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ABBREVIATIONS AND ACRONYMS

CALIPER Commercially Available LED Product Evaluation and Reporting Program

CCT Correlated color temperature
CFL Compact Fluorescent lamp

CRI Color rendering index

DLC DesignLights Consortium

DOE US Department of Energy

IES Illuminating Engineering Society
IRR Internal Rate of Return

LED Light emitting diode

LEDA LED Accelerator Program

LPW Lumens of light output per watt of electric input, the unit of lighting efficacy
MR Multifaceted reflector

NPV Net Present Value

OBF On-Bill Financing

PAR Parabolic aluminized reflector
PF Power factor

ROI Return on investment

THD Total Harmonic Distortion
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EXECUTIVE SUMMARY

Commercial lighting consumes 349 TWh per year (DOE 2012a) in the US, roughly equal to
the annual energy output of 115 500 MW coal power plants.* While LEDs are used in only
1% of commercial lighting fixtures, they continue to gain market penetration in niche
lighting applications, and have begun to make significant progress in replacing incumbent
technologies in common lighting applications such as directional lighting and downlighting
applications (DOE 2013a).

Linear fluorescent lighting represents 72% of energy use in the commercial lighting sector
and 80% of all commercial light fixtures, and therefore represents an enormous opportunity
for potential LED savings. As of 2012, LED replacements for linear fluorescents are just
beginning to gain traction: only 1% of LED energy savings in 2012 were from linear
fluorescents replacements (DOE 2013b). As LED chip-level efficacies continue to improve
and LED costs continue to decrease, there has been a dramatic increase in the number of
LED replacement fixtures for traditional linear fluorescent applications.

With these recent advances, suitable LED replacements for all common lighting applications
are now commercially available. For the first time it may be possible for commercial
buildings to conduct a comprehensive, cost-effective LED retrofit that addresses every
common lighting application.

The goal of this project was to evaluate the economic and technical viability of a
comprehensive LED retrofit for all major fixture applications within a Fry’s Electronics store
in Northern California. This includes general service fluorescent lighting, general service
incandescent lighting, downlighting, and directional lighting applications.? Due to the lack of
existing field assessment of LED retrofits for fluorescent lighting, the project specifically
focused on three different fluorescent lighting applications, including 2x4 recessed troffers,
1x4 strip fixtures and wraps, and 1x4 suspended box louvers.

Under PG&E’s LED Accelerator program (LEDA), Fry’s retrofitted 720 fixtures of various
types for six different lighting applications throughout the entire store to LED fixtures.? This
study evaluated all six lighting applications over a total of eight separate study areas. These
products were evaluated based on power and energy usage measurements, lighting
performance characteristics, qualitative host satisfaction, and economic factors. In addition,
the project sought to understand the customer’s internal product selection processes and
their decision to complete a comprehensive store retrofit and scale it across multiple retail
locations.

! Assumes a 70% capacity factor and 7% transmission and distribution losses (Koomey et al 2010).

2 As part of this retrofit, Fry’s installed 163 LED linear tube lamps with internal drivers. These products were not
included in this study because this product category is ineligible for PG&E incentives at this time.

3 This excludes metal halide high bay fixtures, which were not considered due to a recent retrofit in 2010.

1
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PROJECT RESULTS

The project confirmed that completing a store-wide, comprehensive LED retrofit is not only
feasible, but cost-effective as well. Overall, the project achieved a 58% reduction in energy
use for LEDA eligible products, and 47% on a store-wide basis. Fry’s was very satisfied with
the energy savings, projected maintenance savings, and lighting quality provided by the
LED products that were installed. For products that were eligible for a LEDA incentive, Fry’s
achieved a simple project payback (SPP) of 5.8 years and an ROI of 17.3% without an
incentive, not including installation costs. With the LEDA incentive, the qualifying products
achieved a 4.1 year SPP and 24.2% ROI, not including installation costs. Accounting for
both the LEDA incentive and maintenance savings, the project achieved a 3.3 year SPP, and
30.5% ROL.

LEDA qualified equipment accounted for 50% of the overall project cost.* The remaining
equipment did not receive an incentive, but is still projected to achieve substantial energy
and maintenance savings. Storewide, including installation costs of maintenance savings,
the project achieved a 5.0 year SPP and 19.8% ROI without an incentive, and 4.4 year SPP
and 22.8% ROI with the LEDA incentive. Payback periods can be significantly reduced by
incorporating retrofits into regularly scheduled maintenance, which reduces installation
costs. For LEDA qualified equipment, the investment generated a Net Present Value (NPV)
of $94,944 and $177,693 when accounting for installation costs and maintenance savings
over the estimated 12 year average product lifetime of the LED retrofit. Storewide, the
investment generated a Net Present Value (NPV) of $225,518 when accounting for
installation costs and maintenance savings.

SUMMARY OF FINDINGS:

1) Utility incentive programs can continue to address LED market barriers by providing
appropriate incentives and services, such as rigorous product qualification standards.

2) Due to the long lifetime of LED retrofits, consumers and utility programs should
consider lifecycle costs and benefits rather than simply first cost and simple payback
in evaluating LED retrofit projects and options.

3) On-Bill Financing can reduce the high initial project cost of LED retrofits and
encourage adoption of comprehensive retrofits.

4) LED linear tubes, which have significant savings potential, merit further study to
address product quality and safety concerns.

5) Utility programs can expand early commercialization of LED incentive programs to
encourage a comprehensive retrofit approach.

6) Utility programs can integrate advanced lighting controls within existing LED
incentive programs to achieve deeper energy savings and improved facility asset
management through operational efficiency.

4 88% of non-qualifying equipment was composed of LED Linear tubes, which are not currently eligible for LEDA
incentive, and high wattage downlights, which do not have an appropriate product category within LEDA.

2
Pacific Gas and
. Electric Company®




PG&E’s Emerging Technologies Program ET12PGE1481

Finding#1: Utility incentive programs can continue to address LED market
barriers by providing appropriate incentives and services, such as rigorous
product qualification standards.

LED lamps and fixtures remain in the early commercialization stage and require utility
program intervention to address market barriers including high initial product costs as well
as variability in product quality. The high initial product cost remains the most significant
barrier to widespread LED replacement lamps and fixtures. Without aggressive utility
incentives, these projects may not meet corporate payback requirements, which in this case
was two years (not including installation costs).> Product quality also continues to be a
concern; although Fry’s was very satisfied with the fixtures they ultimately selected, they
went through a multi-year fixture selection process in which many test fixtures performed
poorly during mockups.

Utility incentive programs can continue to address these market barriers by providing
incentives to reduce initial cost, coupled with rigorous product qualification standards. In
this pilot case, over 75% of the fixtures that Fry’s selected qualified for LEDA incentives that
reduced the project cost and made the retrofit possible,® demonstrating the influence
incentive programs can have in product selection. We recommend utility programs continue
to couple incentives and rigorous product qualification standards to accelerate the adoption
of high quality products in the market. The long lifetime of LED products means that
retrofits will occur far less frequently than before, increasing the importance of selecting
high quality products and ensuring customer satisfaction.

Finding#2: Due to the long lifetime of LED retrofits, consumers and utility
programs should consider lifecycle costs and benefits rather than simply first
cost and simple payback in evaluating LED retrofit projects and options.

High initial product cost can also be addressed through reframing those costs as lifetime
financial benefits. The long lifetime of LED fixtures means energy and maintenance savings
are much longer than previous efficiency retrofits. While simple payback may be useful for
retrofits with an expected lifetime of 4-6 years, it does not adequately account for the fact
that the LED product is actually generating savings for operational costs for many years
over its useful life. In the case of the Fry’s comprehensive LED retrofit, because the LED
measure lifetime is so long, the focus on short payback periods obscure the fact that the
investment has an ROI of 24.2% and NPV of $94,944 for equipment only, and an ROI of
30.5% a7nd NPV of $177,693 when including installation costs and projected maintenance
savings.

> While the store retrofit did not meet the two year payback requirement on its own, it did achieve a two year
payback, including the LEDA incentive, when bundled with a concurrent retrofit of Fry’s corporate office. The office
retrofit was primarily composed of recessed 2x4 fixtures with linear fluorescent lamps.

8 This does not account for LED Linear Tubes, which are not eligible for PG&E incentives at this time.

7 ROI and NPV values for LEDA eligible equipment only. NPV calculations assume a 7% discount rate and inflation
rate of 3%.
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Finding #3: On-bill financing can reduce high initial project costs of LED
retrofits and encourage adoption of comprehensive lighting retrofits.

The primary barrier to widespread LED adoption is the high initial cost (DOE 2013a). To
reduce or eliminate upfront project costs, we recommend utility programs continue to
integrate non-incentive services such as On-Bill Financing (OBF) into LED incentive
programs. OBF complements existing incentives to address the primary market barrier to
LED adoption by further reducing upfront capital costs, allowing customers to pay for the
retrofit through their energy bill, based on energy savings achieved. OBF encourages a
comprehensive approach to building retrofits by encouraging customers to bundle retrofits
and address fixtures that may not have been cost-effective on their own. If Fry’s had
utilized PG&E’s OBF for its comprehensive store retrofit, the LEDA eligible portion of the
project would have reduced upfront capital costs by 60%. This would change the project
economics from $100,000 upfront to $40,000 up front, or $40,000 phased over 3 years,
while the remaining $60,000 would be paid through energy savings from the store utility
bill. Accounting for maintenance savings and utilizing OBF, the project requires less than
$6,000 up front and achieves an NPV of $177,693 (including maintenance savings), while
the OBF loan is repaid through energy and maintenance savings. While this does not
address structural issues such as separated capital expense and operations and
maintenance (O&M) budgets or the need to float a loan while waiting for incentive and OBF
loan processing, it highlights the potential of OBF to reduce capital costs.

Finding #4: LED Linear Tubes, which have significant savings potential,
merit evaluation to determine whether these products should be considered
for future program incentives.

While LED linear tubes have had product quality concerns in the past, their quality is rapidly
improving. Roughly 12% of the Fry’s LED retrofit budget was used for the purchase of LED
linear tubes. As LED linear tubes continue to improve in quality and efficacy, it is likely that
their use will continue to grow. The Design Lighting Consortium now has a category of LED
linear tubes on their national recognized Qualified Product List, and many products have
been listed in the past six months. Linear tubes with external drivers which replace the
existing fluorescent ballasts and do not use existing lamp sockets have fewer electrical and
safety concerns. We recommend conducting further evaluation to determine whether these
products have sufficiently addressed prior quality and safety concerns and should be
considered for future program incentives.

Finding #5: Utility programs can expand LED commercialization incentive
programs and encourage a comprehensive retrofit approach.

The comprehensive retrofit approach reduces costs by achieving economies of scale on
equipment and installation costs, allowing companies to complete retrofits that may not
otherwise be cost effective. Utilities can expand early commercialization to non-retail
commercial buildings, where comprehensive retrofits may also be cost effective, particularly
for facilities with high hours of operation or large quantities of recessed fixtures with three
and four linear fluorescent lamps.
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Finding #6: Utility programs can integrate lighting controls within existing
LED incentive programs to achieve deeper savings and improved facility
asset management through operational efficiency.

Advanced controls allow facilities to realize additional benefits that extend beyond a simple
retrofit. Advanced controls play an important role in not only saving energy, but also by
providing data inputs to intelligently operate and control facility assets. They also provide
opportunities to achieve additional financial benefits by participating in utility Automated
Demand Response (ADR) programs and grid ancillary services. A recent study estimated the
global advanced lighting controls market will grow to over $5 billion by 2020, and is driven
by increased demand for both task tuning, via dimmable ballasts and drivers, and
occupancy information via occupancy sensors (Navigant 2013). The long lifetime of LED
products means that lighting LED retrofits likely represent the last major retrofit opportunity
for much of the lighting market,® so once a business has completed a comprehensive LED
retrofit, it is unlikely that they will conduct another major lighting retrofit for at least ten
years. During this time, we expect advanced lighting controls to achieve widespread market
adoption and play a major role in facility asset management. We recommend that utility
programs bundle future advanced controls installations with comprehensive retrofits, which
will give customers greater control of their facility assets and participate in future demand
management programs.

8 CREE, a major LED manufacturer, recently extended its warranty for certain products to 100,000 hours, which is
over 16 years, even with Fry’s high hours of operation

5
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INTRODUCTION

Commercial lighting consumes 349 TWh per year (DOE 2012a) and represents 50% of all
lighting energy use, roughly equal to the power output of 115 500 MW coal power plants.®
In California, commercial lighting uses roughly 19 TWh per year (CEC 2006). The
commercial lighting sector is dominated by linear fluorescent lamps, which accounts for
72% of lighting energy consumption, followed by High Intensity Discharge (HID) sources
(14%), compact fluorescents (5%), incandescents (4%), and halogen (4%) (DOE 2012a).
LED sources offer significant benefits over existing light sources, due to their high efficacy,
long operating life, minimal heat loss, dimmability and controllability, and durability (DOE
2013a). However, LEDs currently account for less than 1% of total energy consumption.

FIGURE 1. ANNUAL ELECTRICITY CONSUMPTION OF LIGHTING IN US

800 1 mIncandescent
@ Halogen
700 1 @ Compact Fluorescent
M Linear Fluorescent
600 1 m@HID 58

O LED/Other 349 | -

Annual Electricity Consumption

Residential Commercial Industrial QOutdoor Total

Source: DOE 2012a. US Lighting Market Characterization.

Despite the benefits of LEDs, their high initial cost remains a significant barrier to
widespread adoption. Many commercial businesses require a minimum of a two year (or
less) simple payback (time at which energy savings recuperate initial cost) on energy
efficiency upgrades (Energy Solutions 2012). LED fixture costs remain a major barrier to
large scale adoption. LED retrofits can be more cost-effective if the energy and maintenance
savings over their longer operating lifetime are taken into account in financial calculations.

9 Assumes a 70% capacity factor and 7% transmission and distribution losses for each coal power plant(Koomey et
al 2010).
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As LED efficacy and overall product quality (lifetime, reliability, distribution, and color
rendering) continues to improve, LEDs have made significant gains in replacing low-efficacy
sources such as incandescent, halogen, and HID lamps. This trend is expected to continue
as LEDs increase in efficacy and decrease in price.'® To date, most commercial LED retrofits
have been limited to A-lamps, exterior lighting and directional lighting such as PAR and
MR16 replacement lamps, as shown in Figure 2 (DOE 2013b). Even with commercial retrofit
activity to date, the following table illustrates how far LEDs still have to go - for almost all
applications LEDs represent no more than 1-2% of the installed stock.

TABLE1. US PREVALENCE OF LED SOURCES IN SELECT LIGHTING APPLICATIONS !

TABLE 2.1 U.5. PREVALENCE OF LED SOURCES IN SELECT LIGHTING APPLICATIONS [20, 1]

Estimated LED Penetration of
Installed Stock (%)’

<1

Application

A-Type =
— :
1 :

Motes:

1. Walues less than 0.1% are considered negligible.

2. These estimates have been updated using data from the 2010 U.S.
Lighting Market Characterizafion report.

10 The US Department of Energy (DOE) estimates that LED efficacy will improve by 20-25% and prices will decrease
by 50% from 2013 to 2015, for warm white LED packages with CCT 2580-3710 K and CRI>80) (DOE 2013c).

1 DOE 2013c. http://appsl.eere.energy.gov/buildings/publications/pdfs/ssl/ssl_mypp2013_web.pdf

7

Pacific Gas and
. Electric Company®




PG&E’s Emerging Technologies Program ET12PGE1481

FIGURE 2. COMPARISON OF CURRENT AND POTENTIAL LED SOURCE ENERGY SAVINGS FOR NINE COMMON APPLICATIONS

Comparison of Current and Potential LED Source Energy Savings

for Nine Common Applications

3,873 tBtu

W AT M Directional ™ MR16
ype irectiona 10%

W Decorative M Downlight Troffer, et al.* 6%

High Bay Streetlight Parking 12%

*Includes other common fluorescent fixtures

7%

4%

i 21%
\ 71 tBtu

S

2012 Energy Savings Potential
Energy Savings

Source: DOE 2013a. Adoption of Light Emitting Diodes in Common Lighting Applications.

Due to the high efficacy of linear fluorescent lamps, there have only recently been suitable
LED replacements for traditionally linear fluorescent applications, such as general purpose
commercial lighting (DOE 2013a).? Although fluorescent fixtures represent 80% of
commercial fixtures and 72% of energy use (DOE 2012a), they account for only 1% of 2012
LED energy savings (DOE 2013b). However, DOE estimates that LED replacements for linear
fluorescent lamps accounts for 30% of potential energy savings.

In March 2013, The US Department of Energy’s (DOE) Commercially Available LED Product
Evaluation and Reporting (CALIPER) program released a report on LED retrofits in recessed
troffers. The report described testing conducted on dedicated LED troffers, LED retrofit kits,
and LED linear replacement tubes. The study found that dedicated LED replacements for
1x4 and 2x4 luminaries, such as LED troffers, are ready to compete with recessed fixtures
using linear fluorescent lamps.'* The DOE estimates that LED efficacy will improve by 20-
25% and prices will decrease by 50% from 2013 to 2015 (DOE 2013c¢).

12 Based on the DesignLights Consortium (DLC) Qualified Products List (QPL), the first DLC qualified 2x4 troffers
were available in 2011, while four foot linear replacement lamps were first qualified in 2012.

13 Although there are many LED fixtures that provide better or equivalent lighting performance to a linear
fluorescent fixture, one third of LED troffers studied exhibited flicker when using 0-10V dimming (DOE 2013).
Therefore, maintaining high product quality standards remains an essential component of LED programs. In addition
to dedicated troffers, the study tested LED retrofit kits and LED replacement tubes, and found that many of these
products continue to have quality concerns.
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LEDS AVAILABLE FOR ALL COMMON LIGHTING APPLICATIONS

With the advent of high quality LED products for linear fluorescent applications, there are
now suitable LED fixtures for all common and retail lighting applications. A typical retail
store has a mixture of incandescent, halogen, HID, compact fluorescent and fluorescent
sources (DOE 2012a). To date, the majority of LED retrofits targeted non-fluorescent
sources, which represents only a small portion of total lighting energy use. With a growing
number of high-quality troffer, wrap, and strip fixtures available on the market, it is
increasingly feasible to complete a comprehensive LED retrofit across all common lighting
applications within commercial stores. A full-scale LED store retrofit has a number of
significant system-wide benefits, including improved lighting performance due to fewer
outages, better controllability (via 0-10V dimming), reduced energy and maintenance costs,
and reduced cooling loads.

FRY’S ELECTRONICS COMPREHENSIVE LED RETROFIT PILOT

Fry’s Electronics, Inc. is a major national consumer electronics retailer, with 34 locations
nationwide, half of which are in California. In 2011, in collaboration with PG&E’s Emerging
Technologies program and the LED Accelerator program (LEDA),* Fry’s Electronics began
assessing the potential of a complete store retrofit for all major lighting applications,
excluding high bay fixtures.'® Fry’s completed a full store retrofit in their flagship San Jose
store, which adjoins their corporate headquarters. This retrofit was conducted in parallel
with a comprehensive retrofit of the office headquarters to LED fixtures. Although this
retrofit was not included in the scope of this report, it provides an example of
comprehensive retrofit in an office environment. ' Like most commercial lighting
applications, the headquarters facility uses primarily fluorescent lighting, but also includes a
variety of MR16 lamps, PAR lamps, and incandescents in recessed cans.

Fry’s primary goals for the comprehensive store LED retrofit were to reduce energy and
maintenance costs and maintain, or improve upon, existing light quality. If the pilot is
successful and meets Fry’s lighting and economic requirements, Fry’s plans to expand the
retrofit to additional stores within PG&E territory.!” For the San Jose store, the lighting
applications for LED retrofit include:

e General Service Lighting: Linear Fluorescent
o 2x4 recessed troffers with prismatic lens with linear fluorescent lamps
2x4 surface mounted fixtures
1x4 suspended box louver fixtures with fluorescent lamps
1x4 wrap fixtures
1x4 hooded industrial strip fixtures
1x4 strip fixtures'®

O O O O O

14 PG&E’s third party LEDA program, administered by Energy Solutions, provides large multi-site commercial
businesses with calculated incentives for installing cutting edge LED products in large numbers. The program also
offers customized technical support, including lighting audits, product demonstration and selection, and product
specification assistance. For more information, see http://ledaccelerator.com/. In March 2013, The LEDA program
was recognized as an “Exemplary Program” in the Market Transformation category.

15 This includes 4 foot LED replacement tubes, which are not incentivized by LEDA at this time.
16 Similar to other commercial applications, the Fry’s office retrofit was composed of a
7 1n 2013, Fry’s is completing major LED retrofits in 4 additional stores within PG&E territory.

18 The majority of 1x4 strip fixtures were replaced with 4 foot LED replacement lamps with internal drivers. This
product category is not eligible for the LEDA program at this time and therefore was not included in this study.
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e General Service Lighting: Incandescent
o 60W incandescent candelabra lamps with standard screw base fixtures

e Downlighting: High Intensity Discharge
o 100W metal halide replacement in a cylinder pendent fixture
o 175W metal halide replacement in a recessed can fixture

e Directional Lighting: Parabolic Aluminized Reflector (PAR)
o 50W halogen PAR 20 lamps

To date, there have been very few field demonstration assessments of LED replacements for
linear fluorescent lighting, and none that we are aware of for a comprehensive store retrofit

across numerous fixture types. *°

9 To date, 20 of the 28 DOE GATEWAY demonstrations have been on exterior HID lighting, 6 of the other 8 studies
have focused on directional lighting in museums or hotels. In March 2013, DOE published an evaluation study of
dedicated LED troffers, LED retrofit kits, and LED linear tubes. However this study was completed in a mockup
environment and not completed as an actual retrofit in a commercial space.
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ASSESSMENT OBJECTIVES

SCALED FIELD PLACEMENT: DEFINITION AND INTENT

A scaled field placement is focused on evaluating product performance in multiple sites or
applications for potential broader market adoption. Scaled field placements allow
stakeholders with adoption influence, in this case a major consumer electronics retailer, to
experience the benefits of an energy efficiency or demand response measure. This Emerging
Technology project is categorized as a “Scaled Field Placement” due to its focus on a
comprehensive store retrofit for all major applications within a single Fry’s store and the
potential to subsequently scale this retrofit to additional store locations.?® A second
component of the study was to understand how a large retailer such as Fry’s evaluates
energy efficiency opportunities, makes lighting fixture selections, and scales them across its
many locations.

