for a portion of their lifetime for the 
sidewalk.  In addition Vendor C failed to meet requirements for vertical illuminance for sidewalk 
end of life.   A choice will need to be made between higher power LED luminaires or sacrificing 
some level of standards conformance on the sidewalk for the final portion of the estimated LED 
luminaire lifetime.  
 
The chart below shows the impact of % degradations in lighting power over time versus the  
ANSI/IESNA RP-8-00 standard. This chart does not attempt to correlate light loss per thousand 
hours – we did not have enough data from vendors to do that accurately. However, we know that 
light loss degradation is not a linear function – it degrades most rapidly near the end of the 
luminaire lifetime.  
 
 

 

 

Light loss is an industry issue that needs to be tracked carefully over time to improve accuracy in 
sizing a luminaire for a particular roadway situation. Work is underway in the industry to improve 
confidence in estimating lifetime and light loss.  LED lifetimes, LED light loss factors, and LED 

                                                            
12 Kauffman, Rick. "Calculating Light Loss Factors." Municiple Solid‐State Street Lighting Consortium. US 
Department of Energy, 2011. <http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/msslc‐
se2011_kauffman.pdf> 
 



28 

 

dirt/wear loss factors along with rapid advances in LED quality and efficacy must be continually 
reevaluated as more product experience is built. 

Table 9: LED Luminaire End of Life Illuminance Assuming 0.63 Light Loss Factor 

Light Loss Results RP-8 Vendor A Vendor B Vendor C
Roadway Avg Illuminance fc >0.4 .54 .55 .41 
Sidewalk Avg Horiz. Illuminance fc >0.3 .25 .25 .20 
Sidewalk Min Vertical Illuminance fc >0.08 .16 .25 .07 
 

Correlated Color Temperature Results 

All three of the LEDs had significantly higher correlated color temperatures (CCT) than the high-
pressure sodium – much closer to daylight conditions. This helps explain improved color 
rendering of the LED luminaires versus the high-pressure sodium luminaire as shown below in the 
section on digital photography.  

 

Table 10: Correlated Color Temperature 
 

Correlated Color Temperature LED A LED B LED C HPS 
Measured Average ( K) 4812 5993 5560 2000* 

Meter unable to calculate CCT due to limitations in its CCT algorithm in the range of 2000k and below.  
CCT for this case was computed from tristimulus values (XYZ = 5.19, 4.13, 0.54; xyz = 0.53, 0.42, 0.05) 
plotted against the Planckian Locus in the CIE 1931 x,y Chromaticity Space.  

Luminaire Operating Temperature 

Temperatures were recorded using an infrared thermometer. Ambient temperatures the nights 
these were recorded were relatively low (40-50 degrees F). Operating temperatures will be higher 
in the summer.  Operating temperatures influence the expected lifetime of LEDs. 

 

Table 11: Luminaire Temperature Results 

 

 

 

 
 

 

 

Operating Temperature LED A LED B LED C HPS 
Heatsink Temperature (degrees F) 90.5 88.0 116.0 145 
Face Temperature 59.5 84.5 67.5 170 
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Controlled Digital Photography 
 

Controlled digital photography was utilized to make qualitative comparisons of the lights.  In 
some cases, a daylight photo of the object was taken for comparison. Photos of objects and street 
scenes were taken with a Nikon D50 SLR digital camera in raw mode, presented in this report 
without color adjustment, unprocessed, except for an exposure level adjustment to make the 
photos visible. For object photos, camera position relative to the streetlights, tripod height, and 
distance to the object were the same. Exposure adjustment was made equally for streetlight object 
photos to compensate for night shooting, with a different adjustment for daylight pictures. Aerial 
street scenes were taken from a basket truck utilizing different exposure adjustments, but illustrate 
the difference in the lights. 
 
As can be seen from the photos, there is significant variation in color rendering between LED and 
HPS lights. Qualitative comparison is very subjective. Participants in the study generally found 
color rendering far better with LED lighting than with HPS. White, blue, green, and red generally 
reproduced better with LEDs. HPS favored yellow. In street scenes, the boundary between LED 
and HPS lights was a striking contrast in colors. 

 

VENDOR A   
Looking east Looking west Looking down 
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VENDOR B 
Looking east Looking west Looking down 

VENDOR C   
Looking east Looking west Looking down 

   
VENDOR D   

Looking east Looking west Looking down 
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WHITE: Day A B C D 

 
GREEN: Day A B C D 

 
YELLOW: Day A B C D 

 
RED: Day A B C D 

 
BLUE: Day A B C D 
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WHITE CAR BACK/FRONT 
 A B C D 

 
 

WHITE CAR SIDE 
 A B C D 
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Electrical Use and Energy Savings 

Measured electrical data is presented below. LED wattage relative to HPS for products evaluated 
ranged from 38% to 44% with Vendor B showing the lowest usage. This translates directly to 
Greenhouse Gas (GHG) reduction. However these savings do not directly translate to financial 
savings – streetlights are often unmetered and charged a flat rate by the local utility (see economic 
analysis).  
 

Combining field measured electrical usage and laboratory total measured lumen output emitted by 
each luminaire (photometric data listed in Appendix E), the luminous efficacy of each luminaire 
was calculated in lumens/watt. HPS Vendor D luminaire efficacy was negatively affected by the 
27% of lumen output trapped inside the luminaire. In practical terms, Vendor D efficacy is 
overstated below given its higher percentage of lumen output at high vertical angles.  High-angle 
light can be wasted because it falls outside the roadway and above potential objects on the 
roadway and sidewalk.  In our field test area, light emitted straight across the roadway above the 
65 degree angle is wasted.  Light emitted down the length of the roadway at angles higher than 80 
degrees contributes very little useful illumination and can be a cause of glare. Vendor B showed 
the highest efficacy.  

Table 12: Electrical Use and Efficacy  

  
Electrical and Efficiency Data Vendor A Vendor B Vendor C Vendor D 
Average Voltage 237.2V 236V 239.2V 232.7V 
Average Amps 0.61V 0.50A 0.51A 1.17A 
Average Power Factor 0.81 0.85 0.87 0.98 
Average Watts 119W 101W 105W 269W 
Luminous Efficacy of Luminaire 52.5 lm/W* 66.5 lm/W 47.3 lm/W 60.1 lm/W 
Lumen Output 6649 6720 4969 16159 

* Given the nonstandard Vendor A light installed in the test area, rated wattage was used for this metric. 
     Laboratory testing results are listed in Appendix G 

Fitted Target Efficacy 

The ENERGY STAR® program has proposed a new metric called Fitted Target Efficacy (FTE) 
which will be applied to outdoor lighting including streetlights when finalized (as of this writing 
Draft 1.2 was under review).13  Pacific Northwest National Laboratory (PNNL) provides a tool 

                                                            
13 Overview of Fitted Target Efficacy (FTE) for Outdoor Pole‐Mounted Area and Roadway Luminaires US Department of 
Energy, ENERGY STAR for SSL Luminaires. July 1, 2009  
http://www.energystar.gov/index.cfm?c=revisions.ssl_luminaires 
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that computes the FTE for a given luminaire using standard photometric files. Full results from 
version Beta version B.1.1 of the tool are listed in Appendix H. Summary results are listed below 
in Table 13.   

The FTE metric computes a lumens/watt efficacy value for the luminaire under evaluation. 
Lumens are summed within an area which meets a uniform light distribution requirement. Only 
lumens from within the area of uniform light distribution are counted for computing the metric and 
the rest of the lumens are discarded. Furthermore, an algorithm is applied to the remaining 
uniform light distribution which discounts non-rectangular lighting distributions. The resulting 
lumens are divided by the luminaire power consumption in watts to compute the fitted target 
efficacy metric.   

