Application Assessment
of Bi-Level LED Parking
Lot Lighting
Host Site: Raley’s Supermarket,
West Sacramento, California

Final Report prepared in support of the
U.S. DOE Solid State Lighting
Technology Demonstration GATEWAY Program
Study Participants:
U.S. Department of Energy
Pacific Gas & Electric
Pacific Northwest National Laboratory
BetaLED
Raley’s Supermarket
Energy Solutions
February 2009

Prepared for the U.S. Department of Energy by
Pacific Gas & Electric

Pacific Gas and Electric Company
Emerging Technologies Program
Application Assessment Report #0815
Bi-Level LED Parking Lot Lighting
Raley’s Supermarket
West Sacramento, CA
Issued:

February 2009

Project Manager:

Mary Matteson Bryan, P.E.
Pacific Gas and Electric Company

Prepared By:

Megan Johnson, Project Manager
Tyson Cook, Project Manager
Jordan Shackelford, Project Manager
Terrance Pang, Director
Energy Solutions
1610 Harrison St.
Oakland, CA 94612
(510) 482-4420

© Copyright, 2009, PLacific
Gas
andOElectric
EGA
L N
T I C E Company. All rights reserved.

This report was prepared by Pacific Gas and Electric Company for exclusive use by its
employees and agents. Neither Pacific Gas and Electric Company nor any of its employees and
agents:
(1) makes any written or oral warranty, expressed or implied, including, but not limited to those
concerning merchantability or fitness for a particular purpose;
(2) assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of
any information, apparatus, product, process, method, or policy contained herein; or
(3) represents that its use would not infringe any privately owned rights, including, but not
limited to, patents, trademarks, or copyrights.

© Copyright, 2009, Pacific Gas and Electric Company. All rights reserved.

Ta b l e o f C o n t e n t s
TABLE OF CONTENTS ...........................................................................A
P R E FAC E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B
ACKNOWLEDGEMENTS ............................................................................................................................................. B
EXECUTIVE SUMMARY .......................................................................... 1
PROJECT BACKGROUND ........................................................................ 2
PROJECT OVERVIEW ................................................................................................................................................... 2
TECHNOLOGY AND MARKET OVERVIEW .............................................................................................................. 2
METHODOLOGY .................................................................................. 4
HOST SITE INFORMATION ......................................................................................................................................... 4
MONITORING PLAN ................................................................................................................................................... 4
P RO J E C T R E S U LT S A N D D IS CU S S I ON . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
ELECTRICAL DEMAND AND ENERGY SAVINGS .................................................................................................... 6
LIGHTING PERFORMANCE ........................................................................................................................................ 8
ECONOMIC PERFORMANCE.................................................................. 16
DISCUSSION ..................................................................................... 21
CONCLUSION .................................................................................... 23
A P P E N D I X A : M O N I T O R I N G DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X I V
APPENDIX B: MESOPIC ILLUMINANCE ........................................... XXXIV
A P P E N D I X C : M O N I T O R I N G L AYO U T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X V
A P P E N D I X D : C U S T O M E R SURV E Y R E S U LT S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X X X VI I I
A P P E N D I X E : E C O N O M I C DATA A N D C A L C U L AT I O N S . . . . . . . . . . . . . . . . . . . . . . . X X X I X
APPENDIX F: PG&E E-19 RATE SCHEDULE ........................................ XLII

Preface
Energy Solutions provided monitoring, data collection, and data analysis services for an LED
Parking Lot Assessment project under contract to the Emerging Technologies Program of Pacific
Gas and Electric Company. The project replaced metal halide (MH) luminaires of nominal 320
watts 1 with new LED luminaires with bi-level operation from BetaLED™.
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The model number and nominal wattage of the baseline MH was not given. Based on measured power and
available information, it was assumed that the baseline was a nominal 320 W luminaire.
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Executive Summar y
This report summarizes an assessment project conducted to evaluate light-emitting diode (LED)
luminaires with bi-level operation in an outdoor parking lot application. The project replaced metal
halide (MH) fixtures of nominal 320 watts 2 with bi-level LED luminaires from BetaLED equipped
with motion sensors. Quantitative light and electrical power measurements were taken to compare
base case MH performance with that of the LED replacement luminaires. Economic performance
of the LED luminaires as compared to MH was also estimated and qualitative satisfaction with the
LEDs was gauged with a customer survey.
The facility selected for this demonstration is a Raley’s Supermarket parking lot containing 16 polemounted 320-watt MH dropped-lens ‘cobrahead’-style luminaires. The demonstration area is
approximately one-half of the parking lot. Within the parking aisles are four poles, each with two
Type V distribution fixtures. The easternmost poles in the demonstration area each included one
flood light directed east toward the store front, in addition to the twin-mount Type V luminaires 3 .
The area east of these poles was not included in the illuminance performance evaluation, due to
influence by the flood lights.
Each LED luminaire was equipped with a motion sensor, which covered an estimated area of up to
47 feet in diameter at the luminaire mounting height 4 . The motion sensors were set with a time
delay feature to reduce the light output from high power to low power operation after
approximately 5 minutes of detecting no motion.
A summary of measured electric power results from the study are tabulated in Table ES-1 below
for the base case MH luminaires and for LED luminaires on high output, low output, and average
demand. Annual savings for electrical energy and cost are estimated based on a customer reported
4,380 annual hours of operation.
The LED luminaires drew an average of 149 watts on high power and 52 watts on low power,
compared to the MH luminaires, which drew an average of 346 watts. On average, the LED
luminaires were on high power for 55% of the time, and on low power for 45% of the time. This
results in a time-averaged demand of 105 watts.

The model number and nominal wattage of the baseline MH was not given. Based on measured power and
available information, it was assumed that the baseline was a nominal 320 W luminaire.
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See Appendix C: Monitoring Layout

The installed motion sensor is designed to cover an area of up to 68 feet in diameter when mounted at a
height of 40 feet. In this demonstration project, motion sensors were mounted at a height of approximately
29 feet, and are estimated to cover an area of up to 47 feet in diameter based on manufacturer provided
information.

