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EXECUTIVE SUMMARY 
This report summarizes an assessment project conducted to study the performance of light 
emitting diode (LED) high bay fixtures in a multi-purpose gymnasium. In collaborating with 
PG&E and the City of San José, kW Engineering performed a field study of a metal halide 
(MH) high bay to LED high bay fixture replacement project.  

The field study evaluated the performance of the existing MH system and the new LED 
system. The collaboration included energy and light quality measurements as well as 
occupant surveys for both technologies. 

The project included the replacement of 30 existing, 400-watt MH fixtures in a gymnasium 
with 30, 200-watt LED fixtures. An evaluation of energy savings and light quality 
improvements between the pre- and post-retrofit fixtures was also conducted. In order to 
determine energy savings, the baseline MH fixtures and the new LED fixtures’ energy usage 
was monitored. During the study, it was discovered that the MH fixtures had not been wired 
properly during the original installation. They were producing less light and consuming less 
energy than expected.  

In comparing the new LED lighting to the in-situ, baseline (incorrectly wired MH fixtures), 
there was a 34% reduction in input power. Extrapolated to one year of use, the project 
saves 9,941 kWh or $1,650 with a simple payback period of 16.0 years. The potential 
energy savings that would be expected with the fixtures wired correctly was also calculated. 
There would have been a 60% potential reduction in input power. This represents 29,488 
kWh and $4,895 in potential annual savings with a simple payback period of 5.4 years.  

 

TABLE 1:  ANNUAL ENERGY & COST SAVINGS COMPARISON BETWEEN MEASURED BASELINE AND LED HIGH BAY 

 
ANNUAL 

ENERGY USE 
(KWH/YR) 

ANNUAL 
ENERGY 

SAVED 

(KWH/YR) 

ENERGY 

SAVED AS 

PERCENT OF 

BASELINE 

ANNUAL 

ENERGY 

COST 

ANNUAL ENERGY 

COST SAVINGS 
(@$0.166/KWH) 

LED 
INSTALLED 

COST 

PAYBACK 

PERIOD 
(YEARS) 

MH - LOGGED 29,270 -  - $4,859 - - - 

LED HIGH 
BAY 19,329 9,941 34% $3,209 $1,650 $26,420 16.0 

TABLE 2:  ANNUAL ENERGY & COST SAVINGS COMPARISON BETWEEN CORRECTLY WIRED BASELINE AND LED HIGH BAY 

 
ANNUAL 

ENERGY USE 
(KWH/YR) 

ANNUAL 
ENERGY 

SAVED 

(KWH/YR) 

ENERGY 

SAVED AS 

PERCENT OF 

BASELINE 

ANNUAL 

ENERGY 

COST 

ANNUAL ENERGY 

COST SAVINGS 
(@$0.166/KWH) 

LED 
INSTALLED 

COST 

PAYBACK 

PERIOD 
(YEARS) 

MH – WIRED 
CORRECTLY 48,817 -  - $4,859 - - - 

LED HIGH BAY 19,329 29,488 60% $3,209 $4,895 $26,420 5.4 
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To evaluate the quality of light provided by the baseline MH fixtures and replacement LED 
fixtures, the illuminance (foot-candles) and correlated color temperature (CCT, in Kelvin) 
were measured.  

The LED fixtures improved the lighting quality in the space over the baseline MH system by 
increasing the uniformity of the lighting in the space, primarily through better photometric 
performance. The more precise tolerance of LED fixture components offered better color 
temperature uniformity than the metal halides. The light levels rose significantly, due to a 
faulty baseline installation. With properly installed fixtures one would expect the average 
illuminance to increase by 12.6% as compared to the in-situ MH installation.  

While the BritePointe LED high bay fixtures performed well overall, there are key issues that 
need to be addressed in order to encourage the adoption of LED high bay fixtures in 
gymnasiums. It is recommended that fixture selection criteria include the capability to 
withstand significant ball-shock damage and specifications with minimum warranty 
requirements (e.g. 5 years) that state manufacturer response time when a fixture fails 
within the first year. Due to the significant differences in light output and aesthetics 
between MH and LED fixtures, it is important to view the specific LED fixtures being 
considered in place at an existing site or as part of a mock-up/demo at project site. This 
step provides an essential opportunity to assess potential glare and light distribution issues 
before a final LED fixture is selected. 

Based on the data collected in this study, LED high bay lighting for gymnasiums is ready for 
adoption into the energy efficiency portfolio of the California IOUs. The increased 
performance and control capabilities along with potential maintenance and energy savings 
build a case for promoting the use of LED high bay fixtures in gymnasiums.   
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FIGURE 1:  BASELINE MH LIGHTING IN THE GYMNASIUM - PHOTO TAKEN AT 4000K EXPOSURE SETTING 

 

 

FIGURE 2:  INSTALLED LED LIGHTING IN THE GYMNASIUM - PHOTO TAKEN AT 4000K EXPOSURE SETTING 
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INTRODUCTION 
As a lighting technology that continues to be one of the fastest-evolving emerging 
technologies, LED has displaced several legacy lighting technologies and applications. One 
example of the continuous improvement in LED fixture designs is in the high bay 
gymnasium environment. The benefits of LED technology include long life, lower facility 
maintenance costs, and, in the case of gymnasiums, the elimination of glass components 
that may be vulnerable to vibration or breakage. Combined with the superior performance 
and new control capabilities, LED technologies can build a persuasive case to replace older 
high intensity discharge (HID) fixtures.  

For this project, PG&E teamed with the City of San José and kW Engineering to conduct a 
study on the lighting at the San José Washington United Youth Center gymnasium at 921 S 
1st Street in San José, California. The goal of the study was to evaluate the impact of an LED 
lighting system in a gymnasium setting.  

PG&E collaborated with the City of San José to select and install BritePointe high-bay LED 
fixtures at the gymnasium. BritePointe worked with the client, the City of San José, to 
complete the initial upgrade in January 2013. Field measurements were conducted through 
February 2013, measuring baseline and installed lighting conditions and power 
consumption. 

This study was initiated to better understand the high-bay LED fixture technology as it 
becomes more prevalent in multi-purpose gymnasiums, in particular, and the commercial 
sector, in general.  
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BACKGROUND 
High-bay lighting is common in gymnasiums where fixtures must illuminate the large area 
of play without interfering in game-play.  Most gymnasiums use metal halide fixtures with 
enclosed diffusers, ball-cages, or both. Metal halide lamps operate in a similar fashion to 
other HID lamps, with some technology-specific differences. HID lamps provide light via an 
electric arc discharge contained in an arc tube, surrounded by an outer bulb. Inside the arc 
tube, there are electrodes for terminating the arc, an easily-ionized gas, and selected 
metals that will absorb energy from the ionized gas and emit light.  

METAL HALIDE LAMPS 
Metal halide lamps can have two or three electrodes, depending on the starting mechanism. 

 

FIGURE 3:  METAL HALIDE LAMP TECHNOLOGIES (FROM LEFT TO RIGHT, PROBE-START, PULSE-START, AND CERAMIC)1 

PROBE-START METAL HALIDES 
Conventional metal halide lamps use a probe-start mechanism and have three electrodes – 
two main electrodes placed at the opposite ends of the arc tube and a starter electrode 
located near the base of the arc tube. At start-up, a small arc forms between the starter 
electrode and the nearest main electrode. This small arc ionizes the gas in the arc tube, 
making it easier to strike an arc between the two main electrodes. Once the two main 
electrodes arc, a bi-metal switch severs the connection to the starter electrode. Probe-start 
metal halides use quartz arc tubes. 

PULSE-START METAL HALIDES 
Pulse-start metal halide lamps do not have a starting electrode and compensate with a 
high-voltage igniter component in the ballast. The high-voltage igniter provides a high-

                                          

1 Based on graphic contained in “The Lighting Handbook: 10th Edition”, IES, 2011 
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voltage pulse during start-up to facilitate arc formation inside the lamp. With the absence of 
the starting electrode, the seal areas of the lamps are reduced, allowing for better bulb 
shaping. Compared to the probe-start metal halides, pulse start metal halides offer reduced 
warm-up and re-strike times, longer lamps life, improved lumen maintenance, and better 
startup behavior at cold temperatures. Standard pulse-start metal halide lamps use quartz 
arc tubes, which limits the lamp life due to seal quality. 

CERAMIC METAL HALIDES 
Newer metal halide lamps are available using ceramic arc tubes. Ceramic tubes are more 
thermally robust and allow for higher arc-tube temperatures. The high temperature results 
in better luminous efficacy (lu/W), color rendering (CRI), and color stability (shift in color 
temperature over time). Ceramic metal halide lamps are almost entirely marketed for pulse-
start metal ballasts. 

TABLE 3:  RELATIVE PERFORMANCE OF 400W PROBE START  METAL HALIDE EQUIVALENT HID TECHNOLOGIES
2 

LAMP & BALLAST BALLAST 

TYPE 
SYSTEM POWER 

(W) 
LAMP LIFE 

(HRS) 
INITIAL SYSTEM 

LUMINOUS EFFICACY 

(LU/W) 

DESIGN SYSTEM 

LUMINOUS EFFICACY 

(LU/W) 

Quartz Probe-Start 
Magnetic 454 

20,000 
85.9 56.2 

Electronic Not Applicable Not Applicable Not Applicable 

Quartz Pulse-Start 
Magnetic 360 

20,000 
88.3 62.1 

Electronic 342 93.1 65.4 

Ceramic Pulse-Start 
Magnetic 360 

28,000 
94.8 71.1 

Electronic 341 100.1 75.5 

 

  

                                          
2 Based on tables included in Appendix I 
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LIGHT EMITTING DIODES/HIGH BAY LIGHTING FIXTURE 
The BritePointe HyBeem fixture, pictured in Figure 4, is a 200-watt LED high bay fixture 
intended to replace a 400-watt HID high bay fixture. LED fixtures differ from the incumbent 
technology in significant ways. LED fixtures are composed of a protective housing containing 
an electronic driver that converts line current to direct-current and an array or panel of 
individual LED chips. Most LED fixtures incorporate a heat sink of some type to remove heat 
from the junction of the LED chip rapidly. In the case of the HyBeem fixture, the heat sink is 
a finned copper heat pipe forming a ring around the fixture protected by an open plastic 
covering. 

 

FIGURE 4:  A CLOSE UP OF THE BRITEPOINTE HYBEEM FIXTURE 

Due to the differences between HID fixtures and LED fixtures, the same test methods for 
evaluating photometric behavior and lamp life cannot be used. The standard test methods 
for LED fixtures are LM-79 and LM-80. These methods, used in conjunction with technical 
memorandum TM-21 (developed by the Illuminated Engineering Society (IES)), provide a 
testing and data interpretation methodology used for comparing different technologies. LM-
79, Electrical and Photometric Testing of Solid State Lighting Devices, provides insight into 
efficacy (lu/W), correlated color temperature (CCT, in Kelvin), total luminous flux (lumens), 
power consumption (W), and power factor. LM-79 also measures the spatial distribution of 
light from an LED fixture, which is useful in modeling a fixture’s performance in the 
illuminated environment during the design stage. 