The FTE metric is application-independent which broadens its usefulness. However, ultimately the 
uniform lighting distribution area established by the FTE metric must be compared to the actual 
roadway lighting area to evaluate the appropriateness of a luminaire for a particular roadway. To 
assist in this evaluation, the PNNL tool denotes the maximum sized rectangle which fits within the 
uniform distribution area. This “uniform rectangle” can be divided into forward and backward 
rectangles based upon orientation to the luminaire position and used for comparison with a target 
roadway scenario.   

Looked at as an application-independent metric, LED vendors A and B rate the highest in FTE 
with vendor B having the edge. LED Vendor C and HPS Vendor D are far behind.  Specifically 
for the Fremont Avenue test site, the FTE forward uniform rectangle should cover a 43’ transverse 
and 143’ longitudinal rectangle (transverse width of roadway/sidewalk is 43’ and longitudinal 
distance between poles is 143’). None of the products actually covers this area with their forward 
uniform rectangle but Vendor D (HPS) came the closest. Of LED vendors, vendor B covers the 
area the best with vendor A close behind. Vendor C trails significantly.    

The ENERGY STAR® draft standard defines a minimum FTE based on a categorization of 
luminaires by overall lumen output and backlight characteristics. As of this writing, none of the 
vendor products evaluated in this report meet the standard. In addition to FTE, ENERGY STAR® 
defines other criteria including percentage of light in the forward very high 80-90 degree vertical 
zone (FVH). Light emitted from a luminaire at this high angle causes glare. Vendor D (HPS) fails 
this metric. All of the LED vendors pass this requirement.  

Table 13:  Fitted Target Efficacy (FTE) 

 
 Vendor A Vendor B Vendor C Vendor D 

FTE lumens/watt 37 40 32 33 
Forward Uniform Rectangle 
Transverse x Longitudinal 63’ x 72’ 60’ x 75’ 57’ x 51’ 48’ x 96’ 
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Summary of Measured Results   

 

Performance of LED lights from three different vendors was compared to that of standard high-
pressure sodium lamps installed on the test roadway. The choice of test roadway and specific 
vendor products was one of many the city might have chosen to evaluate. Other choices may have 
led to different results. However, the results presented here are useful in understanding the 
potential of moving ahead to replace HPS streetlights with LEDs.   

The data shows that two of the three LED luminaires (Vendors A and B) meet the roadway 
and sidewalk illuminance criteria for the test area. Vendor C failed to meet the roadway 
standard for the test area. Type III streetlight distribution pattern was shown to be superior for the 
test area over Type II. 

The HPS luminaire proved to be standard conformant in every metric – in some cases greatly 
exceeding the required ANSI/IESNA RP-8-00 metrics (at substantial cost in electrical power). 
Although we did not study the possibility, a lower powered HPS luminaire might have been 
sufficient for the test roadway.   

Light loss over time is an important factor. All vendors remained standard conformant for the 
roadway through luminaire end of life, however, all LED vendors fell short of sidewalk average 
illuminance at end of life. Higher power luminaires would be necessary to maintain  
ANSI /IESNA RP-8-00 conformant lighting levels for the sidewalk through end of life. 
LED luminaires outperform HPS lights by a substantial margin on electrical usage. Energy 
savings by the three LED vendors versus High Pressure Sodium models studied ranged from 56% 
to 62%. Vendor B showed the strongest performance in this category, with lowest electrical usage 
and highest luminous efficacy. 

Overall, both Vendors A and B showed strong potential as replacements for HPS. Vendor B 
showed the strongest results overall based on good results in all categories and the best results 
in energy savings.  
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Economic Performance 

 

Economic performance is evaluated through the simple payback and net present value (NPV) 
analysis using the cost and savings estimates. The savings are calculated using the maintenance 
costs for both group replacement and spot replacement scenarios as well as energy cost. Refer to 
Appendix D for detailed energy cost-savings and maintenance cost-savings estimates. The 
economics of new construction as well as retrofit scenarios are calculated in Appendix D. 

 

Estimated Energy Costs 

The 2009 PG&E LS-2 rate schedule is used to estimate the energy cost for each HPS luminaire. 
As per this rate structure, the 240 volt, 70 watt, 150 watt and 200 watt HPS luminaries are billed at 
the rate of $4.150, $8.422 and $9.887 per month respectively. The comparable replacement LED 
luminaires for each of the HPS luminaires as recommended by the vendors included in this report, 
are also billed per the published rates in the 2009 PG&E LS-2 rate schedule for LED luminaires.   

The monthly fixed charge for the HPS and the comparable replacement LEDs includes only the 
energy charge per lamp per month and not the facility charge. Including the facility charge will not 
affect the estimated energy savings cost since the facility charge is the same for HPS and LEDs. 
For simplicity, the facility charge is not included in the calculation.   

The annual operating hours are 4100 hours per year as assumed in the PG&E LS-2 rate-schedule. 
Annual energy savings per luminaire for LEDs are shown in table EP-1 below. 

  

Table: EP-1 Annual Energy Savings for LED Lamps   

 

 
Vendor LED Lamps Annual Energy  

Savings 
  70W $26.08 

Vendor A                  150W $62.24 
                  200W $57.28 
  70W $28.56 

Vendor B                  150W $52.28 
                 200W $59.90 
  70W $6.00 

Vendor C                  150W $57.26 
                  200W $59.90 
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Estimated HPS Maintenance Costs 

The maintenance cost for streetlights is estimated for both categories: group replacement as well 
as burnout replacement.  

Group replacement is a scheduled replacement of lamps. Burnout replacement is the replacement 
of specific lamps due to lamp or any other component failure. In this report, the total annual 
maintenance per HPS luminaire is estimated based on labor and material cost per replacement, and 
annual replacement frequency. Cost is obtained from the City maintenance contractor for group 
and burnout replacement scenarios. The data on monthly system-wide streetlight replacement 
through group and burnout maintenance, provided for the same period, is used to estimate the 
annual replacement frequency. 

The mercury present in the HPS lamps requires treating the removed lamps as universal waste. 
Therefore, an additional disposal charge per lamp is added to calculate the total annual 
maintenance cost per luminaire. 

 

Estimated LED Maintenance and Installation Option Costs 

The total annual maintenance cost per LED luminaire is estimated based on the rated life of the 
luminaire, the warranty and the cost of the luminaire provided by the manufacturer. The rated life 
of the LED luminaires ranges from 10 to 30 years, which is significantly longer than the HPS 
lamp rated life of five to seven years. Still, the LED lamps will require some level of maintenance 
in case of catastrophic failure, as well as periodic cleaning, inspection, and photocell repair. Since 
catastrophic failure of the LED luminaires is rare, the rated life of the luminaire is the amount of 
time the LED source takes to depreciate to 70% of its initial lumen output, commonly known as 
L70. For this report the luminaire life is assumed to be 50,000 hours (12.2 years) as per the PG&E 
requirements.14  

Since the life of all the LED luminaires is greater than the term of analysis considered for this 
report (10 years), end-of-life replacement costs are not included in this analysis. However, it is 
assumed that a small percentage (10%) of LED luminaires will fail before the end of the rated 
luminaire life. The annual replacement frequency for LED luminaires is estimated based on the 
probability of failure within the warranty period, as well as outside the warranty period. The cost 
of replacing an LED luminaire within the warranty period will include only the installation cost, 
while replacement outside the warranty period will include luminaire cost in addition to the 
installation cost.  

The cost of LED luminaires is based on bulk purchase rate estimates obtained from each LED 
manufacturer. Since there is a downward trend in LED luminaires costs, the future replacement 
costs can be reasonably lower. Without enough information on projected cost reductions, LED 
luminaire replacement cost is held constant. If luminaires were purchased individually or in small 

                                                            
14 "Pre‐Qualified LED Fixtures." ENERGY STAR Qualified Commercial LED Lighting for PG&E Rebate & Incentive Programs. 

Version Last Modified: 02/17/2010 http://www.energystar.gov/index.cfm?c=ssl.pr_commercial. ENERGY STAR Solid‐State 

Lighting Luminaire Program Requirements, n.d. Web. 17 June 2010. <www.pge.com/includes/docs/pdfs/ 
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number, it would result in higher luminaire costs than those used in this analysis, thereby 
lengthening the simple payback period and decreasing the net present value. 