This Fry’s Scaled Field Placement will help utilities and efficiency organizations better
understand how to assist end-use customers in commercial and industrial lighting retrofits.
This will hopefully lead to broader, large-scale adoption of LED lighting, both by Fry’s and
throughout the commercial sector. A scaled field placement intends to reduce adoption
barriers such as information and search costs, performance uncertainties, as well as better
understanding of organizational practices. For further information on Scaled Field
Placements, see Appendix B.

The study assessed the feasibility of a comprehensive store LED retrofit, from both a
product quality and financial payback standpoint, with a specific focus on LED retrofits for
linear fluorescent lighting, and to identify opportunities to accelerate adoption of high
quality LED products in retail and commercial lighting applications. To achieve these goals,
the evaluation focuses on four key assessment objectives.

OBJECTIVE #1: EVALUATE ENERGY USE AND POWER QUALITY CHARACTERISTICS
Evaluate energy use and power characteristics, such as power draw, power factor, and total
harmonic distortion across each lighting system, where possible. The lighting system is
defined as the total number of fixtures in a specific end use application, and may include
measurements from multiple individual electrical circuits. Energy savings are thus calculated
on a per fixture basis, for each end use and aggregated at the store level. See “Product
Results” section for study results.

OBJECTIVE #2: EVALUATE LIGHTING SYSTEM PERFORMANCE AND QUALITY

Evaluate lighting system performance using photometric measurements and comparative
photographs. In addition to comparing the base and measure case, this study also uses
lighting modeling to create an accurate comparison between a new base case fixture and
the retrofit without having to conduct a complete re-lamping of the base case. See “Product
Results” section for study results.

20 Fry’s plans to retrofit four additional stores within PG&E territory in 2013.
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OBJECTIVE #3: CUSTOMER SATISFACTION AND DECISION MAKING SURVEY
Develop a detailed understanding the customer decision making process and how utility
programs can address adoption barriers through the implementation of a customer
satisfaction and decision making survey. The survey focuses on four core areas:
e Understanding how Fry’s evaluates and selects lighting products for use, with a
specific focus on their experience with the various fixtures.
e Evaluating the role of utility incentive programs and identifying areas in which utility
programs could address existing barriers to adoption.
e Identifying challenges in scaling technology to a large humber of stores.
e Evaluating store employee satisfaction with the lighting retrofit.

For additional detail on the customer satisfaction and decision making survey, please see
Appendix A. For survey results, please see section titled "Customer Satisfaction and
Decision Making Survey Results”.

OBJECTIVE #4: ASSESS THE ENERGY SAVINGS AND ECONOMIC IMPACTS OF A

COMPREHENSIVE RETROFIT
Perform a financial analysis to quantify project costs, energy savings, maintenance savings,
and other financial metrics such as simple payback and return on investment (ROI). These
metrics are calculated both at a fixture and store-wide level to identify the cost
effectiveness of both individual measures and a comprehensive store retrofit. For project
results, see the “Evaluation” section of this report.
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TECHNICAL APPROACH/TEST METHODOLOGY

FIELD TESTING OF TECHNOLOGY

This assessment was conducted at a Fry’s store in the San Jose Area. Through discussions
with Fry’s, this site was selected due to its representative lighting stock and proximity to
Fry’s corporate headquarters, which is located in an adjoining building. The Fry’s store
selected for this study was equipped with a variety of recessed fixtures, fluorescent strip
fixtures, A-lamps, PAR lamps, and metal halide downlights, which represents the range of
fixture types present in most Fry’s locations. The San Jose store retrofitted most major end-
use lighting applications throughout the store, including PAR lamps, recessed 2x4 fixtures,
downlights, 1x4 strip fixtures, and A lamps. These applications include general service
illumination and accent lighting for product illumination.

Field measurements were completed by Energy Solutions staff with assistance from Fry’s
staff, T Marshall Electric, and Chargon Electric. Lumen depreciation testing was conducted
by the California Lighting Technology Center at the University of California, Davis.*

Due to the similarities between Fry’s locations, there is potential to scale this demonstration
to a number of stores in the future. In addition, many of these LED fixtures, such as the
CREE CS14, only recently became available on the market. Although Fry’s has an Energy
Management System, the lighting controls do not include any advanced control mechanisms
such as dimming or scheduling, so the lights remain at full power during store operating and
stocking hours.

TEST PLAN

To conduct an effective Emerging Technology study, the evaluation team prepared and
planned for the primary steps of the study, which aimed to evaluate lighting system
performance, energy use, power quality and energy savings potential, as well as to assess
customer acceptance and product selection process.

In order to evaluate lighting system power characteristics and energy savings potential,
circuit-level electric power measurements were planned for areas with each base case and
retrofit technology. Preliminary site visits were carried out to identify study locations and
determine where electrical measurements would be taken for each fixture type.

For the lighting performance testing, photometric measurements were planned under the
base case and retrofit lighting systems. Measurements included grids of illuminance
measurement points to quantify overall light levels, as well as color temperature
measurements. Often it is desirable to re-commission the existing lighting system at a study
location (re-lamp and re-ballast fluorescents for example) in order to characterize the “as-

21 Energy Solutions has conducted a number of Emerging Technology assessments for a variety of clients, including
utilities, efficiency organizations, and international organizations such as the United Nations. For more information
about Energy Solutions’ qualifications, visit www.energy-solution.com.
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designed” or “as-built” system. However, due to the large-scale nature of the lighting
retrofit, it was not feasible to re-lamp and re-ballast each area in order to create a fair
comparison between the base and retrofit case. In place of a re-lamp and re-ballast, study
areas were modeled using lighting modeling software, where feasible, to create an
equivalent comparison between the base case and the retrofit case.??. An additional
component of lighting performance testing was before and after photographs to compare
qualitative appearance of the lighting under base case and retrofit systems.

Another aspect of test planning related to lighting performance was the assessment of
product lifetime and lumen depreciation for the fluorescent replacement fixtures. The CREE
CS14 was first commercially released in 2012, and was first listed on the Design Lights
Consortium Product List in October 2012. Due to the lack of existing product testing for
commercially installed CS14 fixtures, laboratory testing was also completed for the CS14
fixture to measure lumen output and lumen depreciation at 3,000 and 6,000 hours of
operation during the first year of operation.

In order to understand the product selection process for retail lighting, a product selection
survey was developed and administered to Fry’s employees in charge of facility energy
management. While the results reflect the criteria of only one organization, the survey is
intended to provide insight into the energy efficiency decision making processes of large
organizations, identify opportunities for utilities to address market adoption barriers, and
provide feedback on the overall satisfaction of this particular set of products.

METHODOLOGY

On October 26, 2012, Energy Solutions staff visited the Fry’s site and took power
measurements, photometric measurements, and photographic documentation for the
existing base case fixtures. The team returned on March 22, March 28, and April 26, 2013
to replicate these measurements on the retrofit LED fixtures.

POWER MEASUREMENTS

Power measurements were completed for six of eight fixture types studied. For three of the
eight study locations (Checkout Register Area fluorescents, Checkout Register Area
Chandelier incandescents, and Audio Room PAR lamps) circuits serving the study fixtures
were identified and measured at the electrical service panel. For one of the study locations
(Auto Install Garage fluorescents), fixture power was measured at the junction boxes in the
location. In two of the locations (Break Room and Restroom), fixture power was measured
at the wall switch. On-site measurements were conducted for both the base case and the
retrofit case using a PowerSight PS-3000. During the March 22, 2013 visit to take retrofit
measurements, it was found that the PS-3000 could not measure current for electrical loads
smaller than 0.5 amps, which were found on LED fixtures in the Restroom and Break Room.
These loads were measured on follow-up site visit, using a Fluke FLU-434 power analyzer
with i400s current clamps.?® All electrical work was completed by a certified electrician. The

22 Four of the six lighting environments were modeled using lighting modeling software. The remaining two
environments were not modeled due to significant ambient light intrusion from store high bay fixtures which made
an accurate comparison impossible without modeling much of the entire store, which was beyond the scope of
modeling exercise.

23 Further information on the PS-3000 and FLU-434 instruments are detailed in the ‘Instrumentation Plan’ section.
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lighting systems monitored had a static configuration, with no dimming or other system
controls enabled. The Fry’s store operates on an Energy Management System (EMS) which
controls lighting operations. Hours of operation estimates account for all open store hours,
stocking, and maintenance. Due to the consistent nature of the site’s operating hours,
instantaneous measurements were taken in lieu of long term power logging measurements
without any significant loss to data quality.

Measurements were taken at line voltage (120V or 277V) either at the electrical panel,
junction box, or at the wall switch. Voltage was measured by attaching the voltage probes
to the hot and neutral line. Current was measured using a current transformer. Power factor
and total harmonic distortion (THD) were also calculated by the PS-3000 and by the FLU-
434,

Checkout Register Area and Checkout Chandeliers

The Checkout Register Area is composed of 1x4 box louvers with linear fluorescent lamps,
operating at 277V, as well as chandeliers fixtures with candelabra lamps operating under a
decorative flame-shaped cover. These fixtures operate are 277V and 120V, respectively. All
measurements for the register area were taken at the electrical service panel. The linear
fluorescents were on three circuits and the chandeliers were on three circuits. The original
lighting audit listed the chandelier fixture as a 60W incandescent candelabra lamp.
However, high levels of THD on the chandelier circuits during the October 26, 2012 audit
suggested that the chandeliers were composed of a mixture between incandescent and
CFLs. Upon further investigation, the base case was found to be composed of roughly 25%
60W incandescents and 75% 19W CFLs.

Break Room

The Break Room is composed of nine 2x4 recessed fixtures operating at 277V. These
fixtures are controlled by two separate wall switches in a checkered configuration. The staff
was not able to locate a devoted circuit at the electrical panel, so measurements were taken
at the wall switch.

Auto Install Garage

The Auto Install Garage is composed of ceiling mounted 1x4 strip fixtures operating at
277V. The staff was not able to locate a devoted circuit at the electrical panel, so
measurements were taken at the junction box upstream of all fixtures.

Restroom

The Restroom is composed of five ceiling mounted 1x4 wrap fixtures operating at 277V.
Energy Solutions staff were not able to locate a devoted circuit at the electrical panel, so
measurements were taken at the switch. Fixtures are controlled by one main switch.

Audio Room

The Audio Room is composed of (29) 50W PAR 20 lamps operating at 120V.** Two of these
lamps were burned out during base case measurements. The PAR lamps are operated on
three dedicated circuits and recessed 2x4 fixtures are located on a separate circuit.

24 The Audio Room also includes recessed 2x4 fixtures, which are typically switched off and therefore not included as
part of the Audio Room study. These fixtures are located on a separate circuit from the PAR lamps.
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Customer Service Area

The Customer Service area is composed of metal halide fixtures operating at 277V. Staff
were not able to locate a devoted circuit at the electrical panel or any other location to take
power measurements, therefore no measurements were taken in this area. Measurements
are estimated using standard fixture wattages from manufacturer cut sheets.

Computer Sales Area

The Computer Sales area is composed of metal halide fixtures operating at 277V. Staff were
not able to locate a devoted circuit at the electrical panel or any other location to take
power measurements, therefore no measurements were taken in this area. Measurements
are estimated using standard fixture wattages from manufacturer cut sheets.

PHOTOMETRIC MEASUREMENTS

Illuminance and correlated color temperature (CCT) measurements were taken for both the
base and retrofit case. With the exception of the Audio Room, all measurements were taken
horizontally at the same height, with the light meter facing the ceiling. Illumination
measurements were taken in all seven areas evaluated in the lighting study. Location and
distribution of the measurements of each area are detailed by area in the section below.

Checkout Register Area

Measurements at the checkout counters were taken at each checkout kiosk in the middle of
each counter where customers place merchandise. Although this location did have a
significant number of lamp burnouts, measurement locations were selected to minimize
these effects on lighting measurements. Counters were separated by cash registers and
plastic displays which hold fliers and other printed materials. Each measurement was taken
in the center of the open counter to minimize light interference from the adjacent registers
which block some incoming light. Measurements were taken approximately five feet apart,
at a height of 39 inches (3 feet, 3 inches), the height of the counter.

Break Room

Measurements taken in the break room were taken on a 2’ x 4’ grid, matching the drop
ceiling tile grid. Measurements were taken in the center of each ceiling tile or fixture.
Measurements were spaced to capture the widest range of illuminance values by being
positioned directly underneath light fixtures and in between fixtures. Measurements were
taken at a height of 30 inches, the height of the tables.

Auto Install Garage

Measurements were spaced approximately 10’ x 4" apart in order to capture a range of light
levels from the relative position to the light fixtures, including directly underneath fixtures,
in between the two fixtures, and on either end of the room. Measurements were positioned
this way to capture light levels in each of the three car bays, where stereo installation took
place. Measurements in the Auto Install Garage were taken at both a height of zero and 30
inches, the latter per Illuminating Engineering Society of North America (IESNA)
recommendations recommended in The Lighting Handbook (IESNA 2011). This study uses
measurements taken at 30 inches for the purpose of evaluation. While the Auto Install
Garage typically has the car door bays open during operation, measurements were taken
with the bay doors closed to eliminate daylight intrusion.
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Restroom

A grid of 2x3 measurements was used due to the small size of the space, with
measurements spaced approximately 3’ x 3’ apart. One row of measurements was taken on
the countertop, and one taken in the center of the room parallel to the counter.
Measurements were taken in this manner to evaluate the range of light values across the
space by positioning one measurement row directly underneath the light fixture and the
other row in between the two light fixtures. Measurements were taken at counter height, 36
inches above the floor.

Audio Room

The audio room was the only area in the study that used a vertical grid for illuminance
measurements. The directional light sources illuminated a vertical display of speakers set
against a wall, providing a vertical, two dimensional plane for analysis. Measurements were
made against the wall display of speakers at a variety of heights and distances across the
display. Measurements were evenly spaced a foot apart along both the horizontal and
vertical axes, starting at a height of two feet. Measurements were spaced this way to
capture the distribution and maximum possible range of light levels by positioning
measurements directly underneath fixtures and between fixture installation points. In
addition, a row of measurements was taken at the floor (height of zero feet) to capture the
lowest possible illuminance values.

Computer Sales Area

Due to the irregular layout of the computer sales area, measurements did not conform to a
regularly shaped grid. Measurements were taken in the configuration show in Figure 3
below, spaced five feet apart in both directions. This specific configuration was used to
evaluate the range of light levels for measurements in relation to their position to the
fixtures. This included measurements positioned directly underneath fixtures, spaced in
between fixtures and at a fixed distance from the fixture. Measurements were taken at a
height of three feet, the height of the counters.
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FIGURE 3. COMPUTER SALES MEASUREMENT DIAGRAM
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Customer Service Area

A 3x3 measurement grid was used in the customer service area to assess the counters and
the walkway in between. Measurements were spaced approximately four feet apart in both
directions. This grid captured a range of light values across the customer service counters
ranging from directly underneath light fixtures to in between two fixtures. Measurements
were taken at a height of 43 inches, the height of the counter.

The height of the measurements per area is summarized in Table 2 below.

TABLE 2. MEASUREMENT HEIGHT BY AREA

Room Me_asurement Reason for )
Height Measurement Height

Checkout Register 39 inches Counter height

Area & Checkout

Chandeliers

Break room 30 inches Table height

Auto Install Garage 30 inches from IESNA recommendation
floor

Restroom 36 inches Counter height

Audio Room Varies Vertical grid against wall

Customer Service 43 inches Counter height

Area

Computer Sales Area | 30 inches Counter height
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Table 3, below, shows the color gradient used to represent light levels visually in the
illuminance tables in this report. The highest relative values have the darkest red coloration
and the lowest values have the lightest. The colors do not correspond to absolute values,
but rather relative percentages of the maximum illuminance found within each comparison
group of measurements (before and after). For example, the highest and lowest recorded
base case measurements in the Auto Install Garage, were 49.6 and 27.8 footcandles
respectively, and were both recorded under the base case lighting. The retrofit LED
measurements in the Auto Install Garage were concentrated in the middle of this range. The
color gradient provides a visual depiction of the lighting distribution of each system, where
tables with relatively consistent coloring indicate more even illumination levels and a lower
contrast ratio. Tables with redder and whiter cells indicate a more uneven distribution,
resulting in hotspots and under-lit areas, respectively.

TABLE 3. SAMPLE COLOR GRADIENT OF ILLUMINANCE MEASUREMENTS

Sample color gradient
90% | 80% | 70% | 60% | 50% | 40% | 30% | 20% | 10% | 0%

CORRELATED COLOR TEMPERATURE

Correlated Color Temperature (CCT) measurements were taken in all study areas before
and after the LED retrofit. In all cases, the measurements were taken with the meter
directly facing the light fixture to minimize obstruction or interference from other light
fixtures. In some areas, such as the Checkout Register Area and Computer Sales Area,
there was unavoidable light intrusion from external sources such as daylight from the store
entrance and the high bay HID fixtures.

PHOTOGRAPHS

Photographs were taken of the base case and retrofit to provide a qualitative comparison of
the visual impact resulting from the change in the lighting system. For each pair of
photographs, a Canon 40D DSLR used identical camera settings (shutter speed, f-stop, and
ISO). The photographs were used to visually characterize lighting distribution across the
space, and determine the lighting distribution patterns and the presence of over-lit and
under-lit areas.

LIGHTING SIMULATION

For this project, an accurate field comparison between the base case lamp configuration at
its design performance and the LED retrofit could not be completed without re-lamping
existing fixtures. At the time of the retrofit, many fixtures were burned out or near the end
of their useful life. The high degree of lamp lumen depreciation and burnouts negatively
impacted the base case measurements. However, given the broad scale of the project
retrofit, re-lamping the base case fixtures to create a representative base case was too
expensive and not considered feasible. In place of a re-lamp, lighting simulation software
was used to develop and compare a representative base case with the LED retrofit. This
comparison provides a simulation of base case fixtures performance for expected output.

Pacific Gas and
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Lighting simulations for this report were completed using AGi32, a software program
published by Lighting Analysts, Inc. With this program, the user creates a three-dimensional
model space and integrates light fixture data to create accurate simulations of how light
sources perform within the space. Additionally, the software includes tools to evaluate and
compare illuminance values. To construct the simulations, measurements of physical
dimensions were taken in each retrofit area of the Fry’'s store. These areas were then
recreated within the software. The modeled environments represent discrete areas of the
store featuring a range of LED retrofit technologies to evaluate. The specific areas chosen
each had well defined walls and boundaries, which minimizes intrusion from external light
sources. Each room was built in a separate modeling file to maintain isolation and to speed
up the rendering process. Simulations were completed for the following five areas within
Fry’s.

Break room

Auto Install Garage

Restroom

Audio Room

Customer Service Area

Lighting simulations could not be completed for the Checkout Register Area and Checkout
Chandeliers or the Computer Sales Area due to the open floor plan and substantial light
intrusion from other light fixtures, including the high bay metal halide fixtures located
throughout the store. The open floor plan made a 3D model impractical without building a
comprehensive model of the entire store to fully capture this lighting intrusion, which was
beyond the scope of this study.

For each area simulated in AGi32, an illuminance map was created from the lighting model
that highlights several pieces of information about the space:
¢ Objects and light fixtures within the space, such as tables, toilets, and internal walls
are depicted in blue and black outlines.
¢ Illuminance values simulating measurement points are represented by color-coded
numbers ranging from darkest (blue) to brightest (red).
e Illuminance isolines are represented by solid grey lines. Along each isoline, the
illuminance matches the value of the line’s label. These lines depict how light is
distributed across the space at different levels of illumination.

For more details on lighting simulation design, please see Appendix C.
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FIGURE 4. EXAMPLE OF AGI132 MoDEL OVERHEAD VIEW WITH ISOLINES

Baseline LED Retrofit
g Tl 21,7 7.7 8.2 8.5 23,8 8.5 8.0 9.1
= 10
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An additional feature of AGi32 is the ability to create three-dimensional rendered images of
the model. These renderings provide a visual, rather than data-based representation of how
the retrofit will perform. An example of a rendering is shown below.

FIGURE 5. EXAMPLE OF AGI32 MODEL RENDERING
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ENERGY SAVINGS AND ECONOMIC IMPACTS ASSESSMENT

An in depth energy and cost savings analysis was conducted for each product individually
and for the entire project. Store lights were assumed to operate 5,895 hours per year
(about 115 hours per week), based on feedback from Fry’s Corporate Energy Manager.
Energy costs were determined using the most current PG&E E19 rate schedule, which is
approximately $0.14/kWh.?* Avoided maintenance costs are based on the savings from the
number of times the existing lamp, fixture, and ballast would each need to be replaced
(which includes the cost of existing lamp/fixture/ballast and labor to install) during the
lifetime of the corresponding LED product. It is assumed that the labor to install the existing
products is half the labor cost of the corresponding LED product to install. While this is
highly dependent on fixture type, it is considered a suitable approximation for the purposes
of this study.

The study used the LEDA base case store lighting audit to determine fixture type and base
case wattage. Base case energy costs were calculated by multiplying base case wattage by
hours of operation and PG&E's rate schedule. Retrofit energy costs were determined in a
similar manner for retrofit fixtures. Annual energy savings were calculated by subtracting
retrofit energy costs from base case energy costs. Although the fixture lifetime varies per
fixture, when weighted by retrofit energy consumption, the average rated lifetime of the
products is 13.8 years, weighted by energy savings. The study assumed a more
conservative 12 year average project lifetime. While some fixtures, such as the LED A-
lamps, may have a shorter lifetime while others, such as the CR24 LED troffers, which have
a rated 16.7 year lifetime, may be much longer.

