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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! with new LED luminaires with bi-level operation from BetaLED™,

Acknowledgements

This project was funded by the Emerging Technologies Program of Pacific Gas and Electric
Company in collaboration with the Pacific Northwest National Laboratory as part of DOE’s SSL
GATEWAY Demonstration Program. Energy Solutions would like to gratefully acknowledge the
direction and assistance of Pacific Gas and Electric Company, Raley’s, Pacific Northwest National
Laboratory (representing the United States Department of Energy), and BetaLED for their
participation and support of this project.

! 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 2 nominal 320 W luminaire.



Executive Summary

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? 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 pole-
mounted 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?.
The area cast 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*. 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.

2 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.

3 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.



Table ES-1: Measured Demand and Potential Energy Savings

Average Power Savings Annual Energy

Power (W)° (W) Savings (kWh)
MH Luminaire 346 - -
LED Luminaire 149 197 (57%) 863
(High Power)
LED Luminaire 52 294 (85%) 1,288
(Low Power)
LED Luminaire 105 241 (70%) 1,056
(Average)
Full Parking Lot (Estimate
Assuming All Converted to 1,680 3,856 16,889
LED)

Photopic and scotopic illuminance® measurements were taken on a 9 x 10° grid under MH
luminaires, and LED luminaires at both high and low output conditions.” 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 patking 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.

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

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

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

8 IESNA RP-20-98



Table ES-2: Comparison of Measured Photopic Performance

Minimum
Average llluminance | llluminance Coefficient Of | Average-to-Minimum

Luminaire | (Footcandles) (Footcandles) Variation Uniformity

MH 1.8 0.5 0.53 36:1

LED High

Power 1.9 0.6 0.33 32:1

LED Low

Power 0.9 0.3 0.32 29:1

Table ES-3: Comparison of Measured Scotopic Performance

Minimum
Average llluminance | llluminance Coefficient Of | Average-to-Minimum

Luminaire | (Footcandles) (Footcandles) Variation Uniformity

MH 2.6 0.6 0.54 43:1

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.?

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 320-
watt MH luminaire, the total incremental cost is $925.83 per luminaire replaced. In a retrofit
scenatio, 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 morte information, see ‘Economic Performance’ section.



Table ES-4: Summary of Economic Performance

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

MH (New $374.17 - - - -
Construction)

LED (NEW_ $1,300.00 $925.83 $277.95 3.3 $2,661
Construction)

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



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 similatly positive responses, and it should be
noted that these results pertain to a comparison between two “white” light sources.



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 scenatios.

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!%) and acknowledges that “LED technology is rapidly becoming competitive with

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



high-intensity discharge light sources for outdoor area lighting””!" 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.!?

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.!> Using kWh sales figures from a 2006 study, 1 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.

I LED Application Series: Outdoor Area Lighting. USDOE Building Technologies Program. PNNL-SA-
60645.June 2008. http:/ /appsl.cete.energy.gov/buildings/publications/pdfs/ssl/outdoor_area_lighting.pdf

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

13 Navigant Consulting, Inc. (2002). “US Lighting Market Characterization, Volume I”.
14 Itron Inc., et al (2006). “California Energy Efficiency Potential Study”.



Methodology

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’ 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 111 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 pre-
installation 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:

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

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



were taken on the electrical circuit that includes the luminaires within the demonstration atea.
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



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 customet’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’>. 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 yeat.

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.



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

Table 1: Measured Demand and Potential Energy Savings

Estimated
Power Estimated Annual

Power Power Savings Percentage Annual Usage Savings
Luminaire Type (W) Factor (W) of Time™ (4,380 hr, KWh) (4,380 hr, kWh)
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 105 0.96 241 (70%) 100% 461 1,056
Average

16 Calculated based on weighted average of power measurements developed over a several day period of
monitoting: Percentage of Time = (Weighted Average Power — Low Power) / (High Power — Low Power)



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), Average-
to-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



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 secutity situations. However, as discussed in a recent journal article,
both illuminance and uniformity values drastically changed between different iterations of IESNA
documents'8. The journal article further explained that little justification was provided when the
metrics changed drastically. The 1993 wvalues are provided as additional context for this
demonstration. The IESNA Lighting Handbook 8®* 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 8" 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

Coeff. Of Avg. to Min.
Average Minimum Variation Uniformity Max to Min
Luminaire (fc) (fc) (CV) (AMU) Uniformity (MMU)
MH 1.8 0.5 0.53 3.6:1 10.0:1
LED High Power 1.9 0.6 0.33 32:1 5.5:1
LED Low Power 0.9 0.3 0.32 29:1 57:1
Table 3: Comparison of Measured Scotopic Performance
Coeff. Of Avg. to Min.
Average Minimum Variation Uniformity Max to Min
Luminaire (fc) (fc) (CV) (AMU) Uniformity (MMU)
MH 2.6 0.6 0.54 4.3:1 11.8:1
LED High Power 3.5 0.9 0.34 3.8:1 6.3:1
LED Low Power 1.5 0.6 0.33 2.7:1 5.3:1

Surface plots of the measured photopic and scotopic illuminance levels were generated using
Microsoft Excel and are shown below:

ITTESNA RP-20-98

18 Rational Iluminance. Gary Steffy. Leukos Vol .2 Number 4 April 2006.
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Figure 5: LED High Power Scotopic Surface Plot

Figure 6: LED Low Power Scotopic Surface Plot
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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

12
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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.

15



Economic Performance

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'?.

To estimate energy costs for each luminaire, a 2008 PG&E E-19 off-peak rate schedule was used.?
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.?! 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.?2 The useful life of the LED luminaires is expected to be significantly longer than that of
the MH lamps.2> Based on manufacturet’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 wete 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.