The estimated total annual costs (energy + maintenance) and total annual savings per luminaire are 
shown in Table EP-2. The maintenance of HPS luminaires accounts for 54% of the total annual 
cost for a 70W luminaire, 37% for a 150W luminaire and 34% for a 200W luminaire. In the case 
of luminaires from three different vendors, the values are 42%, 44% & 27% of total annual cost 
for LEDs equivalent to 70 W HPS, 32%, 27% & 27% for LEDs equivalent to 150W HPS and 
24%, 24% &22% for LEDs equivalent to 200 W HPS respectively. These values will vary 
depending on the luminaire cost and the manufacturer’s warranty.  

 

Table EP-2: Total Annual Costs and Savings per Luminaire 

 

Total Annual Costs and Savings per Luminaire       
                

Vendor 
Luminaire 

Type 

Annual 
Maintenance 

Cost 

Annual 
Maintenance 

Savings 

Annual 
Energy 

Cost 

Annual 
Energy 
Savings 

Total 
Annual 

Cost 

Total 
Annual 
Savings 

HPS 70W $58.34 - $49.80 - $108.14 - 
  150W $59.97 - $101.06 - $161.04 - 
  200W $61.60 - $118.64 - $180.25 - 
Vendor A 70W $17.23 $41.12 $23.72 $26.08 $40.95 $67.19
  150W $18.02 $41.96 $38.82 $62.24 $56.84 $104.20
  200W $19.01 $42.60 $61.37 $57.28 $80.37 $99.87
Vendor B 70W $16.68 $41.66 $21.24 $28.56 $37.92 $70.22
  150W $18.08 $41.90 $48.78 $52.28 $66.86 $94.18
  200W $18.35 $43.25 $58.74 $59.90 $77.09 $103.16
Vendor C 70W $16.22 $42.12 $43.80 $6.00 $60.02 $48.12
 150W $16.22 $43.75 $43.80 $57.26 $60.02 $101.02
  200W $16.46 $45.15 $58.74 $59.90 $75.20 $105.05

 
 
Two economic scenarios: (i) new construction and (ii) retrofit are considered for the comparison 
between the LED and base case HPS options. Please refer to Appendix D for further details on the 
scenarios presented in the simple payback and Net Present Value (NPV) calculation tables.  

 

New Construction Economics 

In new construction scenarios, the comparable replacement LED luminaires are installed instead 
of the standard 70W, 150W and 200W HPS luminaires. Thus, the incremental cost of installing 
the LED luminaires is the difference in material costs between HPS luminaires and equivalent 
LED luminaires provided. The cost of installation is assumed to be the same for both luminaire 
types. The simple payback years are estimated based on the incremental cost and the total annual 
savings for each luminaire. The NPV for each luminaire was estimated based on the assumed 
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project analysis period of 10 years, escalation rate for all costs of 3% annually and real discount 
rate of 5%. Refer Appendix D for details on the simple payback and NPV calculations. 

As seen in Table EP-3 below, the simple payback length in years for the LED luminaires from 
Vendor A, ranges from 2.5 to 5 years. The 10-year NPV ranges from $395 to $624.  

For the LED Luminaires from Vendor B, the simple payback years range from 0.8 to 3.6 years. 
The 10-year NPV ranges from $521 to $577.  

Vendor C simple payback ranges from 4.7 to 10 years and $330 to $438. The negative value of 
10-year NPV for LED luminaire equivalent to 70 W from Vendor C suggests it is not an economic 
option. 

 

Table EP-3: New Construction Economics 

 

New Construction Economics       
  

 
Luminaire 

Type 
Initial 

Investment 
Incremental 

Cost 
Annual 
Savings 

Simple 
Payback 

(yrs) 
10-yr 
NPV 

HPS 70W $270.00 - - - -
   

150W $280.00 - - - -
   

200W $290.00 - - - -
Vendor A  70W $435.00 $165.00 $67.19 2.5 $440.40

 150W $595.00 $315.00 $104.20 3.0 $623.84
 200W $795.00 $505.00 $99.87 5.1 $394.86

Vendor B  70W $325.00 $55.00 $70.22 0.8 $577.62
 150W $607.00 $327.00 $94.18 3.5 $521.56
 200W $662.00 $372.00 $103.16 3.6 $557.46

Vendor C  70W $752.35 $482.35 $48.12 10.0 -$48.77
 150W $752.35 $472.35 $101.02 4.7 $437.81
 200W $905.81 $615.81 $105.05 5.9 $330.69
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Retrofit Economics 

 

In the retrofit scenario, the comparable replacement LED luminaires are installed in place of the 
existing and fully functional 70W, 150W and 200W HPS luminaires. Thus, there is no initial 
investment in the HPS luminaires and the incremental cost of the LED installation is the total of 
estimated cost of the LED luminaire plus the estimated installation costs minus the PG&E rebate 
for streetlight retrofit. The simple payback years and the NPV are estimated in the same manner as 
in the new construction scenario. 

 

Table EP-4: PG&E Rebate for Streetlights Retrofit 

 

 
 

 

 

 

 

Table EP-5 shows that the simple payback in years for Vendor A LED luminaires ranges from                
5.4 to 7.4 years, and the 10-year NPV ranges from $153 to $376. For the LED luminaires from       
Vendor B, the simple payback ranges from 4.9 to 6.1 years, and the 10-year NPV ranges from            
$274 to $325. Vendor C luminaires is from 7.1 to 16.0 years and $98 to $190. The 10-year NPV            
for one of the options is negative suggesting it is not economically feasible. 

In new construction and retrofit scenarios, the higher values of NPV for the LED luminaires from 
Vendor B suggests these luminaires will add more value to the project. Also, the payback in years 
and the initial investment cost for the LED luminaires from Vendor B are much less compared to 
those from Vendor A and C. This suggests the initial project cost will be compensated for sooner 
if LED luminaires from Vendor B are used. 

 

 

 

 

Rebate Amount Per Eligible LED Replacement 

 Fixture/Watt with new LED Fixture Rebate Amount

   70 W $50.00

150 W $100.00

200 W $125.00
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Table EP-5: Retrofit Economics (Includes Rebates) 

 

 Retrofit Economics         

 
Luminaire 

Type 
Initial 

Investment
Incremental 

Cost1 
Annual 
Savings 

Simple 
Payback 

(yrs) 
10-yr 
NPV 

HPS 70W ‐ ‐ ‐ ‐ ‐

 150W ‐ ‐ ‐ ‐ ‐

 200W ‐ ‐ ‐ ‐ ‐

Vendor A  70W $435.00 $452.50 $67.19 6.7 $152.90
 150W $595.00 $562.50 $104.20 5.4 $376.34
 200W $795.00 $737.50 $99.87 7.4 $162.36
  70W $325.00 $342.50 $70.22 4.9 $290.18

Vendor B 150W $607.00 $574.50 $94.18 6.1 $274.06
 200W $662.00 $604.50 $103.16 5.9 $324.96
 

Vendor C 70W $752.35 $769.85 $48.12 16.0 -$336.27
 150W $752.35 $719.85 $101.02 7.1 $190.31
 200W $905.81 $848.31 $105.05 8.1 $98.19

                          1  Initial investment + Installation cost for group installation-PG&E rebate15 

                                                            
15 PG&E Rebate program  
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Figures EP-1 through EP-4 show simple payback and net present value for LED luminaires at estimated 
annual maintenance savings for new construction and retrofit scenarios. 

 

Figure EP-1 

 

Figure EP-2 
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Figure EP-3 
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Figure EP-4 
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Economic Feasibility 

  
The LED luminaires are relatively high in initial cost compared to the standard HPS luminaires. 
As a result, the adoption of LED luminaires for street lighting on a larger scale will depend not 
only on the lighting and energy performance but also the economic feasibility and competitiveness 
for new construction and retrofit scenarios. Though savings in energy and maintenance costs 
compensate for the high initial cost of the LEDs, the influence of this factor will depend on the 
extent of savings for a particular product and location. Thus it is required to compare the simple 
payback of the LED and the HPS for new construction and retrofit scenarios.  