4
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Table ES-1: Measured Demand and Potential Energy Savings
Power Savings
(W)

Average
5
Power (W)

Annual Energy
Savings (kWh)

MH Luminaire

346

-

-

LED Luminaire
(High Power)

149

197 (57%)

863

LED Luminaire
(Low Power)

52

294 (85%)

1,288

LED Luminaire
(Average)

105

241 (70%)

1,056

Full Parking Lot (Estimate
Assuming All Converted to
LED)

1,680

3,856

16,889

Photopic and scotopic illuminance 6 measurements were taken on a 9’ x 10’ grid under MH
luminaires, and LED luminaires at both high and low output conditions. 7 The maximum and
minimum illuminance values were measured and comparative metrics were calculated including:
average illuminance; Coefficient of Variation; Average-to-Minimum Uniformity Ratio; and
Maximum-to-Minimum Uniformity Ratio.
The LED luminaire on high output delivered lighting performance that was better than the MH
baseline: the average illuminance increased slightly, and the uniformity ratios and the coefficient of
variance decreased, both suggesting a more uniform lighting distribution. The LED on low output
delivered improved uniformity but lower average illuminance than the MH baseline. This was as
expected, and corresponds to time periods when no movement is detected surrounding the
luminaire.
The Illuminating Engineering Society of North America (IESNA) recommends maintained
illuminance values for parking lots of 0.2 footcandles (fc) for typical (in-use) conditions and 0.5 fc
for enhanced security. However, IESNA also states that “during periods of non-use, the
illuminance of certain parking facilities may be turned off or reduced to conserve energy. If
reduced lighting is to be used only for the purpose of property security, it is desirable that the
minimum (low point) value not be less than [0.1 fc].” 8 On low, the LED luminaire output exceeds
the IESNA recommendations for typical conditions. When motion is detected the LED luminaire
is on high output, and IESNA recommendations for enhanced security are met as well.

The manufacturer reported power demand of 158 watts at high power and 54 watts at low power for the
LED luminaires.

5

6

See ‘Project Results and Discussion - Lighting Performance’ section.

Monitoring layout followed Illuminating Engineering Society of North America guidance for photometric
measurements of parking areas (LM-64-01) as closely as possible.
7

8

IESNA RP-20-98
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Table ES-2: Comparison of Measured Photopic Performance
Luminaire

Average Illuminance
(Footcandles)

Minimum
Illuminance
(Footcandles)

Coefficient Of
Variation

Average-to-Minimum
Uniformity

MH

1.8

0.5

0.53

3.6 : 1

LED High
Power

1.9

0.6

0.33

3.2 : 1

LED Low
Power

0.9

0.3

0.32

2.9 : 1

Table ES-3: Comparison of Measured Scotopic Performance
Luminaire

Average Illuminance
(Footcandles)

Minimum
Illuminance
(Footcandles)

Coefficient Of
Variation

Average-to-Minimum
Uniformity

MH

2.6

0.6

0.54

4.3 : 1

LED High
Power

3.5

0.9

0.34

3.8 : 1

LED Low
Power

1.5

0.6

0.33

2.7 : 1

In this evaluation, simple payback and net present value were calculated for both retrofit and new
construction scenarios based on estimated energy savings and host site maintenance costs. Due to
the robust nature of LED technology and uncertainty regarding the useful life to the luminaires,
for this economic analysis the LED luminaires were assumed to have zero regular maintenance cost
over the course of their useful life. 9
When maintenance and replacement costs for MH luminaires were combined with energy costs, the
bi-level operation LED luminaires cost approximately $278 less per year to operate than a MH
luminaire. In a new construction setting, where the LED luminaire is installed in place of a 320watt MH luminaire, the total incremental cost is $925.83 per luminaire replaced. In a retrofit
scenario, the incremental cost is the full cost of the LED luminaire including installation, or $1,300
per luminaire. As a result, the calculated simple payback periods in this application were 3.3 and
4.7 years for the new construction and retrofit scenarios, respectively. The 15-year net present
values were approximately $2,660 and $2,290 for the new construction and retrofit scenarios,
respectively.

9

For more information, see ‘Economic Performance’ section.
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Table ES-4: Summary of Economic Performance
Luminaire
Type

Initial Investment

Incremental Cost

Annual Savings

Simple
Payback
(Years)

15-Year NPV

MH (New
Construction)

$374.17

-

-

-

-

LED (New
Construction)

$1,300.00

$925.83

$277.95

3.3

$2,661

LED (Retrofit)

$1,300.00

$1,300.00

$277.95

4.7

$2,287

Economic performance in this demonstration was sensitive to maintenance savings, as these were
the primary contributor to a favorable payback. Since individual sites will have specific
characteristics that differ from those here, readers are strongly encouraged to use their own savings
estimates. Utility or government incentive programs could further help to encourage adoption of
LED luminaires for outdoor parking lot applications by reducing the initial investment required.

Figure ES-1: Simple Payback Terms for LED Luminaires
In this demonstration, great potential for energy savings was shown by using LED lighting for
outdoor parking lots, as compared to lighting with MH luminaires. Even when on ‘high’ the LED
luminaires used significantly less power than the MH luminaires, and these savings were increased
by the bi-level operation which allowed them to be on ‘low’ roughly half of the time. The LED
luminaires also demonstrated increased lighting performance relative to the metal halide luminaires
while operating on ‘high,’ while meeting IESNA standards while on ‘low.’ These quantitatively
measured improvements were further supported by very positive user feedback, as gauged by a
survey of 17 store employees. On a question regarding appearance of the parking lot, the new
lights scored an average 8.8 on a scale from 1 to 10 in comparison with the previous lighting (a
4

score of 5 would be neutral between the two sources; a score of 4 or less would mean the
appearance was judged worse). Additionally, although the survey did not specifically attempt to
assess security, more than one response independently cited an increased sense of security with the
LED lights. Other questions in the survey received similarly positive responses, and it should be
noted that these results pertain to a comparison between two “white” light sources.
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Project Background
Project Overview
Many parking lot and parking garages in commercial and institutional facilities are currently
illuminated with high intensity discharge (HID) lighting sources. Because this type of lighting is
not suitable to dimming or frequent switching, this lighting is typically operated the entire evening,
even when the parking lot or garage is mostly or completely empty.
The California Lighting Technology Center (CLTC), through its Smart Lighting Initiative, has
pursued utilization of high efficiency lighting sources with bi-level motion sensors to reduce
lighting levels when the parking area is not in use. This LED Assessment project studied the
applicability of this concept by evaluating light-emitting-diode (LED) luminaires with integral
motion sensors as replacements for existing parking lot lighting.
Metal halide (MH) luminaires were replaced with new LED luminaires from BetaLED equipped
with motion sensors for bi-level operation at a Raleys’ Supermarket parking lot located in West
Sacramento, California. The potential electrical demand and energy savings were measured in
terms of average wattage and estimated annual kWh usage. Lighting performance was measured in
terms of illuminance, uniformity, and by the satisfaction and concerns of interested parties. Finally,
economic performance was evaluated through simple payback and net present value analyses for
substitution of MH luminaires with LED luminaires, in both new installation and retrofit scenarios.
The assessment was conducted as part of the Emerging Technologies Program of Pacific Gas and
Electric Company in collaboration with DOE’s SSL GATEWAY Demonstration Program. The
Emerging Technologies program “is an information-only program that seeks to accelerate the
introduction of innovative energy efficient technologies, applications and analytical tools that are
not widely adopted in California…. [The] information includes verified energy savings and demand
reductions, market potential and market barriers, incremental cost, and the technology’s life
expectancy.”