As they age, barring an LED driver failure, LED fixtures dim over time. Because LED fixtures 
do not experience lamp mortality like conventional light sources, there is not a definitive 
failure point to mark the end of life of an LED panel or fixtures. To account for the gradual 
reduction in light output of LED fixtures, lighting designers use an arbitrary percentage of 
the initial light output after which the fixture is said to have reached its end of life and the 
LED panel or fixture is replaced. Current industry practice assumes fixtures need to be 
replaced after the light output reaches 70% of the initial light output, or the L70 point 
(measured in hours).  
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The LM-80 test, Measuring Lumen Depreciation of LED Light Sources, measures the lumen 
depreciation of solid-state light sources, including LED chips, arrays, and modules. LM-80 
alone does not provide a framework for predicting the long-term lumen maintenance of the 
LEDs in a manufactured fixture. 

To interpret the LM-80 results, manufacturers use an experimentally derived mathematical 
method called TM-21, Projecting Longer Term Lumen Maintenance of LED Light Sources. 
TM-21 requires LM-80 test data and an in situ temperature measurement test (ISTMT) to 
measure the LED operating temperature. The junction temperature of an LED light source is 
the leading variable that affects the speed at which an LED fixture’s light output 
depreciates. While the junction temperature is impossible to measure in a manufactured 
fixture, it is possible to measure the solder joint temperature of an LED within the fixture 
and then use empirical relationships to closely approximate the junction temperature. Using 
the LM-80 and the ISTMT test results data, a manufacturer can extrapolate the lumen 
depreciation curve as far as six times the LM-80 test period.i  
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ASSESSMENT OBJECTIVES 
The objectives of this project were to:  

 Test the reliability and functionality of LED systems in a high-bay lighting application;  

 Test the lighting quality of LED systems in a high-bay lighting application; 

 Collect operational information and data to determine energy use and savings for 
such projects; 

 
To this end, the project team selected a multi-purpose gymnasium to measure the 
performance characteristics of the MH fixtures and new LED fixtures. Instantaneous light 
measurements were collected and measurement and verification (M&V) was conducted at 
the site before and after the LED installation. The light measurements were used to 
determine the acceptability of the LED in a high bay gymnasium application. The M&V data 
was used to develop calculations and quantify the energy savings. The methodology is 
discussed further in the Technical Approach section of this report.   

In addition, surveys with site staff were conducted to determine perceived light quality and 
collect information regarding the installation process. Two surveys (occurring pre- and post-
installation of LED fixtures) asked the occupants of the gymnasium to provide feedback on 
perceived lighting quality. A third survey asked the lighting installers about the ease of 
installation and perceived LED lighting quality. 
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TECHNOLOGY/PRODUCT EVALUATION 
The BritePointe Hybeem high bay product was evaluated through a field installation located 
at a community youth center multi-purpose gymnasium in San José. This LED product was 
compared to a Genlyte MH high bay product on a one-for-one fixture replacement basis. In 
addition to on-site measurements, a component of this study was a customer feedback and 
satisfaction survey completed by site staff and the public who used the gymnasium. This 
qualitative feedback, as well as details of the product installation and testing under real-life 
gymnasium conditions, would not have been available through a laboratory evaluation of 
the technology.  

Pacific Gas and Electric Company (PG&E), in collaboration with the City of San José, selected 
the Washington Youth Center gymnasium because it was a good example of a multi-purpose 
gymnasium with common high bay, metal halide HID fixtures. The City provided staff and 
equipment to re-lamp existing MH lamps for the baseline study and install new LED high bay 
fixtures. The onsite staff associated with the Catholic Charities of Santa Clara County also 
assisted with coordinating the field measurements, photography visits, and surveys. Having 
a multi-use facility that served the greater community and a pre-existing working 
relationship between maintenance and on-site staff made this site an excellent choice for a 
LED high bay evaluation project.  

The product selection research (including RFQ) was conducted by Mary Matteson Bryan, 
P.E., a consultant for PG&E.  The assessment was completed by kW Engineering with 
assistance from City of San José staff, Catholic Charities of Santa Clara County staff, and 
BritePointe sales representatives.  

FIXTURE SELECTION PROCESS 
For this study, PG&E solicited performance specifications and pricing information from six 
manufacturers of LED high-bay products.  

 BritePointe 

 Dialight 

 LSI 

 Lithonia 

 Lusio 

 Xeralux 

All the proposed products met the minimum performance criteria. However, each had 
unique aspects that made them more or less suitable for the multi-purpose youth center 
gymnasium in this study. The study team (composed of PG&E, City of San José staff, Mary 
Matteson Bryan, and kW Engineering) conducted an initial review of the performance 
specifications of each product and eliminated three products based on high cost, potential 
glare issues, and lack of LM-79 performance testing data. The team selected three products 
for further examination and potential evaluation: 

 BritePointe HyBeem 

 LSI Crossover 

 Lusio Essentials Bay 
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The key deciding factor against the selection of the LSI fixture was the lens options. While 
LSI’s standard, clear tempered glass lens was rated for ball shock, there was limited glare 
control. The plastic lens with glare control had reduced light output. The Lusio product may 
have been an appropriate application for a site that had pre-existing wiring/circuitry that 
allowed dimming capability. (The location for this study did not have this capability.) In 
addition, the wide fixture surface area raised concern over being knocked out of alignment – 
especially at this particular gymnasium where fixtures are pendant mounted to an electrical 
conduit.   

After further review and discussions between project team members, the City of San Jose 
selected the BritePointe HyBeem fixture for the study. The main criteria that lead to the 
selection were good photometric performance, acceptable efficacy, relatively low price, and 
perceived durability (based on manufacturer’s assurance of fixture’s capability to withstand 
ball-shock in gym environments).   

All 30 Genlyte 400-watt metal halide fixtures would be replaced with 30 BritePointe HyBeem 
200-watt LED fixtures.  
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TECHNICAL APPROACH/TEST METHODOLOGY 
FIELD TESTING OF TECHNOLOGY 
PG&E and the City of San José selected the site for the LED study based on the following 
criteria: 

 The site is a gymnasium with 30 high-bay light fixtures to serve one open area.  

 The baseline lighting fixtures were high-bay, 400-watt metal halides. 

 The lighting fixtures are manually controlled to meet occupant needs. 

 Input power to the light fixtures could be isolated and monitored at the panel in the 
electrical room.   

 Light measurements could be taken after dark to minimize interference from outside 
light sources.  

 

TEST PLAN 
In order to accurately compare the lighting quality between the MH and LED fixtures, the 
existing MH lamps were replaced with new lamps to meet original specifications. The new 
MH lamps went through a burn-in period of 100 hours. The LED fixtures also went through a 
100 hour burn-in period. Lighting measurements on both types of fixtures were conducted 
after their respective burn-in periods. In addition, lighting measurements were taken at 
night to avoid interference from natural light coming in through the windows. 

kW Engineering used Option B (Retrofit Isolation) from the International Performance 
Measurement and Verification Protocol (IPMVP) to quantify the energy savings from the new 
LED system. 

The lighting energy usage was isolated by measuring the current draw at dedicated circuits 
in the electrical panel. The same equipment was used to log amperage for a period of at 
least two weeks for the pre- and post-retrofit light fixtures. Data from the logger was 
downloaded once for each technology (MH and LED), at the end of the logging period. 

Spot power measurements were taken during the LED fixture installation, including voltage, 
amperage, kW, and power factor. These parameters were then used to calculate the kW 
input power and energy consumption of the fixtures from the logged amperage data using 
Equation 1.  

kW Engineering recorded instantaneous measurements of light levels (in foot-candles) and 
CCT (in Kelvin) for each fixture type. The initial M&V Plan was to select measurement 
positions that met IESNA Standard LM-5-04, IESNA Guide for Photometric Measurements of 
Area and Sports Lighting Installations. In practice, however, there were nine measurement 
positions (rather than 35) due to the short window of opportunity to conduct the 
measurements. (Activities ended at 9:30 PM and staff had to close the facility at 11:00 PM.)  
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EQUATION 1:  INPUT POWER CALCULATION 

    

P  

    Where: 

  P:  Input Power, watts 

  IH:  Average Current from Hobo Data Logger, A 

  IPS:   Current from PowerSight, A 

  VPS:   Voltage from PowerSight, V 

  cosφ:  Power Factor from PowerSight, unitless 

 

The IESNA Standard requires measurements to be taken at 15 feet intervals, which equates 
to 35 measurement positions at this gymnasium. In order to set up the measurements 
positions and take the measurements, it would have taken two hours after the 
photographers were done taking their photos. Because site staff needed to lock up the 
gymnasium and could not stay beyond 11:00 PM, light level and CCT measurements were 
taken at nine measurement positions. These nine positions (noted in Figure 8) were a 
satisfactory representation of the gymnasium lighting. 
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INSTRUMENTATION PLAN 
To collect the necessary data to verify energy savings, standalone data loggers and spot 
measurement equipment were used.  
 
Table 4 provides a summary of the standalone devices used to measure each parameter. 
For the electrical current data collection, a 5-minute sample rate was used over several 
weeks.  
 

TABLE 4:  MEASUREMENT PARAMETERS, DEVICES, AND ACCURACY 

PARAMETER UNITS MEASUREMENT DEVICE RANGE OF 

PARAMETERS 
ACCURACY 

ILLUMINANCE LUX SOLAR LIGHT SL-3101 0 – 150,000 LUX ± 0.2% OF FULL SCALE  

± 30 LUX 

CORRELATED COLOR 
TEMPERATURE 

KELVIN KONICA MINOLTA CL-200 2,300 – 20,000 K ± 20 KELVIN 

POWER, POWER 
QUALITY 

WATTS, 
PF, 
THD 

POWERSIGHT PS250 POWER METER NONE GIVEN ± 3.0% FOR KW 

CURRENT AMPS POWERSIGHT PS250 POWER METER – 
100AMP CT 

0.1 – 100 AMPS ± 2.5% FOR CURRENT 

CURRENT AMPS ONSET HOBO U12 DATA LOGGER WITH 
SPLIT-CORE AC CURRENT TRANSDUCERS 

0 – 100 AMPS ± 4.5% OF FULL SCALE 

± 4.5 AMPS 

CAPACITANCE μF FLUKE 375 CLAMP METER 0 – 1000 μF ± 0.1 μF (≤100 μF) 

± 1 μF (≤1000 μF) 
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RESULTS  
POWER MEASUREMENTS  
The Monitoring Plan included a spot power measurement and logged power for both the MH 
and LED fixtures. Spot power measurements of the MH system were not taken due to a lack 
of safe access to the electrical panel. Safe access to the panel was subsequently provided 
for a spot power measurement of the LED system. A spot power measurement of the MH 
fixture was taken during a post-monitoring site visit to test the input power to the MH 
fixture at various capacitance settings. 