For a new construction scenario the expected simple payback years after including the estimated 
energy and maintenance savings are, 0.8 to 2.5 years for 70-Watt, 3 to 4.7 years for 150-Watt and 
3.6 to 5.9 years for 200-Watt equivalent LED luminaires. For a retrofit scenario these values are, 
4.9 to 6.7 years for 70-Watt, 5.4 to 7.1 years for 150-Watt, and 5.9 to 8.1 years for 200-Watt 
equivalent LED luminaires. 

A five-year period is typically selected for payback analysis.  For the lowest cost luminaires to 
meet a payback threshold of 5 years or less in the retrofit scenario, the LED luminaire cost would 
need to drop by over $45 per luminaire, or total savings improve by $10 per year per luminaire for 
150-Watt and a cost drop of $95 per luminaire, or total savings improve by $20 per year per 
luminaire for 200-Watt luminaires over current estimates.  

In addition to simple payback calculations, this analysis includes net present value (NPV) 
calculations for investments on LED streetlights. Simple payback is insufficient to make an 
economic decision. The NPV calculations are highly sensitive to the specifics of the project, such 
as estimated total annual costs, discount rate, escalation rate, and term of analysis.  

As per the assumptions made in this analysis, the 10-year NPV for new construction ranges from 
$440 to $577 for 70W, $437 to $623 for 150W, and $330 to $557 for 200W equivalent luminaires. 
The 10-year NPV for retrofit ranges from $153 to $290 for 70W, $190 to $376 for 150W and $98 
to $325 for 200W equivalent LED luminaires. These 10-year NPV values are equivalent to an 
internal rate of return of 42% to 135% for 70W, 20% to 35 % for 150W, and 14% to 28% for 
200W equivalent luminaires in case of new construction. For retrofit scenario the internal rate of 
return are 11% to 19% for 70W, 10% to 17% for 150W and 9% to 16% for 200W equivalent 
luminaires. 

The result suggests that LED luminaires are economically feasible for a new construction scenario. 
The results for retrofit scenarios are also satisfactory. The 10-year NPV and the IRR for the LED 
luminaires are less and the payback period is more for retrofit scenario than in new construction. 
(See Appendix D) The downward trend of the LED luminaire cost may further reduce the payback 
period and increase the 10-year NPV and IRR. 
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Safety and Environmental Concerns 

 
The Illuminating Engineering Society of North America (IESNA) is the authoritative source of 
general lighting specifications and evaluating public safety and the effect of lighting. According to 
the ANSI/IESNA RP-8-00 standard practices:  

 
 The principal purpose of roadway lighting is to produce quick, accurate and comfortable 

visibility at night. These qualities of visibility may safeguard, facilitate and encourage 
vehicular and pedestrian traffic. 16 

 Research data from IESNA shows increased hazards occur in darkness. They report that 
accidents on unlighted roadways have three times the rate of fatalities compared to daytime 
fatality rate. “This ratio can be reduced, when properly fixed lighting is installed, since fixed 
lighting systems reveal the environment beyond the range of the vehicles headlights.” 17 

 
The choice of good streetlights should increase visibility and should not in itself become a 
distraction. The following three considerations enhance streetlight performance: Limit glare, 
proper installation, and site maintenance for tree and foliage control. 

 
 Limit Glare - Glare causes the effect of a curtain of darkness around a brightly illuminated 

point. It is a safety concern since it affects the ability of pedestrians and drivers to perform 
visual tasks. Veiling luminance is one measure of glare and is reported as part of the metrics in 
the lighting quality section of this report. The IESNA Luminaire Classification System (LCS) 
gives additional information in quantifying potential glare issues. The LCS categorizes light 
output for a luminaire in zones corresponding to vertical angles. Light in the forward and 
backward very high zone (80-90 degree vertical angle) is problematic for glare. Photometric 
reports (see Appendix A) show that vendor D emits significantly more of its light in the glare-
producing very high zone: 5.5% versus 1.1% for vendor A, 0.5% for vendor B, and 0.4% for 
vendor C.  All of the LED luminaires evaluated in this report outperformed HPS in this metric 
and should improve safety. Two types of glare are important. Disability glare reduces the 
ability to see, but does not often cause discomfort.18 Discomfort glare makes the eyes 
uncomfortable; yet does not affect visibility. It isn’t possible to eliminate glare completely. 
However, good planning and the correct downward-illuminating fixture will minimize the 
amount of glare.   

 
 

 Proper Installation - Proper installation of streetlights is critical to realize the desired benefits.  
Poor installations with horizontal and vertical misalignment can produce glare and light 
trespass. Light trespass is lighting that does not stay within the desired area and either causes 
glare or interferes with the surroundings and is discussed below.  

 

                                                            
16 See IESNA Publication Roadway Lighting RP‐8‐00 Reaffirmed 2005, pg 1 paragraph 1.2 
17 See IESNA Publication Roadway Lighting RP‐8‐00 Reaffirmed 2005, pg 2  paragraph 1.4 
18 See IESNA Publication Roadway Lighting RP‐8‐00 Reaffirmed 2005, pg 2 paragraph 1.5 
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 Site Maintenance - A critical long-term consideration when choosing lighting is maintaining 
tree and foliage growth with ongoing maintenance. This regimen keeps lighting functioning as 
planned.  Trees foliage was an issue in our test area and substantially degraded light quality for 
one of our test grids. 
 

Personal Safety 

 
An additional aspect of public street lighting is the effect on personal safety. Too much lighting 
can encourage vandalism and graffiti as unintended consequences.19 In addition, inappropriate 
lighting can attract criminal behavior, if deep shadows are cast that offer concealment.   

Light Pollution 

Sky Glow 

Urban sky glow is the result of outdoor lighting used in cities and causes a brightening of the sky 
that reduces the visibility of the natural night sky.20 Sky glow is based on an urban population’s 
use of light. Excess light in the sky has an adverse impact not only on the environment in general 
but deprives citizens of a natural view of the universe. Sky glow is a major contributor to light 
pollution. It is wasted light that does not help to increase nighttime safety, utility, or security. 
According to the International Dark-Sky Association (IDA)21 effective mediation strategies are to 
use night lighting only when necessary and focus light downward. Turn off lights when not 
necessary or use the correct amount of light needed. More is not always better. The use of 
effective placement and practically designed fixtures can provide light control and reduce wasted 
light.  

IDA mandates the use of luminaires with no uplight – no light emitted above the 90 degree 
vertical angle. All luminaires in the study performed well in this regard. Vendor B and vendor D 
emitted no uplight at all. Vendors A and C emitted only about 0.1% of total light upward which is 
considered negligible by the DOE.   

Using IDA’s “Estimation of Sky Glow,” the approximate contribution of three of Silicon Valley’s 
cities to nighttime sky glow is evaluated below. This estimation is based on the direct distance 
from the University of California’s Lick Observatory located on Mount Hamilton. In this 
evaluation the location of Sunnyvale relative to the observatory, as well as its population, creates 
just over 12% increase in sky glow to the natural night sky. In comparison to the closest city to the 
observatory, San Jose, with nearly nine times the population of Sunnyvale the contribution to sky 
glow is minimal. San Jose has a much more significant affect on sky glow and thus provides much 
more hindrance to the observations made at Lick.22  

                                                            
19 International Dark Sky Association Information Sheet:  #24 “Security Lighting: Let’s Have Real Security:  Not Bad Lighting” 
20 “The Problem with Light Pollution” International Dark‐Sky Association – Information Sheet #1 
21 Light Pollution” NLPIP Lighting Answers, Lighting Research Center, Volume 7 Issue 2 March 2003 
http://www.lrc.rpi.edu/programs/nlpip/lightinganswers/lightpollution/abstract.asp 
22 Laurie Hatch, Lick Observatory Strategic Planning Committee Inaugural Meeting, 2007, 
http://www.ucolick.org/lospc/bolte1.pdf 
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Other Observatories that may be affected are the Chabot Science Center, the Foothill College 
Observatory, and the observatory on Sky Line Blvd operated by the Peninsula Astronomical 
Society. There are also many private observatories in the area. 