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

23 See ‘Discussion’ section.
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Table 5: Anhnual Luminaire Costs

Luminaire Type

Annual Maintenance
Cost (per Luminaire)

Annual Energy Cost
(per Luminaire)

Total Annual Cost
(per Luminaire)

MH

$200.0024

$112.05

$312.05

LED

$0.00

$34.10

$34.10

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: Anhnual Luminaire Costs for New Construction

Luminaire Initial Incremental Annual Simple 15-Year

Type Investment Cost Savings Payback NPV
(Years)

MH $374.17 - - - -

LED $1,300.00 $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 15-
year net present value of $2,287.

Table 7: Annual Luminaire Costs for Retrofit

Luminaire Initial Incremental Annual Simple 15-Year

Type Investment Cost Savings Payback NPV
(Years)

MH - - - -

LED $1,300.00 $1,300.00 $277.95 4.7 $2,287

24 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.
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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?5

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?6

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%.
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LED luminaire cost is the other key component of the simple payback petiods. 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.?”
This corresponds to a decrease in cost of 20% per year.?8 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.?? 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.”

2 PG&E Emerging Technologies Program. (2008). LED Street Lighting, Phase III Continuation, Oakland,
CA
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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 propetly 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
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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 soonet.

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.
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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
requite minimum performance standards for qualifying products in order to ensure long-term
energy savings.
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Appendix A: Monitoring Data

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

BASELINE MH DATA
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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LED HIGH POWER DATA

Table A-3: Photopic Illumination over LED Test Atrea Under High Power. (In fc)
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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)
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Table A-6: Scotopic Illumination over LED Test Area Under Low Power. (In fc)
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Table A-7: Photopic Illuminance Summary

Luminaire Max (fc) Min (fc) Avg (fc) Avg:Min Max:Min Coeff. Of
UR UR Variation

MH 5.0 0.5 1.8 3.6:1 10.0:1 0.53

LED High 3.3 0.6 1.9 3.2:1 5.5:1 0.33

Power

LED Low 1.7 0.3 0.9 2.9:1 5.7:1 0.32

Power

Table A-8: Scotopic Illuminance Summary

Luminaire Max (fc) Min (fc) Avg (fc) Average Max UR Coeff. Of
UR Variation

MH 7.1 0.6 2.6 4.3:1 11.8:1 0.54

LED High 5.9 0.9 3.5 3.8:1 6.3:1 0.34

Power

LED Low 3.0 0.6 1.5 2.7:1 5.3:1 0.33

Power
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CORRELATED COLOR TEMPERATURE

Table A-9: MH Correlated Color Temperature

Luminaire Cotrrelated 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 Cotrrelated 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 0.073. The conversion formula is as follows: L. (luminance) = E (illuminance) *
P (reflectance of the surface)/n. 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
morte uniform illumination.

Table B-1: Mesopic Illuminance

Coeff. Of Avg. to Min. Max to Min
Average | Minimum  Variation Uniformity Uniformity
Luminaire (fc) (fc) (CV) (AMU) (MMU)
MH 1.8 0.5 0.52 3.5:1 9.7:1
LED High Power 1.9 0.6 0.32 3.1:1 5.2:1
LED Low Power 0.9 0.3 0.30 2.8:1 5.3:1

30 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.
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Appendix C: Monitoring Layout
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Figure C-1: Demonstration Area
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Figure C-2: Test Area
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Appendix D: Customer Survey 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 5 12

lot lights were installed (i.e., apart

from notification that they had been

replaced?) 1 indicates did not notice,

10 indicates did notice

2) Have you overheard or otherwise 2 15 | 2 positive comments from store

received direct feedback from store customers, 0 negative or neutral

customers about the change in comments. Comments included: “the

parking lot lighting? 1 indicates Yes, parking lot looks brighter,” and

10 indicates No “much brighter, guest said she felt

safer after dark”
3) In general, do you think the 33|45 | Two survey responses had both 9 and

lighting improves or worsens the
appearance of the parking lot? 1
indicates worsens, 10 indicates
improved

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

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

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

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

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:

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

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

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

Zan Francisoo, Caifomis Cancaling Favisad Cai. PLULC. Sneef Mo 2B453.E

m Pacific Gas and Eleciric Company Wwined Cal PLLC. Shesf Mo 2BELD-E

COMMERCEALMDLISTRIALGENERAL
SCHEQULE E-13—=MEDIUM GENERAL DEMAND-METERED TIME-OF-UZE SEAVICE
T rate Seiedoe i Svized inia the folewing secbonk

1 Applizabikty =13
2 TarRary 13, Common-Ares Acooums Tl
] Ratey 13, Vaeluntary Serats Provisions |
i R 14, Baing |
3 Dafinition Gf Sersice Vollage 15 Fiaed TrarsSon Ameunt |
] Dafiritian Of T Parssds 8. CARE Discoun for Tl
T Puoter Faliad Agjuntnints Group-Living Fasita
] Charges For Transformer and it Enciric Emargency Puan Ratatng iT
§ Fﬂi-—d.uhm# Sisndtry Applcabifty (T
st 8. i
" fpecis’ Facivbes 8 Deparimant of Water Resources iT
11,  Amangsmants For Visuak Eaxed Chams
iDisplay Mietaring

1. APPLICABILITY: iniial Assignment: A customer rest lake servios under Schedue E-15 1. (1) the

CLISAceTS Fo0ed Godes not maat e Scheduls E-20 mquinsmants, but, [I] the ossiomar's
Mt Difing demand [as dafned beiow) has sooeecded 4539 ilowatts for o wast
M CORABCUT MonThs Suresy T ol recent 12-manth pericd [relemed 1o &3
Scheduts E-19). T 7O parcent or mofw of the Cusicrmsis SNOIGY LS i Tor
andeusas, the oustoma— w0 Be sereed under an agricuitural schedule. Schedule E«1%
I8 Pe2d applicabis |0 custarmary fov whom aidental Jrdos wolld apphy, sacepl for
Srgin-phacsd and polyphase BavicE N COMMoN ared in 8 musfamiy complan |2
Corrmde- Al AOLounts Saiian )