Two-and-a-half weeks of power monitoring (amps) for the MH fixtures and four weeks of 
monitoring for the LED fixtures was conducted. The MH fixtures were monitored from 
October 13 to October 30, 2012 and the LED fixtures were monitored from February 14 to 
March 14, 2013. The LED fixtures were delivered to the site at the end of December 2012. 
They were installed by City staff in January of 2013. The LED fixtures were monitored for a 
longer period of time because one LED fixture was broken during the first three weeks of 
monitoring. One full week of monitoring was obtained that included all 30 functioning LED 
fixtures. 

A PowerSight PS250 was used to measure the instantaneous input power to the LED 
fixtures. The reading of 5.7 kW for 30 fixtures, or 190 watts per fixture, was within 10% of 
the nominal fixture wattage (200 W). The power factor was 0.93, which is within a 
reasonable range.  

Input power in watts was calculated from the monitored current data by multiplying the 
average current from the monitoring period by the voltage and power factor measured 
using the PowerSight. The amperage readings between the PowerSight and HOBO 
measurements were compared and found to be reasonably close. (HOBO amperage 
readings were 97% of PowerSight amperage readings.) This difference was applied to the 
input power calculation because the PowerSight measurement for the voltage and power 
factor were also being used. The difference was applied by taking the ratio of amperage 
readings between the two pieces of equipment. The average power measurements for the 
MH and LED fixtures are illustrated in Table 5.  

Figure 5 illustrates the input power difference between the MH and LED fixtures on a typical 
day. The MH fixture reading was taken on Tuesday, October 23, 2012 and the LED fixture 
reading was taken on Tuesday, March 12, 2013. The full monitoring and spot measurement 
results can be found in Appendix A. 
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TABLE 5:  INITIAL POWER MEASUREMENTS (AVERAGE OVER MONITORING PERIOD) 

POWER MEASUREMENTS MH LED 

NOMINAL WATTS/FIXTURE (WATTS) 400 200 

AVERAGE POWER/FIXTURE (WATTS) 290.9 192.1 

AVERAGE CURRENT/FIXTURE (AMPS) 1.03 0.68 

POWER FACTOR3 0.91 0.93 

NUMBER OF FIXTURES 30 30 

TOTAL POWER (KW) 8.55 5.76 

 

 

FIGURE 5:  COMPARISON OF FIXTURE INPUT POWER ON A TYPICAL DAY 

 

During the review of the baseline logged data, it was discovered that the baseline fixtures 
were not consuming the wattage expected from a 400-watt MH fixture. A probe-start 400-
watt MH fixture typically consumes 458 watts per fixture (see Appendix D) while the logged 
data indicated that the average MH fixture in this study was consuming 291 watts.  

City of San José maintenance staff determined that incorrect wiring between the MH ballast 
and capacitor in the fixtures caused the low power and light level readings. This situation 

                                          
3 Power factor is from the spot power measurement 
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had been in place since the original installation of the MH fixtures (mid 1990s). The ballast 
specifies a 24 microfarad (μF) capacitance. The capacitor in the fixture was a multi-tap 
capacitor with a common tap, a tap to 24 μF, and a tap to 42 μF. When wired from the 
common to the 24 μF or 42 μF taps, the capacitor produces 24 μF or 42 μF, respectively. 
When wired from the 24 μF to 42mF taps, the capacitor produces 15 μF. City of San José 
staff tested the fixtures at the 15 μF and 24 μF capacitance settings and found that with the 
correct capacitance, the amperage reading and light output was higher. 

Another site visit was conducted by kW Engineering to spot check the wiring on the fixtures 
and found that all fixtures were wired to produce 15 μF. The capacitance, input power, and 
power factor on the MH fixtures were measured using a Fluke 375 meter (for capacitance) 
and PowerSight PS250 power meter (for input power and power factor) at the three 
capacitance settings. Table 6 illustrates the measured values of the MH fixture at each 
capacitance. The input power to the MH fixture with the correct capacitance is 485 watts per 
fixture. See Figure 6 and Figure 7 for the capacitance wiring. 

 

 

FIGURE 6:  MULTI-TAP CAPACITOR – BASELINE MH AS FOUND: INCORRECTLY WIRED FOR 15 μF 
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FIGURE 7:  MULTI-TAP CAPACITOR – CORRECTLY WIRED FOR 24 μF DURING TESTING 

 

TABLE 6:  SHORT TERM MONITORING OF METAL HALIDE FIXTURES IN MULTIPLE CAPACITANCE CONFIGURATIONS 

POWER MEASUREMENTS MH - 15 μF MH - 24 μF MH - 42 μF 

NOMINAL WATTS/FIXTURE (WATTS) 400 400 400 

MEASURED CAPACITANCE (μF) 16.3 25.1 45.2 

AVERAGE POWER/FIXTURE (WATTS) 228.6 488.6 1212 

AVERAGE CURRENT/FIXTURE (AMPS) 0.88 1.79 4.44 

POWER FACTOR 0.90 0.96 0.96 

NUMBER OF FIXTURES 30 30 30 

TOTAL POWER (KW) 6.86 14.66 36.36 
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ILLUMINANCE MEASUREMENTS 
Lighting measurements were conducted in nine positions across the gymnasium using the 
basketball court as a reference. Figure 8 notes the basketball court dimensions and 
orientation. 

 

FIGURE 8: BASKETBALL COURT MEASUREMENT LAYOUT 

Table 7 and Table 8 record the illuminance measurements at various locations on the 
basketball court inside the gymnasium. The mid-court light levels are generally higher than 
the north and south light levels because the fixtures in the gymnasium align with the 
basketball court. The west and east illuminance readings tend to be lower than the other 
light readings due to the proximity to the walls and relatively poor surface reflectance.  

 

TABLE 7:  PROBE-START METAL HALIDE ILLUMINANCE MEASUREMENTS (FC) 

 WEST BASKET MID-COURT EAST BASKET 

NORTH (WINDOWS) 9.20 14.3 10.1 

MID-COURT 22.0 38.9 24.6 

SOUTH (OFFICES) 9.94 25.5 22.0 
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TABLE 8:  BRITEPOINTE LED HIGH-BAY ILLUMINANCE MEASUREMENTS (FC) 

 WEST BASKET MID-COURT EAST BASKET 

NORTH (WINDOWS) 24.1 34.0 23.8 

MID-COURT 37.7 56.7 40.7 

SOUTH (OFFICES) 24.9 35.8 23.8 

 

Figure 9 and Figure 10 illustrate the difference in light levels and uniformity between the MH 
and LED fixtures. Both photos were taken with a 4000K CCT setting on the camera. The 
smaller capacitance, due to the faulty MH capacitor installation, shifted the color 
temperature of the MH fixtures toward the blue-end of the spectrum.  

 

 

FIGURE 9:  BASELINE MH FIXTURE LIGHT LEVEL AND COLOR UNIFORMITY 
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FIGURE 10:  INSTALLED LED FIXTURE LIGHT LEVEL AND COLOR UNIFORMITY 

 

CORRELATED COLOR TEMPERATURE MEASUREMENTS 
Table 9 and Table 10 list the correlated color temperature measurements in the gymnasium. 
These measurements were recorded at the same nine reference points indicated in Figure 8. 
The metal halide fixtures averaged 4,900K while the BritePointe LED averaged closer to 
4,000K. The metal halide lamps (Sylvania M400/U) and BritePointe LED fixtures are 
nominally 4,000K.  

TABLE 9:  PROBE-START METAL HALIDE CORRELATED COLOR TEMPERATURE (K) 

 WEST BASKET MID-COURT EAST BASKET 

NORTH (WINDOWS) 5,007 5,219 5,050 

MID-COURT 4,830 4,902 4,843 

SOUTH (OFFICES) 5,088 4,843 4,408 

TABLE 10:  BRITEPOINTE LED HIGH-BAY CORRELATED COLOR TEMPERATURE (K) 

 WEST BASKET MID-COURT EAST BASKET 

NORTH (WINDOWS) 3,920 4,001 3,937 

MID-COURT 3,984 4,003 3,994 

SOUTH (OFFICES) 3,949 3,956 3,886 
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SURVEY RESULTS 
kW Engineering worked with site staff to conduct three surveys as a part of this study. Two 
surveys regarding the lighting quality were sent to the site maintenance staff and occupants 
– one before and one after the LEDs were installed. Another survey was conducted with the 
lighting installers regarding the installation process. 

PRE-RETROFIT SURVEY 
A pre-retrofit survey was conducted to establish the perception of lighting quality associated 
with the baseline MH fixtures. A survey was sent out mid-January, 2013, after the holiday 
season to maximize participation before the installation of the LED fixtures. A total of 
fourteen surveys were sent to the occupants of the space along with several frequent users 
of the gymnasium. In order to attempt to obtain a statistically significant sample, several 
follow up communications with the tenant of the gymnasium were necessary. Responses, 
however, indicated reference to the new LED fixtures, which at that point had already been 
installed. Additional follow-up with the respondents of the survey found that only one of the 
respondents referenced the baseline MH fixtures while taking the survey. Therefore, the 
team concluded that the pre-retrofit (baseline MH) survey did not yield significant results. 

POST-RETROFIT SURVEY 
According to the results from the post-retrofit (LED) user survey, 63% of respondents spend 
less than two hours in the gymnasium performing athletics, maintenance, or casual face-to-
face conversations. The space is most often (63% of the time) used with the curtain drawn 
across mid-court, and all of the lights on. All occupants agreed or strongly agreed that the 
space is evenly lit without bright or dim spots and that the lighting appears uniform in the 
space. In addition, all occupants agreed or strongly agreed that the LED lighting fixtures 
were nice-looking and help create a good image for the organization. There were fourteen 
surveys that were sent out. Of these, nine respondents initiated the survey; however, one 
respondent did not complete the survey and is not included in the results below. A total of 
eight survey responses were tallied for the report.  

The following tables provide survey results regarding lighting quality. The full survey 
question and responses are included in Appendices F, G, and H. 

In reference to the LED lighting quality, all participants agreed or strongly agreed that the 
quality of light is pleasant and uniform throughout the gymnasium.  
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TABLE 11:  LED LIGHTING QUALITY SURVEY RESULTS 

LIGHT QUALITY: STRONGLY 

DISAGREE 
DISAGREE NEUTRAL AGREE STRONGLY 

AGREE 
DOES NOT 

APPLY 

SPACE IS EVENLY LIT 0.0% 0.0% 0.0% 25.0% 75.0% 0.0% 

LIGHT COLOR APPEARS UNIFORM 0.0% 0.0% 0.0% 50.0% 50.0% 0.0% 

FIXTURES ARE NICE-LOOKING 0.0% 0.0% 0.0% 37.5% 62.5% 0.0% 

FIXTURES CREATE GOOD IMAGE 

FOR ORGANIZATION 
0.0% 0.0% 0.0% 50.0% 50.0% 0.0% 

ENVIRONMENT OF GYM IS 

PLEASANT 
0.0% 0.0% 0.0% 50.0% 50.0% 0.0% 

 
In reference to glare from the fixtures, most respondents reported rare instances of glare 
from the fixtures. 