Table 14: Estimation of Sky Glow 

 
 City of San Jose City of Santa Clara City of Sunnyvale 

 Population  Distance  Population Distance Population Distance 

 1,006,892 22.53 Km 108,518 35.41 Km 138,826 41.84 Km

Sky Glow (I) 4.1787 0.1455 0.1226 

% increase 417.87 % 14.55 % 12.26 % 

   Based on Walkers Law: I = 0.01Pd^-2.5 
  Where I = Sky Glow, P = population, d = Distance from observation site 
   Populations are rough estimates from year 2000 

 

Light Trespass 

Light Trespass is the occurrence of light being cast where it is not wanted or needed. For example, 
light trespass can be considered when spill light from a streetlight or floodlight enters through 
window, illuminates an indoor area, or falls on private property. 23 It is essential that the 
appropriate light is used to illuminate the desired area and that unnecessary light is not created. 
Although light trespass can be a subjective issue based upon property limits and personal opinion, 
it is important to consider that reducing and preventing light trespass aids in decreasing light 
pollution.  

Each of the Vendor products emits a unique light distribution footprint. ALADAN photometric 
light distribution footprints are shown below. A 0.02 foot-candle contour (similar in intensity to 
full moon illumination) is shown on a grid of 30’ squares for a single luminaire and represents the 
farthest reach of each of our four luminaires. The contour at the top of each grid shows the 
maximum reach into the neighborhood adjoining the roadway. Light extending beyond 43’ from 
the luminaire is a possible source of light trespass in our test area. 

1. Vendor A has a light distribution pattern reaching about 110 feet across the roadway from 
the luminaire in a circular shape.  

2. Vendor B reaches about 95 feet in a square shape. 
3. Vendor C reaches 110 feet in a square shape.   
4. Vendor D reaches about 120 feet in a rectangular shape.   

                                                            
23 “Light Pollution” NLPIP Lighting Answers, Lighting Research Center, Volume 7 Issue 2 March 2003 
http://www.lrc.rpi.edu/programs/nlpip/lightinganswers/lightpollution/abstract.asp 
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Vendor B has the most desirable light distribution pattern for minimizing light trespass in our test 
area.  
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Customer Acceptance 

 

The citizens of Sunnyvale were asked to participate on an opinion poll conducted through a survey 
consisting of the following questions. Results are listed following each question. 

 

1. Have you noticed that new streetlights were installed on Fremont between Mary and                     
Hollenbeck in March 2009?   

Answer Options Response Percent 

Yes 72.2% 
No 27.8% 

 
2. Do you feel that the new streetlights installed March 2009 have improved or not improved 

visibility for you as a DRIVER? 

Answer Options Response Percent 

Strongly improved 36.8% 
Somewhat improved 31.6% 
No change/ about the same 21.1% 
Somewhat not improved 5.3% 
Strongly not improved 5.3% 
Don't know/ not applicable 0.0% 

 
3. Do you feel that the new streetlights installed this March 2009 have improved visibility for 

you as a PEDESTRIAN? 

Answer Options Response 
Percent 

Strongly improved 31.6% 
Somewhat improved 21.1% 
No change/ about the same 31.6% 
Somewhat not improved 0.0% 
Strongly not improved 5.3% 
Don't know/ not applicable 10.5% 
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4. Do you feel the new streetlights installed March 2009 have made it easier or more difficult to 
recognize people at night under the streetlights? 

Answer Options Response 
Percent 

Much easier 15.8% 
Somewhat easier 26.3% 
No Change/ About the same 26.3% 
Somewhat more difficult 0.0% 
Much more difficult 5.3% 
Don't know/ not applicable 26.3% 

 
5. Do you feel that the new streetlights installed this past March create less glare of more glare? 

Answer Options Response 
Percent 

Much less glare 15.8% 
Somewhat less glare 21.1% 
Somewhat more glare 15.8% 
Much more glare 10.5% 
About the same as the old lights 21.1% 
Don't know/ not applicable 15.8% 

 
6. Do you feel that the new streetlights installed March 2009 give off the right amount of light or 

are they too bright or too dim? 

Answer Options Response 
Percent 

Right amount of light 66.7% 
Much too bright 0.0% 
Somewhat too bright 11.1% 
Somewhat too dim 16.7% 
Don't know/ not applicable 5.6% 
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7.  Next, we'd like to get more specific details on the new streetlights installed this past March and 
how they may have affected different aspects of the test site. * X,Y,Z are interchangeable with B,A,C 
respectively.  (See page 14) 

 
The test site's overall appearance 

Answer Options 

Strongly 
improved 

Somewhat 
improved 

Somewhat 
not 
improved 

Strongly 
not 
improved

No 
change 

Don't 
know 

Lights closer to 
Mary (X)  33.3%  27.8% 11.1% 5.6% 11.1%  11.1% 
Lights closer to 
Pome (Y)  35.3%  29.4% 5.9% 5.9% 23.5%  0.0% 

Lights closer to 
Hollenbeck  (Z)  23.5%  35.3% 5.9% 5.9% 11.8%  17.6% 

 
The test site's night time safety                

Answer 
Options 

Strongly 
improved 

Somewhat 
improved 

Somewhat 
not 
improved 

Strongly 
not 
improved

No 
change 

Don't 
know 

Lights closer to 
Mary (X)  22.2%  33.3% 0.0% 5.6% 22.2%  16.7%
Lights closer to 
Pome (Y)  29.4%  29.4% 0.0% 5.9% 29.4%  5.9%

Lights closer to 
Hollenbeck  (Z)  17.6%  35.3% 0.0% 5.9% 23.5%  17.6%

 
The test site's night time visibility             

Answer Options 

Strongly 
improved 

Somewhat 
improved 

Somewhat 
not 
improved 

Strongly 
not 
improved

No 
change 

Don't 
know 

Lights closer to 
Mary (X)  27.8%  33.3% 5.6% 5.6% 16.7%  11.1% 
Lights closer to 
Pome (Y)  41.2%  29.4% 0.0% 5.9% 23.5%  0.0% 

Lights closer to 
Hollenbeck  (Z)  35.3%  29.4% 0.0% 5.9% 17.6%  11.8% 

 
8.   How important is it for you to see the stars at night from your street? 

Answer Options Response 
Percent 

Very Important 15.8% 
Somewhat Important 57.9% 
Slightly Important 10.5% 
Not Important at all 15.8% 
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9.  Which of the new streetlights allow you to best see the stars in the sky above? 

Answer Options Response 
Percent 

Vendor X -Lights closer to Mary Ave 20.0% 
Vendor Y- Lights closer to Pome Ave 0.0% 
Vendor Z- Lights closer to Hollenbeck Ave 20.0% 
I can see the stars equally with each Vendor 33.3% 
I can't see the stars with any of vendor's streetlights 20.0% 
I don't care about seeing the stars 6.7% 

 
10. When all things are considered, do you prefer the New streetlights that were installed last 

March of do you prefer the Old streetlights they replaced? 

Answer Options Response 
Percent 

Strongly prefer the new streetlights 47.4% 
Somewhat prefer the new streetlights 31.6% 
Somewhat prefer the old streetlights 0.0% 
Strongly prefer the old streetlights 5.3% 
There is not much difference 10.5% 
Don't know/ not applicable 5.3% 

 
 11. Are you a resident of the City of Sunnyvale? 

Answer Options Response 
Percent 

Yes 90.0% 
No 10.0% 

  
12. Do you have any children under the age of 18 living at home? 

Answer Options Response 
Percent 

Yes 30.0% 
No 70.0% 
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Conclusion 

 

In 1998 the City of Sunnyvale initiated the transition to LED technology by retrofitting the traffic 
signals with LED modules. The city enlisted the services of KEMA, Inc. to capture the energy 
savings.24 This effort showed a significant energy savings and thus opened the door to consider 
more efforts to achieve energy savings and greenhouse gas (GHG) emissions reduction. 