LED fixture costs were estimated based on budgetary estimates from distributors of each
product. The estimates did not include any adders and are estimates of what an Electrical
Contractor could expect to pay for these luminaires through Electrical Distribution. The
prices used may vary as a result of quantity and/or date of purchase and they do not
include freight, tax or lamps where applicable. Base case lamp and ballast costs were based
on online price research from Google Shopping or www.1000bulbs.com. Both resources
used were based on a single fixture purchase. To more accurately estimate pricing achieved
by purchasing in volume (both for base case replacement lamps and new LED fixtures),
product costs were reduced by 30%. Energy costs are assumed to increase annually at the
rate of inflation.

To calculate maintenance savings, the life cycle costs of the base case and retrofit case
were determined for the life of the LED retrofit fixture. The life cycle costs include the
number of replacement lamps (and labor cost to install them) necessary to match the rated
lifetime of the LED fixture. Maintenance costs are assumed to increase annual at the rate of
inflation.

The financial analysis used the following rates for financial calculations:
Inflation Rate: 3%

Discount Rate: 7%

Financing Rate: 0% (based on PG&E OBF program)

Project Lifetime: 12 years

Re-investment Rate: 5%

25 PG&E E19 rate schedule last updated July 1, 2012. For a full description of PG&E’s rate schedules, visit:
http://www.pge.com/tariffs/rateinfo.shtml
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DECISION MAKING AND SATISFACTION SURVEY

To develop the satisfaction survey, Energy Solutions conducted an initial interview with key
decision makers within Fry’s to develop an understanding of their internal decision making
structure and how energy efficiency opportunities are evaluated. Based on this initial
interview, the project team developed a survey which covered the following topics:
e Existing Operation
e Financial Metrics when considering energy savings opportunities
e Product Evaluation and fixture selection process
e Evaluating the impact of utility programs and external agencies in the selection
process
Scaling comprehensive store retrofits across all Fry’s stores
¢ Lighting Controls strategies such as Demand Response and occupancy based
dimming
e Employee response to lighting retrofit

Based on the feedback from this interview, Energy Solutions conducted two follow up
interviews with Fry’s representatives to discuss survey responses in further detail.

LUMEN MAINTENANCE STUDY

In order to quantify the degree to which LED fixture output will decrease over time (“lumen
depreciation”), photometric lab testing was completed for two CREE CS14 fixtures when
new (roughly zero hours of operation), and after 2,200 hours. Photometric testing was
conducted by the California Lighting Technology Center (CLTC) at the University of
California, Davis.

These tests include:
e Correlated Color Temperature (CCT) (Kelvin)
Color Rendering Index (CRI)
Light Output (lumens)
Power (watts)
Efficacy (lumens/watt)

Tests were performed with both a goniophotometer and an integrating sphere.

Integrating Sphere measurements were taken in accordance with LM-79, on a Yokogawa
PZ4000 power analyzer and made with a SMS-500 Spectrometer in a 2 meter integrating
sphere. Auxiliary correction was applied for fixture self absorptions. Goniophotometer
measurements were presented in accordance with LM-63-2002 and taken on a Xitron 2802
power analyzer with a T-10 Konica Minolta Illuminance meter. Stray light correction was
applied.

A follow-up test will be completed after 6,000 hours of operation in December 2013.
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FIGURE 6. CLTC SuMmMARY OF PHOTOMETRIC REPORT FOR CREE CS14

Integrating Sphere Goniophotometer
cct cRI C;'L?::' Power Efficacy OI:?::? Power Efficacy
(K) (lumens) (Watts) |(lumens/watt) (lumens) (Watts) | (lumens/watt)
Sample 1 3,914 91.9 4,144 359 115.4 4,035 36.2 111.5
Sample 2 3915 920 4,172 358 116.5 4,003 36.0 111.2

Note: All testing conducted at 277V by the California Lighting and Technology Center.

INSTRUMENTATION PLAN

Power measurements were obtained using a Summit Technologies PowerSight PS-3000 for
electrical loads above 0.5 amps. For electrical loads below 0.5 amps, a Fluke FLU-
434 series power analyzer was used. Photometric measurements were obtained
using a Konica Minolta CL-200. The PS-3000 and CL-200 were obtained on a loan
from the PG&E Pacific Energy Center Tool Lending Library. The FLU-434 was obtained
from an equipment rental company. All instruments were initially checked to ensure
they were functioning correctly. Instrumentation specifications are provided in Table
4 below.
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TABLE 4. STUDY INSTRUMENTATION

Correlated Power,
Variable Illumination Color Power Current Voltage
Temperature Quality
Instrument Konica Minolta Konica Minolta PowerSight PowerSight PowerSight
CL-200 CL-200 PS-3000; PS-3000; PS-3000;
Fluke FLU- Fluke FLU- Fluke FLU-
434 434 w/ i400s | 434
current
clamps
Units Foot-candles Kelvin Watts, PF, Amps Volts
THD
Measurement | 0.01-9,999 fc 0.5 fc or above Not given 1mA- 1-15,000
Range 5000Ans; Vims ;1-
0A-400As; 1,000 Vs
Accuracy (%) +£0.002 +2%=1 digit of | £1%; £1%; | £0.5%, £0.5%:;
displayed value +1% +£0.5%
Response time | 0.5 seconds 0.5 seconds 16 psec 16 psec 16 psec
Last Calibrated | 2011; 2012 2011; 2012 2011; 2012 | 2011; 2012 2011; 2012

Lighting simulations for this report were completed using AGi32, a software program
published by Lighting Analysts, Inc. This program creates three-dimensional models and
integrates light fixture data to create accurate simulations of how light sources perform
within a modeled space.
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PRODUCT BACKGROUND

This study evaluated LED technologies used in various lighting applications in a retail
setting, listed by technology and fixture type below. These lighting use cases are all
common in retail environments and are areas where LED technology is at various stages of
maturity in terms of readiness to compete with or exceed incumbent lighting technology
performance.

GENERAL SERVICE LIGHTING: LINEAR FLUORESCENT

2x4 Surface Mounted Fixtures and 2x4 Recessed Troffers with Prismatic Lens

with Linear Fluorescent Lamps

The predominate base case lighting fixture used for general illumination in office, training,
stock room, break room, and hallways in the study location was 2’ X 4’ (2x4) linear
fluorescent troffers — mostly 4 lamp fixtures. The LED replacement technology selected by
FRY’s for these applications is the CREE CR24 series LED troffer. Ninety such fixtures were
installed during the lighting retrofit at Fry’s.

TaBLE 5. CREE CR24 LED TROFFERS (CR24-40L-40K, CR24-40LHE-40K)

DESCRIPTION OuTPUT WATTAGE EFFICACY CCT CRI LIFETIME
High-performance 50-
integrated 2x4 LED 4,000 Im 36 to 44 W 90 - 130 Im/W 4000K >90 100,000
troffers HOURS

The CREE CR troffers are amongst the highest performance interior LED light fixtures on the
market, with efficacy up to 130 Im/W being at the highest range for products found on the
Design Lights Consortium (DLC) Qualified Product List.?® For 2x4 troffer replacement kits
and integrated fixtures on the list, the average efficacy is currently around 88 Im/W with
average output of 4,800 Im. Average CRI is 83, whereas the CREE CR troffers exhibit very
high CRI for this product class, at over 90. The stated design life of 50,000 to 100,000
hours is also very attractive.?’

1x4 Suspended and Surface Mounted Wrap and Strip Fixtures with

Fluorescent Lamps

These types of fluorescent fixtures are more industrial or utilitarian in nature and are
normally used in areas where fixture aesthetics are less of a concern. The fixture body is
very basic and there is little optical or reflector design; often the fixtures simply run one
(1X4) to two (1X8) bare fluorescent lamps, installed in long strings to cover a space with
general illumination. In the study location, these fixtures were in the storage, electrical,
auto install, and restroom areas.

26 The DesignLights Consortium (DLC) is a project of Northeast Energy Efficiency Partnership (NEEP), a group that
promotes efficient and high quality lighting.

27 The CR24 troffers installed at Fry’s have a rated lifetime of 100,000 hours.
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For the LED retrofit option, Fry’s chose the CREE CR-LE-40L-40K-S, which uses the same
LED light engine found in the CR24-40L-40K 2x4 LED troffer, but without the accompanying
2’ wide fixture form and housing. Around 120 strip and wrap fixtures were retrofitted in this
way.

1x4 Suspended Box Louver Fixtures with Fluorescent Lamps?®®

These types of fixtures are used in the cash register and customer check out area of the
study location. Fry’s installed 163 1x4 LED fixtures in place of the suspended box louver
fluorescent fixtures.

TaBLE 6. CREE CS14 LED TROFFERS (CS14-40LHE-40K)

DESCRIPTION OuTPUT WATTAGE EFFICACY CCT CRI LIFETIME
High-performance 50,000 -
integrated 1X4 LED 4,000 Im 36 W 119 Im/W 4000K 92 75,000
troffers HOURS

The average efficacy of DLC qualified 1x4 replacement fixtures and kits is 88 Im/W. Average
output on the list for these products is around 3500 Im, with average wattage of 40W. The
high efficacy CS14 installed for this retrofit comes in with higher output, lower wattage, and
amongst the best efficacy ratings on the DLC list. It is described by CREE as a compact,
lightweight fixture design, easy to install in grocery, retail, and light industrial applications.

GENERAL SERVICE LIGHTING: INCANDESCENT

In the customer checkout area as well as in select locations on the sales floor (TV sales,
café area), the base case lighting fixture is a unique suspended chandelier with five
candelabra-style globes that each contain a 60W candelabra lamp. There are 70 such
fixtures at the Fry’s location, with a total of 350 lamps. It was found that there was a mix of
CFL and incandescent type B lamps installed in these fixtures (IESNA 2011).?° Fry’s chose
the Philips EnduraLED 12W LED A lamp to replace the CFL and incandescent lamps.

28 Over 240 1x4 and 1X8 strip fixtures were retrofitted with 4 foot LED replacement lamps with internal drivers in
the existing fluorescent fixtures. This product category is not eligible for the LEDA program at this time and
therefore was not included in this study.

2 B type incandescent fixture as defined in the IESNA Handbook. Although Fry’s uses a 60W B lamp in this
decorative fixture, a standard A lamp is also suitable.

Pacific Gas and
. Electric Company®
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FIGURE 7. 60W INCANDESCENT A LAMPS WITH STANDARD SCREW BASE IN SUSPENDED CANDELABRA CHANDELIER

[

The EnduraLED A lamps are dimmable, though this feature is not used in the study location.
They are designed for 25,000 hours of operation which is significantly longer than the rated
life of incandescent lamps (1,000 hours) and CFLs (6,000-15,000 hours). Energy Star -listed
A lamps range in wattage from 6W to 12W and average 720 Im output. Efficacies for LED A
lamps on the list range from 50 to 100 Im/W with an average around 65Im/W, close to the
rated performance of the EnduraLED A lamp used at Fry’s.

TABLE 7. PHILIPS ENDURALED 12W A LAvP

DESCRIPTION OuTtPuT WATTAGE EFFICACY CCT CRI LIFETIME
Warm white LED A lamp, 25 000
60W incandescent 800 Im 12.5W 64 Im/W 2700K 80 !

replacement

DOWNLIGHTING: HIGH INTENSITY DISCHARGE

100W Metal Halide Replacement in a Cylinder Pendent Fixture

There were 16 100W metal halide (120W connected load) pendant mounted cylinder
downlights suspended from the 20’ ceiling in the customer returns area of the store. These
were replaced with CREE Essentia high output LED downlights.
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TABLE 8. CREE ESSENTIA 75W LED DoOWNLIGHT (ESA-C10-WD-42-D)

DESCRIPTION OutPuT WATTAGE EFFICACY CCT CRI LIFETIME
10” cylinder downlight
with 42 high output 3829 Im 75 W 50 Im/W 4000K 80 50,000 HOURS
LEDs

These fixtures carry an impressive ten year warranty and are designed for very high lumen
maintenance over the fixture lifetime (90% output at 50,000 hours), meaning that this
product should last significantly longer than the base case MH (typically rated for a
maximum of 15,000 - 20,000 hours).

Energy Star maintains a qualified product list for LED downlights, with recessed, pendant,
and surface mounted options; both residential and commercial. The fixtures on that list
range in output from 300 to over 7,000 Im. The average output is 940 Im and the average
wattage is 17W; both considerably lower than the 75W Essentia, which is intended for
higher output applications than many residential models included in the list. The average
efficacy of the Energy Star listed LED downlights is 56 Im/W, and for fixtures with lumen
output higher than 3,000 Im, average efficacy is 66 Im/W. The Essentia fixture is then on
the lower end of the range in terms of efficacy.

175W Metal Halide Replacement in a Recessed Can Fixture

There were 40 175W metal halide (210W connected load) recessed can fixtures mounted in
the 15’ ceiling in the computer sales area of the store. These were retrofitted with CREE
Essentia cylinder fixtures using a CREE’s "Hangstraight Pendant” mount to attach to the
sloped ceiling.

TABLE 9. CREE ESSENTIA 100W LED DOWNLIGHT (ESA-C10-MD-56-D)

DESCRIPTION OuTPUT WATTAGE EFFICACY CCT CRI LIFETIME
10” cylinder downlight 50.000
with 56 high output 5432 Im 100 W 54 Im/W 4000K 80 !
LEDs HOURS

These are essentially a higher wattage, higher output version of the Essentia LED cylinder
fixtures installed in the customer service area. Again, they carry a 10-year warranty and are
specified for over 50,000 hours of operation.

DIRECTIONAL LIGHTING: PARABOLIC ALUMINIZED REFLECTOR
(PAR)

50W Halogen PAR20 Lamps

There are roughly 45 directional lighting fixtures installed in audio sections of the store to
highlight merchandise on the sales floor. These fixtures were operating 50W halogen PAR20
lamps on track fixtures and some 37W R40 CFL lamps in recessed cans. The lamps in these

Pacific Gas and
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track and recessed fixtures were replaced with Green Creative Titanium 2.0 7W LED PAR
lamps.

TABLE 10. TiTANIUM SERIES 2.0 LED PAR20 7W Dim (GC.7PAR20TITDIM830FL40)

DESCRIPTION OuTPUT WATTAGE EFFICACY CCT CRI LIFETIME
7 W warm white flood 40,000
angle PAR20 350 Im 7 W 50 Im/W 3000K 85 o

For LED PAR style replacement lamps, the Energy Star lists almost 1,300 qualified products,
ranging in output from 200 Im to 1,600 Im, with an average output of 800 Im. The Titanium
PAR20s are on the lower end of the output scale, but the smaller PAR20 form factor is
naturally a lower output option than the PAR38 form that is also common on the list.
Efficacy of PAR lamps on the list range from 39 to 86 Im/W, with an average of 58 Im/W;
again, higher than the Titanium PAR20s.

BASE CASE TECHNOLOGY PERFORMANCE

General service lighting is often provided by linear fluorescent lamps in troffers, wrap
fixtures and strip fixtures, as well as simple incandescent and compact fluorescent A-lamps
in downlights and very basic fixtures and sockets. In some higher output general lighting
fixtures, a high intensity discharge light source may be used, such as large high bay metal
halide fixtures. Table 11 below lists the efficacy and color rendering properties of the most
common base case sources for interior lighting.*°

TABLE 11. EFFICACIES AND COLOR RENDERING ABILITY OF BASE CASE LIGHTING TECHNOLOGIES

LAMP TECHNOLOGY EFFICACY RANGE COLOR RENDERING
(LUMENS PER WATT)
Standard Incandescent 7 to 15 Excellent (100)
Tungsten Halogen 15 to 25 Excellent (100)
Compact Fluorescent 25to 75 Good (70+) to Excellent (80+)
Fluorescent Tubes 65 to 95+ Medium (60+) to Excellent (80+)
Metal Halide 45 to 95+ Fair (50+) to Good (70+)

LED lighting options have to target equivalent or better performance relative to each base
case source and application in order to provide a competitive alternative. In the past several
years, LED chip technology as well design developments for the integration of LED chips into
lighting service products have advanced considerably. LED lighting products from LED
fixtures for replacing existing light fixtures to LED lamps that can be used in existing
fixtures, are proliferating in the commercial and consumer market. These products have
shown that in many cases they can meet or exceed base case lighting technology
performance. LEDs also carry the promise of much longer lifetimes - the solid state, low

30 Adapted from Table 1 on page 4 of Green Seal Choose Green Report - Linear Fluorescent Luminaires.
http://www.wbdg.org/ccb/GREEN/REPORTS/cgrlinearfluor.pdf
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voltage nature of the light emitting diode is simple and robust and can result in products
with rated lifetimes of 50,000 hours or more.

DIRECTIONAL LIGHTING

The nature of the LED light source, a diode that emits light from only one side of a silicon
semiconductor, is quite different than filament-based technologies in bulbs, and
gas/electrode combinations in fluorescent tubes. Whereas LEDs are inherently directional,
the base case sources emit light roughly in all directions (“omnidirectional” sources). The
directionality of LED lighting and its high efficacy has made accent lighting an early target
for LED replacement lamps. Accent lighting has traditionally been provided by incandescent
lamps with an aluminized reflector (most commonly halogen-filled) to concentrate the beam
spread. Because LEDs are already directional in nature, less optical management is
necessary to direct the light toward the target.

FIGURE 8. INCANDESCENT HALOGEN PAR LAMP (LEFT) AND LED PAR REPLACEMENT LAMP (RIGHT)

LED Photo Credit: Green Creative

For several years, lighting manufacturers have been developing and refining LED directional
lamps to replace incumbent incandescent reflector lamp technologies. Today, LED options
are quite competitive in terms of lighting and energy performance. In 2012, LEDs accounted
for 4.6% of the installed base for directional lighting, up from less than 1% in 2010 (DOE
2013a). The DOE Lighting Facts Product Snapshot reports for replacement lamps (2010,
2011 and 2012) and the Lighting Facts database of products depicts the growth in the LED
market and the wide availability of products. In 2010, directional LED lamps comprised
almost 75% of the products listed in Lighting Facts, and they continue to dominate the
lamps listed today. In Figure 9, the green and brown trend lines show the historic
dominance of LED directional lighting relative to all listed LED lighting products.
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FIGURE 9. CUMULATIVE LED REPLACEMENT LAMPS IN LIGHTING FACTS DATABASE®" (DOE 20128B)
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Source: DOE 2012b

According to a recent DOE lighting fact sheet, “a wide variety of LED directional lamps are
now available [and] compare favorably to conventional directional lamps, having higher
efficacy, acceptable color quality, and a range of available luminous intensity
distributions.”*?

Energy Star currently lists over 1,500 qualified LED PAR replacement lamps, with average
efficacy over 57 lumens per watt,3® which compares very favorably to the high end efficacy
of 25 lumens per watt for halogen PAR lamps, from Table 11. LED options have also
increasingly focused on the ever-important color rendering properties of directional lighting
for retail applications and LED lamps are now available with high CRI and R9 values.>*

31 Based on a March 2012 Product Snapshot.
http://www.lightingfacts.com/downloads/July 2012 LF Product Snapshot.PDF

32 LED Directional Lamps Fact Sheet
http://appsl.eere.energy.gov/buildings/publications/pdfs/ssl/led directional lamps.pdf

33 ENERGY STAR Light Bulbs for Consumers:
http://www.energystar.gov/index.cfm?fuseaction=find a product.showProductGroup&pgw code=LB

34 The Color Rendering Index is the method of measurement to standardize how well colors from a light source are
rendered compare with light from a reference source such as sunlight. CRI combines rendering results from
standard pigment samples R1 — R8. The R9 value is not accounted for in the CRI value, but is important to
characterize color performance for strong, vibrant reds prevalent in skin tones, clothes, food items, and more.
Therefore R9 is beginning to receive attention as an important color rendering property for LEDs.
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FIGURE 10. ENERGY STAR LISTED COMMERCIAL LED DIRECTIONAL DOWNLIGHTS AND EFFICACY DISTRIBUTION

= Total products

listed

1400 1600 350 -
2 > 2
9 1200 1400 5 8300 -

[=
© w o
© 1000 1200 o 2250 -
o v~ [- B
- 800 1000 :‘ 2 8 200 -
% 2E %
()] a— i
2 600 800 gk 2 150
S 400 600 O S 100 -
5 ® o
£ 200 400 & 8 50 -
£ [ £
3 0 200 3 0+
oM '56 D?) (96) 66 /\(’) %‘) 0(0
»&Q\’L W

Lumens per Watt

DOWNLIGHTING

Downlighting is another category of lighting service that was targeted early on by LED
manufacturers and designers. Downlight fixtures are often recessed into a ceiling plenum,
providing light downward into the illuminated space. Pendant mounted can-style downlights
are another common option. Downlighting is considered “ambient lighting,” in that it is not
generally targeted at a specific object. Though not as concentrated as accent lighting, it is
still somewhat directional in nature; the intensity distribution from a downlight will be
focused only or mostly in the downward direction. The semi-directional nature of downlights
made them an early target for LED replacements. Figure 11 shows an example of an
integrated LED downlight fixture and how it appears installed in a residential application.
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FIGURE 11. LED DOWNLIGHT FIXTURE AND RESIDENTIAL INSTALLATION EXAMPLE (DOE GATEWAY DEMONSTRATION)

Source: DOE GATEWAY Demonstration®

Integrated downlight fixtures with LED light sources have been available for residential and
commercial applications for several years, and even early fixtures exhibited high efficacy
and performance. A DOE study from 2008 on a commercially available LED downlight fixture
found energy savings of over 80% compared to incandescent and halogen options, and
consistently higher light levels as well.3®

Energy Star maintains a list of qualified LED fixtures including LED integrated downlight
fixtures and replacement kits, with requirements such as a) at least 75% of output being in
the downward direction (0° to 60° from nadir) and b) an efficacy of greater than or equal to
45 lumens per watt. There are over 1,500 LED commercial and residential downlights
(recessed, pendant, and surface mounted) currently listed with Energy Star, as shown in
Figure 12, with average efficacy of around 56 lumens per watt.?’