TABLE 12:  LED LIGHTING GLARE SURVEY RESULTS 

GLARE FROM: NEVER RARELY SOMETIMES OFTEN ALWAYS 

FIXTURES (FIXTURES TOO BRIGHT) 0.0% 62.5% 37.5% 0.0% 0.0% 

FLOOR AND WALLS 25.0% 50.0% 25.0% 0.0% 0.0% 

EQUIPMENT IN THE ROOM 37.5% 62.5% 0.0% 0.0% 0.0% 

NATURAL LIGHT (WINDOWS) 25.0% 62.5% 12.5% 0.0% 0.0% 

 
In reference to the light level in performing various tasks most respondents reported the 
light levels as just right. 

TABLE 13:  LED LIGHTING TASK SURVEY RESULTS 

TASK: MUCH TOO 

BRIGHT 
TOO BRIGHT JUST RIGHT TOO DIM MUCH TOO 

DIM 
DOES NOT 

APPLY 

ATHLETICS 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 

FACILITY MAINTENANCE 0.0% 0.0% 87.5% 12.5% 0.0% 0.0% 

PAPER TASKS (READ/WRITE) 0.0% 12.5% 50.0% 12.5% 0.0% 0.0% 

USING A COMPUTER 0.0% 12.5% 37.5% 0.0% 0.0% 50.0% 

MULTI-MEDIA PRESENTATIONS 0.0% 0.0% 50.0% 0.0% 0.0% 50.0% 

FACE-TO-FACE CONVERSATIONS 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 
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Regarding the perception of color temperature, the responses were varied with not one 
category receiving the majority vote. 

TABLE 14:  LED LIGHTING COLOR SURVEY RESULTS 

COLOR TEMPERATURE: VERY 

WARM 
SOMEWHAT 

WARM 
NEUTRAL SOMEWHAT 

COOL 
VERY COOL DO NOT 

KNOW 

HOW DO THE FIXTURES APPEAR? 0.0% 37.5% 25.0% 25.0% 12.5% 0.0% 

WHAT IS YOUR PREFERENCE? 0.0% 25.0% 50.0% 0.0% 25.0% 0.0% 

INSTALLER SURVEY 
The installer survey was sent to the City maintenance staff who installed the LED fixtures. 
The questions focused on the equipment installation process and staff’s experiences with 
previous and current lighting installations. All five installers completed surveys. All but one 
respondent has performed over 15 LED installations (highest possible response). All 
installers have had experience with several types of lighting equipment applications (e.g., 
high bay, offices, exterior) and lighting technologies (linear fluorescent, LED, metal halide, 
high pressures sodium, halogen, CFL). 

The installers were asked if there were any difficulties with the installation of the fixtures. 
The most common difficulty reported by the installers was the wiring/rewiring of the new 
LED fixtures. Installers reported that the BritePointe fixtures, unlike other fixtures they’ve 
worked with, have “no accessible wiring compartment”. Since they were concerned about 
voiding the warranty (per statement on fixture) if they unscrewed the plate to access 
wiring, they had to make connections and then “stuff the wires through a small opening in 
connector”. The installers also encountered complications when removing the LED fixtures. 
Due to a lack of access to wiring, “you have to wedge out the plastic adapter and try to 
work the wires through the small opening while the fixture is suspended in a high bay 
position.”  

There was no consensus on whether the LED fixtures were easier or more difficult to install 
when compared to HID fixtures. Most respondents, however, did not feel that any problems 
encountered were easily remedied. In addition, one of the fixtures was non-operational at 
the time of installation and had to be replaced by BritePointe. Some results from the 
installer survey are displayed in the following tables.  

 

TABLE 15:  INSTALLATION PROCESS SURVEY RESULTS 

ANSWER CHOICES: STRONGLY 

DISAGREE 
DISAGREE NEUTRAL AGREE STRONGLY 

AGREE 
DOES NOT 

APPLY 
THE INSTALLATION WAS SIMPLE AND 

STRAIGHTFORWARD 
0.0% 20.0% 40.0% 40.0% 0.0% 0.0% 

THE INSTALLATION WAS THE SAME 

LEVEL OF DIFFICULTY AS INSTALLING 

HID FIXTURES 

20.0% 20.0% 20.0% 0.0% 20.0% 20.0% 

ANY PROBLEMS ENCOUNTERED 

DURING THE INSTALLATION WERE 

EASILY REMEDIED 

25.0% 50.0% 25.0% 0.0% 0.0% 0.0% 
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TABLE 16:  INSTALLER DIFFICULTY SURVEY RESULTS 

DIFFICULTIES ENCOUNTERED IN: REPLY: YES 

REMOVAL OF MH FIXTURE 20.0% 

DISPOSAL OF MH FIXTURE 0.0% 

REWIRING FOR NEW FIXTURE 20.0% 

NOT ENOUGH SPACE FOR LED FIXTURE 0.0% 

WIRING OF LED FIXTURE 60.0% 

MOUNTING OF LED FIXTURE 40.0% 

WEIGHT OF LED FIXTURE 0.0% 

LED FIXTURE(S) HAD LOOSE PARTS 0.0% 

LED FIXTURE(S) HAD BROKEN/MISSING 

PARTS 
0.0% 

LED FIXTURE(S) WAS NON-
OPERATIONAL 

80.0% 

LED FIXTURE(S) WAS NOT DELIVERED 0.0% 

N/A (NO PROBLEMS) 0.0% 
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DATA ANALYSIS 
ANALYSIS OF POWER MEASUREMENTS 
The power measurements collected from the probe start metal halide and the LED high-bay 
installations demonstrate that the LED fixtures consume less power than the MH fixtures.  

As stated in the Results section, it was discovered that the baseline fixtures were not 
consuming the wattage expected from a 400-watt MH fixture. A probe-start 400-watt MH 
fixture typically draws 458 watts per fixture while in situ measurement indicated that the 
fixture was drawing 291 watts.  

LED fixtures provided power savings even though the baseline MH fixtures were wired 
incorrectly and were consuming less power than expected. The in-situ MH to LED fixture 
wattage decreased 99 watts or 34%, from 291 watts to 192 watts per fixture. If the MH 
fixtures had been wired correctly, the expected per-fixture wattage decrease would have 
been 293 watts or 60% (from 485 watts to 192 watts per fixture). When extrapolated out to 
the entire gymnasium (30 fixtures), the total power savings are 2.79 kW for the in-situ 
fixtures and could potentially be 8.80 kW for the correctly wired fixtures. Table 17 
summarizes the comparative differences of measurements between the in-situ (Logged) 
MH, properly-wired MH, and LED fixtures.  

 

TABLE 17:  MH AND LED FIXTURE MEASUREMENTS 

 PARAMETER MH - LOGGED MH - 24μF LED 

NOMINAL WATTS/FIXTURE (WATTS) 400 400 200 

CAPACITANCE (μF) 15.1 25.1 n/a  

POWER/FIXTURE (WATTS) 291 489 192 

MEASURED VOLTAGE (VOLTS) 283 285 283 

CORRECTED POWER (KW) 291 485 192 

INPUT POWER DIFFERENCE TO LED 

FIXTURE (WATTS) 99 293 N/A 

NUMBER OF FIXTURES 30 30 30 

TOTAL POWER (KW) 8.73 14.56 5.76 

TOTAL POWER DIFFERENCE COMPARED TO 

LED FIXTURE (KW) 2.79 8.80 N/A 
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ANALYSIS OF ILLUMINANCE MEASUREMENTS 
Using the illuminance data sets collected from the probe start metal halide and the LED 
high-bay installations, one can draw conclusions with regard to the distribution and 
uniformity of the light fixtures. This comparison uses the ratio of the maximum illuminance 
value versus the minimum illuminance value to compare the relative distribution of the light 
in the space. A smaller ratio means that the monitored illuminance values are closer 
together and that light levels are more even. As shown in Table 18 the LED fixture 
installation has a much lower maximum-to-minimum ratio, and thus more evenly 
distributed light. 

TABLE 18:  ILLUMINANCE MAX/MIN RATIOS 

LIGHTING TECHNOLOGY PROBE-START METAL HALIDE BRITEPOINTE LED HIGH-BAY 

MAXIMUM ILLUMINANCE (FC) 38.9 56.7 

AVERAGE ILLUMINANCE (FC) 19.6 35.5 

MINIMUM ILLUMINANCE (FC) 9.20 23.8 

MAX/MIN RATIO 4.23 2.38 

Averaging these illuminance data sets provides valuable insight into the overall illuminance 
of the gymnasium. The BritePointe fixture provides 81% more light than the base case 
probe-start metal halide fixture with the smaller capacitor. Adjusting for the faulty capacitor 
wiring, we expect the probe-start metal halide fixtures would have produced approximately 
60% more luminous flux (lumens), raising the average baseline level to approximately 31.5 
(instead of 19.6) footcandles. Thus, the average illuminance for the LED installation (35.5 
FC) would only be 12.6% brighter than the metal halide fixtures (31.5 FC) wired for an 
appropriately sized capacitor. 

ANALYSIS OF CORRELATED COLOR TEMPERATURE (CCT) 
The CCT data sets collected from the probe start metal halide and the LED high-bay 
installations indicate the LED fixtures had much closer color temperature according to the 
specifications provided by the manufacturer. Again, the faulty capacitor installation affected 
this measurement, as the smaller capacitance shifted the color temperature toward the 
blue-end of the spectrum. The typical CCT skew of for dimming metal halide lamps to the 
level observed in this study is approximately 25% (equivalent to 5,125K), which 
approximately lines up with the data we saw in our study.ii 
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EVALUATIONS  
Based on the results of this LED high bay fixture retrofit, the selected 200-watt BritePointe 
fixture proved that LED replacements of 400W MH fixtures are effective in creating a desired 
lighting effect while reducing power demands and creating energy savings. 

The BritePointe fixture achieved 34% savings in demand and energy use as compared to 
the in-situ, incorrectly-wired MH fixtures. Because the gym usage is not consistent, annual 
energy savings was evaluated based on the operating schedule provided by the tenant at 
the gymnasium. Based on the stated operating hours, the annual operating hours for the 
gymnasium lighting are 3,354 hours per year. Using these hours, the annual energy savings 
are 9,941 kWh per year for the in-situ MH fixtures as compared to the LED fixtures. When 
the total costs of the installation are included, the simple payback for the in-situ scenario is 
16.0 years.  

Taking into account the scenario where the correct capacitance was used, the LED fixtures 
are estimated to have achieved 60% savings in demand and energy use. Using the same 
operating hours described above and correcting for a slight difference in input voltage from 
the monitored fixture to the test fixture, the annual energy savings for correctly wired 400W 
MH fixtures to LED fixtures would have been 29,488 kWh per year. (Note: the Data Analysis 
section describes how we calculated the potential baseline input power.) The simple 
payback in a correctly-wired MH baseline scenario is 5.4 years.  

Table 19 and Table 20 summarize energy and cost comparisons between the LED high bay 
retrofit and the MH – Logged (or in-situ) fixtures and MH-24μF (proper capacitance) 
fixtures. Utility incentives are not included in the calculations of simple payback.  