Recognizing the advances made in LED technology over the past several years the city initiated an 
effort to look into the feasibility of retrofitting its High-Pressure Sodium streetlights with LED 
models. Seven LED luminaire vendors were evaluated during the first phase of the project, and 
preliminary testing was conducted. Based on the results three LED products were selected to 
proceed with a second phase of the project and a more comprehensive analysis was undertaken. 
The results of the second phase LED demonstration project reinforced the results obtained in 1998 
that LED technology has the potential for energy savings, greenhouse gas emission reduction and 
also enhancing the safety of pedestrians, bicyclists and drivers by providing better illumination on 
the sidewalks and roadways. 

For the specific demonstration project chosen, two of the three LED products showed excellent 
lighting quality, environmental and safety benefit, and positive citizen feedback, while providing 
significant economic savings over high pressure sodium luminaires currently used by the city. 
As LED technology continues to be developed and demand for this technology increases these 
advantages are expected to continue to grow. At the same time, industry ability to accurately 
predict LED lifetime and light loss factors needs to improve as LED technology matures. 

In addition to its longstanding energy conservation policy, Sunnyvale’s Council has set a City 
target for GHG emissions reductions, pledging to reduce CO2 emissions from City operations to 
20% below 1990 levels by 2010.  The Council also authorized the Mayor to sign the U.S. Mayor’s 
Climate Protection Agreement and directed that the City become a reporting member of the 
California Climate Action Registry. In support of these efforts, in October 2006 the community 
developed a sustainability vision ratified by the Council in May 2007. City staff work in support 
of this leadership direction has included several studies around the issue of GHG emissions and 
related sustainability practices, and development of a Framework for Sustainability that identifies 
the City services, policies, and partnerships that enable achieving the sustainability goals. As the 
Framework suggests, significantly reducing energy consumption and achieving sustainability will 
require a high level of interdepartmental planning, collaboration, and coordination.   

To meet the City’s goal of reducing CO2 emissions 20% by 2010, the City will need to reduce CO2 
emissions by 3,832,180 lbs.  Analysis of City energy use and emissions through Fiscal Year 

                                                            
24 KEMA Inc.” City of Sunnyvale Climate Action Plan – City Operations” June 2007. 

http://sunnyvale.ca.gov/NR/rdonlyres/C36B4290‐CC7D‐4554‐B218‐BD8C022EF4B4/0/SunnyvaleClimateFinalReport62007.pdf 
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2007/08 shows the City has reduced its emissions by 7 percent or 1,316,041 lbs. since 1990.  The 
1990 Baseline energy use from Streetlights was 4,774,623 kWh and 2,721,535 lbs. of CO2 

emissions.  2008 data indicates Streetlights consumed 5,268,965 kWh of electricity and produced 
3,351,062 lbs of CO2 emissions25.  This represents a 21.3% increase from the baseline year.  It is 
estimated that replacing Streetlights with LEDs can save Sunnyvale an additional 2,956,917 kWh 
per year and 1,549,425 lbs of CO2 per year26. These reductions will move the city toward its goal 
of 20% reduction by 2010. 

The Sunnyvale LED Street Light Demonstration project was limited in scope to make the project 
feasible. A specific roadway, a small number of specific products, and a particular methodology 
were used to objectively evaluate the potential of LED products to replace High-Pressure Sodium 
luminaires. However, no single study can cover all of the variables and scenarios applicable. The 
reader is advised to look at how other cities have approached the same type of project, their 
methodologies and their decision making for product choice.   

 

 

 

 

 

 

 

 

 
 

                                                            
25 "SustainableSiliconValley2008AnnualReport." http://www.sustainablesv.org/sites/default/files/dms/media‐kitssv‐2008‐

annualreport.pdf. Sustainable Silicon Valley, n.d. Web. 30 July 2011. <www.sustainablesv.org/sites/default/files/dms/media‐

kitssv‐2008‐annualreport.pdf>. 

26 Pacific Gas and Electric Company Carbon Footprint Calculator Assumptions  
<http://www.pge.com/includes/docs/pdfs/about/environment/calculator/assumptions.pdf> 
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Appendix A: Monitoring Data 

Raw illuminance data measured at the streetlight test area is included below.  Longitudinal distance along 
the roadway is given in the first column.  Transverse distance across the roadway measured from median 
curb is given across the top.  Sidewalk measurements, both horizontal and vertical illuminance, are shown 
in the last two columns. 

Vendor A Raw Field Data (foot-candles) 
 

          horizontal vertical 

  3.5'  10.5'  17.5'  24.5'  sidewalk  sidewalk 

135.9'  1.78  1.72  1.40 1.01 0.22 0.26 

121.6'  1.14  1.14  0.97 0.74 0.24 0.32 

107.3'  0.72  0.72  0.61 0.48 0.31 0.45 

93.0'  0.55  0.50  0.44 0.34 0.41 0.60 

78.7'  0.42  0.46  0.36 0.31 0.51 0.77 

64.4'  0.59  0.49  0.37 0.31 0.52 0.78 

50.1'  0.62  0.60  0.48 0.38 0.46 0.66 

35.8'  0.87  0.84  0.73 0.57 0.34 0.48 

21.5'  1.33  1.32  1.10 0.82 0.25 0.33 

7.2'  1.98  1.88  1.50 1.05 0.23 0.25  

 

Vendor B Raw Field Data (foot-candles) [affected by shading on the left side] 
         

          horizontal vertical 

  3.5'  10.5'  17.5'  24.5'  sidewalk  sidewalk

135.9'  1.86  1.74  1.37 1.02 0.34 0.39

121.6'  0.84  1.29  0.65 0.71 0.38 0.51

107.3'  0.33  0.15  0.46 0.38 0.32 0.47

93.0'  0.17  0.18  0.27 0.24 0.39 0.53

78.7'  0.21  0.25  0.31 0.36 0.59 0.96

64.4'  0.55  0.54  0.49 0.45 0.77 1.12

50.1'  0.48  0.41  0.43 0.46 0.40 0.65

35.8'  0.56  0.60  0.61 0.46 0.36 0.55

21.5'  1.46  1.33  1.03 0.82 0.35 0.40

7.2'  1.90  1.74  1.36 1.11 0.29 0.53
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Vendor C Raw Field Data (foot-candles) 
         

          horizontal vertical 

  3.5'  10.5'  17.5'  24.5'  sidewalk  sidewalk

130.2'  1.83  1.67  1.51 1.32 0.10 0.11

116.5'  1.16  1.00  0.86 0.68 0.15 0.21

102.8'  0.45  0.48  0.43 0.36 0.25 0.34

89.1'  0.19  0.22  0.21 0.20 0.37 0.52

75.4'  0.02  0.05  0.07 0.09 0.67 0.95

61.7'  0.04  0.04  0.06 0.09 0.70 0.99

48.0'  0.17  0.23  0.33 0.21 0.38 0.52

34.3'  0.54  0.51  0.44 0.39 0.27 0.37

20.6'  1.13  1.03  0.85 0.66 0.18 0.24

6.9'  1.89  1.72  1.40 1.29 0.15 0.15

 

 

Vendor D Raw Field Data (foot-candles) 
          horizontal vertical 

  3.5'  10.5'  17.5'  24.5'  sidewalk  sidewalk

135.9'  4.73  4.23  2.57 1.66 0.78 0.97

121.6'  3.64  3.43  2.29 1.41 0.70 0.90

107.3'  1.67  1.66  1.53 1.23 0.70 0.96

93.0'  1.25  1.30  1.24 1.10 0.60 0.86

78.7'  0.84  1.01  1.10 1.10 0.63 0.91

64.4'  1.09  1.22  1.23 1.12 0.59 0.86

50.1'  1.26  1.36  1.33 1.19 0.56 0.75

35.8'  2.16  2.20  1.89 1.36 0.66 0.91

21.5'  4.07  3.39  2.07 1.22 0.70 0.91

7.2'  4.70  3.78  2.52 1.66 0.71 0.91
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Appendix B: Monitoring Layout 

Location of the three grid measurement areas on Fremont Avenue is shown below. 