35 http://appsl.eere.energy.gov/buildings/publications/pdfs/ssl/gateway eugene.pdf

3¢pacific Northwest National Laboratory. Demonstration Assessment of Light-Emitting Diode (LED) Residential
Downlights and Undercabinet Lights. Rep. Pacific Northwest National Laboratory, Oct. 2008. Web. June 2012.
<http://appsl.eere.energy.gov/buildings/publications/pdfs/ssl/gateway_eugene.pdf>

37 ENERGY STAR fixture specifications:
http://www.energystar.gov/ia/partners/product specs/program regs/Final Luminaires V1 2.pdf?eb95-8a31

ENERGY STAR Light Fixtures for Consumers:
http://www.energystar.gov/index.cfm?fuseaction=find a product.showProductGroup&pgw code=LU
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FIGURE 12. ENERGY STAR LISTED RESIDENTIAL AND COMMERCIAL LED DOWNLIGHTS AND EFFICACY DISTRIBUTION
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GENERAL SERVICE LIGHTING

The movement of LEDs from directional lighting service and downlights to general service
lighting applications with more broadly distributed illumination has lagged behind more
directional applications, but is now well underway. The largest targets are standard “Edison”
based A lamps, the ubiquitous light bulb used in residential desk lamps, ceiling fixtures, and
some commercial applications, as well as fluorescent lamps widely used for general office
lighting and ambient lighting in retail spaces. Screw-in A lamps are the most common light
source in the U.S., with over 2 billion incandescent and another billion CFL A lamps
currently installed (DOE 2012a). They are also the least efficient, especially in terms of
incandescent lamp efficacy, only 10 -17 lumens per watt*® and CFL efficacy of 25 - 75
lumens per watt. The four foot T8 fluorescent lamps used in general service lighting fixtures
primarily for commercial spaces are the next most common light source in terms of lamp
numbers, totaling over 1 billion in the U.S. Four foot T8 lamps alone account for roughly
one third of lighting energy in the commercial sector and linear fluorescent lamps as a
whole, including all lamp sizes and styles, account for 72% of lighting energy (123 TWh per
year) in the commercial sector and 36% of all lighting in the U.S. (DOE 2012a). Much of
the high annual energy use of this lighting category is not only attributable to the high
number of installed fixtures but also to their high annual operating hours.

LED chip-level efficacies, at well over 100 lumens per watt, compare very favorably to the
low efficacy of incandescent technology and are also competitive to the higher efficacy of
fluorescent lamps, which can range from 80 to 100 lumens per watt (bare lamp). Relative to
the incumbent general service lighting technologies, LEDs are quite efficient at turning
electric power into visible light. However, the light from fluorescent and incandescent
sources is roughly isotropic; light is emitted at roughly the same intensity in all directions.
To provide similar lighting distribution to incandescent A lamps or fluorescent tubes, LED
lighting must be skillfully directed by innovative product design to provide omnidirectional or
near-omnidirectional output.

38 http://energy.gov/energysaver/articles/incandescent-lighting
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General Service Lighting: A Lamps

Given the state of LED technology and new product designs, it appears that the opportunity
for general service LED lighting has arrived. In fact, LED offerings in these categories are
advancing rapidly. For example, in 2008 the DOE launched the L-Prize to spur innovation in
the LED A lamp replacement market and develop a suitable replacement for the 60W
incandescent.>® The first winner, from Philips Lighting North America, was announced in
August of 2011, and provides a 910 lumen output and 93.4 lumen per watt efficacy. The L-
Prize lamp is perhaps one of the most rigorously tested products in the history of lighting.
Figure 13 shows stress testing during the evaluation process. Note that 100% of the CFLs
have burned out, while none of the Philips lamps have burned out yet.

FIGURE 13. PHILIPS L PRIZE LED LAMP STRESS TESTING ALONGSIDE CFL A LAMPS

Source: Department of Energy40

As of July 2013, there were over 120 A lamp products that meet Energy Star’s lighting and
energy performance requirements available, as seen in Figure 14. The red trend line shown
previously in Figure 12 demonstrates growth in DOE Lighting Facts listings for this product
category.

39 http://www.lightingprize.org/60watttest.stm
40 ibid

Pacific Gas and
. Electric Company®

36



http://www.lightingprize.org/60watttest.stm

PG&E’s Emerging Technologies Program ET12PGE1481

FIGURE 14. ENERGY STAR LISTED LED A LAMPS AND EFFICACY DISTRIBUTION
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General Service Lighting: Linear Fluorescent

LED products are making rapid progress in the fluorescent lighting space. Fluorescent
lighting includes 1, 2, and 3 lamp T8 “troffer” style fixtures typically used to illuminate office
spaces, as well as the more utilitarian fluorescent “strip” fixture, essentially a bare lamp
socketed along a suspended metal channel. Strip and wrap fixtures are typically used in
spaces where aesthetics and glare are less of a concern, such as industrial applications,
some big box retail environments, and garages. All of these fixture types can either be
ceiling or wall surface mounted or suspended from pendants that bring the fixture closer to
the space needing to be illuminated in a higher ceiling location.

For fluorescent products, LED options are evolving along several different paths. There are
LED replacement lamps, essentially long tubes mimicking the form factor of the T8 lamp,
which are designed for installation in existing troffers and strip fixtures. There are also
integrated LED fixtures that have been designed around use of the LED light source,
directing the light, managing thermal issues, etc. These are not retrofits for existing fixtures
but rather are products intended to completely replace them in existing spaces or in new
construction. A third path in the troffer market is the LED replacement kit, which is typically
an LED light engine and components that are designed to be inserted into an existing
fluorescent fixture housing from which the fluorescent components (sockets, ballast
housing, etc.) have been removed.
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FIGURE 15. EXAMPLE LED REPLACEMENT OPTIONS FOR FLUORESCENTS: CREE CR FIXTURE AND UPKIT AND UR
REPLACEMENT LAMPS

Photo Credit: CREE, Inc.

The challenge with LED replacement lamps is that the directional output of LED chips must
be adapted to a fluorescent fixture that was designed around reflecting and directing light
from an isotropic lighting source downward into the illuminated space. However fluorescent
troffers are typically only 60% to 70% efficient in getting the fluorescent lamp lumens out
of the fixture, so even though fluorescent lamps may have efficacies of 80 to 100 lumens
per watt, fixture level efficacy may be in the 50 to 70 lumen per watt range. If LEDs can do
a better job of emitting light out of the fixture than fluorescent options that involve inherent
fixture losses associated with re-directing an isotropic source , they should be able to
improve on troffer efficacy and compete well with fluorescents.

Another challenge with LED replacement tube lamps is that fluorescent tubes are powered
by magnetic or electronic ballasts that must be either bypassed to provide line voltage to
the lamp sockets or replaced with an LED driver in the fixture in order for LED replacements
to work. Fluorescent ballasts supply AC current at a frequency and voltage incompatible
with LED drivers that are designed to accept mains voltage and frequency.

Both of those issues are addressed by integrated LED fixture and retrofit kit design, where
optics are designed specifically around the LED light source and wiring and electronics are
also engineered for LEDs. Indeed, integrated LED troffers are proving to be the most
competitive linear fluorescent replacement offering on the market in terms of lighting
performance, as elucidated by a recent DOE study comparing the performance of LED
replacement lamp options with integrated LED fixtures and LED retrofit kits. Overall, the
study found that the newest integrated LED troffers were the most competitive with
fluorescents on efficacy and various lighting quality metrics; with efficacy over 90 lumens
per watt achievable and quality color rendering available as well. For fixtures retrofitted with
LED tube lamps, the study found the same efficacy and wattage range as fluorescent
benchmarks, but concluded that the LED options did not necessarily offer an energy savings
opportunity when compared to fluorescent troffers equipped with 25 or 28 W high-
performance lamps and electronic dimming ballasts. Color quality from the LED replacement
lamps also ranged widely so the report recommended that specifiers exercise care when
selecting products.
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Given the proliferation of LED products in the three paths for replacement of linear
fluorescents (fixtures, kits, and replacement lamps), the DesignLights Consortium (DLC), a
project of Northeast Energy Efficiency Partnership (NEEP) that promotes efficient and high
quality lighting, has developed lighting and energy performance criteria for LED replacement
products for fluorescents. The rigorous requirements ensure that light output, distribution,
color quality, and lifetime are robust enough to provide customer satisfaction and match or
improve over incumbent fluorescent energy performance. Some of the DLC lighting quality
and output requirements for LED replacement options for fluorescents are provided in Table
12 below.

TABLE 12. DESIGN LIGHT CONSORTIUM LIGHTING QUALITY REQUIREMENTS FOR LED FLUORESCENT REPLACEMENT
PRrRODUCTS

APPLICATION MINIMUM LIGHT MINIMUM CCTs MINIMUM
OuTPUT EFFICACY CRI
2x2 Luminaires and Retrofit Kits for 2,000 Im 85 Im/W <5000K 80

2x2 Luminaires for Ambient Lighting
of Interior Commercial Spaces

1x4 Luminaires and Retrofit Kits for 1,500 Im 85 Im/W <5000K 80
1x4 Luminaires for Ambient Lighting
of Interior Commercial Spaces

2x4 Luminaires and Retrofit Kits for 3,000 Im 85 Im/W <5000K 80
2x4 Luminaires for Ambient Lighting
of Interior Commercial Spaces

Four-foot Linear Replacement 2 Lamps in Fixture: In Fixture: <5000K 80
Lamps 3,000 Im 85 Im/W
Bare Lamp: 1,600 Im Bare Lamp:
100 Im/W

For the fluorescent replacement products that have qualified for the DLC qualified products
list, integrated fixtures have been the most successful at meeting the performance
requirements; nearly 450 models have been qualified so far (see Figure 16). LED
replacement lamps are beginning to pick up steam as well, with most products qualifying
only in the past six months. This too is an encouraging development, since many of the first
LED tube lamps available on the market were shown to often under deliver on performance
claims, in some cases reducing light output, decreasing color quality, and/or exhibiting
unacceptable light distribution and glare (DOE 2013b).
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FIGURE 16. DESIGN LIGHTS CoNSORTIUM LED QUALIFIED PRoODUCTS: LED TUBES, KiTS, AND INTEGRATED TROFFERS
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PRODUCT RESULTS

This section of the report is broken into six parts; one for each product evaluated in the
Fry’s San Jose store. The following products were evaluated:

e General Service Lighting: Linear Fluorescent
1) CREE CS14 LED Linear Luminaire
2) CREE CR24 LED Architectural LED Troffer
3) CREE CR-LE LED Light Engine

e General Service Lighting: Incandescent
4) Philips LED 12W A19 Retrofit Lamp

e Downlighting: High Intensity Discharge
5) CREE Essentia (ESA) Downlight Cylinder

e Directional Lighting: Parabolic Aluminized Reflector (PAR)
6) Green Creative PAR 20 7W Lamps

Table 13 compares the fixture wattages of the base case and retrofit case, based on product
specification sheets.

TABLE 13. BASE CASE VS. RETROFIT WATTAGE

Base Case vs. Retrofit Wattage
Base Case c&'::ff&?;j LED Retrofit Eg:;e(f(tv?f)l
GE Ecolux F32 T8 SP41 59 CREE CS14 LED Linear Luminaire 36
GE Ecolux F32 T8 SP41 112 CREE CR24 LED Architectural LED Troffer 22
GE Ecolux F32 T8 SP41 112 CREE CR-LE LED Light Engine 22
60W A-lamp; 19W CFL 60; 19 Philips LED 12W A19 Retrofit Lamp 12
M175/U or M100/U/MED 210; 120 | CREE Essentia (ESA) Downlight Cylinder 134; 75
EYE Lighting 50PAR20 50 Green Creative PAR 20 7W Lamps 7

Product evaluation consists of results from the study of these six products. For details
regarding the test methodology, please see the Methodology section above. The following
results are presented for each product in this section of the report:

A. Product Description and Emerging Technology Assessment
B. Power Measurements
C. Photometric Measurements

i Photometric Field Measurements of Illuminance

ii. Model Derived Illuminance Diagram
iii. Color Temperature

Pacific Gas and
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D. Photographic Comparison
E. Lighting Simulation- 3D Rendering of Study Area

F. Energy Savings and Economic Impact Assessment
i. Energy and Cost Savings
ii. Maintenance Savings
iii.  Simple Payback Period (Equipment Costs Only)*

Note that the measured and calculated results from the study are presented in this section
with limited analysis and discussion. The Data Analysis and Evaluation sections that follow
discuss the product results with respect to how lighting and energy performance compare as
well as the implications for project economics.

4! Simple payback period estimates are highly dependent on product costs, which may differ based on the scale of
each project. For a complete description of the methodology for estimating product costs, see section “Energy
Savings and Economic Impacts Assessment”.
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GENERAL SERVICE FLUORESCENT LIGHTING: CREE CS14

A. Product Description and Emerging Technology Assessment

In the Register Area, existing suspended 1x4 box louvers with 2-lamp, second generation
T8 lamps (GE Ecolux F32 SP41) and a two-lamp, general electronic ballast were replaced
with the CREE CS14.

FIGURE 17. CREE CS14

e

Photo Credit: CREE, Inc.

B. Power Measurements

The base case power measurements were 42.7 watts, which was significantly lower than
expected due to the high degree of lamp failures (27%) within the study area. Adjusting for
lamp failures, the average lamp wattage was as expected. The LED retrofit measurements
were consistent with expected wattage from product specification sheets. Both the linear
fluorescents base and LED retrofit had a similar power factor (0.98 PF vs. 0.95 PF) and
levels of THD (15% vs. 16%).

TABLE 14. POWER MEASUREMENTS: CREE CS14 AND LINEAR FLUORESCENT BASE CASE

Checkout Register Area Linear Fluorescents/ LED Fixtures
Base case Fixture LED Retrofit
Average power/fixture (Watts) 42.7 36.3
Adjusted Average power/fixture (Watts) 59.0 36.3
Average current/fixture (Amps) 0.16 0.14
Weighted Avg. Power Factor 0.98 0.95
Weighted Avg Harmonic Distortion 15% 16%
# of fixtures on circuits 163 163
43
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C. Photometric Measurements

i Photometric Field Measurements

Illuminance measurements for the Register Area base case ranged from 23.9 to 48.3
footcandles. The LED retrofit had a smaller range from 59.0 to 75.0. The IES footcandle
recommendation for merchandised service area is 30-100 footcandles (IESNA 2011). The
retrofit is within the IES recommended range.

TABLE 15. ILLUMINANCE MEASUREMENTS: CREE CS14 AND LINEAR FLUORESCENT BASE CASE

Register Area: Base case

| Register54-64 | 23.9 | 302 | 409 483] 39| 346 |

Register Area: LED Retrofit

| Register 54-64 | 59.0 | 61.1 | 685

ii. Model-Derived Illuminance Diagram

No model was completed for this area, as described in Methodology - Lighting Simulation
above.

iii. Color Temperature

TABLE 16. MEASURED COLOR CORRELATED TEMPERATURE

Correlated Color Temperature (Kelvin)
Store Area Base case LED Retrofit
Checkout Register 3660 3742
Register Area Average 3646 3751
44
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D. Photographic Comparison

FIGURE 18. PHOTOGRAPHIC COMPARISON OF REGISTER AREA

Base case: Linear Fluorescent Retrofit: LED Strip fixture
and Incandescent

Base case: Linear Fluorescent Retrofit: LED Strip fixture
and Incandescent

E. Lighting Simulation- 3D Rendering
No model was completed for this area, as described in the Methodology - Lighting
Simulation section above.

F. Energy Savings and Economic Impact Assessment

The existing Register Area had 163 1x4 fixtures with (2) 4 foot F32T8 lamps. They were
replaced with CREE CR14 LED fixtures. By replacing the 163 fixtures with LED fixtures, the
Register Area will save 22,438 kWh/year or about $3,141/year in energy savings.

Payback per fixture, including the LEDA incentive is 12.7 years, or 15.7 years without the
incentive. Payback per fixture, including the incentive and the maintenance cost savings is
10.4 years.
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GENERAL SERVICE FLUORESCENT LIGHTING: CREE CR24

A. Product Description and Emerging Technology Assessment
The existing 2x4 lensed troffer with four GE Ecolux F32 T8 SP41 lamps in the Break Room
was replaced with the CREE CR24-40L-40K.

FiIGURE 19. CREE CR24

Photo Credit: CREE, Inc.

B. Power Measurements

The base case had 4 lamps per 2x4 recessed troffer fixture. However, there were 3 lamps in
fixtures throughout the room that were burned out and not operating. In addition, one of
the nine total fixtures is on a separate emergency circuit and is not included in the
measurements. Power measurements are presented below: ‘Average power’ represents
actual measurements, while ‘adjusted average power’ adjusts expected power
measurements to account for the three burned out lamps. The LED retrofit had a lower
power factor and higher levels of THD than listed on the product specification sheet because
the fixtures were wired to half power. Under normal operation at 100% of rated power, it is
expected that power factor would be greater than 0.9 and THD would be less than 20%.
However, the overall low line noise due to the lower wattage makes the effect of the
increased THD negligible.

46

Pacific Gas and
. Electric Company®




PG&E’s Emerging Technologies Program ET12PGE1481

TABLE 17. PHOTOMETRIC FIELD MEASUREMENTS OF BREAK RoOM

Break Room Fluorescents/Linear LED Fixtures
Base case Fixture LED Retrofit
Average power/fixture (Watts) 96.7 20.7
Adjusted Average power/fixture (Watts) 108.3 20.7
Average current/fixture (Amps) 0.4 0.1
Weighted Avg. Power Factor 0.99 0.81
Weighted Avg Harmonic Distortion 5% 34%
C. Photometric Measurements
i Photometric Field Measurements

The illuminance measurements for the Break Room base case ranged from 44.0 to 102.0
footcandles, and was generally over lit for a break room. The wide range of values is partly
due to three lamps which were burned out. The LED retrofit had a much smaller range from
22.5 to 40.7 footcandles and had light levels more appropriate level for a break room. The
IES footcandle recommendation for an office lounge is 0-20 footcandles and a kitchen is 50-
100 footcandles. Because this break room has kitchen facilities, it is appropriate for the
footcandle measurements to be higher than the lounge recommendation, but still
substantially reduced from the base case.
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TABLE 18. PHOTOMETRIC FIELD MEASUREMENTS OF BREAK RoOM

Break Room: Base case
Ceiling
Panel 1

(near West

wall)

Ceiling Panel
7 (near door)

Near Door

Near Lockers

*Bold lines indicate the location of a fixture

Break Room: LED Retrofit

Ceiling
(nzz':(\ell\/ist Panel 2 Panel 3 Panel 4 Panel 5 Panel 6 5?::521';?;
wall)
Near Door | 757 37.0 402 | 40.7 | 393 36.0 26.6
24.4 34.4 37.9 34.4 37.7 27.4 24.2
Near Lockers
22.6 31.7 36.3 38.1 36.5 33.5 22.5

*Bold lines indicate the location of a fixture
ii. Model Derived Illuminance Diagram

The Break Room characteristics posed challenges for modeling. Base case fixtures were
equipped with four T8 lamps, and the room had two switches to activate either two or four
of those lamps. Auditors discussed the preferred configuration with Fry’s staff, who
universally agreed that the half lighting was preferred, and that the full lighting was too
bright. Measurements were taken at both the half lighting and full lighting modes.

The base case model below depicts the full lighting mode, which should be considered as an
over-lit scenario. The retrofit model below shows a decrease in the overall lighting
compared to the base case, but this brings the lighting in the room closer to the desired
level and required values for the task. Additionally, the retrofit installation was manually
configured to further reduce light output. The field measurements of the LED fixtures
confirm that the light levels in the room were slightly lower than shown in the model.

The illuminance diagram, Figure 20, for the base case below shows high levels of
illuminance (values in red) in the middle of the room, with slightly lower values (in yellow
and green) around the perimeter of the room. The retrofit diagram shows a similar pattern
but with reduced light levels in green around the center of the room, with light levels
tapering off around the perimeter, shown in blue.
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FIGURE 20. BREAK RooM BASE CASE MODEL

Baseline
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FIGURE 21. BREAK RooM RETROFIT MODEL

LED Retrofit
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iii. Color Temperature

The Correlated Color Temperature (CCT) in the break room was measured before and after
the LED retrofit. The measured CCT was slightly higher after the LED retrofit.

TABLE 19. COLOR CORRELATED TEMPERATURE OF BREAK Room

Correlated Color Temperature (Kelvin)

Store Area Base case

LED Retrofit

Break Room 3730

3846

D. Photographic Comparison

The photographs of the base case and the LED retrofit illustrate the more uniform
illuminance levels and slightly cooler CCT in the Break room.
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FIGURE 22. PHOTOGRAPHIC COMPARISONS OF BREAK Room

Base case: Linear Fluorescent Retrofit: LED

KN : e S
Base case: Linear Fluorescent

E. Lighting Simulation- 3D Rendering of Study Area
The model rendering image below depicts the LED retrofitted space for the Break Room.

FIGURE 23. RETROFIT RENDERING OF BREAK Room
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F. Energy Savings and Economic Impact Assessment

The existing break room had (9) 2x4 fixtures with (4) 4 foot F32T8 lamps. They were
replaced with CREE CR24 LED fixture. By replacing the 9 fixtures with LED fixtures, the
break room will save 4,848 kWh/year or about $679/year in energy savings.

Payback per fixture, including the LEDA incentive is 0.9 years or 2.8 years without the
incentive. Payback per fixture, including the incentive and the maintenance cost savings is

0.8 years.
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GENERAL SERVICE FLUORESCENT LIGHTING: CREE CR-LE-40L
LIGHT ENGINE

A. Product Description and Emerging Technology Assessment

The existing 1x4 strip fixtures with GE Ecolux F32 T8 SP41 in the Restroom and Auto Install
Garage were replaced with the CREE CR-LE-40L light engine. The CREE CR-LE light engine
delivers the same light and energy savings as the CR troffers, but is a lightweight and
compact alternative that can be suspended or surface mounted.

FIGURE 24. CREE CR-LE

Photo Credit: CREE, Inc.