TABLE 19:  ANNUAL ENERGY & COST SAVINGS COMPARISON BETWEEN MEASURED BASELINE AND LED HIGH BAY 

 
ANNUAL 

ENERGY USE 
(KWH/YR) 

ANNUAL 
ENERGY 

SAVED 

(KWH/YR) 

ENERGY 

SAVED AS 

PERCENT OF 

BASELINE 

ANNUAL 

ENERGY 

COST 

ANNUAL ENERGY 

COST SAVINGS 
(@$0.166/KWH) 

LED 
INSTALLED 

COST 

PAYBACK 

PERIOD 
(YEARS) 

MH - LOGGED 29,270 -  - $4,859 - - - 

LED HIGH 
BAY 19,329 9,941 34% $3,209 $1,650 $26,420 16.0 

TABLE 20:  ANNUAL ENERGY & COST SAVINGS COMPARISON BETWEEN CORRECTLY WIRED BASELINE AND LED HIGH BAY 

 
ANNUAL 

ENERGY USE 
(KWH/YR) 

ANNUAL 
ENERGY 

SAVED 

(KWH/YR) 

ENERGY 

SAVED AS 

PERCENT OF 

BASELINE 

ANNUAL 

ENERGY 

COST 

ANNUAL ENERGY 

COST SAVINGS 
(@$0.166/KWH) 

LED 
INSTALLED 

COST 

PAYBACK 

PERIOD 
(YEARS) 

MH – WIRED 
CORRECTLY 48,817 -  - $4,859 - - - 

LED HIGH BAY 19,329 29,488 60% $3,209 $4,895 $26,420 5.4 
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TABLE 21: GYM OPERATING HOURS (STATED) 

DAY ON TIME OFF Time 

SUN. 8:30 AM 9:00 PM 

MON. 3:30 PM 10:00 PM 

TUES. 11:30 AM 9:30 PM 

WED. 3:30 PM 10:00 PM 

THURS. 11:30 AM 9:30 PM 

FRI. 3:30 PM 10:00 PM 

SAT. 8:30 AM 9:00 PM 

 
TABLE 22: TECHNICAL SUMMARY OF LED AND MH SCENARIOS (30 FIXTURES) 

 PARAMETER MH - LOGGED MH - 24μF LED 

NOMINAL WATTS/FIXTURE (WATTS) 400 400 200 

POWER/FIXTURE (WATTS) 290.9 488.6 192.1 

CAPACITANCE (ΜF) 15.1 25.1 n/a  

MEASURED VOLTAGE (VOLTS) 283 285 283 

CORRECTED POWER (KW) 290.9 485.2 192.1 

TOTAL POWER (KW) 8.73 14.56 5.76 

OPERATING HOURS 3,354 3,354 3,354 

ANNUAL ENERGY USE (KWH) 29,270 48,817 19,329 

ENERGY SAVINGS COMPARED TO LED 

FIXTURES (KWH) 
9,941 29,488  N/A 
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LIGHTING PERFORMANCE 
The BritePointe LED fixture improved the lighting quality in the space over the baseline, 
probe-start MH system by increasing the uniformity of the lighting in the space, primarily 
through better photometric performance. The light levels rose significantly, due to the faulty 
baseline capacitor installation. With a properly installed capacitor we would expect an 
average illuminance to increase by approximately 12.6% as compared to the in-situ MH 
installation. The more precise tolerance of LED fixture components offered better color 
temperature uniformity than the MH fixtures. 

However, of the 30 BritePointe LED fixtures that were installed, there were three instances 
of failed fixtures: 

1. One fixture was non-operational at the time of the installation and was replaced with 
a new fixture from BritePointe. According to BritePointe, the non-operational fixture 
had a driver failure.  

2. An additional fixture failed during normal use of the gym. Soon after the installation 
was complete, one fixture became dislodged from the conduit pendant mounting 
(Figure 11). It was not clear what caused the fixture to become dislodged. There was 
no noticeable, physical damage to the failed fixture. The fixture was repaired on site 
by a BritePointe employee and remounted. Additional testing of the mounting was 
considered by BritePointe, but no additional information was provided for this report. 

3. The third failure occurred on the same fixture that had previously become dislodged 
during normal use. The cause for failure is unknown. PG&E requested details of the 
cause of failure from BritePointe, but did not receive a response. After several weeks 
of inactivity in addressing the City’s request for assistance, BritePointe provided a 
replacement fixture. As of the completion of this report, the replacement fixture had 
not been installed. 
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FIGURE 11:  FAILED LED FIXTURE  

 

ADDITIONAL CUSTOMER FEEDBACK 
Occupants of the space were satisfied with the lighting quality improvements in the space 
achieved by the BritePointe fixtures. In the three categories of gymnasium usage (athletics, 
maintenance, or casual face-to-face conversations), all but one response stated that the 
light levels were “just right.” Survey questions regarding the lighting quality also had 
positive results as all respondents agreed or strongly agreed that the lighting was uniform in 
color, are nice-looking, and creates a good image for the organization.  

During follow up site visits, additional feedback was offered by the occupants and City 
maintenance staff to kW Engineering. These comments originated as a result of  additional 
fixture failures after the original survey was conducted. Concerns were expressed over the 
reliability of the fixtures as the project had then experienced three failures. In related 
comments, the client expressed dissatisfaction with the amount of time it took to receive 
replacement fixtures from the vendor.  
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RECOMMENDATIONS  
Based on the data collected in this study, LED high bay lighting for gymnasiums is a strong 
candidate for adoption into the energy efficiency portfolio of the California IOUs. While the 
LED fixtures performed well overall, there are key issues that need to be addressed in order 
to encourage the adoption of LED fixtures in gymnasiums.  

It is recommended that fixture selection criteria include the capability to withstand 
significant ball-shock damage. Special attention should be made regarding specifications 
with minimum warranty requirements (e.g. 5 years) that state manufacturer response time 
when a fixture fails within the first year. It is clear that any lighting installed in a 
gymnasium with sports activities must be robust enough to withstand significant ball-shock 
damage. During the fixture selection phase, BritePointe assured the Team that the fixtures 
were suitable for sports activities in a gymnasium. Even with this due diligence, fixtures are 
still prone to failure in an active gymnasium environment. Manufacturers should continue to 
be encouraged to design rugged, impact-resistant fixtures for gymnasiums.  

Besides fixture durability, it is important to conduct a thorough assessment of installation 
best practices for a selected LED fixture in order to ensure the best possible installation. 
When possible, request that a manufacturer’s representative work with installation crew 
during the initial phase of installation. 

Also, due to the significant differences in light output and aesthetics between MH and LED 
fixtures, it is important to view the specific LED fixtures being considered in place at an 
existing site or as part of a mock-up/demo at the project site. This step provides an 
essential opportunity to assess potential glare and light distribution issues before a final LED 
fixture is selected. 
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APPENDICES 
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APPENDIX A. POWER MONITORING DATA 
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APPENDIX B. SPOT POWER MEASUREMENTS  
 
LED - PowerSight PS250 Measurement on Site - 2/13/2013 
One fixture not operational (29 of 30 LED fixtures) 

LEG: A B C TOTAL 

Amps (A) 7.30 6.47 7.17 20.94 

Volts (V) 280 282 281 281 

Power (kW) 1.904 1.695 1.864 5.46 

Power Factor (PF) 0.93 1.00 1.00 0.93 

 
 
LED - PowerSight PS250 Measurement on Site – 3/12/2013 
All 30 LED fixtures operational 

LEG: A B C TOTAL 

Amps (A) 7.32 7.23 7.18 21.73 

Volts (V) 283 282 284 283 

Power (kW) 1.943 1.882 1.873 5.70 

Power Factor (PF) 0.94 1.00 1.00 0.93 

 
 
MH - PowerSight PS250 Measurement on Site – 4/24/2013 
One MH fixture at 15 μF capacitance (fixture only on one leg of circuit) 

LEG: A B C TOTAL 

Amps (A) 0.99 0 0 0.99 

Volts (V) 284 282 284 283 

Power (kW) 0.245 0 0 0.245 

Power Factor (PF) 0.90 1.00 1.00 0.90 

 
 
MH - PowerSight PS250 Measurement on Site – 4/24/2013 
One MH fixture at 26 μF capacitance (fixture only on one leg of circuit) 

LEG: A B C TOTAL 

Amps (A) 1.79 0 0 1.79 

Volts (V) 285 283 285 284 

Power (kW) 0.487 0 0 0.487 

Power Factor (PF) 0.96 1.00 1.00 0.96 

 
 
MH - PowerSight PS250 Measurement on Site – 4/24/2013 
One MH fixture at 42 μF capacitance (fixture only on one leg of circuit) 

LEG: A B C TOTAL 

Amps (A) 4.44 0 0 4.44 

Volts (V) 285 283 285 284 

Power (kW) 1.212 0 0 1.212 

Power Factor (PF) 0.96 1.00 1.00 0.96 
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APPENDIX C. MANUFACTURER SPECIFICATIONS FOR BRITEPOINTE 
HYBEEM FIXTURE (LED FIXTURE) 
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APPENDIX D: MANUFACTURER SPECIFICATIONS FOR SYLVANIA 
M4000U LAMP (BASELINE MH LAMP) 
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APPENDIX E: MANUFACTURER SPECIFICATIONS FOR ADVANCE 
71A6091 BALLAST (BASELINE MH BALLAST) 
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APPENDIX F: BASELINE (MH) SURVEY QUESTIONS AND RESPONSES 
Q1: WHICH OF THESE BEST DESCRIBES THE TYPE OF WORK THAT 

YOU DO? 

ANSWER CHOICES RESPONSE 
FACILITY MANAGEMENT 25.0% 
COACHING, FITNESS INSTRUCTION 0.0% 
YOUTH GROUP LEADERSHIP 37.5% 
PROGRAM PARTICIPANT 0.0% 
FACILITY MAINTENANCE/OPERATIONS 37.5% 
OTHER 0.0% 

Q2: WHAT IS YOUR AGE? 

ANSWER CHOICES RESPONSES 
20 OR YOUNGER 12.5% 
21-30 25.0% 
31-40 37.5% 
41-50 25.0% 
50 OR OLDER 0.0% 

Q3: WHAT IS YOUR GENDER? 

ANSWER CHOICES RESPONSES 
FEMALE 50.0% 
MALE 50.0% 
 
 

 
 
Q4: BASED ON THE FIXTURES ABOVE, WHICH MOST CLOSELY RESEMBLES THE OLD OVERHEAD LIGHTING IN THE 

GYMNASIUM? 

ANSWER CHOICES RESPONSES 
A 0.0% 
B 50.0% 
C 0.0% 
I DON'T SEE THE GYMNASIUM FIXTURE HERE. 50.0% 

A B C 
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Q5: ON A TYPICAL DAY, HOW LONG ARE YOU IN THE GYMNASIUM? 

ANSWER CHOICES RESPONSES 
MORE THAN 6 HOURS 0.0% 
4-6 HOURS 0.0% 
2-4 HOURS 37.5% 
LESS THAN 2 HOURS 62.5% 

Q6: WHICH TASKS DO YOU (PERSONALLY) PERFORM IN THE THIS SPACE? PLEASE CHECK ALL ITEMS THAT 

APPLY. 