 

 
Detail for Vendor A, B, and D grids are shown below.  Vendor C grid is similar but has a pole spacing of 
137’. 

 

 

 



58 

 

Appendix C: PG&E LED Street Light Rate 

PG&E has a published electric rate for streetlights – part of its LS-2 Customer Owned Street and 
Highway Lighting rate.  A fixed rate per day per streetlight is based on the rated wattage of the LED light.  
Assumptions for this report are based on the LS-2 rate effective as of May 1, 2009.  PG&E’s LS-2 rate 
can be found at:  http://pge.com/tariffs/tm2/pdf/ELEC_SCHEDS_LS-2.pdf  

 

See Following pages: 59, 60, and 61 
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Appendix D: Economic Data and Calculations 

 

Table D1: Annual Energy Cost per Luminaire 

 

4.15 $/fixture 9.887 $/fixture

49.80 $/yr 118.64 $/yr

8.422 $/fixture

101.06 $/yr

Annual Cost for HPS 70 W 150 W 200 W
49.80 101.06 118.64 $/yr per fixture

70 W 150 W 200 W 70 W 150 W 200 W 70 W 150 W 200 W
48 W 80 W 125 W 42 W 99 W 117 W 86 W 86 W 120 W

1.977 3.235 5.114 1.77 4.065 4.895 3.65 3.65 4.895 $/fixture

23.72 38.82 61.37 21.24 48.78 58.74 43.80 43.80 58.74 $/yr

26.08 62.24 57.28 28.56 52.28 59.90 6.00 57.26 59.90
$/yr per 
fixture

1As per PG&E LS-2 2009 Rate Structure. Only Energy Charge per Lamp per Month is used.
 Facility Charge per Lamp per Month not included
2Monthly fixed charge x 12
3Lamp Watts as obtained from the Vendors
4Annual Cost for HPS - Annual Cost for LED

Estimated Annual 

Energy Savings4

Vendor B

Lamp Watts3 (HPS)

Annual Cost2

LED Stated Wattage

Vendor C

200 Watt HPS (3429 no.)

Monthly Fixed Charge1

Annual Cost2

ESTIMATED ANNUAL ENERGY COSTS

70 Watt HPS (5362 no.)

150 Watt HPS (141 no.)

Monthly Fixed Charge1

Annual Cost2

Monthly Fixed Charge1

LED

Monthly Fixed Charge1

Annual Cost2

Vendor A
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Table D2: Annual Maintenance Cost per HPS Luminaire 

 

70 W 150 W 200 W 70 W 150 W 200 W

337.5 347.5 357.5 367.5 377.5 387.5 $/fixture

8.2 8.2 8.2 8.1 8.1 8.1 %/yr

27.675 28.495 29.315 29.768 30.578 31.388 $/yr

70 W 150 W 200 W

Annual Replacement Cost per Luminaire4 $57.44 $59.07 $60.70

Annual Hazardous Disposal Cost per Lamp5 $0.90 $0.90 $0.90

Total Annual Maintenance Cost per Luminaire6 $58.34 $59.97 $61.60

1From City Maintenance Contractor. Includes Labor and Material Cost, does not include Adminiatrative Overhaed
2Assumed based on past City records
3Cost per replacement x Annual replacement Frequency
4Sum of annual replacement cost for each wattage in each maintenance category
5HID lamps incur hazardous waste disposal costs. The Cost obtained from the City Public Work Supervisor 
6Total Annual maintenance cost based on sum of annual replacement cost for lamps in group and burnout categories

HPS Luminaire Maintenance Cost Estimates

Cost per Replacement1

Annual Replacement Frequency2

Annual Replacement Cost3

Details
Maintenance Category

Group Burnout
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Table D3: Annual Maintenance Cost per LED Luminaire 

10%
4100 hr/yr

$187.50

$67.50
5

50000 hrs

eq.70 W eq. 150 W eq. 200 W eq.70 W eq. 150 W eq. 200 W eq.70 W eq. 150 W eq. 200 W
50000 50000 50000 50000 50000 50000 50000 50000 50000 hr

12.2 12.2 12.2 12.2 12.2 12.2 12.2 12.2 12.2 yr
5 5 5 5 5 5 10 10 10 yr

0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 %

4.23 4.23 4.23 4.23 4.23 4.23 8.28 8.28 8.28 %

6.03 6.03 6.03 6.03 6.03 6.03 1.88 1.88 1.88 %

eq. 70 W eq. 150 W eq.200 W eq.70 W eq. 150 W eq.200 W eq. 70 W eq. 150 W eq. 200 W
435 595 795 325 607 662 752.35 752.35 905.81 $/luminaire

0.65 0.65 0.65 0.65 0.65 0.65 1.27 1.27 1.27 $/luminaire

3.08 3.87 4.86 2.53 3.93 4.20 1.45 1.45 1.68 $/luminaire
3.73 4.52 5.51 3.18 4.58 4.85 2.72 2.72 2.96 $/yr

13.50 13.50 13.50 13.50 13.50 13.50 13.50 13.50 13.50 $/yr
17.23 18.02 19.01 16.68 18.08 18.35 16.22 16.22 16.46 $/yr

1Assumption based on some fraction of luminaires will fall catastrophically before LED lamp failure due to normal wear and tear
2Cost equal to cost of labor only for emergency HPS lamp replacement. Material cost not included.
3Cost equal to cost of labor only for routine group HPS lamp replacement. Material cost not included.
4Based on luminaire life and assumed failure rate: 1 - (1 - Failure rate) ^ (1/luminaire life in yrs)
5Based on annual probability of failure and length of warranty: 1 - (1 - Annual probability of failure) ^ (Length of Warranty)
6Based on annual probability of failure, luminaire life and length of warranty: 1 - (1 - Annual probability of failure) ^ ( luminaire life - length of warranty)
7(Emergency replacement cost) * Probability of failure within warranty/ luminaire life in years
8(Emergency replacement cost + luminaire cost) * Probability of failure outside warranty /luminaire life in years
9Cost based on routine service cost * (1/Routine service interval)

LED Luminaire Maintenance Cost Estimates

Total Annual Cost of Routine Service9

Annual Cost of Failure Outside of Warranty8

Total Annual Cost of Failure

Assumptions

Replacement Frequency and Manufacturer's Warranty Details

Economic Details

Routine Service Interval (yr)

Rate of Failure before end of rated lamp life1

Total Annual Maintenance Cost

Luminaire Life

Manufacturer Warranty

Annual Probability of Failure4

Luminaire Cost (Bulk Rate)

Annual Cost of Failure Within Warranty7

Probability of Failure Within Warranty5

Probability of Failure Outside of Warranty6

Luminaire Operating Hours

Emergency Replacement Labor Cost2

Routine Service Labor Cost3

Vendor B

Luminaire Life

Vendor CVendor A Vendor B

Vendor A Vendor C
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TableD4: Simple Payback for New Construction and Retrofit Scenarios 

 