B. Power Measurements

Power measurements in the restroom were 62.5 watts for the base case and 20.7 watts for
the retrofit. Measurements were taken at the switch, one of the fixtures was an emergency
circuit and not included in the measurements. The LED retrofit had a lower power factor and
higher levels of THD than listed on the product specification sheet because the fixtures were
wired to half power. Under normal operation at 100% of rated power, it is expected that
power factor would be greater than 0.9 and THD would be less than 20%. However, the
overall low line noise due to the lower wattage makes the effect of the increased THD
negligible.
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TABLE 20. POWER MEASUREMENTS OF RESTROOM

Restroom
Base case Fixture LED Retrofit
Average power/fixture (Watts) 62.5 20.7
Average current/fixture (Amps) 0.23 0.09
Power Factor 0.99 0.84
Total Harmonic Distortion 15% 34%
# of fixtures on circuit 4 4

Power measurements in the Auto Install Garage were as expected based on standard fixture
wattages for a two lamp linear fluorescents and standard ballast. There were no lamps
burned out for the base case, and the average fixture wattage was close to the value
expected for a two lamp fluorescent fixture. The LED retrofit had a lower power factor and
higher levels of THD than listed on the product specification sheet because the fixtures were
wired to half power. Under normal operation at 100% of rated power, it is expected that
power factor would be greater than 0.9 and THD would be less than 20%. However, the
overall low line noise due to the lower wattage makes the effect of the increased THD
negligible. There were fewer fixtures measured in the retrofit case than the base case
because two fixtures were originally installed on the main circuit and then put onto an
emergency circuit in the retrofit case.

TABLE 21. POWER MEASUREMENTS OF AUTO INSTALL GARAGE

Auto Install Garage
Base case Fixture LED Retrofit
Average power/fixture (Watts) 59.8 21.3
Average current/fixture (Amps) 0.22 0.09
Power Factor 0.99 0.79
Total Harmonic Distortion 7% 31%
# of fixtures on circuit 16 14

C. Photometric Measurements

i. Photometric Field Measurements

The restroom base case had illuminance measurements that ranged from 20.0-58.0
footcandles. The LED retrofit had a similar range from 32.0-63.7. The IES footcandle
recommendation for a restroom is 20-50 footcandles. The retrofit had higher illuminance
measurements along the counter than recommended by IES, but was similar to the existing
conditions.
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TABLE 22. PHOTOMETRIC FIELD MEASUREMENTS OF RESTROOM (FOOTCANDLES)

Base case LED Retrofit
On Counter 30.0 | 58.0 | 50.0 On Counter 49.4 55.0
Mid-Restroom 20.0 | 28.0 | 20.0 Mid-Restroom 33.2 | 32.0 | 35.0
The Auto Install Garage base case had illuminance measurements that ranged from 30.1 to
49.6 footcandles. The LED retrofit had a smaller range from 25.6 to 42.0. The IES
footcandle recommendation for Garages with Motor Vehicle Repair is 50-100 footcandles.

The retrofit illuminance is lower than the IES recommendations, but similar to the existing
levels.

TABLE 23. PHOTOMETRIC FIELD MEASUREMENTS OF AUTO INSTALL GARAGE (FOOTCANDLES)

Base case LED Retrofit
Near door under fixture | 30.1 | 40.0 | 44.1 Near door under fixture 31.7 | 37.8 | 41.7
Between fixtures 33.3 | 41.2 Between fixtures 38.5| 36.3 | 40.8
Under fixture by wall 32.2 | 415 | 46.5 Under fixture by wall 35.6 | 36.4 | 420
2.5 ft. from wall 27.8 | 35.4 | 38.1 2.5 ft. from wall 29.4 | 25.6 | 32.3

ii. Model- Derived Illuminance Diagram

For the restroom area, the model and the field data report consistent conclusions. The LED
retrofit slightly increased overall light levels, concentrated in the center of the counter
where the fixtures’ coverage overlap, and decreasing slightly when moving away from that
point. As shown in the models below, light is concentrated on the task area of the restroom
(urinals, toilets and sinks) and dims closer to the entrance. The retrofit system maintains
the light levels in room while providing efficiency improvements.
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FIGURE 25. BASE CASE AND LED RETROFIT MODEL OF RESTROOM

Baseline LED Retrofit
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FIGURE 26. BASE CASE AND LED RETROFIT MODEL OF AUTO INSTALL
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iii. Color Temperature

The Correlated Color Temperature (CCT) in the restroom was measured before and after the
LED retrofit. The measured CCT was slightly higher after the LED retrofit.

TABLE 24. CORRELATED COLOR TEMPERATURE OF RESTROOM

Correlated Color Temperature (Kelvin)

Store Area Base case LED Retrofit
Restroom 3600 3804
Auto Install Garage 3638 3802
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D. Photographic Comparison
No photographic images were taken in the Restroom to maintain customer privacy. Please
see the Illuminance Measurement section for data on illuminance levels.

FIGURE 27. PHOTOGRAPHIC COMPARISON OF AUTO INSTALL GARAGE

Auto Install Garage
Base case: Linear Fluorescent

Retrofit: LED

E. Lighting Simulation- 3D Rendering of Study Area
Below are rendering images produced from AGi32 models for the Restroom and Auto Install
Garage.

FIGURE 28. RETROFIT RENDERING OF RESTROOM
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FIGURE 29. RETROFIT RENDERING OF AUTO INSTALL GARAGE

F. Energy Savings and Economic Impact Assessment

The existing restrooms had (16) 1x4 fixtures with (2) 32 watt T8 lamps. They were replaced
with CREE CR14 LED fixtures. By replacing the 16 fixtures with LED fixtures, the restrooms
will save 3,543 kWh/year or about $496/year in energy savings.

Payback per fixture, including the LEDA incentive is 5.6 years or 6.9 years without the
incentive. Payback per fixture, including the incentive and the maintenance cost savings is
4.4 years.

The existing Auto Install Garage had (12) 1x8 fixtures with (4) 32 watt T8 lamps and (1)
1x4 fixtures with (2) 32 watt T8 lamps. They were replaced with (24) 1x4 CREE CR-LE-40L
LED fixtures. By replacing the fluorescent fixtures with LEDs, the Auto Install garage will
save 6,685 kWh/year or about $936/year in energy savings.

Payback per fixture, including the LEDA incentive is 1.8 years or 2.8 years without the
incentive. Payback per fixture, including the incentive and the maintenance cost savings is
1.6 years.

59




PG&E’s Emerging Technologies Program ET12PGE1481

GENERAL SERVICE INCANDESCENT LIGHTING: PHILIPS 12W A19

FIGURE 30. PHILIPS 12W A19 LAMP

Photo Credit: Philips, Inc

A. Product Description and Emerging Technology Assessment

The existing chandeliers had incandescent B lamps or Compact Florescent Lamps (CFLs).
They were all replaced with 12 W Philips Endura A19 lamps (Model Number
12A19/END/800LM/2700/120V/DIMM).

B. Power Measurements

Original pre-audit data suggested that there were 60W incandescent lamps in the chandelier
fixtures. However, high levels of THD suggested that CFLs were also installed on the circuit.
Further verification revealed that roughly 90% of all original base case lamps had been
replaced with CFLs. Two chandeliers (10 fixtures) were on a separate emergency circuit and
not included in these calculations.

TABLE 25. POWER MEASUREMENTS OF REGISTER AREA

Register Area Chandelier Lamps
Base case Fixture LED Retrofit
Average power/fixture (Watts) 17.5 12.4
Adjusted Average power/fixture (Watts) 22.3 12.4
Average current/fixture (Amps) 0.20 0.12
Weighted Avg. Power Factor 0.71 0.81
Weighted Avg Harmonic Distortion 96% 70%
# of fixtures on circuit 125 125
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C. Photometric Measurements
i. Photometric Field Measurements

The Chandelier lamps located in the Register Area provide decorative lighting. Photometric
measurements were not taken exclusively on the chandelier fixtures.

ii. Model-Derived Illuminance Diagram

No model was completed for this area, as described in Methodology - Lighting Simulation
above.

iii. Color Temperatur

No color temperature measurements were made for the Checkout Incandescent Fixtures,
since they are dominated by linear fluorescent fixtures above them. For color temperature
measurements within this area, see the section 1) General Service Fluorescent Lighting:
CREE CS14.

D. Photographic Comparison

FIGURE 31. PHOTOGRAPHIC COMPARISON OF CHECKOUT INCANDESCENT AREA

Base case: Incandescent Retrofit: LED

E. Lighting Simulation- 3D Rendering of Study Area
No model was completed for this area, as described above in the Methodology — Lighting
Simulation section.

F. Energy Savings and Economic Impact Assessment

The 27 existing checkout chandeliers had a blend of 60W B lamps and 19W CFLs in each
chandelier. They were replaced with Philips A19 lamps. By replacing the 135 lamps with LED
lamps, the checkout chandeliers will save 3,274 kWh/year or about $458/year in energy
savings.
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Payback per fixture, including the LEDA incentive is 7.9 years or 11.9 years without the
incentive. Payback per fixture, including the incentive and the maintenance cost savings is
less than 1 year.
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HIGH INTENSITY DISCHARGE DOWNLIGHTING: CREE ESA

A. Product Description and Emerging Technology Assessment

The existing 175W MH cylinder downlights (210W connected load) above the Computer
Sales Area were replaced with 134 Watt CREE CREE.ESA-C10-10-MD-HP-56-D-U-BZ-SSGC-
700-40K fixtures. The existing 100W MH cylinder downlights (120W connected load) above
the Customer Service Area were replaced with 75W CREE ESA-C10-10-MD-P-42-D-U-BK-
SSGC-525-40K fixtures. These fixtures are part of the same product family, but have a
different light output and energy consumption due to the number of LEDs used (56 vs.
42).% 'Izgis product was selected because Fry’s required a very specific, high output LED
fixture.

FIGURE 32. CREE ESA

Photo Credit: CREE, Inc.

B. Power Measurements
Electrical panels for the Customer Service and Computer Sales areas were not accessible,
and therefore no power measurements were taken in these locations.

42 For more information on this product, see CREE ESA Specification sheet:
http://www.CREE.com/~/media/Files/CREE/Lighting/Architectural/Essentia%?20Surface%?20Cylinder/ESAC10MD56.p
df

*3 The CREE fixtures did not qualify for a LEDA incentive because it does not meet Energy Star or DLC requirements
for downlighting. This is primarily due to the fact the Energy Star’s downlighting requirements are suited to lower
output products, so although the fixture have sufficient efficacy for their application, they do not meet Energy Star
downlight efficacy requirements.
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C. Photometric Measurements
i. Photometric Field Measurements

The illuminance measurements for the Computer Sales base case ranged from 14.2 to 108
footcandles. The LED retrofit had a smaller range from 62.0 to 120.0. The IES footcandle
recommendation for serviced merchandising area is 30-100 footcandles. Some sections in
the Computer Sales Area do exceed the IES recommendations and in general the
iluminance levels are higher than in the base case.

TABLE 26. PHOTOMETRIC FIELD MEASUREMENTS OF COMPUTER SALES AREA (FOOTCANDLES)

Computer Sales Area: Base case Computer Sales Area: LED Retrofit
Near Near

Near computer Near computer
wall tables wall tables

Right of

room 22.0 Right of room 93.0

Center-

right 14.2 108 24.5 Center-right 66.0 76.0

Center-

left 20.0 24.6 Center-left 86.0 62.0

Left of

room 43.5 30.0 Left of room 106 91.0

The Customer Service Area base case had illuminance measurements that ranged from 13.5
to 24.4 footcandles. The LED retrofit had a wider and higher range from 61.2 to 78.9
footcandles. The IES footcandle recommendation for serviced merchandising area is 30-100
footcandles. The retrofit illuminance levels are within the IES recommended levels and
higher than the base case.

TABLE 27. PHOTOMETRIC FIELD MEASUREMENTS OF CUSTOMER SERVICE AREA (FOOTCANDLES)

Customer Service Area: Base case Customer Service Area: LED Retrofit
Near wall 175 | 22.8 20.0 Near wall
Middle 24.4 | 20.3 13.5 Middle
Near entrance 17.6 | 16.1 14.3 Near entrance

ii. Model-Derived Illuminance Diagram

The customer service area posed some unique complications when comparing the base case
and retrofit installations.

Auditors discussed the lighting retrofit with Fry’s staff, who described the retrofit installation
as initially being too bright, but that the fixtures were later adjusted to reduce light output.
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The retrofit model supports this, as areas underneath the light fixtures are higher than field
measurements in similar locations.

FIGURE 33. BASE CASE AND RETROFIT MODEL OF CUSTOMER SERVICE AREA

Easeline LED Retrofit
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iii. Color Temperature

The Correlated Color Temperature (CCT) in the Computer Sales Area and Customer Service
Area was measured before and after the LED retrofit. The measured CCT after the LED
retrofit was lower in the Computer Sales Area and higher in the Customer Service Desk
area.

TABLE 28. CORRELATED COLOR TEMPERATURE OF COMPUTER SALES AREA AND CUSTOMER SERVICE AREA

Correlated Color Temperature (Kelvin)

Store Area Base case LED Retrofit
Computer Sales Area 4800 3986
Customer Service Area 3300 3826
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D. Photographic Comparison

FIGURE 34. PHOTOGRAPHIC COMPARISON OF COMPUTER SALES AREA

Base case: Metal Halide Retrofit: LED

FIGURE 35. PHOTOGRAPHIC COMPARISON OF CUSTOMER SERVICE AREA

Base case: Metal Halide Retrofit: LED
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E. Lighting Simulation- 3D Rendering of Study Area

FIGURE 36. RETROFIT RENDERING OF CUSTOMER SERVICE AREA

F. Energy Savings and Economic Impact Assessment

The existing Computer Sales area had (40) 175W MH downlight that were replaced with
134W CREE Essentia (ESA) LED fixtures. By replacing the 40 existing fixtures with LED
fixtures, the Computer Sales area will save 18,194 kWh/year or about $2,547/year in
energy savings.

Payback per fixture without an incentive is 13.8 years. The CREE ESA fixture was not
eligible for the LEDA incentive. Payback per fixture, including maintenance cost savings is
9.1 years. This is based on best available information on fixture costs and may not be
reflective of actual fixture costs obtained from a bulk purchase.

The existing Customer Service Area had (16) cylinder pendants with metal halide lamps.
They were replaced with CREE ESA LED Fixtures. By replacing the 16 fixtures with LED
fixtures, the Customer Service Area will save 4,309 kWh/year or about $603/year in energy
savings.

Payback per fixture without an incentive is 23.1 years. The CREE ESA fixture was not
eligible for the LEDA incentive. Payback per fixture, including maintenance cost savings is
15.4 years. This is based on best available information on fixture costs and may not be
reflective of actual fixture costs obtained from a bulk purchase.
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PARABOLIC ALUMINIZED REFLECTOR (PAR) DIRECTIONAL
LIGHTING: GREEN CREATIVE 7W PAR20

FIGURE 37. GREEN CREATIVE 7TW PAR20

Photo Credit: Green Creative, Inc.

A. Product Description and Emerging Technology Assessment
The existing Capsylite fixtures with EYE Lighting 50PAR20/HAL/FL/120V lamps were
replaced with GC.7PAR20/TIT/DIM/830FL40 lamps.

B. Power Measurements

The base case measurements were lower than expected due to 3 lamp burnouts. However,
after adjusting for burnouts, lamp wattage was still significantly lower than expected. This
suggests that similar to the Chandelier Fixtures, these lamps were replaced with 11W PAR20
CFL equivalents or lower wattage PAR20 lamps over time, such as 20W or 35W PAR 20
bulbs. Retrofit measurements indicate that the LED was drawing significantly more power
than expected due to a low power factor of 0.57.

TABLE 29. POWER MEASUREMENTS OF REGISTER AREA

Audio Room
Base case Fixture LED Retrofit
Average power/fixture (Watts) 28.0 11.1
Adjusted power/fixture (Watts) 31.2 11.1
Average current/fixture (Amps) 0.35 0.11
Weighted Average Power Factor 0.73 0.57
Weighted Average Harmonic Distortion 60% 58%
# of fixtures on circuit 29 29
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C. Photometric Measurements

i. Photometric Field Measurements
The Audio Room base case had illuminance measurements that ranged from 1.8 to 12.0
footcandles. The LED retrofit had a smaller range from 4.1 to 43.7. The IES footcandle

recommendations for Serviced Merchandising is 30-100 footcandles. The retrofit illuminance
is within the IES recommendation and also higher than existing levels.

TABLE 30. PHOTOMETRIC FIELD MEASUREMENTS OF AUDIO ROOM

Audio Room: Base case Audio Room: LED Retrofit

h=6' [113[100] 7.7[9.0[ 12,0 h=6' | 27[29.6]367]437] 38]
h=5' [10.6| 83| 56]60] 7.8 h=s' [ 16.5 [ 1855 | 22 29.9] 274
h=4' | 84| 65| 52[43] 47 h=4' [ 123 [12.7 ] 153 | 17.6 | 163
h=3' | 60| 50| 42[36] 30 h=3| 81| 89| 11]|108] 9.0
h=2' | 56| 38 32[26] 23 h=2'| 60| 66| 76| 74| 67
h=0 [3.09] 27]22[20] 18 h=0 | 43] 41| 45| 51 51

ii. Model-Derived Illuminance Diagram

The simulation and measured field data of the audio room both point identify similar trends
in the change in the lighting environment. In both cases, the LED retrofit provides brighter
light nearer the fixtures, with a gradual dimming as you approach a height of zero and a
similar, but less even distribution of light for the base case. The base case model identified
much higher values than the field measurements when the simulated measurement points
fell directly within the lamp’s beam angle. Field measurements did not show these high
values for several reasons: lamps had lower light output due to age and depreciation, and
some lamps were burned out entirely.

As the name “Audio Room” suggests, the purpose of the lighting in the space is not to
brightly illuminate the space, but rather to create an appropriate aesthetic experience for
customers to experience audio systems. The dim general lighting and brighter spot lighting
focuses the customers’ attention on the speaker systems. Additionally, the adjustable track
lighting allows Fry’s to redirect the fixtures as the speaker display changes to make sure the
speakers are properly illuminated. The base case fixture and LED both achieve this effect in
a similar fashion. The LED replacement provides an equivalent customer experience with
significantly reduced energy demands.
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FIGURE 38. BASE CASE AND LED RETROFIT MODEL OF AuDIO Room
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iii. Color Temperature

The Correlated Color Temperature (CCT) in the Audio Room was measured before and after
the LED retrofit. The measured CCT after the LED retrofit was higher in the Audio Room.
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TABLE 31. CORRELATED COLOR TEMPERATURE OF AUDIO Room

Correlated Color Temperature (Kelvin)
Store Area Base case LED Retrofit
Audio Room 2625 3103

D. Photographic Comparison

FIGURE 39. PHOTOGRAPHIC COMPARISON OF AuDIO Room

Base case: Halogen Retrofit: LED

E. Lighting Simulation- 3D Rendering

FIGURE 40. RETROFIT RENDERING OF AUDIO Room
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F. Energy Savings and Economic Impact Assessment

The existing audio room had (29) 50 Watt Par 20 lamps that were replaced with Green
Creative 7 Watt PAR 20 lamps. By replacing the 29 lamps with LEDs, the audio room will
save 7,463 kWh/year or about $1,045/year in energy savings.

Payback per fixture without an incentive is 3.9 years. This product was not eligible for the
LEDA rebate program. Payback per fixture, including the maintenance cost savings is 1.0

years.
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DATA ANALYSIS

ANALYSIS OF POWER DATA

Power measurements for the base case were as expected, although the number of burned
out lamps reduced measured power consumption. Power measurements for the retrofit case
were as expected. The results for the nominal and measured power factor for the base case
and retrofit lamps are shown below in Table 32. Incandescent lamps used in the base case
for the checkout chandeliers and the Audio Room are expected to have a power factor of
1.00. For the checkout chandeliers, the measured base case power factor was lower than
the nominal value because of the use of CFLs as spot replacement lamps. The Audio Room
also had lower measured power factors for both the base case and retrofit, which is
suspected to be due to the presence of other lamps on the circuit. The power factor of the
metal halide in the customer service base case is estimated to be .90, but actual product
data was not available. The CS14 fixture measured higher power factor than rated, and the
Philips A19, Green Creative PAR 20, CREE CR24, and CR LE-40L all had slightly lower power
factors than rated. Low power factor may impact incentive eligibility and result in
surcharges on electricity bills. The CREE CR24 and CREE CR-LE-40L were wired to 50% of
total power output, which is the cause of the lower power factor for these products. Under
normal operation at 100% of rated power, it is expected that power factor would be greater
than 0.9 and THD would be less than 20%. However, the overall low line noise due to the
lower wattage makes the effect of the increased THD negligible.

TABLE 32. POWER FACTOR COMPARISON

LED Retrofit Location Base case Base case Retrofit Retrofit
Lamp (Rated) (Measured) (Rated) (Measured)
1.00

Philips A1

llips A9 Checkout Chandeliers (Incandescent) 71 .95 0.81
CREE CR24 Break Room .99 1.00 0.9 0.83
CREE CR-LE-40L | Auto Install Garage .99 1.00 0.9 0.79
CREE CS14 Checkout Fluorescents .99 .98 0.9 0.95
CREE ESA Customer Service .90 (est.) No data 0.9 No data
Green Creative
PAR20 Audio Room 1.00 73 0.7 0.57

Total Harmonic Distortion data, shown below in Table 33, shows changes from the base
case fixture to the LED retrofits. THD is a concern for newer LED products, and is disclosed
on all CREE product literature, but was not available for any of the other fixtures. For
retrofit fixtures, the THD was calculated based on the weighted average of individual circuits
and aggregated together for a single study area. Results show that THD went up for the CR
24, CR-LE-40L, and remained at similar levels for the CS14 and PAR20 lamps. THD went
down for the checkout chandeliers after the retrofit. It is expected that the high THD levels
measured for the CR24 and CR-LE 40L fixtures were due to wiring at 50% power. Under
normal operation at 100% of rated power, it is expected that power factor would be greater
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than 0.9 and THD would be less than 20%. However, the overall low line noise due to the
lower wattage makes the effect of the increased THD negligible.