ANSWER CHOICES RESPONSE 
ATHLETICS 50.0% 
MAINTENANCE 37.5% 
PAPER-BASED TASKS (READING/WRITING) 25.0% 
COMPUTER USE 25.0% 
MULTI-MEDIA PRESENTATIONS 0.0% 
CASUAL, FACE TO FACE CONVERSATIONS 

WITH OTHER PEOPLE 
62.5% 

Q7: WHEN USING ONE-HALF OF THE GYM, WHAT ARE THE 

CONDITIONS? 

ANSWER CHOICES RESPONSES 
CURTAIN DRAWN ACROSS MID-COURT; ALL 

LIGHTS ON 
87.5% 

CURTAIN DRAWN ACROSS MID-COURT; HALF 

THE LIGHTS ON 
0.0% 

OPEN COURT (NO CURTAIN); ALL LIGHTS ON 12.5% 
OPEN COURT (NO CURTAIN); HALF THE 

LIGHTS ON 
0.0% 

I ONLY USE THE GYM IN ITS ENTIRETY 0.0% 

Q8: TO WHAT EXTENT DO YOU AGREE OR DISAGREE WITH THE FOLLOWING STATEMENTS ABOUT THE OLD LIGHTING 

QUALITY IN THE GYM? 

LIGHT QUALITY: STRONGLY 

DISAGREE 
DISAGREE NEUTRAL AGREE STRONGLY 

AGREE 
DOES NOT 

APPLY 
THE SPACE IS EVENLY LIT WITHOUT 

VERY BRIGHT OR DIM SPOTS 
0.0% 0.0% 14.3% 28.6% 57.1% 0.0% 

THE LIGHTING FLICKERS THROUGHT 

THE DAY 
42.9% 14.3% 42.9% 0.0% 0.0% 0.0% 

THE LIGHTING COLOR APPEARS 

UNIFORM IN SPACE 
0.0% 0.0% 28.6% 57.1% 14.3% 0.0% 

MY SKIN IS AN UNNATRUAL TONE 

UNDER THE LIGHTING 
28.6% 14.3% 57.1% 0.0% 0.0% 0.0% 
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Q9: TO WHAT EXTENT DO YOU AGREE OR DISAGREE WITH THE FOLLOWING STATEMENTS ABOUT THE OLD LIGHT'S EFFECTS 

ON THE ENVIRONMENT IN THE GYM? 

LIGHTING ENVIRONMENT: STRONGLY 

DISAGREE 
DISAGREE NEUTRAL AGREE STRONGLY 

AGREE 
DOES NOT 

APPLY 
THE LIGHTING FIXTURES IN THE GYM 

ARE NICE-LOOKING 
0.00% 0.00% 28.57% 28.57% 42.86% 0.00% 

THE LIGHTING HELPS CREATE A GOOD 

IMAGE FOR THE ORGANIZATION 
0.00% 0.00% 42.86% 28.57% 28.57% 0.00% 

THE ROOM WALLS HAVE A PLEASANT 

BRIGHTNESS 
0.00% 14.29% 28.57% 42.86% 14.29% 0.00% 

THE ROOM FLOOR HAS A PLEASANT 

BRIGHTNESS 
0.00% 14.29% 28.57% 42.86% 14.29% 0.00% 

THE ROOM CEILING HAS A PLEASANT 

BRIGHTNESS 
0.00% 0.00% 42.86% 42.86% 14.29% 0.00% 

OVERALL, THE ENVIRONMENT IN THE 

GYM IS PLEASANT 
0.00% 0.00% 42.86% 42.86% 14.29% 0.00% 

Q10: HOW OFTEN DO YOU EXPERIENCE ANY OF THE FOLLOWING CONDITION IN THE GYM DURIN AN AVERAGE 

DAY? FOR THE PURPOSE OF ANSWERING THESE QUESTIONS, CONSIDER THE DEFINITION OF GLARE TO BE 

UNWANTED LIGHT (I.E., LOUD NOISE IS TO SOUNDS AS GLARE IS TO LIGHT) 

GLARE FROM: NEVER RARELY SOMETIMES OFTEN ALWAYS 
THE LIGHTS (THE LIGHT FIXTURES APPEAR 

TOO BRIGHT) 
42.86% 14.29% 28.57% 14.29% 0.00% 

THE LIGHT FIXTURES REFLECTED ON THE 

FLOOR AND/OR WALLS 
42.86% 28.57% 28.57% 0.00% 0.00% 

THE LIGHT FIXTURES ON THE EQUIPMENT IN 

THE ROOM 
85.71% 14.29% 0.00% 0.00% 0.00% 

NATURAL LIGHT 42.86% 57.14% 0.00% 0.00% 0.00% 

Q11: HOW WOULD YOU RATE THE OLD LIGHTING IN THE GYM FOR THE 

FOLLOWING TASKS? 

TASK: MUCH TOO 

BRIGHT 
TOO 

BRIGHT 
JUST 

RIGHT 
TOO DIM MUCH TOO 

DIM 
DOES NOT 

APPLY 
ATHLETICS 0.00% 0.00% 85.71% 0.00% 0.00% 14.29% 

FACILITY MAINTENANCE 0.00% 0.00% 85.71% 0.00% 0.00% 14.29% 

PAPER TASKS (READ/WRITE) 0.00% 0.00% 42.86% 14.29% 0.00% 42.86% 

USING A COMPUTER 0.00% 0.00% 57.14% 0.00% 0.00% 42.86% 

MULTI-MEDIA PRESENTATIONS 0.00% 42.86% 28.57% 0.00% 0.00% 28.57% 

FACE-TO-FACE CONVERSATIONS 0.00% 0.00% 85.71% 0.00% 0.00% 14.29% 

Q8: LIGHTING COMES IN A RANGE OF COLORS, FROM A "WARM" WHITE TO A "COOL" WHITE. "WARM" LIGHT IS OFTEN 

DESCRIBED AS SLIGHTLY YELLOW IN APPEARANCE, AND "COOL" LIGHT IS OFTEN DESCRIBED AS SLIGHTLY BLUE IN 

APPEARANCE. USING THE INDICATED COLOR RANGE, PLEASE INDICATE: 
COLOR TEMPERATURE: VERY 

WARM 
SOMEWHAT 

WARM 
NEUTRAL SOMEWHAT 

COOL 
VERY 

COOL 
DO NOT 

KNOW 
WHAT IS THE COLOR APPEARANCE OF 

THE LIGHTING IN YOUR SPACE? 
14.29% 14.29% 28.57% 14.29% 14.29% 14.29% 

WHAT WOULD YOU PREFER THE COLOR 

APPEARANCE OF THE LIGHTING IN THE 

SPACE? 

0.00% 14.29% 71.43% 0.00% 0.00% 14.29% 
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APPENDIX G: INSTALLED (LED) SURVEY QUESTIONS AND 
RESPONSES 
Q1: WHICH OF THESE BEST DESCRIBES THE TYPE OF WORK THAT 

YOU DO? 
ANSWER CHOICES: RESPONSE 
FACILITY MANAGEMENT 25.0% 
COACHING, FITNESS INSTRUCTION 0.0% 
YOUTH GROUP LEADERSHIP 37.5% 
PROGRAM PARTICIPANT 0.0% 
FACILITY MAINTENANCE/OPERATIONS 12.5% 
OTHER 25.0% 

Q2: WHAT IS YOUR AGE? 
ANSWER CHOICES: RESPONSES 
20 OR YOUNGER 12.5% 
21-30 25.0% 
31-40 25.0% 
41-50 37.5% 
50 OR OLDER 0.0% 

Q3: WHAT IS YOUR GENDER? 
ANSWER CHOICES: RESPONSES 
FEMALE 37.5% 
MALE 62.5% 
 
 

 
 
Q4: BASED ON THE FIXTURES ABOVE, WHICH MOST CLOSELY RESEMBLES THE NEW OVERHEAD LIGHTING IN THE 

GYMNASIUM? 
ANSWER CHOICES: RESPONSES 
A 0.0% 
B 0.0% 
C 87.5% 
I DON'T SEE THE GYMNASIUM FIXTURE 

HERE. 
12.5% 
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Q5: ON A TYPICAL DAY, HOW LONG ARE YOU IN THE GYMNASIUM? 
ANSWER CHOICES: RESPONSES 
MORE THAN 6 HOURS 0.0% 
4-6 HOURS 12.5% 
2-4 HOURS 25.0% 
LESS THAN 2 HOURS 62.5% 

Q6: WHICH TASKS DO YOU (PERSONALLY) PERFORM IN THE THIS SPACE? PLEASE CHECK ALL ITEMS THAT 

APPLY. 
ANSWER CHOICES: RESPONSES 
ATHLETICS 50.0% 
MAINTENANCE 62.5% 
PAPER-BASED TASKS 

(READING/WRITING) 
0.0% 

COMPUTER USE 0.0% 
MULTI-MEDIA PRESENTATIONS 0.0% 
CASUAL, FACE TO FACE CONVERSATIONS 

WITH OTHER PEOPLE 
62.5% 

Q7: WHEN USING ONE-HALF OF THE GYM, WHAT ARE THE 

CONDITIONS? 
ANSWER CHOICES: RESPONSES 
CURTAIN DRAWN ACROSS MID-COURT; ALL LIGHTS ON 62.5% 
CURTAIN DRAWN ACROSS MID-COURT; HALF THE LIGHTS ON 0.0% 
OPEN COURT (NO CURTAIN); ALL LIGHTS ON 25.0% 
OPEN COURT (NO CURTAIN); HALF THE LIGHTS ON 0.0% 
I ONLY USE THE GYM IN ITS ENTIRETY 12.5% 

Q8: TO WHAT EXTENT DO YOU AGREE OR DISAGREE WITH THE FOLLOWING STATEMENTS ABOUT THE NEW 

LIGHTING QUALITY IN THE GYM? 

LIGHT QUALITY: STRONGLY 

DISAGREE 
DISAGREE NEUTRAL AGREE STRONGLY 

AGREE 
DOES NOT 

APPLY 
THE SPACE IS EVENLY LIT WITHOUT 

VERY BRIGHT OR DIM SPOTS 
0.0% 0.0% 0.0% 25.0% 75.0% 0.0% 

THE LIGHTING FLICKERS 

THROUGHOUT THE DAY 
62.5% 25.0% 12.5% 0.0% 0.0% 0.0% 

THE LIGHTING COLOR APPEARS 

UNIFORM IN SPACE 
0.0% 0.0% 0.0% 50.0% 50.0% 0.0% 

MY SKIN IS AN UNNATRUAL TONE 

UNDER THE LIGHTING 
12.5% 37.5% 12.5% 25.0% 0.0% 12.5% 
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Q9: TO WHAT EXTENT DO YOU AGREE OR DISAGREE WITH THE FOLLOWING STATEMENTS ABOUT THE NEW LIGHT'S 

EFFECTS ON THE ENVIRONMENT IN THE GYM? 