CuBlemer Slodunts wHeh el 1 qualfy unde! INdke regemeTart =1 b svaivated for
ranisfar fo sandos under o diffenent applicabls mbs schadule

Tha provisions: of Schedule S={tandby Senics Special Condiions 1 through & shal
B30 apply 10 CUSIDMENS whosE [Pramises ans reguisry suppiled i part (Bl it in whoks)
Ly adaciric snaegy from & nonutility scurce of supply. Traae cusiomaes wil pay moninly
PiBAFVBLON CRAES &5 Apecified under Secon 1 of Schedule 5. in adaison 1o all
applicabl Schadule E-19 crarges. Exampbons b standhy changes e Sutingd in the
Standby Apphicability Section of the rase scheduis

Voduniary E-19 Barvics: This SCneduls i Sailaie on 0 wountary BasH for cusioman
with Maamuim Biling demands less than 200 KW, Cusiseni volunilandy lking sendcs
of s scheduls 8re Mukiect 12 8l the e and condBony Deky, e clherise
spacifiesd it Section 14,

(S
Amvoe Lafer N INE=E=A Ismsued Dy Dafe Fiad Dlm.ﬁ,mf
Decliin No. OF-O8-004 Brian M. Cherry Effecive acsapy 1, 2000
Wioe Prasider Awsolution No. E=1121
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Pacifi: Gas and Eheciric Company Ravisad Cail FULC. Sk N SE41-E
Reviied UG Sheed o SABEC-E
U 3s

1. APPLICABILITY:  Dapending upan Wit of il B0 Inpalalion of Procsssing Crbigs appied pror 2
Cantd. ) ;l:;tﬁ:l.:umunmm::uurm_m
haduls E-1

Fale Apples o cusiomens who wers on Fase 'V as of May 1, 2005,
Faim W Appiad i CUMSRN Wi Wil on FRate W o of May 1, 2006,

Fatw x: Appla i cussemens who wars on Rate X e of biay 1, 2008 o whe
fually for T veluntary provesicns of Bs 1anfT and encol on E-18 00 of
after ey 1. 2006,

Tranadurs O of Schedule E-13: if 8 cusicensr's maximum camanss hss feked io
SEcHRd 455 kilrwala for 12 corecuties mceihe, POAE wil irarsher Tial cosiomrer's
mnm E-1% sarvice o 1o @ SMeren applcabls role sciaduls. A%
Baing placed on this scheduls dus 1o the 200 KW o gheabir provisions of This scisedue.
Supiomans whs il o acteed 100 Klraaiy fof 17 conppcuas montha may st b
sty on the Bme-of-use provisions of this scheduls of alect an applcabie non-time-of-
W rale schaculs of aSenate Bme-of-Uss mabe schedule.

Assigamant of Mew CUsiomsrs! IF 8 CUSIOMEr & N and PGAE Delaves Tl he
SUlBMaTrE MEdmuE SEmand =il be 500 Masugh B9 Kksams and 1l T Suilomad
ahoidd nol B SaraRd Lt § Dme-od-uls Sgreuturel schsduls, FOLE wil sarve he

Dafinition of Maximwm Demand: Demand o b eesraged ovet 15-minuts inleraly
for cusiomens Whoss manmum demand arceeds 459 kY, Madmum demand =i be
i highead of 8 thie 1 3-miniute avecegen 107 the BEBng monih. ¥ T Sutiomers use of
sactriofy iy intermitient of subisct to sevens luciustiors, & S=minute inferval may be
waed Hthe Cosliome has any weding machires. e dvenied resislance wasicer
hoad calpusdabad in accordance w=@n Saction J of Rule 2, =il be consedared tha
PRAEIMUM darmaensd i it axcads the mamimum demand et sl from sveaging the
demand over 15-mirais nlervais, Thi CUSioMer's Maximism-peak-panicd demand =i
0 Ine highed of &l 1he 15-mincte averaged 1or e pas parica Suning e billing
Eonin, (See Sechion § for o defriion of Peal-Perdd.") D4 Jaction 14 fer he
definition of maxmam demand for cuslomans voluriarly sslecting E-15.

Solar Pllod Program: Cusiomrrs who ancisd 43 iV for al el Tes conseiulyve M)
monihs during the most necent 12-month perod ard must oFensise e SErdCn on |

FABNOEION SEPdUMe E-18 May Sl BRnvitl LS SEPdeduig A-5 UNDET T LT |
ceutingd in the Soler Pigd Program sectcn of Scheduls A2 (M}
[[=- i
Al Leler M2 JTIEHE-A faamd by Daje Filed__ DesamB J7, JO0T
Decisian Na, 0708004 Brian K. Charry Efacmis danuary 1, 3008
Vi Brpiiden! Rpgdiuban b E-8131
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Pacific Gas and Efectric Company Barvined Cal PALC, Sheei Mo, Z26542-F
E-;mmcm Caacsilng Farvited Cal PILLC, Shest No, 24ER-E

I, APPLICABILITY: Standby Demand: For cusiomass for whom Schaduls S—Siandby Sarvics Special
(L= - N Condmend 1 Maough 6 apphy. 1080y Semand B (e portion of & Cullamer's Mmaximum
GBS Ry Y e By nencgarabion of e cusiomars ARENAkE Soune o
porvomet, aned o which @ demand charge b paid under the reguier senvice schieduie.

If % CLBETY PIOOLES S1ANODY JEMANd N ANy MOt T The eguar seneCs
UM Jemand harge il be reduced oy T APPICADS fESErabon CADBCTy
MJHH Scnhedubs 5 Spedal Condiion 1)

To qualily for The abcve risduciion in th madimum demand charge, the cusiamen musl
within 30 days of the reguiar mater-nessd date, demorsiraie to the salisfaction of PGEE
s amount of standby damans in any month. This may be done by submitting o
PGAE & completed Elecing Slandby Janvice Log Shasl (Fom TH-T26).