TABLE 33. TOTAL HARMONIC DISTORTION COMPARISON

LED Retrofit Lam Location Base case Base case Retrofit Retrofit

P (Rated) (Measured) (Rated) (Measured)
Philips A19 E:gﬁ';i‘l‘lters 96% No data 70%
CREE CR24 Break Room Nominal THD 5% <20% 34%
CREE CR-LE-40L Auto Install Garage data not 7% <20% 31%

available for
CREE CS14 Checkout 15% <20% 16%
Fluorescents base case

CREE ESA Customer Service fixtures No data <20% No data
S;iezr:)Creatlve Audio Room 60% No data 58%

ANALYSIS OF ILLUMINANCE DATA

The comparison of the average of both the retrofit and base case measurements is included
in Table 34. Increases in overall illumination can be seen in all the study areas except the
auto install garage and break room. In each area, these changes improved overall lighting

quality.

TABLE 34. AVERAGE ILLUMINATION (FOOTCANDLES)

Average Illumination (footcandles)
Audio Auto Restroom Break Register | Computer | Customer
Room Install Room Area Sales Service
Base case 5.6 38.3 343 77.8 36.2 35.9 18.5
LED Retrofit 15.6 35.7 44.7 32.7 64.5 83.9 73.8

The base case and retrofit conditions can be compared using an average to minimum ratio,
which gives a single metric for the total range of lighting values. A lower value means more
consistent, uniform light levels. As shown in Table 34, the LED fixtures have more evenly
distributed lighting in all applications in the store, except for the Audio Room which uses
directional lighting. This improvement is primarily due more even lighting distribution from
the light source. The Audio Room has an increase in the average to minimum ratio and has
significantly uneven light levels compared to the rest of the store. This is due to the
directional nature of PAR lamps, where a higher avg/min ratio is desirable because the

highly focused light gives specific products ‘pop’.
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TABLE 35. ILLUMINANCE AVG/MIN RATIOS

llluminance Avg/Min Ratios

Audio Auto Break Register | Computer | Customer
Restroom )
Room Install Room Area Sales Service
Base case 3.1 14 1.7 1.8 1.5 2.5 1.4
LED Retrofit 3.8 1.4 1.4 15 1.1 1.5 1.2

In most applications of the store, the retrofit LED fixtures provided a more evenly

distributed light level and higher illumination levels than the base case, as depicted in
Figure 41 below. While this is to some degree due to the lumen depreciation from the base
case lamps, the LED fixtures produced a much more even distribution throughout the study

areas.

m
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FIGURE 41. UNEVENLY DISTRIBUTED BASE CASE FIXTURES VS. LED RETROFIT

Computer Sales
Base case: Metal Halide

U R S

Retl:oﬁt: LED

Retrofit: LED

Base case: Metal Halide

Table 36, provides a comparison between the color rendering index ratings for the base
case and retrofit fixtures covered in this study. Values were taken from product specification
sheets or other product literature. In all cases, the retrofit CRI is very good (>80). For LED
replacements of linear fluorescents, CRI for the retrofit is even higher than the base case.
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TABLE 36. COLOR RENDERING INDEX (CRI)

LED Retrofit Lamp Base case CRI (Rated) Retrofit CRI (Rated)
Philips A19 100 81
CREE CR24 82 90
CREE CR14 82 90
CREE CS14 82 90
CREE ESA 65 80
Green Creative PAR20 100 85
77
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CUSTOMER DECISION AND SATISFACTION SURVEY
RESULTS

CUSTOMER DECISION MAKING PROCESS

Fry’s began exploring potential LED applications when they decided to retrofit their high bay
metal halide fixtures in 2009 in all Northern California locations under PG&E’s New Efficiency
Options (NEO) incentive program.** At the time, Fry’s considered LEDs primarily for high
bay applications, but ultimately chose to retrofit existing fixture’s electronic ballasts instead
of selecting an LED retrofit. After this retrofit, Fry’s considered LED fixtures for all possible
fixture types, although it did not find products that met their requirements until 2011. For
recessed 2x4 replacements, Fry’s considered both LED replacement fixtures and LED linear
tubes in existing troffers. From 2009 until Fry’s made their final product selection, Fry’s
considered a number of products that did not meet their quality standards for 2x4 troffer
replacements, 1x4 strip fixture replacements, MR16 replacement lamps, and other A19
replacement lamps.*> For example, Fry’s considered LED linear tubes with integrated
ballasts, but they achieved poor color rendering, inadequate light output, and premature
failure. Although Fry’s was approached by numerous manufacturers and completed mockup
installations in both office and retail applications, none of those products met Fry’s
requirements. In their decision making process, Fry’s relied on their lighting distributor to
provide high quality product recommendations.

From a technical perspective, Fry’s selection criteria required a high-efficacy fixture with
good light distribution and reliable color temperature and CRI that was equivalent to the
existing fixture. For example, Fry’s required recessed troffers to have an efficacy greater
than 90 lumens per watt. To ensure long-term reliability, manufacturer reputation was a
major consideration in the selection process. For example, Fry’s began to seriously consider
lay-in LED replacements for 2x4 recessed troffers once CREE entered the market with its
CR24 product. Fry’s required a 50,000 hour rated lifetime, which at store operating hours
equates to a 8.4 year fixture lifetime.

From a financial perspective, Fry’s requires the retrofit to have a simple payback of less
than two years, which includes equipment costs and energy interactive effects. Fry’s did not
require a specific reduction in energy use, only that the retrofit met their payback
requirement. While the store retrofit did not meet the two year payback requirement on its
own, it achieved a two year payback when bundled with the corporate office retrofit.*®
Similar to other businesses, Fry’s compares retrofit opportunities based on ROI. According
to Fry’s, utility incentives played a critical role in the decision to complete the project
because the incentives allowed the project to meet the two year payback requirements.

“* Fry’s retrofitted their high bay fixtures in four stores within PG&E territory, and 30 stores nationwide.
45 Although MR16 LED replacement lamps are not included in the scope of the San Jose store retrofit, but LED MR16
replacement lamps were part of the comprehensive retrofit of Fry’s corporate headquarters.

¢ For the corporate office retrofit, 68% of the base case fixtures consisted of recessed 2x4 fixtures with 3 F34T12
lamps. An additional 7% of fixtures were recessed 2x4 fixtures with 4 F34T12 lamps. While the high base wattage
may provide an exceptionally quick payback in this case, a standard recessed 2x4 fixture with 3 F32T8 lamps would
still achieve a 2.0 year payback with the incentive, and a 3.8 year payback without the LEDA incentive.
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About 61% of the total project cost (retail and corporate office retrofit) was covered by
project incentives.

CUSTOMER SATISFACTION SURVEY RESULTS

Fry’s Energy Manager, who is responsible for all energy related retrofits throughout Fry’s
stores, was very satisfied with the new lighting atmosphere. The manager noted that the
product color rendering was significantly improved under the LED fixtures. A store manager
interviewed noted that the lights were "much brighter” and required some getting used to,
but believed that the retrofit was a significant visual improvement because it was easier for
customers to see store merchandise.

In addition to the comprehensive store retrofit, Fry’s also completed a comprehensive office
retrofit to their corporate headquarters, where they replaced linear fluorescent, MR16, PAR

lamps, CFLs, and incandescent lamps. Similar to most commercial spaces, the vast majority
(86%) of fixtures were comprised of linear fluorescent lamps. Fry’s was highly satisfied with
this office retrofit due to the high energy savings achieved, reduced maintenance costs, and
improved lighting environment.

Overall, the installation process was straightforward and satisfactory, although Fry’s
reported some lack of contractor experience with the new LED technologies.*’ To date, Fry’s
has been very satisfied with the retrofit results and plans to expand LED retrofits to
additional store locations where it meets its two year payback requirement. This is highly
dependent on the availability of incentives for advanced LED retrofits. In 2013, Fry’s plans
to scale this same retrofit to four other stores within PG&E territory, where the LED
Accelerator incentive is available. However, there are no plans to expand beyond PG&E
territory at this point, due to the lack of available financial incentives. Fry’s indicated that
they plan to wait until fixtures costs come down sufficiently to achieve a two year project
payback without incentives.

FRY’S EXPERIENCE WITH EXTERNAL AGENCIES AND UTILITY ENERGY EFFICIENCY

PROGRAMS
Fry’s had a very positive experience with external agencies and found them very helpful in
their decision making process. Fry’s relied primarily on their lighting distributor to make
specific fixture recommendations that met LEDA program requirements.

Overall, Fry’s was very satisfied with PG&E’s third party LED Accelerator (LEDA) program.
Fry’s indicated that the LEDA program assisted their project in two key areas: 1) Financial
assistance through tiered energy efficiency incentives; and 2) Stringent product
qualifications requirements which assured product quality*®. Fry’s recommended that the

47 While LED linear tubes were not included in the scope of this study, Fry’s staff noted that to date they have had a
generally positive experience with LED linear tubes using internal drivers. Fry’s staff did report some initial product
failures which were attributed to improper installation, and stressed that correct installation is critical to correct
performance.

48 Although Fry’s did not directly rely on external resources such as DOE, ENERGY STAR and the DLC, these
resources ultimately serve as the basis for LEDA product qualifications and therefore play a key role in helping
ensure high product quality.
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LEDA program continue to offer tiered incentives to defray the initial costs of high quality
LED fixtures.

AESTHETIC REQUIREMENTS
Aesthetically, Fry’s required that LED retrofit lamps and fixtures minimize changes to the
look and configuration of existing fixtures. Fry’s staff were satisfied with the look of retrofit

fixtures.
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EVALUATIONS

ENERGY, PEAK DEMAND AND COST SAVINGS

Based on the results of this scaled field placement, the selected fixtures demonstrate that a
comprehensive LED store retrofit can be effective in maintaining or improving lighting
quality while reducing power demand and creating energy savings. On storewide basis, the
comprehensive retrofit achieved 47% savings in demand and energy. A number of products
had lower power factor and higher THD levels than listed of product specification sheets.
For the CREE CR24 and CR-LE-40L products, this was because all fixtures were wired down
to half power to achieve additional energy savings. However, the overall low line noise due
to the lower wattage makes the effect of the increased THD negligible. It is expected that
the CR24 and CR-LE-40L products would meet rated PF and THD values if wired to full
power.

LIGHTING PERFORMANCE

The comprehensive store retrofit improved light levels and lighting distribution through most
applications. Overall, we can conclude that the LED fixtures installed provided equivalent or
better lighting performance to the base case fixtures.

SATISFACTION SURVEY RESULTS

Fry’s representatives were very satisfied with the lighting quality and energy and
maintenance saving achieved from the comprehensive LED retrofit. At this point in time,
LED product quality is competitive in common lighting applications; however, the
comparatively high cost of LED fixtures remains the most significant adoption barrier. Utility
incentive programs can continue to reduce the initial cost and make lighting projects
feasible. Without aggressive utility incentives, market adoption may be slow until price
comes down sufficiently to meet commercial payback periods.

ENERGY SAVINGS, PEAK DEMAND REDUCTION, AND ECONOMIC
IMPACT

For qualifying equipment only, the retrofit achieved a 58% reduction in energy use, or
121,041 kWh savings, a peak demand reduction of 20.2 kW, and energy cost savings of
$16,946.%° Including interactive effects, the project achieved energy savings of 132,883
kWh, a peak demand reduction of 22.2 kW, and $18,604 in cost savings (see Table 37
below). Annual maintenance savings due to the installation of qualifying equipment are
$11,277 year for the duration of the estimated 12 year average project lifetime.

4 Energy Costs are estimated based on rates per kWh listed in PG&E’s E19 rate schedule and do not include demand
charges.
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Energy Use Peak Demand Energy Costs

(kWh) Reduction (%)
(kw)
Base case 207,021 34.6 $28,983
Retrofit case 85,981 14.4 $12,037
Project Savings 121,041 20.2 $16,946
Project Savings (with interactive effects) 132,883 22.2 $18,604

For the storewide retrofit, the project achieved 47% reduction in energy use, or 176,929
kWh savings, a peak demand reduction of 29.6 kW, and energy cost savings of $24,770.
Including interactive effects, the project achieved energy savings of 194,004 kWh, a peak
demand reduction of 32.4 kW, and $27,161 in energy cost savings (see Table 38 below).
Annual maintenance savings are estimated at $20,005 per year for the duration of the
estimated 12 year average project lifetime.

TABLE 38. PROJECT ENERGY SAVINGS AND PEAK DEMAND REDUCTION (STOREWIDE RETROFIT) >1

Energy Peak Demand Energy Costs
Use Reduction (kW) (%)
(kWh)
Base case 378,150 63.2 $52,941
Retrofit case 201,222 33.6 $28,171
Project Savings 176,929 29.6 $24,770
Project Savings (with interactive effects) 194,004 32.4 $27,161

FINANCIAL ANALYSIS

Fry’s payback requirements are based on equipment costs and do not include labor costs for
installation, which is typical for the commercial sector. For products that were eligible for a
LEDA incentive, Fry’s achieved a simple project payback (SPP) of 5.8 years without an
incentive. If these same products had gone through the statewide Customized Retrofit
Incentive instead of LEDA, the project would have achieved a 5.1 year SPP. With the LEDA
incentive, the qualifying products achieved a 4.1 year SPP. Table 39 provides a comparison
of financial metrics below, including simple payback, return on investment (ROI), modified
internal rate of return (MIRR) and net present value (NPV). All calculations include
interactive effects.

TABLE 39. FINANCIAL ANALYSIS OF PRODUCT COSTS FOR LEDA ELIGIBLE EQUIPMENT (NOT INCLUDING INSTALLATION)52

SPP ROI MIRR NPV ($)

(Years)
No Incentive 5.8 17.3% 10.2% $63,982
Customized Retrofit Incentive 5.1 19.5% 11.3% $76,154
LEDA Incentive 4.1 24.2% 13.3% $94,944

50 Numbers may not add up evenly due to rounding.
51 Numbers may not add up evenly due to rounding.
52 All financial calculations assume a 3% inflation rate, 7% discount rate, and 5% reinvestment rate.
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Accounting for installation costs and including and maintenance savings, Fry’s achieved a
simple payback of 4.3 years without an incentive. If these same products had gone through
the statewide Customized Retrofit Incentive instead of LEDA, the project would have
achieved a 3.9 year SPP. With the LEDA incentive, the qualifying products achieved a 3.3
year SPP. Table 40 provides a comparison of financial metrics below, including SPP, ROI,
MIRR and NPV.

TABLE 40. FINANCIAL ANALYSIS OF PROJECT COSTS FOR LEDA ELIGIBLE EQUIPMENT (INCLUDING INSTALLATION COSTS AND

MAINTENANCE SAVINGS)

sPP ROI MIRR NPV ($)

(Years)
No Incentive 4.3 23.2% 12.9% $146,732
Customized Retrofit Incentive 3.9 25.6% 13.9% $158,903
LEDA Incentive 3.3 30.5% 15.5% $177,693

LEDA eligible products accounted for roughly 50% of the entire project on a cost basis. Of
the non-eligible products, 88% of these costs came from the LED linear tubes and
downlights. Including these non-eligible products and accounting for installation costs and
maintenance savings, the entire project achieved an estimated SPP of 5.0 years without
incentives, 4.8 years with a Customized Retrofit Incentive, and 4.4 years with a LEDA
incentive. Table 41 provides a comparison of financial metrics below, including SPP, ROI,
MIRR and NPV.

TABLE 41. FINANCIAL ANALYSIS OF PROJECT COSTS FOR THE STOREWIDE RETROFIT, INCLUDING INSTALLATION COSTS AND

MAINTENANCE SAVINGS

SPP ROI MIRR NPV ($)
(Years)
No Incentive 5.0 19.8% 11.4% $194,557
Customized Retrofit Incentive 4.8 20.9% 11.9% $206,564
LEDA Incentive 4.4 22.8% 12.7% $225,518

SPP is included in the financial analysis due to its prevalence in corporate calculations of
financial returns. However, simple payback requirements obscure long-term financial
returns. While there has been significant discussion on the limitations of SPP, the value of
SPP as a financial metric is diminished due to the significantly longer lifetime of LEDs. Prior
to LED retrofits, the measure lifetime of most efficiency measures, such as a ceramic metal
halide or 3™ generation T8 fluorescent lamp, was between 20,000-40,000 hours. LED
lifetimes are significantly longer than previous retrofit measures, and it is expected that LED
products will spend far more time operating and generating energy savings than previous
technologies. Under the Fry’s operating hours, even long-life T8 fluorescent lamps, with a
rated lifetime of 40,000 hours would last 6.7 years. In this case, the products spend roughly
30% of their lifetime recouping the investment cost through energy savings, and the
remaining 70% of their lifetime providing “free” operating cost savings. The CREE LED CR
series replacements for linear fluorescents installed at Fry’s have a 100,000 hour rated
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lifetime®3 and a ten-year warranty.>* This translates to an estimated lifetime of 16.7 years
at Fry’s, almost ten years longer than a long-life fluorescent T8. With a two year payback,
these LEDs roughly 12% of their lifetime recouping their investment cost, and 88% of their
estimated lifetime generating “free” savings. Because of the long lifetime of LED retrofits,
we recommend facilities managers treat LED lighting retrofits as large infrastructure retrofit
projects, which typically have longer acceptable payback periods.

THE ROLE OF ON-BILL FINANCING TO REDUCE INITIAL PROJECT
CosTS

Despite the tremendous energy and maintenance cost savings that LED retrofits can
provide, the high initial project cost of LEDs remains the most significant barrier to
widespread LED adoption (DOE 2013a; DOE 2012a). On-Bill Financing (OBF) may be a way
to significantly reduce or even eliminate initial product costs, and may be as or more
important as incentives to increasing market adoption of comprehensive retrofits (Cadmus
2012). For measures eligible for energy efficiency rebates and incentives, the California
I0Us currently offer 0% interest loans up to $100,000 with a 3-5 year maximum payback
for commercial customers, $250,000 for tax-payer funded customers ($1 million for state
agencies) with a 10 year maximum payback as part of their On-Bill Financing program.>’
This financing is integrated with, and is meant to complement, existing incentive offerings,
not to serve as a replacement.

If the Fry’s project only considered products that were eligible for LEDA incentives, the project
would require a $39,705 upfront cost, and OBF for three years, after which the project would
generate positive cash flow for until the end of the estimated 12 year measure life. In this case,
the project’s initial costs can be lowered from an upfront cost of roughly $100,000, including
incentives, to under $41,000 (see Table 42). Alternately, the upfront cost could be spread out
over three years and require no upfront cost.

53 Rated LED lifetimes are measured under the IES guideline TM-21. Due to their long projected lifetimes, there is
some debate over the actual lifetimes. These lifetimes are not yet field proven because no products have been
installed for their complete lifecycle.

5 http://www.CREE.com/news-and-events/CREE-news/press-releases/2013/january/crtrofferseries

55 In March 2013, the California I0Us’ OBF program for non-residential customers was recognized by ACEEE as an
‘Exemplary Program’ in the On-Bill Financing’ category.
http://www.aceee.org/sites/default/files/publications/researchreports/u132.pdf For more information on PG&E’s OBF
program, visit: http://www.pge.com/en/mybusiness/save/rebates/onbill/index.page.
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TABLE 42. CASH FLOW ANALYSIS OF LEDA ELIGIBLE EQUIPMENT (EXCLUDING MAINTENANCE SAVINGS)SG

Year O End of End of End of End of
Cash Flow Initial Cost (today) Year 1 Year 2 Year 3 Year 4
Single
Outflows Investment $(71,472)
Financed
Investment $(18,653) $(19,213) $(19,789) $ -
LEDA Incentive $30,962
Inflows Energy Savings $18,858  $19,424  $20,006  $20,607
Maintenance
Savings
Total Cash
flows $(40,510) $0 $0 $0 $20,607

Including project maintenance savings, the project requires zero down and has a negative

cash flow totaling less than $6000 for the first three years (see Table 43 below). While we

acknowledge that capital expense and maintenance budgets are typically separate and do

not share budgets, as well necessary capital to float a loan while incentives and OBF loans

are processed, this example demonstrate the potential impact of incentives and OBF to the
overall company bottom line.

TABLE 43. CASH FLOW ANALYSIS OF LEDA ELIGIBLE EQUIPMENT (INCLUDING MAINTENANCE SAVINGS)

Year O End of End of End of End of
Cash Flow Initial Cost (today) Year 1 Year 2 Year 3 Year 4
Single
Outflows Investment $(36,600)
Financed
Investment $(30,140) $(31,044) $(31,975) $-
LEDA Incentive $30,962
Inflows Energy Savings $18,858  $19,424  $20,006  $20,607
Maintenance
Savings $11,282 $11,620 $11,969 $12,328
Total Cash
flows $(5,638) $0 $0 $0 $32,935

The widespread grouping and use of OBF in project finance could dramatically increase
adoption of LED retrofit projects. While the Fry’s project is specific to the retail environment
and has very specific lamp types and operating hours, a similar approach could be employed
to target the broader commercial sector. As Table 44 suggests, the lamp distribution in
retail is fairly representative of the broader commercial lighting sector. Therefore, a
comprehensive LED retrofit would likely be successful in much of the commercial sector,
provided product quality is ensured as part of the fixture selection process.

¢ Energy and maintenance savings costs are adjusted assuming a 3% inflation rate.
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TABLE 44. LAMP DISTRIBUTION BY COMMERCIAL BUILDING TYPE IN 2010 (DOE 20124)

Linear
Incandescent Halogen CFL Fluorescent HID Other

Education 1% 2% 10% 85% 1% 2% 100%
Food Service 20% 1% 8% 67% 1% 3% 100%
Food Store 1% 1% 3% 949 1% 1% 100%
Health Care - Inpatient 1% 1% 13% 84% 0% 1% 100%
Health Care - Qutpatient 1% 1% 9% 88% 0% 1% 100%
Lodging 18% 2% 25% 53% 0% 2% 100%
Offices (Non-medical) 1% 1% 14% 82% 0% 1% 100%
Public Assembly 8% 1% 21% 58% 3% 9% 100%
Public Order and Safety 1% 1% 6% 89% 1% 2% 100%
Religious Worship 4% 1% 8% 84% 1% 2% 100%
Retail - Mall & Non-Mall 5% 6% 6% 79% 3% 1% 100%
Services 1% 1% 4% 90% 3% 1% 100%
Warehouse and Storage 0% 2% 6% 86% 5% 1% 100%
Other 2% 4% 9% 79% 2% 3% 100%
Average 4% 2% 10% 80% 2% 2% 100%

Commercial facilities dominated by 3 lamp, 2x4 recessed troffers and operating hours
similar to that of Fry’s could easily achieve a two year payback if LED products were eligible
for the Tier 2 incentives offered by the LEDA program. As LED product costs continue to
decrease and efficacy improves, comprehensive LED retrofits should meet short payback
requirements in an increasing number of facilities.
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FINDINGS

Based on the results and evaluations of this study, we have six primary findings for PG&E:

Finding#1: Utility incentive programs can continue to address LED market
barriers by providing appropriate incentives and services, such as rigorous
product qualification standards.