Technology and Market Overview
The dominant lighting technology for parking areas is high intensity discharge (HID), typically
using MH or high-pressure sodium (HPS) lamps. At the time of this assessment however, LEDs
are beginning to make inroads in a variety of outdoor applications because of their potential
advantages compared to these traditional sources. LEDs have the potential for long life, reduced
maintenance, high color rendition, reduced operating cost, and lower energy usage than other
technologies. However, the initial cost of LEDs is currently much higher than alternative light
sources.
The US Department of Energy (DOE) is currently evaluating applications of LEDs through field
demonstration and lab testing programs (such as GATEWAY Technology Demonstration Program
and CALiPER 10 ) and acknowledges that “LED technology is rapidly becoming competitive with

DOE’s SSL GATEWAY Technology Demonstration Programs support demonstrations of highperformance LED products to develop field data and experience for applications that save energy, are cost
effective, and maintain or improve light levels. The DOE Commercially Available LED Product Evaluation
and Reporting (CALiPER) program supports testing of a wide array of SSL products available for general
10

2

high-intensity discharge light sources for outdoor area lighting.” 11 The DOE reports the
technology is changing at a rapid pace: overall, the performance of LED luminaires is advancing in
light output per chip at a rate of approximately 35% annually, with costs decreasing at a rate of
20% annually. 12
A report by Navigant Consulting in 2002 estimates that lighting makes up approximately 22% of
IOU kWh sales on a national scale. The study further estimates that lighting for parking accounts
for roughly 4% of kWh sales for lighting. 13 Using kWh sales figures from a 2006 study, 14 the total
consumption in PG&E’s service territory for lighting is calculated to be on the order of 21,500
GWh in 2002, with a resulting 860 GWh for parking. Although these figures are not exclusively for
parking lot lights, and do not include parking structures that are integrated into other buildings,
they give an idea of the significant potential that exists for savings.

illumination. DOE allows its test results to be distributed in the public interest for noncommercial,
educational purposes only.
11 LED Application Series: Outdoor Area Lighting. USDOE Building Technologies Program. PNNL-SA60645.June 2008. http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/outdoor_area_lighting.pdf
Compound annual growth rate calculated from Navigant Consulting, Inc. (2008). “Solid State Lighting
Research and Development. Multi-Year Program Plan. FY’09-FY’14.”
12

13

Navigant Consulting, Inc. (2002). “US Lighting Market Characterization, Volume I”.

14

Itron Inc., et al (2006). “California Energy Efficiency Potential Study”.
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Methodolog y
Host site information
The facility selected for this demonstration is a private open parking lot at a Raley’s Supermarket.
The site was identified through contacts at PG&E’s energy efficiency program. The facility
selected for this demonstration contains sixteen pole-mounted 320-watt MH fixtures. The
demonstration area is approximately one half of the parking lot. Along the western property
boundary are two poles with single- Type III distribution fixtures. Within the parking aisles are
four poles each with two Type V distribution fixtures. The easternmost poles in the demonstration
area each included one flood light directed east toward the store front. The area east of these poles
was partly illuminated by the flood lights, and was not included in the illuminance performance
evaluation. The north-south spacing of the poles was not consistent across the parking lot (see
Figure C1). The luminaires on the southern two rows poles were replaced with LED luminaires.
Although the test grid is adjacent to a row of MH luminaires, this row is spaced at almost twice the
distance of the other row spacing. These luminaires should not have an impact on the test grid (see
Figure C2).

Monitoring Plan
The Monitoring Plan for this demonstration called for initial, pre-installation and post-installation
field visits to the parking lot. The Monitoring Plan consisted of illuminance measurements and
time series power measurements. The measurements taken included: photopic illuminance,
scotopic illuminance, correlated color temperature, RMS Watts, Amps, Volts, and Power Factor.
Estimated energy usage from the lighting systems was also calculated based on operating schedules
from the host customer and estimated load from each luminaire.
Both photopic and scotopic illuminance measurements were taken after civil twilight and when
ambient light from the moon was at a minimum. Two hundred and ten (210) measurement points
were laid out on a 9’ x 10’ grid, following as closely as possible Illuminating Engineering Society of
North America (IESNA) guidance for photometric measurements of parking areas (LM-64-01).
Note that photometric measurements were only taken at points within parking spaces where
vehicles were not present.
The existing MH lamps were replaced with new MH lamps to provide an accurate baseline for preinstallation monitoring. Post-installation monitoring was completed with new LED luminaires.
Post-installation monitoring was completed with the LED fixtures at high output and again with
the LED fixtures at low output. During the course of measuring illuminance levels, ambient
conditions (cloud cover and temperature) were recorded every hour. Measurement points were
located in the following arrangement:
w

10 points in the north-south direction at 9’ spacing

w

21 points in the east-west direction at 10’ spacing

Correlated color temperature measurements were taken at no less than 3 representative locations
for both MH and LED luminaires. These locations were identified by the monitoring team during
photometric monitoring visits and were identical for both MH and LED luminaires.
Power measurements were recorded at 5-minute averaged intervals logged over several days, using a
Dent ElitePro Datalogger. Measurements included RMS Watts, Amps, Volts, and Power Factor and
4

were taken on the electrical circuit that includes the luminaires within the demonstration area.
Monitoring equipment for power measurements was installed during MH photometric
measurements by licensed professionals and was removed after power monitoring on the LED
luminaires was complete.
Specific objectives of each field visit are further described below.
INITIAL FIELD VISIT (CONDUCTED JUNE 25TH, 2008)
The initial field visit was intended for project staff to become familiar with the parking facility.
Specific outcomes of the initial field visit include: identify existing luminaire configuration, existing
control mechanisms used for lights, and to establish the location and area of the retrofit.
PRE-INSTALLATION FIELD VISIT (CONDUCTED JULY 28TH, 2008)
The pre-installation field visit was intended to document the existing condition of the lighting
system. During the visit, information was collected on illuminance, correlated color temperature,
and power draw (RMS Watts, Amps, Volts, and Power Factor). Measurements were taken
consistent with Appendix B: Data Collection Form. All light measurements were taken after dusk.
POST-INSTALLATION FIELD VISIT (CONDUCTED NOVEMBER 5TH, 2008)
The post-installation field visit was intended to document the new condition of the lighting system.
During the visit, information was collected on illuminance, correlated color temperature, and power
draw (RMS Watts, Amps, Volts, and Power Factor). Measurements were taken at the same locations
where they were taken for the pre-installation visit and consistent with Attachment 1: Data
Collection Form. The post-installation field visit occurred after the LED lamps had at least 100
burn hours (performed at the manufacturer’s facility before on-site installation). All light
measurements were taken after dusk.
ILLUMINANCE METER
Solar Light SnP Meter
CORRELATED COLOR TEMPERATURE METER
Konica Minolta Chroma Meter
POWER METER
Dent ElitePro Datalogger