New Construction Scenario

eq.70 W eq.150 W eq. 200 W eq.70 W eq.150 W eq. 200 W eq.70 W eq.150 W eq. 200 W

165.00 315.00 505.00 55.00 327.00 372.00 482.35 472.35 615.81 $/fixture

26.08 62.24 57.28 28.56 52.28 59.90 6.00 57.26 59.90 $/fixture

41.12 41.96 42.60 41.66 41.90 43.25 42.12 43.75 45.15 $/fixture

2.5 3.0 5.1 0.8 3.5 3.6 10.0 4.7 5.9 yr

Retrofit Scenario

eq.70 W eq.150 W eq. 200 W eq.70 W eq.150 W eq. 200 W eq.70 W eq.150 W eq. 200 W

452.50 562.50 737.50 342.50 574.50 604.50 769.85 719.85 848.31 $/fixture

26.08 62.24 57.28 28.56 52.28 59.90 6.00 57.26 59.90 $/fixture

41.12 41.96 42.60 41.66 41.90 43.25 42.12 43.75 45.15 $/fixture

6.7 5.4 7.4 4.9 6.1 5.9 16.0 7.1 8.1 yr

1Incremental Cost/ (annual Energy Cost + Annual Maintenance Cost)

Annual Maintenance Savings

Simple Payback1

Simple Payback Calculations

Vendor C

Incremental Cost

Vendor BVendor A Vendor CIncremental Costs and Savings

Annual Energy Savings

Incremental Costs and Savings Vendor BVendor A

Incremental Cost

Annual Energy Savings

Annual Maintenance Savings

Simple Payback1

 

 

 

 

 

 

 

 

 

 

 



 

66 

 

Table D5: Net Present Value for New Construction and Retrofit Scenarios 

 

New Construction Scenario

eq.70 W eq.150 W eq. 200 W eq.70 W eq.150 W eq. 200 W eq.70 W eq.150 W eq. 200 W

5 5 5 5 5 5 5 5 5 %/yr

3 3 3 3 3 3 3 3 3 %/yr

10 10 10 10 10 10 10 10 10 yr

1.94 1.94 1.94 1.94 1.94 1.94 1.94 1.94 1.94 %/yr

9.01 9.01 9.01 9.01 9.01 9.01 9.01 9.01 9.01

440.40 623.84 394.86 577.68 521.56 557.46 -48.77 437.81 330.69 $

Retrofit Scenario

eq.70 W eq.150 W eq. 200 W eq.70 W eq.150 W eq. 200 W eq.70 W eq.150 W eq. 200 W

5 5 5 5 5 5 5 5 5 %/yr

3 3 3 3 3 3 3 3 3 %/yr

10 10 10 10 10 10 10 10 10 yr

1.94 1.94 1.94 1.94 1.94 1.94 1.94 1.94 1.94 %/yr

9.01 9.01 9.01 9.01 9.01 9.01 9.01 9.01 9.01

152.90 376.34 162.36 290.18 274.06 324.96 -336.27 190.31 98.19 $

1Expected rate of return on large capital investments as estimated by municipal or utility scale customer
2(Real Discount Rate - Cost Escalation) / (1 + Cost Escalation)
3(((1 + Equivalent Discount Rate)^y) - 1) / ( Equivalent Discount Rate x ((1 + Equivalent Discount Rate)^y)
4((Annual Energy Savings + Annual Maiantenance Savings) x PVF) - Incremental Cost

PVF3

NPV4

Economics Vendor BVendor A

Real Discount Rate1

Cost Escalation

Net Present Value Calculations

Term of Analysis

Equivalent Discount Rate2

PVF3

NPV4

Vendor C

Real Discount Rate1

Cost Escalation

Equivalent Discount Rate2

Vendor C

Term of Analysis

Economics Vendor BVendor A
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Table D6: Internal Rate of Return for New Construction and Retrofit Scenarios 

 

eq. 70 W eq. 150 W eq. 200 W eq. 70 W eq. 150 W eq. 200 W eq. 70 W eq. 150 W eq. 200 W

42% 35% 18% 135% 30% 28% - 20% 14%

11% 17% 9% 19% 14% 14% - 10% 16%

New Construction

Retrofit

Internal Rate of Return

Vendor A Vendor B Vendor C
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Appendix E: Photometric Report 

Vendor A Photometric Report (closest matching product, supplied by vendor) 
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Vendor B Photometric Report (supplied by vendor) – scaling is required to match the 60 LED 
model 
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Vendor C Photometric Report (supplied by vendor) 
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Vendor D Photometric Report (from ALADAN, with vendor supplied photometrics). Luminaire is 
Type III semi-cutoff HPS scaled to 22000 lumens. 
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dix F: Phase One 

les below summarize the preliminary results from the first phase on this project. 

1: Phase One 

30 Minute Run-time at 75°F ambient 

r Model # 
Stated 

Wattage 
Amperage VA 

Power 
Factor 

Wattage @ 
30min  

Temperature 
on Heatsink  

(°F) 

Temperatu
on Face

EB-1010-FX-AC100 100 1.51 177 0.63 112 125 95 
SL-200W1S3-FX 100 0.77 92 0.98 90 124 90 
BLD-SL-T3-AA-085-LED/B-UL-
SV-R 128 0.99 118 0.99 117 122 127 
LTW-R4800 86 0.61 73 0.97 71 124 95 
RG2-07-C00 140 1.78 211 0.68 145 122 104 
ESL-C01H150W-02A 150 1.31 156 0.98 154 97 97 
SL-200W1S3-IMS 130 1.1 130 0.95 125 129 98 

nts: 

micon Lighting Distribution information was not available 
ds wiring per NEC 
cal Fan for EOI and Global Green wil be a maintenance issue 

EMA Twistlock Receptacle for EOI, Global Green, Relume, Fox Semicon 
ue for Fox Semicon 
hot spot on edges not in center 
commended angle for BetaLED unit due to adjustable arm. 
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2: Phase One (2) 

180 Minute Run-time at 75°F ambient 

cturer Model # Stated Wattage Amperage VA 
Power 
Factor 

Wattage @ 
180min 

Temperature on 
Heatsink  (°F) 

Temperature 
on Face 

reen EB-1010-FX-AC100 100 1.52 180 0.62 112 162 100 
SL-200W1S3-FX 100 0.77 91 0.98 90 131 96 

D 
BLD-SL-T3-AA-085-
LED/B-UL-SV-R 128 0.99 118 0.99 117 134 137 
LTW-R4800 86 0.66 73 0.97 71 145 104 

icon RG2-07-C00 140 1.92 226 0.67 151 135 113 
ESL-C01H150W-
02A 150 1.33 155 0.98 153 105 104 
SL-200W1S3-IMS 130 1.11 131 0.95 124 133 98 

nts: 
Green - heat melting silicone/dielectric inside unit. 
ransition from #8AWG to terminal strip connection/forks (all units) 
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Appendix G: Phase Two Lab Results 

 

The tables below summarize the results from the second phase on this project. 

 
 
Table G1: Phase Two 
 

 

 

 
 
 
 

 
 
 
Table G2: Phase Two 

 

 
 

 

 
 

 

 

 
 

180 Minute Run-time @ 38 degrees F ambient 

Manufacturer Amperage VA 
Power 
Factor 

Wattage @ 
30min  

Temperature on 
Heatsink  

 (°F) 

Temperature 
on Face 

(°F) 
Vendor A 0.61 237.2 0.81 119 90.5 59.5
Vendor B 0.50 236 0.85 101 88 84.5
Vendor C 0.51 239.2 0.87 105 116 67.5
Vendor D HPS 1.17 232.7 0.98 269 145 170.0

180 Minute Run-time @ 75 degrees F ambient 

Manufacturer Amperage VA 
Power 
Factor 

Wattage @ 
30min  

Temperature on 
Heatsink  

 (°F) 

Temperature 
on Face 

(°F) 
Vendor A 0.60 105.0  63.0 112 106
Vendor B 0.48 209.1  100.4 97 118
Vendor C 0.50 105.6  52.8 122 84
Vendor D HPS 1.80 NA NA NA NA N/A
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Appendix H:  Fitted Target Efficacy Results 

PNNL FTE Tool Version Beta B.1.1 
 Vendor A Fitted Target Efficacy 
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Vendor B Fitted Target Efficacy 
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Vendor C Fitted Target Efficacy 
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Vendor D Fitted Target Efficacy 

 

 