2 TEAMITOMAY: This rate schaduis applies svenywhens PGLE provides slachioly sshace.

3. RATES: Toial bundhe=d saryvice chames ame caiculaied usng e jotal raley shown belos. Direct T
Apcaay (DA ) anad Community Choite Agsgregaton (04 ) changss shall B4 calouiaies in
BCONIARES WIIN e PATAGREGN M T 8% SChedide e Baing.

Qnly cusISmens Pl feceigd e BEna ol the 10 parces nabs reduction priss 1o
January 1, 2004, and who pary e Flued Trassition Amount [FTA), shal be subjed fa
e FTA and the Rate Reduction Bond IMemorandum Aocound |RIFEAA ) rades.

ﬂ:ml.llﬂl
Advice Leser N 3115E-4 lazusd oy Opde Filed Decembae 37, 2007
Decizion Mo, 07-05004 Brian K. Chemy Efective__________ January 1. 2008
Vicw Prasiden Aésoiunon v E-4121
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Pacifle Gas and Eleciric Campany Rwutigd oL BUC Sheer Ve ariz4-g
i San Francisco, Calfonia Canceiing Hwsinad Cal PUC Sheal No I8843-E
U
3 Rated (Confd)
TOTAL RATES
S ey Promepy Trarserwynnn
I'otal Cuslomesn Ml Chaega Raley ‘olage Wofiage
Cumboemgy Choges Mamsdanory’ E- 10 §5 pae s D daFy) b R ] S TE2E] 342505
Cusiosed Chargs foale W' 0§ pai meler pad @iy EE R e S 11y LENRL e
Citoamn Change Fale W 5 pet meler par dery) SAETT S OTTE FRUTTIR
it Chorge Fale X 0§ per mslen pat day) 1S t TR e e
Oiptsonal Lloder Diaa Arcwss Chams (5 ped mebs pad 3y $0gaRE] B0 DELAY Lk ]
T ol Disignte] Ttk (8 pid W)
- Pk D m $1158 @ 04T 411
ebarrati Pt Pusak D] Sirsite Lrd | 240 | St 84
Mdaarrmm Demand Spmames BE | S580 | %7 m
Mgy Pl Pk Chirmaes] Wnisr s b 050
b i Damacdnd Windos B s588 8%
Todal Eraipry Rl 05 par KWARG
FTa Paak Lormvnes 013 8 0 105 S0 0GTET (H
Ptk Sorremes S0 0EA (R LOoaG0d (Hy  fO0TEE |
O Faal, Surmmar arse | OroEE | opas |
Pt Pl Vi so0spaT sooTeed | gL |
CE Pk Winlor s0oTiaT " FOpeass By RSN (B
Mewni-FTA Prask Soavamis 0158 g SR B FoE] el i ]
Ptk Soraies S00GFT (R SO0ROTY Ry 0TER |
e Pk Supmmes soore ) s0oree | SoDsAze |
P Pk & sooazin | g0y ) wo0raee |
CFF Piih VWil S0OT80 (Hp SO OEASE (RN RDDEREN (R
Awerage Flate LimiSer (50 N sumimes monife 020080 ) 0 20 1) =
Pewar Factor Sduaiment Bate (2800T%) 0 2000 0 DS 0 DCE
Total burcBed servcs changes shown on ouiomeny’ Bty pm onbanded scoondng fo B component mobes Shown Dol
S arvtrued
Advice Lefer No. A202-E-A issued by Lrare Fred Febnacy I7. 2008
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Faveiad Cal P.UC. Shee! Na ZT126:E
= Fevieg Cal BUC Sheer b, S6844-E

URBURDLING OF TOTAL RATES
Ciahoves &wd s O g ek peoraded in fhie Tobel Rl So i ifbaosd e s agresd
muﬁmhm i :
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Pacific Gas and Electric Company Rarviwed Cal. PLLC. Shest No. 2E0A-F
San Francisco, Cakfomuiy Cancking Ravised Cal P-UC. Sk Ny 24B84-E
Lrxg

EOMMERCIS il
EM-JHWW&QW&%J%#EME

3, RATEZS & TYPES OF CHARQES: Th Culbamd'i Monihly chbips 137 BErLE Lraed (L]
L=l Schedule E-15 is the sum of a cusiomer charge, demand charges. and anengy
charges

= Tre customsr charge is a nal menisdy fes.

- Thia schadide had thres demand charges, 8 masdmum-peask-pariod-demand
Charpe, & MELIMUIT parl-pesi-pafiod and & masimums-demand champs. The
MBI Dok La7isd -Jamard charsga par klawall Bppl bo P mBomm
damand during the monif's peak hours, the masmum paripeak-peod
damand chargs per KEcwaTl appled 1o e Marimum demaed duning e
SIS PAT-ERlk BT, BNd N FMEIMUT SHRENY dhiigs P Kilgegl
applas o e manmum Semend al any Tms during he mosi, Tree bl wall
imciude gl of e Semand changes. [Time percds sre defined 0 Secion &)

= Tre snsrgy chargs & ihe sum of ( Snengy Charges from the peak,
parbal-pask, Bnd SM-paak parcds. THE cullome: Bays 1or snesgy By e
M“MEMLHMHmmHmﬂWN
Tl o e,

= The maters reguired Tor T, schedule may become cbaciele as a resull of
WL IHURAY IS iuring oF ifee Beten By e Calfemia Puslic Utines
Commission. Therslmw, ary and 8l rsks of paying B reguined charges and
ot eceving commersurais benefil ane enlicely hat of the Cushome.

=  The monthly charges may be increased or decrsased based upon the power
facior. (Sea Secton T.)