5

Project Results and Discussion
Electrical Demand and Energy Savings
Data on the power characteristics of the base case MH luminaires and the LED luminaires were
recorded over several nights for one lighting circuit serving six parking lot fixtures and one flood
light using a DENT ElitePro Datalogger. The baseline measurements were taken for 8 days and
the LED luminaire measurements were taken for 19 days. Because the meter was installed within
the host customer’s electrical room, the monitoring team relied upon the host customer’s staff to
install and remove the meter. The number of days metered for each luminaire is a product of
when the data meter could be installed and removed.
Subtracting the measured power draw from the flood light from recorded power data, the base case
MH luminaire consumed an average of 346 watts per luminaire over the monitored period. The
host customer’s reported schedule of operation is to run the lights for 12 hours per night, which
roughly corresponds with the monitored hours of operation. As a result the estimated annual
energy consumption for the luminaire, assuming 4,380 hours of operation annually, is 1,518 kWh.
Each LED luminaire was equipped with a motion sensor, which covered an estimated area of up to
47 feet in diameter 15 . The motion sensors were set to operate on high power when motion is
detected, and to reduce to low power after approximately 5 minutes of no motion detection. Again
subtracting the flood light power draw, the power consumption for the LED luminaires was an
average of 149 watts on high power and 52 watts on low power. Over the time for which
luminaires were operating, the high power mode was utilized an average of 55% of the time,
resulting in an average power usage of 105 watts. This represents savings of approximately 1,056
kWh per fixture per year.
It should be noted that the percentage of time the LED luminaires operate on high power is
specific to the occupancy patterns of the host customer site. Additionally, the motion sensor may
be set with varying levels of time delay sensitivity, which will affect the total time LED luminaires
operate in high power mode. The time delay could be set to a shorter time period in order to
achieve greater energy savings. Therefore, actual savings realized from bi-level capabilities will
depend on the occupancy patterns of the installation site and time delay settings on the motion
sensor.

15 The installed motion sensor is designed to cover an area of up to 68 feet in diameter when mounted at a
height of 40 feet. In this demonstration project, motion sensors were mounted at a height of approximately
29 feet, and are estimated to cover an area of up to 47 feet in diameter based on manufacturer estimates.

6

Calculated power and energy savings from the base case are given in the following table.

Table 1: Measured Demand and Potential Energy Savings
Percentage
of Time 16

Estimated
Annual Usage
(4,380 hr, kWh)

Estimated
Annual
Savings
(4,380 hr, kWh)

Power
(W)

Power
Factor

Power
Savings
(W)

MH

346

0.88

-

100%

1,515

-

LED High Power

149

0.98

197 (57%)

55%

359

-

LED Low Power

52

0.94

294 (85%)

45%

102

-

LED Weighted
Average

105

0.96

241 (70%)

100%

461

1,056

Luminaire Type

Calculated based on weighted average of power measurements developed over a several day period of
monitoring: Percentage of Time = (Weighted Average Power – Low Power) / (High Power – Low Power)
16
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Lighting Performance
ILLUMINANCE
In order to compare illuminance levels from the MH and LED sources, both photopic and
scotopic illuminance levels were measured. Though standards for area lighting levels are currently
written only for photopic levels, illuminance levels under nighttime area lighting conditions typically
fall within the mesopic range of visual perception, where both cones (which are active during
photopic vision) and rods (which are active during scotopic vision) illuminance are important. For
more information on mesopic illuminance, which is receiving increasing attention in the outdoor
lighting design community, see Appendix B: Mesopic Illuminance.
Photopic and scotopic illuminance measurements were taken over a 90’ x 210’ area containing 4
luminaires, on a 9’ x 10’ grid. Project staff determined that MH flood lights installed on the
easternmost poles in the demonstration area may have influenced the illuminance measurements to
the east of these poles, therefore those points were not included in this analysis. The resulting area
over which illuminance metrics were calculated was 90’ x 170’ area. The uniformity of the light
provided by the luminaires was measured by three metrics: Coefficient of Variation (CV), Averageto-Minimum Uniformity ratio (AMU), and Maximum-to-Minimum Uniformity ratio (MMU).
CV, the standard deviation of the measured values divided by the mean, is a measure of the
disparity between the actual values of all points and the average of those values. It is useful
because it provides indication of the uniformity of all points across the test entire area. A lower
CV is indicative of a more uniform distribution. Although CV is not a common uniformity metric,
the IESNA’s RP-6-01 (a different topic, but a more current document) explains the value of the CV
metric. Furthermore, RP-20-98 refers and references papers on examining the statistics related to
the distribution of illuminance rather than looking at a single spot.
AMU provides an indication of how low the minimum measured level is compared to the average
of all measured values. It is calculated by dividing the average of all measured values by the single
lowest level measured. Previously, this was a metric for parking lot lighting.
MMU provides indication of the largest disparity in illuminance level between any two points in the
area of interest – the minimum measured level compared to the maximum measured level. Similar
to AMU, it is calculated by dividing the single highest of all measured values by the single lowest
level measured. This is the current metric for uniformity in a parking lot.
The average measured photopic and scotopic illuminance provided by the LED luminaires on high
power was greater than that of the baseline MH luminaires. Additionally, the AMU, MMU and CV
were reduced by the LED luminaires on high power versus the MH luminaires, indicating the LED
luminaires provided a more uniform lighting distribution than the MH luminaires.
The average measured photopic and scotopic illuminance provided by the LED luminaires on low
power was decreased from the baseline. However, this is for periods when no motion is detected
surrounding the luminaires, and presumably the area is unoccupied. The AMU, MMU, and CV for
the area between luminaires were reduced by the LED luminaires on low power, indicating more
uniform lighting distribution over this area than the MH luminaires.
The IESNA recommended maintained illuminance value for parking lots when in use is 0.2
footcandles (fc) for typical conditions and 0.5 fc for enhanced security. The IESNA recognizes that
in practice, retail parking lots are often lighted to a minimum of 1.0 fc. When not in use, IESNA
states that “the illuminance of certain parking facilities may be turned off of reduced to conserve
energy. If reduced lighting is to be used only for the purpose of property security, it is desirable
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that the minimum (low point) value not be less than [0.1 fc].” 17 The LED luminaire on low output
exceeds the IESNA recommendations for typical in-use conditions, and when motion is detected
and the LED luminaire is on high output it meets the recommendations for enhanced security.
In addition to providing recommendations about minimum illuminance, RP-20-98 recommends
maximum-to-minimum uniformity ratios. These uniformity ratios are 20:1 (max/min) for basic and
15:1 (max/min) for enhanced security situations. However, as discussed in a recent journal article,
both illuminance and uniformity values drastically changed between different iterations of IESNA
documents 18 . The journal article further explained that little justification was provided when the
metrics changed drastically. The 1993 values are provided as additional context for this
demonstration. The IESNA Lighting Handbook 8th Edition provided values for parking lots which
are as follows for: low-level activity a minimum illuminance of 0.2 fc; for medium activity a
minimum illuminance of 0.6 fc; and for high-activity a minimum illuminance of 0.9 fc. For all these
levels of activity the 8th Edition of the handbook recommends a 4:1 average-to-minimum
illuminance.
Consolidated illuminance values for the LED luminaires are shown below, followed by surface plots
generated to provide further qualitative understanding.