LED lamps and fixtures remain in the early commercialization stage and require utility
program intervention to address market barriers including high initial product costs as well
as variability in product quality. The high initial product cost remains the most significant
barrier to widespread of LED replacement lamps and fixtures. Without aggressive utility
incentives, these projects may not meet corporate payback requirements, which in this case
was two years (nhot including installation costs). Product quality also continues to be a
concern; although Fry’s was very satisfied with the fixtures they ultimately selected, they
went through a multi-year fixture selection process in which many fixtures performed poorly
during mockups.

Utility incentive programs can continue to address these market barriers by providing
incentives to reduce initial cost, coupled with rigorous product qualification standards. In
this pilot case, over 75% of the fixtures that Fry’s selected qualified for LEDA incentives that
reduced the project cost and made the retrofit possible,”” demonstrating the influence
incentive programs can have in product selection. We recommend utility programs continue
to couple incentives and rigorous product qualification standards to accelerate the adoption
of high quality products in the market. The long lifetime of LED products means that
retrofits will occur far less frequently than before, increasing the importance of selecting
high quality products.

Finding#2: Due to the long lifetime of LED retrofits, consumers and utility
programs should consider lifecycle costs and benefits rather than simply first
cost and simple payback period in evaluating LED retrofit projects and
options.

High initial product cost can also be addressed through reframing those costs as lifetime
financial benefits. The long lifetime of LED fixtures means energy and maintenance savings
are much longer than previous efficiency retrofits. While simple payback period may be
useful for retrofits with an expected lifetime of 4-6 years, it does not adequately account for
the fact that the LED product is actually generating savings for operational costs for many
years over its useful life. In the case of the Fry’s comprehensive LED retrofit, because the
LED measure lifetime is so long, the focus on short payback periods obscure the fact that
the investment has an ROI of 24.2% and NPV of $94,944 for equipment only, and an ROI of
30.5% asréd NPV of $177,693 when including installation costs and projected maintenance
savings.

57 This does not account for LED Linear Tubes, which are not eligible for PG&E incentives at this time.

%8 ROI and NPV values for LEDA eligible equipment only. NPV calculations assume a 7% discount rate and inflation
rate of 3%.
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Finding #3: On-bill financing can reduce high initial project costs of LED
retrofits and encourage adoption of comprehensive lighting retrofits.

The primary barrier to widespread LED adoption is the high initial cost (DOE 2013a). To
reduce or eliminate upfront project costs, we recommend utility programs continue to
integrate non-incentive services such as On-Bill Financing (OBF) into LED incentive
programs. OBF complements existing incentives to address the primary market barrier to
LED adoption by further reducing upfront capital costs, allowing customers to pay for the
retrofit through their energy bill, based on energy savings achieved. OBF encourages a
comprehensive approach to building retrofits by encouraging customers to bundle retrofits
and address fixtures that may not have been cost-effective on their own. If Fry’s had
utilized PG&E’s OBF for its comprehensive store retrofit, the LEDA eligible portion of the
project would have reduced upfront capital costs by 60%. This would change the project
economics from $100,000 upfront to $40,000 up front, or $40,000 phased over 3 years,
while the remaining $60,000 would be paid through energy savings from the store utility
bill. Accounting for maintenance savings and utilizing OBF, the project requires less than
$6,000 up front and achieves an NPV of $177,693 (including maintenance savings), while
the OBF loan is repaid through energy and maintenance savings. While this does not
address structural issues such as separated capital expense and operations and
maintenance (O&M) budgets or the need to float a loan while waiting for incentive and OBF
loan processing, it highlights the potential of OBF to reduce capital costs.

Finding #4: LED Linear Tubes, which have significant savings potential,
merit evaluation to determine whether these products should be considered
for future program incentives.

While LED linear tubes have had product quality concerns in the past, their quality is rapidly
improving. Roughly 12% of the Fry’s LED retrofit budget was used for the purchase of LED
linear tubes. As LED linear tubes continue to improve in quality and efficacy, their use will
likely continue to grow. The Design Lighting Consortium now has a category of LED linear
tubes on their national recognized Qualified Product List, and many products have been
listed in the past six months. Linear tubes with external drivers which replace the existing
fluorescent ballasts and do not use existing lamp sockets have fewer electrical and safety
concerns. We recommend conducting further evaluation to determine whether these
products have sufficiently addressed prior quality and safety concerns and should be
considered for future program incentives.

Finding #5: Utility programs can expand LED commercialization incentive

programs and encourage a comprehensive retrofit approach.

The comprehensive retrofit approach reduces costs by achieving economies of scale on
equipment and installation costs, allowing companies to complete retrofits that may not
otherwise be cost effective. Utilities can expand early commercialization to non-retail
commercial buildings, where comprehensive retrofits may also be cost effective, particularly
for facilities with high hours of operation or large quantities of recessed fixtures with three
and four linear fluorescent lamps.
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Finding #6: Utility programs can integrate lighting controls within existing
LED incentive programs to achieve deeper savings and improved facility
asset management through operational efficiency.

Advanced controls allow facilities to realize additional benefits that extend beyond a simple
retrofit. Advanced controls play an important role in not only saving energy, but also by
providing data inputs to intelligently operate and control facility assets. They also provide
opportunities to achieve additional financial benefits by participating in utility Automated
Demand Response (ADR) programs and grid ancillary services. A recent study estimated the
global advanced lighting controls market will grow to over $5 billion by 2020, and is driven
by increased demand for both task tuning, via dimmable ballasts and drivers, and
occupancy information via occupancy sensors (Navigant 2013). The long lifetime of LED
products means that lighting LED retrofits likely represent the last major retrofit opportunity
for much of the lighting market,>® so once a business has completed a comprehensive LED
retrofit, it is unlikely that they will conduct another major lighting retrofit for at least ten
years. During this time, we expect advanced lighting controls to achieve widespread market
adoption and play a major role in facility asset management. We recommend that utility
programs bundle future advanced controls installations with comprehensive retrofits, which
will give customers greater control of their facility assets and participate in future demand
management programs.

% CREE, a major LED manufacturer, recently extended its warranty for certain products to 100,000 hours, which is
over 16 years, even with Fry’s high hours of operation
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APPENDICES

APPENDIX A. FRY'S LED RETROFIT SURVEY

These questions are designed to better understand Fry’s decision process in fixture selection
and regional implementation. These questions will help PG&E better understand how
commercial entities select LED fixtures and how they decide to scale them across many
store locations.

The results of this survey inform the Emerging Technology (ET) Demonstration Report.
Some of this information may be included in the report. We understand that certain answers
may contain sensitive or proprietary information that Fry’s does not wish to publish or would
prefer the report discuss more generally. For each answer in which confidentiality is a
concern, please note those concerns or specific answers you would like to omit in the
external report. Once the report is drafted, Fry’s will have one week to review the rough
draft and request any changes to the report.

1. Existing Operation
a. What are Fry’s normal operating hours, excluding stores operating 24/77

b. What fraction of Fry’s stores are open 24 hours? Do all stores that are not on
a 24/7 schedule have identical hours?

c. How many holidays per year have amended store hours? Do holidays impact
stores that are open 24/77?

d. Please describe any additional activities, such as stocking and maintenance,
that impact the operating hours of the LED fixtures. Do they differ by fixture
type?

e. How often do you currently conduct scheduled replacements where you re-
lamp existing fixtures? Roughly what fraction of these lamps had pre-mature
failures that require spot-replacement? How often do you perform spot
replacements?

f. What is the estimated cost of re-lamping a fixture for a scheduled, store-wide
replacement? Spot replacement?

g. What is your average electric utility rate ($/kWh)?

h. Do you expect any other changes to costs from adopting a new LED fixture,
such as increased/decreased installation time?

i. What is your expected re-lamp frequency for LEDs?

2. Fixture Selection Process
a. What were the key factors that influenced your decision to install LED
fixtures? Indicate all that apply.
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i. Energy/cost savings

ii. Lamp replacement time/cost savings
iii. Light distribution
iv. Other:

b. What were your key concerns about switching to LED fixtures in this specific
retail application?

c. What other lighting products did you consider installing? How did you
differentiate between similar products on the market?

d. What were the performance criteria in your selection of the specific product?
Indicate all that apply.

i. Efficacy (Lumens per Watt)

ii. Light distribution
iii. Color rendering of products
iv. Lamp field performance

v. Lamp replacement labor costs
vi. Other

e. Did external agencies help inform your selection process (ex. DOE, MSSLC,
CALIPER, ENERGY STAR, DLC, utility programs, etc.)? If so, how did they
help?

f. What external companies helped inform your selection process (Lighting
contractors, designers, sales representatives, etc.)? If so, how did they help?
g. What was your experience of the installation process?

h. Have you seen a reduction in energy bills since installation of the new
lighting?

3. Influence of utility incentive programs
a. How did the presence of a utility incentive program affect your decision to
move forward?

b. On a scale of 1-5, 1 being not important at all, and 5 being very important,
how did utility support in the following areas affect your decision to move

forward?
i. Incentive 1 2 3 4 5
ii. Project assistance 1 2 3 4 5
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c. Are there any additional utility program services that would assist you in
future decisions?

4. Decision to scale to other stores
a. Do you plan to implement this at other retail locations?

b. Describe the field-testing process you completed prior to your decision to
scale new lighting technologies to several stores.

c. What were your criteria for approval to scale? Were the criteria the same as
the initial fixture selection? (ex. Payback, maintenance, upfront costs, etc.)

d. Please rank the following in order of importance in selecting new retrofit
locations:
i. Age of Existing Fixtures
ii. Store energy use
iii. Availability of utility incentives
iv. Other:

5. Demand Response and Dimming
a. Does your lighting control system allow fixture dimming? If so, is this feature

used in the store? When and where is it used?
b. Would you consider using dimming capability on fixtures in the future?

c. Are your lights controlled through an energy management system? Is this
system able to accept automated demand response (DR) signhals?

d. Would Fry’s be willing to participate in an automated DR program for LED
lighting fixtures? Are there additional lighting sources you would consider
implementing DR for?

6. Store Employee or Customer Survey
a. Did you (employee/customer) notice the lighting replacement?
i. Do you think the new lighting improves or worsens the retail
atmosphere?
ii. Overall, how satisfied are you with the new lighting atmosphere?
iii. Would you recommend that Fry’s adopt the same new lighting in other
stores?
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APPENDIX B. SCALED FIELD PLACEMENTS FOR PG&E EMERGING
TECHNOLOGY PROGRAM

a. Description - These projects consist of placing a number of measures at customer
sites as a key step to gain market traction and possibly gain market information. The
measures will typically have already undergone an assessment or similar evaluation
to reduce risk of failure. While the number of units in scaled field placements will
vary widely, numbers typically larger than in an assessment of the technology are
expected. A very simple example of a scaled field placement would be to give 50
office managers a LED task light. Monitoring activities on each scaled field
placement will be determined as appropriate.

The following table highlights the distinctions between technology assessments,
scaled field placements, and demonstration showcase.

Technology Scaled Field .
Parameter g Demonstration Showcases
Assessments Placements
performance. cost
Purpose data — EE market traction Visibility
programs

: first-hand

Theme evaluation . Exposure
experience

Units installed

one to a few
{(exceptionally.
many)

a few to many

one (or entire floor/building/facility)

one to a few

One or more as

Number or sites {exceptionally. a few to many ,
< strategically valuable
many) <
Unique One one more than one measure up to whole
measures systems (exceptionally. just one)

Customer impact

one or a few users

few to many
users

large number of viewers

Visibility very little targeted Public
. as needed for data . . .. .
Duration : life of measure duration of public interest / impact
collection
Data collection Detailed none to moderate none to moderate

Dissemination
mechanism

printed report &
other media

first-hand
experience and
word of mouth

short-term exposure and word of
mouth

b. Rationale - Scaled field placements work under the premise that end-users or

stakeholders with adoption influence (installers, builders, and procurement officers)
will be positively influenced by first-hand experience utilizing a measure and that this
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first-hand experience will lead to future measure purchases/use. This method of
influence is fundamentally different from assessments that influence through
information dissemination via a report or other results media.

Scaled field placements will be most effective when:

e The stakeholder gaining exposure has the potential to influence a large
number of future purchases/uses. Example: Placing a high-efficiency air
conditioning unit with several large HVAC contractors. “Potential to

influence” is a broad term. Influence of the participant stakeholder could stem
from purchase decision power, high frequency of interactions with other
potential adopters, or status as a thought leader.

¢ First-hand experience is projected to be more influential for a measure than
less costly dissemination mechanisms such as printed information or media.
Technology complexity and concern regarding human factors are potential
causes for first-hand experience to be more influential than printed media.
Example: Placing energy efficient retail lighting at a Wal-Mart, Target, and
Home Depot store.

c. Barriers addressed - Scaled field placements address Information or Search Costs,
Performance Uncertainties, Organizational Practice or Customs, as well as
contributing to efforts by others to overcome Hidden Costs and Asymmetric
Information and Opportunism.

For instance, scaled field placements reduce the time that large-scale decision makers
and decision influencers must spend looking for and confirming the performance of
EE measures - as first-hand experience eliminates these needs.

d. Expected outcomes - Scaled field placements will contribute to increased measure
awareness, market knowledge and reduced performance uncertainties for ETP
stakeholders and large scale customer decision makers and decision influencers. This
will lead to changes in organizational practices and customs that may otherwise limit
EE measure procurement and application.

Scaled field placements can also contribute to a market tipping point, in which an
influential buyer or decision maker responsible for large volume purchase decides to
specify the EE measure - thus creating a spike in market demand and exposure for
many people who experience the measure once it is implemented. Over time, scaled
field placements may support increasing use of measures by customers, aiding EE
programs in achieving energy and demand savings targets, and meeting long term
Strategic Plan and policy objectives.
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FIGURE 42. LAMP DISTRIBUTION BY COMMERCIAL BUILDING TYPE 2010
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FIGURE 2.5 PRICE-EFFICACY TRADEOFF FOR LED PACKAGES AT 35 AICM? AND 25 °C
Motes:

1. Cool-white packages assume CCT=4746-7040 K and CRI >70; warm-white packages assume CCT=2580-3710

K and CRI >80.

2. Rectangles represent region mapped by maximum efficacy and lowest price for each time period.
3. The MYPP projections have been included to demonstrate anticipated future trends.

Source: DOE 2012a. Table 4.18 Lamp Distribution by Commercial building Type 2010.
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APPENDIX C. LIGHTING SIMULATION DESIGN DETAILS

For each simulation comparison, two identical models of the space were placed side-by-side
and equipped with the base case and retrofit light fixtures. This allowed for comparison
viewing base case and retrofit scenarios. By their nature, simulations are intended to
capture major lighting characteristics of a given space, and are not intended to serve as
detailed representations of the space. The most important lighting characteristics of the
space are those that affect the way the light is distributed or reflected by surfaces within the
model. As such, a precise color of a given wall or object is not as important as the level of
reflectance that it creates. Objects such as internal walls, chairs and tables, and computer
monitors were added to the models where appropriate to model their effect on lighting
within the space.

Lighting models often use a standard set of assumptions for the reflectance of the ceiling,
walls, and floor of a space as 80%, 50%, and 20%, respectively. Auditors used these
default values except in cases where visual inspection of the area indicated these default
values were not appropriate. In those cases, the model reflectance values were changed to
match the reflectance of the surface. For example, a 20% reflectance for the floors is based
on a typical building carpet. However, the Break room, Auto Install garage, and Customer
Service Area in this study had off-white tiled floor, which was estimated to have a
reflectance of 50%.

AGi32 Lighting models rely on .ies files containing fixture performance data to represent the
fixture in the model. These files, named after the Illuminating Engineering Society (IES),
provide data on the intensity and distribution of the illuminance of a certain fixture, which
allows modeling software like AGi32 to calculate how the fixture will illuminate a modeled
space. These simulation files are based on test data, and are typically provided by the
manufacturer on their website. All .ies files for the LED retrofits were obtained in the specific
configuration used for the retrofit, either from the manufacturer’s website or through a
direct request to the manufacturer. However, .ies files for base case fixtures were not as
easily available, and not all fixture files were available in the same configuration as the
actual base case fixtures identified through the on-site audit. The two fixtures affected by
this included the Break Room 2x4 fluorescent troffer and the metal halide lamps in the
Customer Service Area. In those cases, close approximation fixture files were chosen, and
their performance specifications were manually adjusted to match the installed products.
For example, the 2x4 fluorescent troffer file used in the Break Room was based on a fixture
with greater lumen output than the actual base case fixture, so the lumen output was
adjusted down on the .ies file to match expected lumen output for the installed fixtures.

Within the model, Light Loss Factors (LLF), provide a more accurate representation of
fixture performance by taking into account different impacts to lamp performance. Three
primary Light Loss Factors were used in the model for this report.

1. Lamp Lumen Depreciation (LLD) - The light output of all lamps degrade over time,
and an estimate of LLD allows models to show how the lamps will perform after
being placed in service. LLD was assumed to be .90 for all lamps (Benya 2011).

2. Luminaire Dirt Depreciation (LDD) - Lamp performance can degrade over time with
the buildup of soot, dirt, dust or other particulate matter (Benya 2011). The fixtures
present in the retail environment of Fry’s are not greatly affected by these factors,
and the LDD is estimated to be .95 for all areas with one exception. The auto install
garage is exposed to car exhaust, which contributes to greater particulate buildup.
The LDD for the auto install garage is estimated to be .90.
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3. Ballast Factor (BF) — For base case fluorescent and metal halide lamps, a ballast
factor of .87 was added which compensates for the performance of the ballast on the
lamp itself (Benya 2011). A ballast factor was not applied to LED fixtures or the PAR
lamps, which use drivers to regulate line voltage and do not have ballasts.

The total Light Loss Factor is determined by multiplying all the factors together, a method
described in The Lighting Handbook (IESNA 2011). For example, for this report, the base
case T8 fixture in the break room would have the following light loss factor:

.90 LLD x 95 LDD x .87 BF = .74 LLF

Whereas the retrofit LED fixture in the break room would have the following light loss
factor:
.90 LLD x 95 LDD = .855 LLF

Similar to actual in-store photometric measurements, simulated measurement points were
taken at the task height relevant to the area, such as the height of the customer service
desk, or the surface of the tables in the break room. For the auto install garage, where
there was no clear task plane, measurements were completed at a height of 30 inches
above the finished floor, in accordance with IESNA field measurement guidelines for garages
(IESNA 2011).
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APPENDIX D. RETROFIT CUT SHEETS
A. CS14

Cs14”

4' LED Linear Luminaire

Product Description

The CS14'™ LED linear luminaire dolnees up to 4000 dumens of axcepticnal 90 CRI Csi4
light. This breakthrough parformanca & achioved by combining the high efficacy and

high-quality light of Crae TruaWhita® Tachnology and Croa MicroMixing™ Optics with

2 unigue thermal management approach. The CS14 & avalkabie In neutral o ool coler

tempearatures and has 0-0V dimming a3 standard oplion. Its compact, Sghtwweght

design makes It aaxsy 1o Instal, making the CS14 perfect for use in grocery retall,

showrooms and Naht ndustnal Aopications [n e of upgrade corstruction.

Performance Summary
Utitzes Croe TruaWhite* Tochnology
Active Color Management
Room-Skie Heat Sink
Made In the USA of US and imported parts
Delivored Light Qutput: 2200-4000 mens
Input Powar: 33-38 watts
CRI 90
CCT: $500K, 4000K \
Input Voltage: 120-277 VAC -1
Warranty: 10 yoars!
High Efficacy Lifetime: Designad 1o 1ast 75,000 hours minknum
Base Lifetime: Designed to last 50,000 hours minmum

’

Dimming 0-10V Dmming to 5%*

Mounting. Suspended of Surfave with Torsg Hangers (Stendurd)

Dimansions L 48" x W X" xH5B"

Welght: max 8 1bs.