= A8 shown o T raee chaerl, which §a9 of Cusiomar, camand, and snengy
Cregas & paid depends on e el of the Customens maxemum demand and
e cREsh B wheh faroos i aken, Serdiok volleges sk Sefred

Secton § Bow
i
[ ot )
Advice Laser Mo 115k iszued By Daiw Fied_____ Depemoer 37, 2007
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Paeific Gad and Efscirie Company e L Ca P.UC Shest Mo 26944-E
San Frantisco, Calfomia Canteling Rwveed Cal P.LAC. Sheet Mo Jdaai-E
ux

S

COMMERCUALANDG TRIALGENERAL
SCHECRILE E-12—MEDIUA GEMERAL DEMAND-METERED TIME-QF-USE JERVICE
ey b g |

3. RATES: b AVERAGE RATE LIMITER {appiies b bundied servioe onlyl: i the cusiomar T
[l g N Ak Aivice on Schadule E-19 in aithar ™ Leiondlry o primaey woilage i,
bl wil b controlled by & “ride Embler during S sumener monds. The Bl wil
b reduced § necessary w0 that the average rate paid for ali demand and snergy
chanss Guring & summer monin doss nol axossd the mwenage rahe lmiber shown
on Bva Schaduls. This provision =il 1ot agpdy B Cualomass has skected 1o
reCans AaEarabe Bling for BECK-Up BN MENTINARCE RETVIDE LNOE Specisl
Gorsditan § of Schedule 5.
Fducbant i nvinue eluting from Eppleaticn of the Bvensgs il M will be
refiecied a3 reduces distribulion amoonts for biling purpoass.

Agvice Laser Na IN5E-A lnsuad By Damw Fied  Daecembar 27, 2007

Dwcimon Mo 07 Lr300 Brian M. Chary Efecthve_____ Saruary 1 2008
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Orginsl  Cai P.UL

C Sheed o,
Pacific Gas and Eleciric Company Cardeing Rt Co PLULC Shed M.
San Francizes, Calformia

4. METERING
RECUIRE-
MENTE:

5. DEFINITION

BEHEDULE E-15=MEDILIM GEN Eﬁ%ﬂfﬁ%ﬂ E-QF-USE SERVICE

PEEE will install u timeg-0f-csa maber thal is appropriate for Tis schadule thal measuns
and regaien ihe amount of saclricity & Cuslomer uiss

Customars with 8 maximer Semsnd of 200 K o gresier for Tess consecithie
must have &n interval data meter that can be resd remately by PGSE. & heter Data
Kanagament Agend (MOMA] may aiso read the cusioon"s maser on behalf of tha
pusiome's. Enangy Serdios Prosider (ESR| £ e customar s neceding Dinect Acoess

Fioer bundbed senios coentomars with & macdmom demand of 200 KW or gresisr for
thiss cordacutve moniha, PGAE wil preride BRd inatall T8 intérval data mabes 51 no
additionsl ©oad 20 The Cualomar. Afer the interval meter is insialed, the cusiomer musl
lake srveR on @ bme-ci-ule scheduls. The Nitaiaten of an interaal data msler 151
EUBAS RBIING SENCE UNder T provimione of Diredt ACoEia i (e resporaibility of
the cussemer's Enangy Serdos Pronsdar. o thalr Agent. and musl e instalied in
soccrdance «i Eleciric Fule 12

IF tha cusiomar does nol curmendy qualfy for an inlerval data malsr. T cuslomar musd
pay PGAE for T cosl of purchasing and instaling an Meral meder, logethar Wi
applicabls Incoms Tax Componant of Confriation (ITOC) chargss and s cosd 1o
oparals and malrisin e inisraal mater, e maat s a0 Imlervel Meter Insislabon
SHrviee Agresenent (Fam TH-G84)

CLutnmars whed ais nequast BNy meter dats manscerse! Sardces must alss wign an
intersal Water Cia Managemant Service Agresment (Foams TS-085) and must have sn
BEpropriale FServal Sate et

The follo=ing defrad e Bres voltage casses of Schedule E-19 retes. Standard

@F SERVICE Sefdie Vohagen & baled I Rule & Seston B.1.

VOLTAGE:

8 Sscondary Tha i the voiBge class if he BENAce woRacH is less than 2,400 voi
of fl The defiritons of "priman” &nd "IENSmisson” oo nol sppdy 10 the senace.

] Frmary. This i e vollage claas F B cuNDmEr iy saraid b om 8 “uinghs cuainmer
subsiztion” or wihout Fansiormalion from POLE S saeving diarintion System
278 of he 14a0cied pomary VORGHY spechied i POE S Elecirc R 2, Sacson

& Trarmmission: miﬂmﬁﬂﬂﬂmimm
ransiemation from PGAE s ot ona 0F T shandard
TAnEMAEON FoRsgEs spacTied 0 E‘!-H.ulli" B

(Contnusd)

1=}

(T
iTi

T

(Lh

18]

Agkvice Leifer No,
Deoaionr Ma

e

IBAO-E-A Fssud by Date Fied_ Aprl 14, 2006

O 11008 Thomas E. Bodtan Efecive
Spnior Vios Prezioss Ressuton Mo
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Pagifie Gas and Elegrie Company Rayiias Tl UG, S e aEMT-E

mﬁm Caitmin Canceling Reyised Cal P.ULC. Shest o TVERE
ELHEDULE E-1 M GENERAL ¥ IME-CE-LZE ZERVICE
| St )
6. DEFINITION Tirna® of the year and omed of he cay de oained & fodigreg;
ﬁlﬁa: EUMMER Paniod A {Sardos from May 1 hough Cctober 311
Fiak 1200 noon to 5000 p.m Monsiay hrough Friday (eacepl Rolidayd)

Pafiskpsa: B30 a.m. o 1200 noon Monsdary Brough
ANDE00 pn. o 330 pn.  Fridey (sucept holidsym)

CH-pagh X pm o830 am Mersay through Friday

Al iy Saturday, Sunday, and holiday
WINTER Paricd B |servics trom Movemiber 1 throwugh April 30|
Pafial-Peak: B30 am. b 530 pm Monsdarg hrough Friday [sacepl holidays
OS-Paak; F30pm, to 830 a.m Mendey trgugh Friday |secept holidaya )

HOLIDAYS: "Holidays® for the putposes of this mbs scheduls are New Year's Day,
President's Day, Memonal Day, Independence Day, Labor Day, ‘Veterans Day,
Trawrisgiving Dary. shd Chrtiirmae Doy, The cased will B thoss on wiich the holideys e

DAYLIGHT SAVING TIMAE ADJISTMENT. The Sme peviods shown above will Begin and
wnd one Rour later for B paniod bedwesen the second Sunday in March and the frst
Sundsy in ApE 80 Tor B Danod Beebin M B2 Sundsy i OCoober 53 tha il
Sunday in Novembar.