Table 2: Comparison of Measured Photopic Performance

Luminaire

Average
(fc)

Minimum
(fc)

Coeff. Of
Variation
(CV)

Avg. to Min.
Uniformity
(AMU)

Max to Min
Uniformity (MMU)

1.8

0.5

0.53

3.6 : 1

10.0 : 1

1.9

0.6

0.33

3.2 : 1

5.5: 1

0.9

0.3

0.32

2.9 : 1

5.7: 1

MH
LED High Power
LED Low Power

Table 3: Comparison of Measured Scotopic Performance

Luminaire

Average
(fc)

Minimum
(fc)

Coeff. Of
Variation
(CV)

Avg. to Min.
Uniformity
(AMU)

2.6

0.6

0.54

4.3:1

11.8:1

3.5

0.9

0.34

3.8:1

6.3:1

1.5

0.6

0.33

2.7:1

5.3:1

MH
LED High Power
LED Low Power

Max to Min
Uniformity (MMU)

Surface plots of the measured photopic and scotopic illuminance levels were generated using
Microsoft Excel and are shown below:
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Rational Illuminance. Gary Steffy. Leukos Vol .2 Number 4 April 2006.

9

footcandles

Figure 1: MH Photopic Surface Plot

Figure 2: LED High Power Photopic Surface Plot

Figure 3: LED Low Power Photopic Surface Plot
10

footcandles

Figure 4: MH Scotopic Surface Plot

Figure 5: LED High Power Scotopic Surface Plot

Figure 6: LED Low Power Scotopic Surface Plot

11

COLOR TEMPERATURE
Color temperature values were measured using a Konica Minolta Chromameter under each
luminaire. The average correlated color temperature under the MH luminaires was 4621 K. The
average under the LED luminaires was 5615 K. The average correlated color temperatures for each
MH luminaire and LED luminaire are provided below.

Table 4: Average Correlated Color Temperature
Luminaire

Correlated Color
Temperature

MH

4621

LED (High)

5615

PHOTOGRAPHIC COMPARISONS
To qualitatively analyze color rendition, various ground level photos were taken of each MH
luminaires and LED luminaires under both high and low power conditions. Photos were taken with
a Nikon D80 digital camera, with automatic white balance adjustment. The camera settings for the
first two pictures (Figures 7 and 8) held the white balance constant for qualitative comparison of
color, and were:
Flash: No
Focal Length: 18 mm
Aperture: F/8
Exposure Time: 4 sec.
White Balance: 4000K
The camera settings for the second two pictures (Figure 9 and 10), were:
Flash: No
Focal length: 18 mm
Aperture: F/8
Exposure Time: 4 sec.
White Balance: Auto
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Figure 7: Overview of Demonstration Area with MH Base Case

Figure 8: Overview of Demonstration Area with LED on High Power
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Figure 9: Comparison of MH Luminaires (Left) and LED Luminaires on High Power
(Right)

Figure 10: Comparison of MH Luminaires (Left) and LED Luminaires on Low Power
(Right)
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CUSTOMER ACCEPTANCE
A survey was distributed to Raley’s employees working in the West Sacramento store to obtain their
feedback on the new lights (see Appendix D). A total of 17 responses were received. Of the 17
responses received, 12 employees (70%) independently noticed the new lights (i.e., apart from
notification that the lights had been replaced).
The feedback from store employees was very positive; indicating that they felt the new lighting
provided more light and improved the appearance of the parking lot. Overall, employees were
satisfied with the new lighting, with 16 of 17 responses rated 7 or higher on a 10-point scale, with
10 being “highly satisfied”. The survey responses also indicated that 16 of 17 employees would
recommend that Raley’s consider this type of lighting at other locations (survey response of 7 or
higher on a 10- point scale). Employees also indicated that they felt safer with the new lighting.
Only two employees indicated that they had received any direct feedback from store customers
about the change in parking lot lighting. In both cases, the feedback from customers was positive
indicating that the parking lot looked brighter and felt safer.
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Economic Perfor mance
Energy costs, maintenance costs, and LED luminaire costs all affect economic performance of
LED parking lights compared with the MH base case. Cost and savings estimates were used to
evaluate economic performance of each LED luminaire versus the base case MH luminaires
through simple payback and net present value (NPV) analysis 19 .
To estimate energy costs for each luminaire, a 2008 PG&E E-19 off-peak rate schedule was used. 20
This rate schedule features time-of-use metering and a demand charge and is appropriate for
medium general demand commercial and industrial customers. For 2008, the average off-peak rate
was $0.07394/kWh. Based on the customers reported schedule the lights operate 4,380 hours per
year. The annual energy cost for the MH luminaires is approximately $112/year per luminaire
compared to an annual operating cost of approximately $34/year per LED luminaire.
The host customer in this demonstration contracts with a private lighting contractor for
maintenance of the parking lot lighting. As a result, maintenance costs for MH were based on the
reported annual maintenance costs of $200 to $215 per luminaire per year. As a conservative
estimate, the low end of this range ($200) was used. This estimate includes materials, maintenance,
3-year scheduled re-lamping and periodic spot re-lamping provided by a lighting contractor. It
should be noted that, according to a company employee, they were “lucky to get two years” of
operation out of their previous MH lamps, despite a more typical lifetime ranging between 12-18
months. 21 This would be accounted for in the comprehensive maintenance estimates provided.
The LED luminaires were assumed to have zero regular maintenance cost over the course of their
useful life, due to the robust nature of LED technology and its tendency towards rare catastrophic
failure. 22 The useful life of the LED luminaires is expected to be significantly longer than that of
the MH lamps. 23 Based on manufacturer’s longevity and lumen depreciation claims, the predicted
life for the LED luminaires is roughly 90,000 hours (approximately 21 years at 4,300 hours per
year). This is significantly longer than a MH lamp, with a rated lamp of 15,000 to 20,000 hours
(roughly 3 to 5 years at 4,300 hours per year). It should be noted that while a very long useful life is
expected for the LED luminaires, the manufacturer provides a 5-year limited warranty with their
product. It should further be noted that the actual reliability of the LED luminaire is a function of
the life of all parts of the luminaire (LEDs, driver, motion sensor, housing, coating, etc.). It is also
conceivable that maintenance visits may be required for the LED luminaires (such as for cleaning
or other adjustments).
The calculated simple payback periods are sensitive to estimated maintenance savings, which in turn
are highly dependent on the specific installation scenario. Given the present lack of field
experience, true maintenance cost savings and LED luminaire reliability are difficult to assess.
Readers are advised to use their own cost estimates and assumptions when possible.