LIGHTING ENVIRONMENT: STRONGLY 

DISAGREE 
DISAGREE NEUTRAL AGREE STRONGLY 

AGREE 
DOES NOT 

APPLY 
THE LIGHTING FIXTURES IN THE GYM 

ARE NICE-LOOKING 
0.0% 0.0% 0.0% 37.5% 62.5% 0.0% 

THE LIGHTING HELPS CREATE A 

GOOD IMAGE FOR THE 

ORGANIZATION 

0.0% 0.0% 0.0% 50.0% 50.0% 0.0% 

THE ROOM WALLS HAVE A PLEASANT 

BRIGHTNESS 
0.0% 0.0% 37.5% 37.5% 25.0% 0.0% 

THE ROOM FLOOR HAS A PLEASANT 

BRIGHTNESS 
0.0% 12.5% 25.0% 62.5% 0.0% 0.0% 

THE ROOM CEILING HAS A PLEASANT 

BRIGHTNESS 
0.0% 0.0% 37.5% 25.0% 37.5% 0.0% 

OVERALL, THE ENVIRONMENT IN THE 

GYM IS PLEASANT 
0.0% 0.0% 0.0% 50.0% 50.0% 0.0% 

Q10: HOW OFTEN DO YOU EXPERIENCE ANY OF THE FOLLOWING CONDITION IN THE GYM DURING AN AVERAGE 

DAY? FOR THE PURPOSE OF ANSWERING THESE QUESTIONS, CONSIDER THE DEFINITION OF GLARE TO BE 

UNWANTED LIGHT (I.E., LOUD NOISE IS TO SOUNDS AS GLARE IS TO LIGHT) 

GLARE FROM: NEVER RARELY SOMETIMES OFTEN ALWAYS 
THE LIGHTS (THE LIGHT FIXTURES 

APPEAR TOO BRIGHT) 
0.0% 62.5% 37.5% 0.0% 0.0% 

THE LIGHT FIXTURES REFLECTED ON THE 

FLOOR AND/OR WALLS 
25.0% 50.0% 25.0% 0.0% 0.0% 

THE LIGHT FIXTURES ON THE EQUIPMENT 

IN THE ROOM 
37.5% 62.5% 0.0% 0.0% 0.0% 

NATURAL LIGHT 25.0% 62.5% 12.5% 0.0% 0.0% 

Q11: HOW WOULD YOU RATE THE NEW LIGHTING IN THE GYM FOR THE FOLLOWING TASKS? 

TASK: MUCH TOO 

BRIGHT 
TOO 

BRIGHT 
JUST 

RIGHT 
TOO DIM MUCH TOO 

DIM 
DOES NOT 

APPLY 
ATHLETICS 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 

FACILITY MAINTENANCE 0.0% 0.0% 875.0% 12.4% 0.0% 0.0% 

PAPER TASKS (READ/WRITE) 0.0% 12.5% 50.0% 12.5% 0.0% 25.0% 

USING A COMPUTER 0.0% 12.5% 37.5% 0.0% 0.0% 50.0% 

MULTI-MEDIA PRESENTATIONS 0.0% 0.0% 50.0% 0.0% 0.0% 50.0% 

FACE-TO-FACE CONVERSATIONS 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 

Q8: LIGHTING COMES IN A RANGE OF COLORS, FROM A "WARM" WHITE TO A "COOL" WHITE. "WARM" LIGHT IS OFTEN 

DESCRIBED AS SLIGHTLY YELLOW IN APPEARANCE, AND "COOL" LIGHT IS OFTEN DESCRIBED AS SLIGHTLY BLUE IN 

APPEARANCE. USING THE INDICATED COLOR RANGE, PLEASE INDICATE: 

COLOR TEMPERATURE: VERY 

WARM 
SOMEWHAT 

WARM 
NEUTRAL SOMEWHAT 

COOL 
VERY COOL DO NOT 

KNOW 
WHAT IS THE COLOR APPEARANCE OF 

THE LIGHTING IN YOUR SPACE? 
0.0% 37.5% 25.0% 25.0% 12.5% 0.0% 

WHAT WOULD YOU PREFER THE 

COLOR APPEARANCE OF THE 

LIGHTING IN THE SPACE? 

0.0% 25.0% 50.0% 0.0% 25.0% 0.0% 
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APPENDIX H: INSTALLER SURVEY QUESTIONS AND RESPONSES 
Q1: WHICH OF THESE BEST DESCRIBES THE TYPE OF WORK THAT YOU 

DO? 
ANSWER CHOICES: RESPONSES 

OWNER / MANAGEMENT 20.0% 

EQUIPMENT INSTALLER 60.0% 

OTHER 20.0% 

Q2: WHAT IS YOUR AGE? 
ANSWER CHOICES: RESPONSES 

30 OR YOUNGER 0.0% 

31-40 40.0% 

41-50 20.0% 

50 OR OLDER 40.0% 

Q3: WHAT IS YOUR GENDER? 
ANSWER CHOICES: RESPONSES 

FEMALE 0.0% 

MALE 100.0% 

Q4: HOW MANY INSTALLATIONS DO YOU PERFORM IN A GIVEN YEAR? 
ANSWER CHOICES: RESPONSES 

1 TO 5 20.0% 

6 TO 10 0.0% 

11 TO 15 0.0% 

15+ 80.0% 

Q5: HAVE YOU EVER INSTALLED LED 

FIXTURES? 
ANSWER CHOICES: RESPONSES 

YES 0.0% 

NO (GO TO QUESTION 7) 12.5% 

  

  

Q6: IF YOU ANSWERED YES ON QUESTION 5, HOW MANY LED FIXTURE INSTALLATIONS HAVE YOU COMPLETED? 
ANSWER CHOICES: RESPONSES 

1 TO 5 0.0% 

6 TO 15 0.0% 

15+ 80.0% 
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Q7: WHAT TYPES OF LIGHTING EQUIPMENT DO YOU TYPICALLY INSTALL? (SELECT UP TO THREE) 
ANSWER CHOICES: RESPONSES # RESPONSES 

HIGH BAY 60.0% 3 

COMMERCIAL INTERIOR (TROFFERS, DOWNLIGHTS, ETC.) 60.0% 3 

EXTERIOR (BOLLARDS, POLE LIGHTING, WALLPACKS, ETC.) 60.0% 3 

DECORATIVE (TRACK LIGHTING, ARCHITECTURAL SOFFIT, ETC.) 40.0% 2 

SPECIALTY OR CUSTOMIZED 40.0% 2 

OTHER 40.0% 2 

OTHER RESPONSES: N/A, ALL TYPES ABOVE    

Q8: WHAT LIGHTING TECHNOLOGY DO YOU TYPICALLY USE? (CHECK ALL THAT APPLY) 
ANSWER CHOICES: RESPONSES # RESPONSES 

LINEAR FLUORESCENT - T8 60.0% 5 

LINEAR FLUORESCENT - T5 60.0% 3 

LED 60.0% 5 

INDUCTION 0.0% 0 

METAL HALIDE 60.0% 4 

CERAMIC METAL HALIDE 60.0% 2 

HIGH PRESSURE SODIUM 60.0% 3 

HALOGEN 40.0% 2 

CFL 40.0% 4 

OTHER (PLEASE SPECIFY) 40.0% 1 

OTHER RESPONSE: LOW PRESSURE SODIUM    

Q9: PLEASE RANK THE CONSIDERATIONS WHEN CHOOSING A FIXTURE TYPE FOR AN AREA WITH "1" BEING THE MOST IMPORTANT A

"9" BEING THE LEAST IMPORTANT. 
ANSWER CHOICES: 1 2 3 4 5 6 7 8 9 10 

SPECIFIED BY CUSTOMER 0% 0% 20% 0% 0% 20% 0% 20% 40% 0% 

EASE OF INSTALLATION 20% 0% 0% 0% 20% 0% 20% 20% 20% 0% 

ENERGY USE/ENERGY 

EFFICIENCY 
20% 20% 20% 0% 0% 20% 20% 0% 0% 0% 

QUALITY OF LIGHT OUTPUT 

(CRI, COLOR TEMPERATURE) 
0% 20% 0% 20% 0% 20% 0% 0% 0% 0% 

QUALITY OF TECHNOLOGY 

(ESTABLISHED TECHNOLOGY, 
RATED LIFE OF LAMPS) 

20% 0% 40% 20% 20% 0% 0% 0% 0% 0% 

QUALITY OF PRODUCT 

(RELIABILITY/TRACK RECORD 

OF A PARTICULAR BRAND) 

20% 0% 40% 20% 20% 0% 0% 0% 0% 0% 

COST OF PRODUCT 0% 20% 0% 20% 40% 0% 0% 20% 0% 0% 

AVAILABILITY OF PRODUCT 

(DELIVERY AND LEAD TIME) 
20% 0% 0% 0% 0% 20% 40% 0% 20% 0% 

AVAILABILITY OF CUSTOMER 

SERVICES OR SALES REP 
0% 0% 0% 0% 20% 20% 0% 40% 20% 0% 

OTHER 0% 0% 0% 0% 0% 0% 0% 0% 0% 100% 
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Q10: DID YOU ENCOUNTER ANY DIFFICULTIES DURING THE INSTALLATION? (CHECK ALL THAT APPLY) 
ANSWER CHOICES: RESPONSES # RESPONSES    
THERE WERE NO DIFFICULTIES 0.0% 0    
THE OLD FIXTURES WERE DIFFICULT TO REMOVE 20.0% 1    
THE OLD FIXTURES WERE DIFFICULT TO DISPOSE 0.0% 0    
THE WIRING WAS DIFFICULT TO REWIRE FOR THE 

NEW FIXTURES 
20.0% 1 

   
THERE WAS NOT ENOUGH SPACE TO MOUNT THE 

NEW FIXTURES 
0.0% 0 

   
OTHER (PLEASE SPECIFY) 60.0% 3    
OTHER RESPONSES: N/A, FAILED NEW FIXTURE, MAKING UP SPLICE     

      
Q11: DID YOU ENCOUNTER ANY PROBLEMS WITH THE NEW FIXTURES? (CHECK ALL THAT APPLY)  
ANSWER CHOICES: RESPONSES # RESPONSES    
THERE WERE NO PROBLEMS 0.0% 0    
THE WIRING OF THE FIXTURES MADE IT 