CHANGE FROM SUMKMER TO WINTER OR WINTER TO SUMMER: VWhan & biling
maonth inclodes Both summer and winler deys. PGAE will calculals demand chames o
fodows. [ will cormider the applicables mamimum demands for T summen and wintsr

pomend of e Dlng month $eparsely, caliulale & Semand chargs 1or &sth. and then
Bpply Pk teD BoDEdIng b Beh Humber of Blling doys SBLH Feprrinl

T. POWER Estis. will Be adjusted baved on the power Eactor for all customaens sxcept those selecing
FACTOR voluniary E-1% sarvdce. The powar facior s compuled from the ratio of lagging reactve
ADIUST- illgvoil-Rmpare-hoers 19 e kiceaT-Roun Coniumed in thy menT, Poeer IRoon ans
WENTS: e 10 M PbBfadl whok peoanl.

Thes rabes in this rote schedule ane Dased on 8 powe facior of 85 percent. I the average
poswr facior s greater than 55 parcent, The 1ol monihey bil w1l be reduced by the produdt
of th pent ABIor 1858 Bng The kizwaTl-Rouy URBEE for SOCh DATTEriags point abowe

BS percant. If ihe sverage powae facior s Bales 85 parcent. th Sodal monthly Bl will 2
inecraased by T product of the powes facior rabe and the kiowafi-hour usege for sach
parcantage poin] below BS percenl

o
Powef iacior adjustments wil be assigned 1o disiribution for biing purposes.

[Sontred)
Advice Lather Mo 311884 isaied by Bate Fded _ Decembar 2T, 2667
Declaign e O7-0-D04 Brkan M. Chivry Efactive Sacranty 1, 200k
Vice Frasidenr Awsoiution Ko E-4121
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Paciio Gas and Eleciric Company Bovised  Cal PULC Sheet Mo, EoAgE
1 San Fratcizse, Caiamis Cargsing it Cal, S Zheer Mo L9hBe-E

8. CHARGES The demand and eneegy mabir reacings used in determining T Chaeges will be
FOR TRAMS-  sdudibed b cormist for irasnaformation and e 1o0aed I Booordance wih Sectes B4 of
FORMER AND  Rule 2.

LiNE LOSSES:

9. STANDSRD EPGAE must ingial any nrw & gasitonal Teciges 19 prorvids e CUBLSma wWilh Serdioe
SERVICE W T RS T GBS My Rae bS Py S0ME of 1h Col. Afry avance
FACILITIES:  mecedSary and By moniiiy changs far e facilSes wil be specled in o ne axieniasn

syresmenl. See Aules 2, 15 and 16 for details. This saction does not apply 10
cusiomars solunkaly taking sardics under Schaduls E-19.

Facingd ifnianied (O 88rd T Culaemiir My Db remowsd wHi e i Saconinued
Tha cusiomar will then hare o nepay PGAE for all or some of &8 iImnvestment in the
incibbes. Terms and condibons for repayment «ill be sat forth in the ine exiension

R,
19, SPECIAL PGAE will normaly instsll anly B stancud faciities I ciemy Reciinary 1o provids
FACILITIEE:  serdob under This schedula. If ihs Cusiomss regussts any addtional faciites, hoss

tacilties il ba reaied as “special Eacilbes” in accoedance with Section | of Ruke 2

11, ARRANGE- T Suslomibl wiahad 18 hive vilual-S3aplyy MRenng sguipment in s33nsn b T
MEMTS FOR  regular medering egepmant, and he cusiomer would ke PGAE 1o instadl that
WISLAL sjuipmaent. the cusiomar must sutmi & writhen requast to FGAE. PGRE will provide
CHSPLAY and irstall the squipmant within 180 days of recelving the requesl. Tha
METERING:  maieing eodpmant wil be inisaled nade The presdl melerng squipment. Tha

cusiomas wil b MESAEBE Tor Phovidng Thi Iequred EDB0E BN BERSCINING wiing

BGAE wil continue io e B reguiar matering saupmind for Blling poepesss =
1

(Cononued)
Advice Lemer Mg I115:E=A, fasund by Date Filgd Dacsmbse 37, 2007
Deciaban Mo, OF-D5-004. Briam K. Charry Effactive January 1, 3008
Vice Presicend Ragaton Ma, E=i121
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1 e San Frangiscs, Calomsa Cancsinng Ravaed Cal P.UL.C, Shaef Mo 2E4E1<E

uas

12, COMMON=
AREA

ACCOUNTS

THEUSTAIALIGEN

COMMERTIAL ; ERAL
SCHECULE E-T8—MRRiUM GENERAL DEMAND-METERED TIAE-DF-UISE SERVICE

COoOmmon=anea SCoourls sl ane saparately malened by PGAE and which ook slecinic iTi
sareion from MOAE on or prae 18 January 18, 2001 Rirok & Sh8-Bma appanunty 1o

TR 19 8 relidential rade schadule from AR 1, 2004 10 May 31, 2004, by notifying
PSAE in wtiting.