19 NPV calculations were based on a project term of 15 years, an escalation for all costs of 3% annually, and a
real discount rate of 5%. Readers are advised to use their own rates if applicable. See the Simple Payback and
Net Present Value Calculations Tales in Appendix E: Economic Data and Calculations.
20

See Appendix F: PG&E E-19 Rate Schedule.

21

Conversation with energy manager during site visit, 6/25/2008.

This is a common assumption, but is acknowledged to be speculative at this point due to the lack of actual
field experience.
22

23

See ‘Discussion’ section.
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Table 5: Annual Luminaire Costs
Luminaire Type

Annual Maintenance
Cost (per Luminaire)

MH

Annual Energy Cost
(per Luminaire)

Total Annual Cost
(per Luminaire)

$200.00 24

$112.05

$312.05

$0.00

$34.10

$34.10

LED

Two economic scenarios were considered: a new construction scenario in which LED luminaires
are installed in place of planned 320-watt MH luminaires, and a retrofit scenario in which LED
luminaires are assumed to be installed in place of existing and operational 320-watt MH luminaires.
The details of these scenarios are presented in the Simple Payback and Net Present Value
Calculations tables of Appendix E: Economic Data and Calculations.
In the new construction scenario, the initial investment is the luminaire cost plus the cost of
installation. Because the cost of installation is assumed to be the same for both luminaire types, the
incremental cost for the LED luminaire is only the difference in cost relative to the MH; $925.83.
The annual savings are derived from the difference in maintenance and energy costs for the two
different systems ($312.05-$34.10 = $277.95). Since the assumed life of the LED luminaires is
greater than the longest time period considered (15 years), end-of-life replacement costs were not
included in the NPV analysis. The resulting simple payback period is 3.3 years, with a 15-year net
present value of $2,661.

Table 6: Annual Luminaire Costs for New Construction
Luminaire
Type
MH
LED

Initial
Investment
$374.17
$1,300.00

Incremental
Cost

Annual
Savings

Simple
Payback
(Years)

15-Year
NPV

-

-

-

-

$925.83

$277.95

3.0

$2,992

In the retrofit scenario, there is no assumed initial investment in the MH luminaire. As a result, the
incremental cost of the LED installation is the full estimated cost of the LED luminaire, plus the
cost of installation, assumed to be $150. The resulting simple payback period is 4.7 years, with a 15year net present value of $2,287.

Table 7: Annual Luminaire Costs for Retrofit
Luminaire
Type

Initial
Investment

Incremental
Cost

Annual
Savings

Simple
Payback
(Years)

MH

-

-

-

-

LED

$1,300.00

$1,300.00

$277.95

4.7

15-Year
NPV

$2,287

Customer reported maintenance costs ranged from $200 to $215 per luminaire per year. A maintenance
cost of $200 per luminaire per year was used as a conservative approach.
24
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Calculated simple payback periods and net present values for LED luminaires are sensitive to
estimated maintenance savings, which will vary depending on a customer’s maintenance practices.
Because of wide differences in maintenance costs, simple payback and net present value ranges
were calculated for new construction and retrofit scenarios for a range of maintenance savings
estimates, assuming energy savings of $77.95 per luminaire per year. Readers are advised to use
their own estimates as applicable.

Figure 11: Estimated LED Luminaire Simple Payback for New Construction and Retrofit
Scenarios 25

25 This plot assumes incremental equipment costs of $925.83 and $1,300 for the new construction and
retrofit scenarios, and annual energy savings of $77.95.
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Figure 12: Estimated LED Luminaire 15-Year Net Present Value for New Construction and
Retrofit Scenarios 26

This plot assumes an incremental equipment cost of $925.83 and annual energy savings of $77.95, with
annual maintenance costs varying from $0 to $300. The NPV assumes a discount rate of 5.0% and an energy
and labor escalation rate of 3.0%.
26
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LED luminaire cost is the other key component of the simple payback periods. Currently, the
majority of this cost is comprised by the cost of LEDs, which is declining rapidly. Indeed, Haitz’s
Law predicts that the light output of LEDs increases by a factor of 20 every 10 years, while the
cost decreases by a factor of 10 over the same period of time. This has held approximately true
beginning with red LEDs in the late 1960’s and continuing with the more recent white LEDs. 27
This corresponds to a decrease in cost of 20% per year. 28 The remainder of the luminaire cost
includes research and development costs, design, general overhead, manufacturing, and other
material costs. The rapid decline in LED prices will likely slow as the relative cost of the LEDs
versus the other material costs is lower.
The recent Emerging Technologies Program Phase III Streetlight Demonstration in Oakland
provided evidence of the impressive improvement in performance at a decreased cost. Over a time
period of one year, the energy savings increased by 26% (LED luminaire wattage dropped from 78
W to 58 W), and the luminaire cost decreased by 34% (bulk purchase price from $610 to $400)
while maintaining equivalent lighting performance. 29 The manufacturer indicated that the majority
of this savings resulted from luminaire design improvements, which offered increased optical
performance for that particular application.