DIFFICULT FOR INSTALLATION 
60.0% 3 

   
THE MOUNTING OF THE FIXTURES MADE IT 

DIFFICULT FOR INSTALLATION 
40.0% 2 

   
THE WEIGHT OF THE FIXTURES MADE IT 

DIFFICULT FOR INSTALLATION 
0.0% 0 

   
THE FIXTURES HAD LOOSE PARTS (E.G. 
SCREWS, WASHERS) THAT WERE EASY TO 

DROP 

0.0% 0 

   
ONE OR MORE FIXTURES HAD BROKEN OR 

MISSING PARTS 
0.0% 0 

   
ONE OR MORE FIXTURES WERE NON-
OPERATIONAL 

80.0% 4 
   

ONE OR MORE FIXTURES WERE NOT 

DELIVERED 
0.0% 0 

   
OTHER (PLEASE SPECIFY) 20.0% 1    
OTHER RESPONSE: N/A       

      
Q12: TO WHAT EXTENT DO YOU AGREE OR DISAGREE WITH THE FOLLOWING STATEMENTS ABOUT THE LIGHTING 

QUALITY IN THE GYM AFTER THE INSTALLATION OF THE NEW FIXTURES? 
ANSWER CHOICES: STRONGLY 

DISAGREE 
DISAGREE NEUTRAL AGREE STRONGLY 

AGREE 
DOES NOT 

APPLY   
THE INSTALLATION WAS SIMPLE AND 

STRAIGHTFORWARD 
0.0% 20.0% 40.0% 40.0% 0.0% 0.0% 

  
THE INSTALLATION WAS THE SAME LEVEL OF 

DIFFICULTY AS INSTALLING HID FIXTURES 
20.0% 20.0% 20.0% 0.0% 20.0% 20.0% 

  
ANY PROBLEMS ENCOUNTERED DURING THE 

INSTALLATION WERE EASILY REMEDIED 
25.0% 50.0% 25.0% 0.0% 0.0% 0.0% 
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Q13: TO WHAT EXTENT DO YOU AGREE OR DISAGREE WITH THE FOLLOWING STATEMENTS ABOUT THE LIGHTING 

QUALITY IN THE GYM AFTER THE INSTALLATION OF THE NEW FIXTURES? 
LIGHT QUALITY: STRONGLY 

DISAGREE 
DISAGREE NEUTRAL AGREE STRONGLY 

AGREE 
DOES NOT 

APPLY 
THE SPACE IS EVENLY LIT WITHOUT 

VERY BRIGHT OR DIM SPOTS 
0.0% 20.0% 60.0% 0.0% 0.0% 20.0% 

THE LIGHTING FLICKERS THROUGHOUT 

THE DAY 
20.0% 20.0% 20.0% 0.0% 0.0% 40.0% 

THE LIGHTING COLOR APPEARS 

UNIFORM IN SPACE 
0.0% 0.0% 20.0% 60.0% 0.0% 20.0% 

MY SKIN IS AN UNNATRUAL TONE 

UNDER THE LIGHTING 
0.0% 20.0% 60.0% 30.0% 0.0% 0.0% 

Q14: TO WHAT EXTENT DO YOU AGREE OR DISAGREE WITH THE FOLLOWING STATEMENTS ABOUT THE LIGHTS' 
EFFECTS ON THE ENVIRONMENT IN THE GYM AFTER THE INSTALLATION OF THE NEW FIXTURES? 
LIGHTING ENVIRONMENT: STRONGLY 

DISAGREE 
DISAGREE NEUTRAL AGREE STRONGLY 

AGREE 
DOES NOT 

APPLY 
THE LIGHTING FIXTURES IN THE GYM 

ARE NICE-LOOKING 
0.0% 20.0% 0.0% 40.0% 40.0% 0.0% 

THE LIGHTING HELPS CREATE A GOOD 

IMAGE FOR THE ORGANIZATION 
0.0% 0.0% 40.0% 20.0% 40.0% 0.0% 

THE ROOM WALLS HAVE A PLEASANT 

BRIGHTNESS 
0.0% 20.0% 60.0% 0.0% 20.0% 0.0% 

THE ROOM FLOOR HAS A PLEASANT 

BRIGHTNESS 
0.0% 20.0% 40.0% 20.0% 20.0% 0.0% 

THE ROOM CEILING HAS A PLEASANT 

BRIGHTNESS 
0.0% 40.0% 40.0% 0.0% 20.0% 0.0% 

OVERALL, THE ENVIRONMENT IN THE 

GYM IS PLEASANT 
0.0% 20.0% 40.0% 40.0% 0.0% 0.0% 
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APPENDIX I: METAL HALIDE MANUFACTURER SURVEY 

 
TABLE 23:  400-WATT METAL HALIDE BALLASTS 

MANUFACTURER MODEL START TYPE 
BALLAST 

TYPE 

NOMINAL 

LAMP 
WATTAGE 

INPUT 

WATTAGE 

NOMINAL 

POWER 
FACTOR 

DESIGN 
CAPACITOR 
SIZE (μF) 

Sylvania M400/Multi-Kit Probe Magnetic 400 458 90% 24 
Sylvania M400/Multi-PS-Kit Pulse Magnetic 400 452 90% 24 
Sylvania QHE MH Pulse Electronic 400 426 98% None 
Philips Advance 71A6051-001D Probe Magnetic 400 458 90% 24 
Philips Advance 71A6052-001D Pulse Magnetic 400 454 90% 26 
General Electric GEM400TRIAC4-5 Probe Magnetic 400 460 90% 24 
General Electric GEP400MLTAC4-5 Pulse Magnetic 400 443 90% 24 
General Electric GEM400ML5AA4-5 Probe Magnetic 400 436 90% 24 
General Electric GE-MH-250-400-MA Pulse Electronic 400 431 99% None 
Venture V90D6414 Probe Magnetic 400 458 90% 24 
Venture V90J6414 Probe Magnetic 400 454 90% 24 
Venture V90AM6411 Probe Magnetic 400 457 90% 24 
Venture V90AM6410 Probe Magnetic 400 450 90% 24 
Venture V90D7613 Pulse Magnetic 400 450 90% 26 
Venture V90J7612 Pulse Magnetic 400 453 90% 26 
Average Magnetic Pulse Start Metal Halide 450.4 90% 25.2 
Average Electronic Pulse Start Metal Halide 428.5 98.5% 24 
Average Magnetic Probe Start Metal Halide 453.9 90% None 
Average Electronic Probe Start Metal Halide Not Applicable, Not Available 
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TABLE 24:  320-WATT PULSE START METAL HALIDE BALLASTS 

MANUFACTURER MODEL START TYPE 
BALLAST 

TYPE 

NOMINAL 
LAMP 

WATTAGE 
INPUT 

WATTAGE 

NOMINAL 
POWER 

FACTOR 

DESIGN 
CAPACITOR 
SIZE (μF) 

Sylvania QHE1x320MH Pulse Electronic 320 342 98% None 
Sylvania M320/MULTI-PS-KIT Pulse Magnetic 320 368 90% 21 
Philips Advance 71A5837BPEE Pulse Magnetic 320 342 90% 17.5 
Philips Advance 71A5842TAEE Pulse Magnetic 320 363 90% 21 
Philips Advance 71A5852AEE Pulse Magnetic 320 363 90% 21 
Philips Advance 71A5892AEE Pulse Magnetic 320 363 90% 21 
Average Magnetic Pulse Start Metal Halide 359.8 90% 20.3 
Average Electronic Pulse Start Metal Halide 342.0 98% None 
Average Magnetic Probe Start Metal Halide Not Applicable, Not Available 
Average Electronic Probe Start Metal Halide Not Applicable, Not Available 

TABLE 25:  315-WATT PULSE START METAL HALIDE BALLASTS 

MANUFACTURER MODEL START TYPE 
BALLAST 

TYPE 

NOMINAL 
LAMP 

WATTAGE 
INPUT 

WATTAGE 

NOMINAL 
POWER 
FACTOR 

DESIGN 
CAPACITOR 
SIZE (ΜF) 

Venture VEN6-315L-MRD5 Pulse Electronic 315 341 98% None 
Philips Advance IZTMH-210315-R-LF Pulse Electronic 315 342 98% None 
Average Magnetic Pulse Start Metal Halide Not Applicable, Not Available 
Average Electronic Pulse Start Metal Halide 341.5 98% None 
Average Magnetic Probe Start Metal Halide Not Applicable, Not Available 
Average Electronic Probe Start Metal Halide Not Applicable, Not Available 
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TABLE 26:  400-WATT PROBE START METAL HALIDE LAMPS 

MANUFACTURER MODEL 
NOMINAL 
WATTAGE 

LAMP LIFE 
(HOURS) CRI CCT 

INITIAL 
LUMENS 

DESIGN 
LUMENS 

Philips MH400/U 400 20,000 65 3900 39,000 25,350 

Philips MP400/BU 400 20,000 65 4000 38,000 26,600 

Sylvania MP400/BU-Only 400 20,000 65 3600 40,000 26,000 

Sylvania MS400/BU-Only 400 20,000 65 4000 42,000 26,000 

Sylvania M400/U 400 20,000 65 4000 36,000 23,500 

Average Probe Start Metal Halide 20,000 65 3900 39,000 25,490 

TABLE 27:  315-320 WATT CERAMIC PULSE START METAL HALIDE LAMPS 

MANUFACTURER MODEL 
NOMINAL 
WATTAGE 

LAMP LIFE 
(HOURS) CRI CCT 

INITIAL 
LUMENS 

DESIGN 
LUMENS 

Philips CDM330/V/O/4K/EA
/LL 

315 36,000 90 4000 33,000 23,100 

Philips CDMAllstar 
330W/940 ED37 U 
EA AllStart 

315 36,000 90 4000 33,000 24,750 

Philips CDM330/U/O/4K/ED
28 EA ALLSTART 

315 20,000 90 3900 33,000 26,400 

Sylvania MCP320/PS/BU-
Only/840PB 

320 20,000 88 4000 37,500 28,125 

Average Ceramic Pulse Start Metal Halide 28,000 90 3,975 34,125 25,594 
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TABLE 28:  320 WATT PULSE START METAL HALIDE LAMPS 

MANUFACTURER MODEL 
NOMINAL 
WATTAGE 

LAMP LIFE 
(HOURS) CRI CCT 

INITIAL 
LUMENS 

DESIGN 
LUMENS 

Philips 

Pulse Start MH Std 
320W/640 
Mog ED28 CL 320 20,000 62 4100 30,000 21,000 

Philips 

Pulse Start MH Pro 
320W 
Excl Mog ED37 CL 320 20,000 65 3800 29,500 20,650 

Sylvania M400/PS/U 320 20,000 65 4000 36,000 25,500 

Average Pulse Start Metal Halide 20,000 64 3,967 31,833 22,383 
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APPENDIX J: SOLAR LIGHT SL-3101 SPECIFICATIONS 

 
 
http://solarlight.com/product/spmeter/  
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APPENDIX K: KONICA MINOLTA CL-200 SPECIFICATIONS 

 
 
http://www.svg-tech.com/catalog/manuals/CL-200%20catalog.pdf  
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APPENDIX L: POWERSIGHT PS250 AND 100A CT SPECIFICATIONS 

 
http://powersight.com/HTML/DOWNLOADS/brochures.html  
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APPENDIX M: ONSET COMPUTERS HOBO U12-006 LOGGER 

 
http://www.onsetcomp.com/products/data-loggers/u12-006  
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APPENDIX N: ONSET COMPUTERS 20A AND 50A CTS 
SPECIFICATIONS 

 
 
http://www.onsetcomp.com/products/sensors/ctv-a 
http://www.onsetcomp.com/products/sensors/ctv-b 

  



SJ Washington United Youth Center LED Lighting Study Project Number: ET11PGE1151 

Pacific Gas and Electric Company  Page 63 

Emerging Technologies Program 05/16/2013 

APPENDIX O: FLUKE 375 CLAMP METER SPECIFICATIONS  

 
 
http://support.fluke.com/find-sales/Download/Asset/3801511_0000_ENG_B_W.PDF 
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