in tha aven! that the CPUC sutstanSally amends any or all of PGAE's commarcisl o
residental rate schedubss. B Exaoulie Cowncll of Homeownars (ECHO) can direct
PGAE o bagin an optional second right-=of-retum period lasting 108 days. Mowsver, i
il oCours pniar b T Aped 1, 2004 8o May 31, 200s, 1 pariod, the ECHO dineclad
gt of AT Parad will B Bl Sl windoe Tor Felurming 2 & resoenasl schaduls

sy Construcied COMMOn-acenl Tl Bnk neparsiely mebired by PGEE and which frae
ook sleciric senvice from PGAE after January 16, 2003, have & one-Bma opportunity o
transfer to o messiensal rabe schedubs during a teg-month window that begins 14 months
T EBAING BAVACE G B COMUTNCIS] BTN SChaeEe. T mausst be dond by nobfying
PGAE i writieg. Thass COMMON-S'8a SCCoENTS have B0 saSbonsl oppartunity 1o relum
10 B residentiad schaduie in the event that ECHOD direcis PGAE bo bagen & sacond rights
s S

Hhiols COMMor-ANES SICouUnts TaENg seric Schaduls -4 18 moving o
Eu“ﬂmmn&::wm!{ - i

Common-Smeas Bcooums &8 thoss aocoorts thal provide slaciric sendce io Common
Lk Arwad o8 cefngd in Foge 1

Advicd Lalier Ma

$5-E-A fasund by Date Fied__ Dacember J7, 2007

Decizion No,  OT-09-004 Brian K. Cherry Effectve_____ January 1, 2008
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Pacifio Gas and Electric Company Fliwrsisnd Cal P.ULC. Shaet N, 26580E
.‘ SR Francizos, Caifamia Casgeing Flireigd Cal PLRC, Shesd Ne. 26462-E
Ui

13, VOLUNTARY Cunlomass woluntariy iaking seros of Soraauls E-10 |aee Applicabilty Settcn) whad {Th

ICE

FROVISIONS:  diffenend temrs and condiions iee shown balos.

be governed by ol the terma and condSona shosn in Seclions | through 12, orlass

8.  DEFMNITION OF MAXIMUM DEMAND: Demand «ill b avaraged over
1 B-minuts inhervals excepl. in special cases. “Waximum demand” will ba the

higheesd of il 1 5-mincte averages for T billing month.

SFECIAL CASES: (1] If he cusiomars uss of snangy 5 PMMINENL oF sSmct 1o
savawre fuchaasons, & S-mirade inSenal may be used; and (2) H the cusiamar
ubEs waldirs. B demand changs wil be subjct 1o The minimes demand
chargad for Sione weldens” ralngl. & expliinegd in Section J of Ruls 1

b. REDUCED CUSTOMER CHARGE' Tre meduced cusiomer chargs =8l ba
BiaEased only I (e cUMIoman 14 18king sardos under S schadue on & veluniey
BEs of If e cudinmans madimum biling demand had nol scesded 499 KW for
12 OF mahE CONSRCUTHE MO

e SERVICE CONTRACTS: Tha rate schedule will remain in efiect Sor af least

Teelal CONBRCULND MORERE B8 ANOTH SCREdUM CRANGE & Made. Lieds e
LA S MANETUM O8rdsd Ras Sceeded 4503 W Ao e cordacuting

Fanthi
14, BILLING: & cusiommer's bl i3 calculaied based on e opfion sppScabis 10 The Cusicmer (T
| ComEnisgd|
Advice Lemer Fig, INFE-A 33040 Oy Dace Fied
Decision o,  D7-09-004 Brian K. Cherry Effective Janiary 1, 2008
Viewh Pra s RescubaaMe_ E4121

0TS
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Pacifio Gas and Eleatrke Company Aesised  Cal P.LLC. Sheet Mo 268518
San Frameiisg, Caimama Carghing Rt Cal FULC Sl Mo wEehI-E

14 BILLIMG
{Contd.)

Bundied Servics Customen retve fupily and Sy sarvioel solely fram PEGEE T
Tha cusicene:'s bl i3 bassd on the Toal Rabes and CondiSona $8 Torf in e schadula,

Tranafional Bundlsd Servics Cusiomsrs ke Manitonsl bunded Jardos 5N
pragorbd in Fubes 221 8nd 23,1, of Taks Bumndied sarvice pror i thi end of 5 slx
(6] month advance notce pancd requinkd bo sect bundiad portiols sariics B prescrbed
in Fules 221 and 23.1. Tress cusiomers shall pary changes for tracsmission,
FansmBson ale adjuriments, neiabiity SerdcEd., cisbubon, NUCEST deCOMMBRDNNG,
public purpoas programs, he FTA (whers Spploabis). e RRENA [wPaee spplizatie),
T sppicabls Cos? Responsbdty Surchangs (CRS) pursuse 0 Scheduis D4 CRS or
Schedule CCA CRI and shor-larm cammodty priced o 48 Saith in Scheduls TBCC,

Direct Access (D4] and Sommunity Cholce Aggregation (CEA] Customarns
purChase Troen Tl nonsutify provider and conticcs Mceying delfary sardoes
o PORE. Bty aie gudl 1o e sum of Changes M IREimsadiion, PenveRias rale
adjuaimanty. nplasify sercces. cainoution, puble purpone PFOgrEME, HULBEr

S OmmiRenng. HH&(MWL.IHRHW [whss Bpplicakieg. e
francfias fes suncharge, and e sppicabis CRS. The CAS m squal 1o ths sum of e
indtvigual sel for below. Exermptons io the CRE are e fordh in