27

Steele, Robert V (2006). “The Story of a New Light Source.” Nature Photonics 1, 25-26.

28 Compound annual growth rate calculated from Navigant Consulting, Inc. (2008). “Solid State Lighting
Research and Development. Multi-Year Program Plan. FY’09-FY’14.”

PG&E Emerging Technologies Program. (2008). LED Street Lighting, Phase III Continuation, Oakland,
CA
29
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Discussion
The installed bi-level operation LED luminaires provided sufficient illumination to be a practical
replacement for the 320-watt MH luminaires. On high power, they provided increased average and
minimum illumination, as well as improved uniformity over the MH fixtures. On low power, when
no motion was detected by the motion sensors, they provided improved uniformity with decreased
average illumination while meeting IESNA recommendations.
The power required by the LED luminaires to provide this illumination on high power was
significantly less than that of the MH fixtures (57% reduction). The energy savings potential of
the luminaires is further increased by dimming to a low power when no motion is detected. In this
particular application, the bi-level operation of the LED luminaires was controlled by motion
sensors with an approximate 5-minute time delay. This allowed them to be on low power for
approximately 45% of the time. This setting was chosen to meet the desires of the host customer
in this particular applications; it is likely that further energy savings would be achieved with a
shorter time delay, without reducing the performance of the luminaires. On low power the LED
luminaires use approximately 15% of the power required by the baseline MH luminaires, offering
significant energy savings during periods when the parking lot is not occupied.
The feedback from store employees was very positive; they felt the new lighting provided more
light and improved the appearance of the parking lot. Overall, employees were satisfied with the
new lighting and highly recommended that Raley’s consider this type of lighting at other locations.
Employees also indicated that they felt safer in the parking lot at night.
It should also be noted that proper lighting design takes into account the average output of
luminaires over their expected life. This is especially important when comparing different
technology options, which may depreciate at different rates. Unfortunately, accepted industry
standards do not currently exist to determine the lumen depreciation of LED luminaire
performance over time. Since LED sources tend toward rare catastrophic failure, the commonly
accepted metric for determining rated life is the amount of time the LED source takes to
depreciate to 70% of its initial lumen output (known as L70). However, the most relevant currently
established industry-standard testing procedure, IESNA LM-80, does not specifically provide a
method for measuring depreciation at the whole luminaire level. It is instead a component
(package, module or array) level test, which then must be correlated to overall performance based
on the thermal and electrical properties of the luminaire. Additionally, there is not currently an
accepted standard for extrapolating from the depreciation measured during LM-80 testing (6,000
hours) to depreciation over the useful life of a luminaire. The IESNA is currently working on
development of a standardized method (TM-21) for extrapolation of LM-80 data, but this has not
been finalized. As a result, there is no unprejudiced methodology to properly verify manufacturers’
claims for lumen maintenance, so only initial outputs are considered here. Additionally, as a
luminaire consists of multiple components (LEDs, driver, housing, coating, etc.), the expected
useful life of the luminaire may not be the same as that of the LEDs. Instead, the lifetime should
be considered to be limited by the first of all the components comprising the luminaire to fail.
Despite the electrical savings, the present high upfront cost of these bi-level operation LED
luminaires may still be a barrier to widespread adoption. As is often the case, the maintenance cost
savings for the LED luminaires was greater than the annual energy savings. In choosing between a
MH or LED luminaire for new construction, the simple payback of the LED luminaire for this
host customer would be 3.3 years, all other things remaining equal between this site and a new site.
Under the retrofit scenario, where the customer has replaced a fully operational MH luminaire with
a new LED luminaire, the simple payback is 4.7 years. As previously noted, these simple payback
calculations are sensitive to the maintenance costs associated with specific customer circumstances.
For customers with lower annual maintenance costs, the payback period of any LED luminaire
installation can be expected to be longer. However, rapid advancements in LED efficacy and a
21

reduction in the cost of semi-conductors should continue to bring LED-luminaire costs down.
Incentive programs could also help improve the cost of efficient LED outdoor lighting technology
for consumers even sooner.
PG&E uses this and other Emerging Technologies assessments to support development of
potential incentives for emerging energy efficient solutions. Because the performance and quality
of the LED fixtures are critical to the long-term delivery of energy savings, it is important that
incentive programs include quality control mechanisms. Incentive programs should include
performance standards for qualifying products that include minimum criteria for warranty, efficacy,
light distribution, and other important criteria.

22

Conclusion
LED lighting for outdoor parking lots shows great potential for energy savings. This
demonstration provides evidence of increased potential savings using bi-level operation luminaires,
and further evidence of the improvements in performance of LED luminaires. The costs and
savings for this host customer provided favorable payback scenarios for both new construction and
retrofit scenarios, due to significant maintenance and energy cost savings. Utility or government
incentive programs could also help to encourage greater adoption of LED luminaires for outdoor
parking lot applications by reducing the initial investment. These utility incentive programs should
require minimum performance standards for qualifying products in order to ensure long-term
energy savings.
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Appendix A: Monitoring Data
P O W E R D ATA

Figure A-1: Sample of MH Power Demand Data Series (six MH luminaires + one MH flood light)

XXIV

Figure A-2: Sample of LED Power Demand Data Series (six LED luminaires + one MH flood
light)

(Measured with DENT ElitePro Datalogger)

Figure A-3: Overlay of Sample MH and LED Power Demand Data Series (six luminaires + one MH
flood)

(Measured with DENT ElitePro Datalogger)
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M E A S U R E D I L L U M I N AT I O N D ATA
BASELINE

M H D AT A

Table A-1: Photopic Illumination over MH Test Area. (In fc)
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Table A-2: Scotopic Illumination over MH Test Area. (In fc)
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L E D H I G H P O W E R D AT A
Table A-3: Photopic Illumination over LED Test Area Under High Power. (In fc)

XXVIII

Table A-4: Scotopic Illumination over LED Test Area Under High Power. (In fc)
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Table A-5: Photopic Illumination over LED Test Area Under Low Power. (In fc)

XXX

Table A-6: Scotopic Illumination over LED Test Area Under Low Power. (In fc)

XXXI

Table A-7: Photopic Illuminance Summary
Luminaire

Max (fc)

Min (fc)

Avg (fc)

Avg:Min
UR

Max:Min
UR

Coeff. Of
Variation

MH

5.0

0.5

1.8

3.6:1

10.0:1

0.53

3.3

0.6

1.9

3.2:1

5.5:1

0.33

1.7

0.3

0.9

2.9:1

5.7:1

0.32

LED High
Power
LED Low
Power

Table A-8: Scotopic Illuminance Summary
Luminaire

Max (fc)

Min (fc)

Avg (fc)

Average
UR

Max UR

Coeff. Of
Variation

MH

7.1

0.6

2.6

4.3:1

11.8:1

0.54

5.9

0.9

3.5

3.8:1

6.3:1

0.34

3.0

0.6

1.5

2.7:1

5.3:1

0.33

LED High
Power
LED Low
Power
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C O R R E L AT E D C O L O R T E M P E R A T U R E
Table A-9: MH Correlated Color Temperature
Luminaire

Correlated Color
Temperature

1 – North

4830

1 – South

4690

2 – North

4583

2 – South

4657

3 – North

4570

3 – South

4664

4 – North

4478

4 – South

4501

Average

4621

Table A-10: LED Correlated Color Temperature
Luminaire

Correlated Color
Temperature

1 – North

5654

1 – South

5612

2 – North

5504

2 – South

5618

3 – North

5495

3 – South

5566

4 – North

5700

4 – South

5744

Average

5615
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Appendix B: Mesopic Illuminance
Although light levels have traditionally only been measured by photopic illuminance, human
perception of light follows two distinct spectral response curves depending on the light level. The
photopic spectral response curve dominates during typical daytime, and results from the “cones” in
human eyes. During very low light conditions, perception follows the scotopic response curve,
which results from the “rods” in the human eye. At modestly-low light levels however, such as those
typical under nighttime lighting in an outdoor setting, both the photopic response curve and the
scotopic response curve are important. This is known as the ‘mesopic’ range.
Unfortunately, the relative importance of scotopic illuminance and photopic illuminance in the
mesopic range is still uncertain. However, due to the significant import of this range for nighttime
outdoor lighting, one of the competing models was used to calculate ‘mesopic illuminance’ levels
despite the controversy.
The model used to calculate mesopic illuminance in this study is the Mesopic Optimization of Visual
Efficiency (MOVE) model. The MOVE model is a performance-based model developed at the
Lighting Laboratory at the Helsinki University of Technology for the European Community. It was
developed using the results of vision experiments which evaluated subjects’ ability to complete
various tasks required for night-time driving.
The MOVE model uses photopic and scotopic luminance values to calculate mesopic luminance
values. The photopic and scotopic illuminance data recorded during the course of this assessment
were converted into luminance, assuming that the roadway was a lambertian reflective surface with a
reflectance value of 0.07 30 . The conversion formula is as follows: L (luminance) = E (illuminance) *
Ρ (reflectance of the surface)/π. The resulting photopic and scotopic luminance values were then
used to calculate mesopic luminance values, which were then converted to mesopic illuminance
values by the same formula.
Mesopically, the LED luminaires at high power provided a slightly increased average illumination
compared with the MH base case. The LED luminaires at low power provided decreased average
mesopic illumination compared with the MH base case. However, the LED luminares at both high
and low power had lower average and maximum uniformity ratios, indicating the LED provided
more uniform illumination.

Table B-1: Mesopic Illuminance

Luminaire
MH
LED High Power
LED Low Power

Average
(fc)
1.8
1.9
0.9

Minimum
(fc)
0.5
0.6
0.3

Coeff. Of
Variation
(CV)

Avg. to Min.
Uniformity
(AMU)

Max to Min
Uniformity
(MMU)

0.52
0.32
0.30

3.5:1
3.1:1
2.8:1

9.7:1
5.2:1
5.3:1

A reflectance value of 0.07 is used for asphalt road surface with an aggregate composed of a minimum 60 percent
gravel [size greater than 1 cm], asphalt road surface with 10 to 15 percent artificial brightener in aggregate mix; and
asphalt road surface (regular and carpet seal) with dark aggregates (e.g., trap rock, blast furnace slag); rough texture after
some months of use. Please see IESNA RP-8-00 for reflectance values for other road surface classification types.
30
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A p p e n d i x C : M o n i t o r i n g L a yo u t
P R O J E C T L AY O U T

Figure C-1: Demonstration Area
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Figure C-2: Test Area
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Fixtures
1a & 1b

Fixtures
2a & 2b

Figure C-3: Schematic of Measurement Grid
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Appendix D: Customer Sur vey Results
The following chart summarizes the responses received from an employee survey.
Table D-1: Summary of Survey Responses
Question

Number of Responses for a Given Rating
1

2

3

4

5

6

7

8

9

10

Comments

1) Did you notice that new parking
lot lights were installed (i.e., apart
from notification that they had been
replaced?) 1 indicates did not notice,
10 indicates did notice

5

12

2) Have you overheard or otherwise
received direct feedback from store
customers about the change in
parking lot lighting? 1 indicates Yes,
10 indicates No

2

15 2 positive comments from store
customers, 0 negative or neutral
comments. Comments included: “the
parking lot looks brighter,” and
“much brighter, guest said she felt
safer after dark”

3) In general, do you think the
lighting improves or worsens the
appearance of the parking lot? 1
indicates worsens, 10 indicates
improved

3 3 4 5

Two survey responses had both 9 and
10 circled in response to this question.

4 2 6

One survey response had both 9 and
10 circled in response to this question.

4) In general, does the replacement
lighting system provide more light,
less light, or about the same as the
original parking lot lights? 1 indicates
less light, 10 indicates more light

3 1

5) In general, how satisfied are you
with the new parking lot lighting? 1
indicates dissatisfied, 10 indicates
satisfied

1

2 2 5 6

One survey response had both 9 and
10 circled in response to this question.

6) Would you recommend Raleys
consider this type of parking lot
lighting system at other store
locations? 1 indicates do not
recommend, 10 indicates highly
recommend

1

2 2 5 6

One survey response had both 9 and
10 circled in response to this question.

Question 7 allowed for any additional comments about the new parking lot lighting system, all responses listed below:
w

I like the lighting a lot better because at night I feel safer a lot more than before.

w

As employees I think it is a good move more light means less theft for the store and our cars

w

Its nice
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Appendix E: Economic Data and Calculations
Table E-1: Annual Luminaire Energy Costs
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Table E-2: New Construction Economics-Simple Payback

Table E-3 New Construction Economics – Net Present Value
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Table E-4: Retrofit Economics – Simple Payback

Table E-5: Retrofit Economics – Net Present Value
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Appendix F: PG&E E-19 Rate Schedule
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