Zchadules DA CRS and CCA CRS,

. Cost A

CWR Bond Chams (per KW

Ongoing CTC Changs (par WA
Telal GRS (par k¥Wh)
i85 FIXED Eligitvia small commancial cusiomers T recehitd T Denafil of the 10 perosn mabe T
TRANZITION reducion prids s January 1. 2004, 5re cohguied DS pay' & Foisd Trasaton Amdun] (FTAj),
ARMRINT: B rafarrad 02 ik @ Trowt Traesher Amnount (TTA) 88 descrited in Scheduls E-RRE ang
dafined in Preliminary Sastement Parl 5. in addfion. e cusiomens will recevs the
banadt of B rabs reduction bond memorandum acoount rate.
fe. CARE Faciies which maad T ShgibiTy crteri in Fus 192 or 19.3 s sligible for 8 Calfomis T}
BHECOUNT Ansmats Rriss for Enasgy Siscound under Schaduls E-CARE. CARE puminmarn &4
FOR axampt from paying S DWR Bond Change rate componest. For CARE cusiomin. no
HNONPROFIT Pﬁ'ﬂ?ﬁﬂﬂl‘“lﬂ““u‘lﬂﬂﬂrﬂ M‘Hm“ﬂ Ganaraton o caculnted
GROUP: reaiduslly based on the fotal rate less thae sum of T folowing: Trarsmission,
LIVING AND  Transmission Aate Adjusimants, Relistdsy Services, Destribution, Public
SPECLAL Programa, Nushsar Decommmsoning, Compaition Tramiiisn Changet (CTC). Energy
El;;.léﬂ:ﬂEE Col Rptorary Amourt. FTA and the Rt Reduction Bond Memarandum Aoooon Rabe,
H |
PACHITIES:
(Continuad|
Adwvice Lafmer No. I115-Evk iszued by Dt Foed _Cecambas 37, 2007
Chacigian Me, G000 Brian K. Charry Effsctve dpngany 1. D00l
Vi Prosicend Aesofution Mo, E=4121
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Pacific Gas and Eleciric Company Rapvivad Cal, UG Shasl Mo EDEI-E

J ET!FI‘M Catfomig Carceling Revived Cai. P.U.C Sheel No. ZhLGEE
COMUERGCLALINDLISTRIALMENERAL
- M m F-
(Corhinued)
17, ELECTRIC Ag sal forth in CPUC Decipion 01-04-008. &l insramisuion el customans sacepl Tl
EMERGENC  sssenial use cusiomars, Optional Binding Mandalory Coriafimaent (D80 ) plan
¥ PLAN paricipanis, ned suppliers 1o the shecirical grid, or ohers axempl by Tw Commission, ane
ROTATING 1o b inciuded in roatng clLAgES in the svent of an srlegency. A FaREmEELon byl
BLOCK ool wihi refuses of Tl 1o drop load shal B sdded 1o the next rolefing cutags
QUTAGES groain B0 ] T Cullomed does Nl sscapd cunieimaent. IF R rankmRRGA el
ouihore Tal 10 coopansts hd drop load al PGEE S mequadl. aUlomase squipmef
e By PREE Wil B irirlaBad 80 T Cooulomle i ipenih DT Elbetis Aulg 2 A
trarasmiss=on v Cushomsy who refuses b drop loed before inslakaton of the
wquipment shal be subject o 8 penaBy of S5%VWh for all ioad requesisd 1o be curtaled
hat is mod curiisd. Tha SEWN panalty shall net soply f B4 CUIDMAr s genansion
Sarfier B virfad, foroed oUIBgE BNd Guring BT of SCPduies mErbnance. The
schadiuled mainisnance musl be appronkd By bath the K50 and PGEE. it approval
My hiad Bl URPEEISRAET Wil
(Cormnuma)
Advice Lemer Mo, J1IS-E-A Iazua By Date Fied______ Decemier 37, 2007
Decision fg. G =3-004 Brian K. Charry Emectve____________Janyary 1, 3008
Vice Prazices Raa'uton Ne E=121
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Pacitic Gas and Electric Company Fvisad Cal PLLC. Sheset Ma
W San Francisog, Caifamia Cancaiing Rwitsad Cal PLUC, Shew Na

uas

2E5A5-E
SHELE

18 STANDEY
AFPLICA,
BaLITY

18. DWA BON
CHARGE:

L 1AL
SCHEDULE E:13=ME mwfﬁﬂﬁémmj E0 TIME-OF-LFS8 SERVICE

SOLAR GENERATION FACILITIES EXEMPTION: Cutsamant wha LI solar
panarating facites which are eas than or squal Lo one mega=att to seree load and wha
g raf ] poeer of make mone than incidental axport of power infe PGAE's power grid
and wid hive nol skecied sarvics under Schadide NERL will e axempl from paying the
pthar=iie Bpplcatie Slanchy MAESTASoN changss

CESTRIBUTED ENERGY RESOURCES EXEMPTION: Any cutsSnls Ui i
na-od-Us | TOU ) Fale BoRah s g eleiis gacaation IcRnalagy IRet meels The
criteria 8 defined in Ewctric Rube 1 for Distributed Enegy Resounces is saempd from the
oitharetas sppicabie standby resarvalon charges. Cusiomesns qualifying for this.
wemption from 12andy charges uader Public Usises (PU) Cooe Jectons 3331 and
13313, a8 described abore, marst bale service on a TOU schedule in order To necelve T
axemption until @ reak-time pricing progeam. as descritsed in PU Code 3333, b made
aymiabis, Once svailable, cosiomses qualfying b e SEnchy chargs saampion must
PAMCIDETE N N8 MBI UOGREM refeeTed 10 BRove, Dualhcason for and receipi of
this SHiibutes soergy MSCUNCE axemphon doas not suempl the cusiomar Som
WWHTWNWM.M.WNWM

inperierocion Chamed. fer-inpasdable thraiged 04 neguned & Pradminary
Slabermend BB « Compettion Transion Chapes ResponsbilTy for Al Cusiemens and
CTC Frocurement, of obigations delermined by Tw Commission to resart from
PAFLEinaTian iF T8 purchass of powar Thicugh the Calizmis Deparmant of Walsr
Fodgurcas. 8 provided in PU Code Testen 3537,

The Depacimant of WWates Fiesources (DWH) Band Changs was mgsssed by Calfomia
Fubiic Utites Commission Decision 02-10-083, as modded by Decislon 02-12-082 and
s property of DWR Tor all purposes unssr Califomia e, Tra Bond Chargs applia io il
reisl sai, uchssing CARE snd Madicsl Baseing 388 Tha DWR Bond Chaege
[wihihy Spehcabiy | i INCiuded In cupiomens' 10181 Bilgd amnaunts,

iT

il

Adtvite Lefer Ng.
Deizian fe
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