Accessories
C5 Sorles Tor more details.
MM | ACS-38/5-48-GV8-J8
Mol Fong Hamgae (Par) - Rec | Acka Foexch With Catdo Suggoet
warficn mourt [ 48"
ACS-12/3-40-QVa8-JB
ACS-48.0048-18 Adprstati Powor Feads wih Cabile Support
Aduetiitie Cobk Supoont Kes Canogy Kits
ACZ2-43-Q1aB-TB AC5-38/2-48.-Q4E-JB
Adurstatbe Cabke Supoont Kies Adpastatie Power Foads with Cabile Support
Canogy Kts
PC510/5-24-J8 AC-144-G148-LP
At e Power Food Canogry Catin Kil Fetpatatiol oo Cabie KTy
PCS-12/3-24-48
Adustatie Power Foed Canogry Catio Kits
PC518/2-24-JB
Adustabie Power Feed Canopry Caltée Kits
'

Ordering Information
Example: CS14.40L HE-35K10V

l ‘Voitage l ‘Cantrol

oM ace vE 3K Whank wov

SIW 4000 umens 4500 Kabain Q0277 vox 0N D
380 HE 40K 5%
33w 3800 lumens 4000 Kohin

380
SEW SR00 |amees

2IW 2200 wmares

“Dokernce g for TTING COntrd OpBons.
1500 WWWCNO COMNRNTIYG 10f marranty tams.

s (oo meem CREE@

mﬂ"‘m T (800) 236-6800 F (262) 504-5415
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cs14™

Product Specifications Photometry
CREE TRUEWHITE" TECHNOLOGY cs14

A reelutionary wey ta generale high-qualty white ght, Cree True\Whnee* CS14-A0LHE-40K-10v

Tochnologry mixs the Sght fram the highest parforming red and unsaturned

yoliow LEDS This patemed sppeosch delivers an exclusive combination of Coaticlents Of UtSization
GO+ 1L baantiud light charactortstics, and Bdong color consiency. all whike
maEntaining High luminous eficacy -3 o No Compromise solution RCC % 80
THERMAL MANAGEMENT sl el Bl B RO
An nncvative thanmal Syatonm dton iz coolng RCRO M9 ™ MW M™m
elfoctivanass by llowing rea air mewsnment arourdd th heat snk and 1 W8 V4 o9 o8
treough the fxtune. | his Breabthrough deson and aperating drive currant |
of less than S50mA erables the LEUs to © Tun cooker, g 2 |9 %0 @ n
ot % bo [fetime. b 2
= boosts to me. etficacy, and color consd stercy., S . R R
LUMEN MAINTENANCE FACTORS 4 07 @ W M
+ Uesigned to a minimumm of LES at /5000 hours with He option and LE3 at 5 M @ T 48
H0,000 hours with base option. i
*  Reference wwworee comylighting for detalied kamen mamtenance factons. L AT
7 G4 0 4 =
CONSTRUCTION & MATERIALS |
* High strength, kphtweight polymes forme the reflector and drtver housing 8 | m 4w 3 m
« Muri-functional heat sirk and light bar doubies as the wireway for B[OV &3 3%
through wiring harmess, ° | B 0 %
+  |wo plastic 1ong hangars peovided for surface or sus pended nstalations.
N0 tong Fangss por Unk plis one por sow is sagdned. S¥iective Fiacr Cavty Reflectarcs 2%
+ Hangers are adjustatile ong Nixture to accommodate existing
mourting points for upgrade peojects. Hanger support required within Average Luminamce Zonal Lummn Susymary
Tabile
B Inches of end of fixture (od/m2) Zooe Lamers  Leminaie
» Inchvicual fitures may be cornectisd end to end for contiuous row Hoezonal Asghe
mountinng Easy mmavial of nahdd.al fictines mountod 1) contiruous row o-30 roar 25.00%
+ Not intonakod Jor use i eruronmants Ccontaining #home cormosh Sgans | & e il o040 1722 4150%
such a6 chamical solvants, claanarns, or cutting Thuids. 45 ar4a | wo5 | W0
? ‘ | 060 I 7IEM%
OPTICAL SYSTEM i e I ] E i S b 080 ADR?  Sazo%
*  High-afficiency reflectar with MicroMixng™ Optics which integrates the e | e LT ‘ 04 oo 00 oo
intaree direct LED light and distrbutes optimaly mixed ndnct whise i p— p— p—{ o
Wt resulting i a comfortabie appearance whle mantainng high- | il s
elfciency optics. ase & e4 | 73 Relerences www reecomy/ighting

for aotaied photometrc dal

Indirect LED strip sdminates direct view of hghly efficient. ighting
auwity LEDs,

ELECTRICAL SYSTEM
+  Hoom-side wiring acoess chamber with Ringed door for easy slectrical acoess,

< Integral through wining hamess (3812 AWG power and 2X13 0-10V) with
quick-connect plug connectons for easy and efficient contiruocus row
etalations while minimizieg beanch drouit wiring.

= Integrad, high-alficiancy driver and power supply.

« Power Factor = (0% nominal

* Input Fower: Stays constart over Me

* Ingunt Violtage: 1200277V, 50/60H2

+  Dieneninge Dimmabde to 5% with 0 30 10V DC contral protocol. Chss 1 oe
Oarss 2 wiring. Usa only kighting contsols with rolry or FET-based cutpuns, o
Sghting controts with neutral Connection Befrance www.oreecom/Sghting
Toe recommended cimiming controks,

* T Rating | 10 cparaln in ber OCIo3sC
*  Total Harmanic Distortion: < 2%
* Op L < BOM non<

REGULATORY & VOLUNTARY QUALIFICATIONS
* UL Isteg

* DLC qualtfed

* Sumtable for damp locabions

oA Owe e Mosghts emrwd For Wlmasonsd pumoss oty 560

wwworoeoomypatnts for  pobors  BNE covar  these  produdts
Crex®, the Cree ogo, Cree Truewhite®, Trneewhee and the Cree Truewhie”
Technology oo ame regtstorad Bademarks, and CS18™ and McroMbeg™ a
Iracdemarks of Cree, Inc ®

www cree com/ighting T (BD0D) 235-6800 F (262) 504-5415
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B. CR24
CR24"

2'wd" Architectusal LED Troffer

Product Description
The CR24 Architectusal LED High EMicdency (HEY Iml'ﬂ:rdclhusmm“u-mu:mm vt of exceptionel
B0 CRI Mght ot 4000 umens. Th thae fi
mmmwmwwmmmmawmmm dosign, The
CR24 High Definitien (HD) option dellvers enhanoed spectrem B0+ CRI colar quallty. The CR2d product
Tamily & st |n wanm. neddtral, codl of dayipht color tempartens and Nas sten 0-100 o Lutren
EroSystom Erabiod imming seions. iTs Conpact, ghtwel pht mos on makes the CR24 parect for usa in
TN MW CONSUNLCTION OF MeNCVaTog Soaces,

Performance Summary

Utilens Cree Truebiiike® Technoogy

ACTive Cokor Management

Foom-Sida Heat Sink

AsEMRE N the US & Maxikco

Efficacy. 30-130 LPW

Dlivered Light Output. 2200 3100, 4000, 5000 Lrmens.

Inpat Power: 22-50 watts

CRE BO-30

CCT: I000K, T500K, 40008, SO00K.

Inpust ol tage: 130-377 VAT

Warranty: 10 years

Lifoteme: Designed to kst from 50,000 hours up be K0.000 howrs with HE Dption - nr

‘Controls: Step Lewel to 50%, O-I0W Cimiming or Lutron EcoSystern Enabled o 5% ]

Mounting Recassod

T U O Epab 0o ANaCIMd: B0 0 il 10 gy 10407
a0 TRy AaGHU W ST e e S
Housings & Accessories
cPLCR CR-3aTY FWL18,4-06-0T/55-CR AC5-72.908- 18
Chicage Pienum Faold kit 147 Wt P Whip Adfstatib Catlo
CPLCR-EM CR-347V.5D ACSIB4-72.POE-JB EJCR-5PK
ChICagn Fienum Feit Ke-Emergency Siep Domming o 509 Adhbable Coble Expaned sime |unchion bos for
Errough winng (S pack)
K- 24
Surface Mount Kit

Ordering Information Example; CRZ4-40L-55K-5

= F ] EeT 0w Bank 5 Hot
aw 2200 umens - 100 LW A0 KR D027 Vit hep CmmING I E0% | Fligh Delintion Crlr - CH RODG
i 8K (Standard) o SAAW ADHD amens - 50 LPW)
T F00 e - 00 LPW 3500 Kalin O-¥0 Demming to 5%
- 40K LES M
W ADDO kmens - 100 LPY A0 fvn - Eackup-
#OLHE 50K Enabied fo 5% A SHR
LW 4000 umene: - THOLPW (B0 | 5000 Kolvin Emurgnney Bockup wilh serloa mourd ki -
nw AD00 kmera: - 125 LW (35K} D hamerss
aw ADD0 kmor - 120 LFW (0K

AEW AT e ove: - 105 LPA (50K

saL
o SO0 mmans - 100 LW
1 ighting For oplions. 2, Not it WO v LES opftion. £, Mol swaliobie with BB oplion, Lise EFM 5P 4 EENM nol
Hibs & inchudes hlm}lcm:l B HD only avallabie in 801 Sugested M50 for the adder ower the standard £ Sanes fladure for the Lutron

Ecaynslnm® Enabiine] beabure i 45, Ve swmcreconyighling ke samanty leems.

US: wwmcrsecom/fighting T (BOO) Z36-6800 F (62) 504-5415 CREE# @
Camaclx: wmrmacomjcansds T (BOC) 4731234 F (BOG) B90-7507 R
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CR24™
Product Specifications Fhotometry
CREE TRUEWHITE TECHROLDGY CR24-4000L BASED ON LTL REPORT TEST &: 22421
A revolutionary wiry' bo geneeabe high-guality white kg, Cee TrueWhile™ Techrology mbses the Figture photometry Fas boon conductod by a MVLAP aocrodibed besting
liggtat Frowm thwe Figghvmsl pasforning red ancd urssaluratedd velioe LEDs, This palenbed sppeosch lsbszratory in socordance wilh [ESHA LM-P0-00, IESHA LM- 50-08 speecifles
chelhars ar o ve combinaticn of B0 CR1L bl light charsctsitics, arcl lilskang color U enlive ki ine s e source resulling inoa letume sflichensy of K05
oy, il winilen w3 high dficacy —a Inm no sclution,
CH Coafficients OF Utiization
ROOH-5IDE HEAT SINE
A innovative thermal managemaent systom designed to masmizs cooling affectveness Fo - Leses -
Iy Integrating a unigque room-side haat sink inko the diffusing bns. This breakthrough e | ws | e | wE | o
dessign creatos a pleasing archReciural assthatic whike concducting Faat awsay from LEDs -
in o bam parature-coniroled enssronmant. This enalbles the LEDS to consistently nun coolar, o o RCREQ TR T L] L]
z Nt i
previcling sgnilicant baasts b Blelire, elficecy, and colar conslslency - 3 o -
LUMEN MAIMTENANCE FACTORS 4 LR O
v e wiwssers ey lighiing Tor ditaile |uiren mean i leios rnsy a5 2 o B} 7T &
COMSTRUCTION B MATERIALS. e Ll il _ld L
» Duarabbe J0-gouc stend housing with starclard trolier acosss plale b T =1 L2 4n
[ RECH I 16 e M & 4 4
» Hisdd replaceable gt endine iRteanies LEDS, driver, povwer supply, Thismal mar
and optical mising component s. o 5 50 ¥ s =H &5 =
+ Ore-piece kwer reflecton finished with a testuned high reflectance white pobvester — T R 8 6 & W I3
powcer coating creates & comiortable visusl trareibion from the kens to Bhe cefing plane. - - - - -
&
* Provided t-bar dips and hales for mounting suppart wiees enshie recessed o suspended
installatin P — LT T E R
+ nclisidual Nstures may be mownted end bo erd for a continucus row ol Tumination. Tabie Corifmd) EMfective Floor Cavity Reflactance: 20%
BTN Hefunnee wwcros ooy lighting lor dotabod insirections on fud Fartzontal Anghe
pepksormont of the Bght engine. Zonal Lemen Summary
| o | A | 207
OETICAL SYSTEM o | T4 | 34 | T4 * Y Mhame L
+  Unicpss comiination of reflective and malractive optical comporants achisves a uniform, = L - nox ol
o o vhia alimina and ook Tringing. E o | R | | L o-80  1AIS A5 % A
L wistk B gt clulri b, Balircing the delivery ol high 7 = isgr | A 3074 §
g vk on Darizontsl sl with an ideal amount of lght on walls and virticsl - | | | — @60 RME AT T
savirlisies | ik i niniieiss D psrosplion of spusdiosnic £ | P
v LiFfusing hns rbegrated with upsand-Tacing LEL sirip ol eninates o ect view of LEDs ™ NEm | IEn e
watile ke reflector bhalances brighéness of lers with the cefing to cresbe a kne-glare high = | = | o | = Ve WAR.CToE CTHTL NG
angie AODEAANCE. Tt chebnbedd el cimtni: dola,
ELECTRICAL EYSTEM
« Integral high-sfficiency criver and posver supply, *Ppllﬂltlﬂh Reference
* Power Factor = 0% nomiral
+ imput Pawer Sty constant o I
= Imput Violtage: TROW-27TY, SOM80H: | Epacing Lemens WWattagn LW W't Average To
* llaktery Bsckun: Consult faciory, FI00L EF w0 5L E]
+  Temperatune Rating: Duskgned to opsrabe in fem perabures U095 [ |
o R TR e men | 0OUL | 4o oo asa 54
« Total Harmemic Distortion: < 7U% | e ) S | oo i 5
SOOOL SO 00 ora (2]
CONTROLS Fa001 2w ] %
+ Stop dmming i W% comes standard ” AN A0 oo 56 45
+ Opitional ennbinicus dimiming te S5 with 010V LG eontrel protoest” L1 —— —— o | w1 =
v Optional Lutron Ecob: il pbicn al cws i Irtegaatian with Lutron [ LOO0L T SOW T oo 052 1 ot
orkroi | { |
2001 a0 Li] 22 il
REGLILATORY & VOLUNTARY GUALIFICATHONS e 9000 | sow | wo asa |
* U924 (EHI4 option). " ADOH. W 130 [T n
" Bl s | soooL | sow wo asa | a8
* LG gutfed. 22001 25w w00 a 0
v Suitabke for damnp cations. I [ T = T ] e .| =
+ Dasigned for Indoor use. | 1
Lo e W 1t asa it
* P 8 0 WA LT LT ) B Ao ] T T ] e R | T T T
Rz el gy e LS neaheks S0O0L | 50w | Koo | a2 ) £l
¥ coling: B2 0 ikectoneces, 3.5 workplans, open roam. LLF 1O intial.
@ 301 Crae Inc andéor cno of s subsidanes All nghts ressrved. For infonmationsl Cpan SERce: S0 K 4 K10
pAposas  only. Sob fof patorts  that cower  ihese  procucts
Crae®, thi Cros oo, Cres TroarWinite®, TrerWhite® and ra Cros TrosWribe® Technology Qo
are ogistard tradomarks and CRIM™ i & racomank m’ Croe, Inc. of o of s SulrEcianis
Lutran, Lutron EcoSyston, EcoSystan, and th Lutron EcoSystom Enabied loge are regiiored CREE.
Aradimans of Lutnon, . R Dat 31472003
US: wwmcorsncom/lighting T (BO0) 236-6800 F (362) 504-5415 Caneda: wwhicrebcomicanada T (RO0) 4731234 F (B00) B00-7507
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C. CR-LE

CR-LE

14" or 172" LED Light Engine

Product Description CR-LE (T'xd"

The CR-LE LED lght engine dalvers up to 120 lumans par watt of @ceptiona 20 CRIIght &t 4000 umens.
This braakthrowgh performance 1s achleved by combining the high efficacy and high-gualtty ight of Cree
Truewwhite® Techmology with a unique thermal management design. The CR22 High Definftion (HD) option
delvers enhanced spectrumn 20+ CRI oolor qualty The CR-LE product family 1= 2valabis Inwarm, neutrs,
cool, or d2yight oolor temperatures and has step, 0-100 oF Lutron EcoSystem® Erabled dimming options.

Its compact, lightweight design =2ty sccommaodates recessed, surface mount, of suspended nstaliations,
rmaking the CR-LE perfect for use In commendial new construction of renovated spacss.

Parformance Summary
Uttlilzes Cree Trugwhite® Technology
Agtive Color Management:
Fizom-Slde Heat Sink
Aszembled In the Us & Madco
[Efficacy. 50-130 LPW
Delverad Light Qutput 2000, 2200, 2100, 3200, 4000, 5000 Umens
Input Power: 23-50 watts
CRE B0-20

CCT. 30006, S500K, 40006, S000K

Input Voltage: 120-277 VAT

Warranty: 10 years

Lifetime: Dasigned bo last from 50,000 hours up to 100,000 hours with HE Option
DImming Step Level to 50%, 0-10 Dimming or Lutron EcoSystem Enabled to 55
Mounting: Recessad

MOTE: Uss of Expandsd Junctian Box will axpand the
depth ta £.67 o

and Emengancy Backup will sxpand the
dapth ta £.30"

Ordering Infermaticon Example: CR-LE-40L-35K-5

CR-LE 20L {2y I0K Blanic 5 HD&
2TW 2000 lumans - S0 LW 000 Kakin 120-ET7 valt (Standand) Stap DImming ta 505 High Definitian Calor - ORI 80~
3K . W I200 lumsns - 30 LEW
370 (be2) 44W 4000 umens - 50 LEW
32W 3200 lumans - 100 LEW FEQD Kalvin eI Domming T 55
271 (Ded) oK LES
2W 2E00 lumens - 100 LEW o0g e Lutron Ecosystam® EEat
oK Emmbigd bo B3 EMergancy E2ckup - MO0 lumens
L sy SO0 Fahin EE1S SME*
AW I100 lumens - 20 LI Emargency Sackup with surfacs
mount Wt - 1400 lumens:
ADL ()
ATW S000 WMeNs - 100 LEW
ADL HE

30.5W 4000 umans - 130 LEVW (3080
IZW 4000 umans - 125 LW (356
33W 4000 umans - 120 LRV (40K
34.5W 4000 wumans - 115 LAW (S0K)

0L (ed)
SO% 5000 lumans — 100 LR

1. Referanca werw.crea com/1kghting fior recommended dimming control options. 2 Mot valebie with EE option. Use EE14 SMIL 5. EBM nor for use with SME Wiks 4. Includses surface
mourt kit accassary (SMK-LE-L ar SME-LE-5) EMK-LE-EL must be ardered separataly. . HD anly svellsdle in 320 or 400 Eugpested MERP for the addar over the standerd CR Earlas fdurs
#iar the Lutron Eccystem® Enabled feature |5 $48. “See www.crea.com, ighiing for waeranty terms.
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e T S e e |

Product Speciications

CREE TRUEWHITE' TECHNOLOGY

& rervalutionany vy to genarata hgh—qmlrtymmlgﬂ. Cres Trua'Whits' Techrology mixes the light from

the highast performing red and urcaturstad yallow LEDs. This patented approach dalvers an exdusiva
combination of 30- CRI, beautiful light charsctaristics, and lifelong color consistency, all whils maintaining high
limirous efficacy—a true no compromnise solution.

RCOM-SIDE HEAT SINK

An nnoemtie thermnal managament systam desigred to maximiza cocling effactivenass by intagrating &
uniqua rcom-sida haat sink inte the diffusing lens. This breakthrough design creatas a pleasing architactural
zesthatic while conducting heat away from LEDs in & temiceraturs-controlled snvirenmant. This enailes tha
LEDs to consisterthy run cockar, praviding significant boasts to [ifetime, officycy, and color consistarcy

LUMEN MAINTENANCE FACTORS
*  Raferencs wwnwcras.comylighting for detailed lurmen msimtensnos Sactars.

CONSTRUCTION & MATERIALS
= Light enging integratas LEDs, driver, powar supghy tharmal managemsant, and opticsl mixing components.
« Hanging tabs enable suspendad installation.

KOTE: Hanging materdais not included. Must ba punchasad
separaishs

MOTE: Redarence wvecreauoomylighting for detslied Instructions on flald replacemant of tha light enging.

OPTICAL SYSTEM

= Unigus combination of reflective and refractive optical componants achisves & uniform, comfortabla
appasrancs whils sliminating pixslstion and color fringing.

= Components work togethar to optimize distribution, balancing the dalivery of high iluminancs ksls

on horizontal surfaces with an ideal amount of light on walls and vertical surfacas. This inoreasas the

parcaption of spadousnass.

Diffusing lens intsgratad with upsard-facing LED strip alimiratas direct view of LEDs whila lowar

raflector balances brightnass of lkers with the ceiling to create a low-glars high angls appearance.

ELECTRICAL SYSTEM

= Intagral, high-sffidency drvar and power suppdy.

= Power Factor = 0.9 nominal

= Input Powar: Stays constant over lifa

= Ingut Voltage: 1200W-277V, S0/50H

= Eattory Backup: Consult factory

= Temperasture Rating: Designed to opsrata in tamparaturas 0-25C and balow room side and plarum sida.
= Total Harmonic Distortion: < 205

CONTROLS

= Step dimming to 505 comes standand®

« Opticnal contiruous dimming to 5% with 0-10% DC contral protocol®

= Optioral Lutron EcoSystem® Erabled option alows searmless imegration with Lutron EcoSystem contrals.”

REGULATORY & VOLUNTARY GUALIFICATIONS
= cUlus Listad.

DLT quakfied ™

Suitable for damp bocations.

« Dasigred for Indoor usa.

*Refarenos wra.crescomighting for recommanced dimming cartrois and wiring disgrams.
**Cass not spply 10 -_E5S modals.

Housings & Accessorles
s

SMK-LE-L® SMK-LE-EC CR-Z47V ACELM-72-PDE-1B

Surfaca Mount Kit for CR Saries Txd Light End Caps (2 pack, required far ail SMK 347 valt Adjusmols Cabl

Engings 2200, 4000 8rd 5000 UMens InFtalatians, MUt bE Sroered Separatay) CR-TATV-ED ACE72-POE-IR

SMK-LE-5* SME-LE-JP Stap DIMming ta 5035 Adustmnis Catke

Surfaca Mount Kit for OR Serles T2’ Light Joinar Blata Jopticnal tor comt nuous row g . ECR-EFK

Engines 2000 and 3200 lumans Instaiatizr) W%TQT"MR E@nmﬂsnpnmhm far

throwgh wiring (S pack)
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D. Phillips LED A-Lamp

Philips A-shape
Dimmable LED Lamp

Ideal for decorative and
ambient kghting in retod
outlets, hotels, restaurants,
government buildings, and
multi-unit residences

Attractve, dmmab e LEC

aternatve to popuar rcandescerts

Philips A-shape Dimmable LED Lamps are the smart LED aternative to
standard incandescent A-shape lamps. The unique amp design provides
omni-directional light wth excellent dmming performance.

High efficacy LED accent light

+ First 60V incandescent equivalent A 9 LED bulb to be ENERGY STAR® Qualified

* New 8VV design is ENERGY STAR® Qualified, and replaces a 40VV incandescent equivalent
A 9 LED bulb

« TW A2 ENERGY STAR® Qualified bulb replaces a 75W standard incandescent
equivalent A2 bulb™

+ 22W A2 bulb replaces a  00W standard incandescent equivalent A2 bulb?

* Smooth dimming to 0% of full light levels”

+ 25,000 hour rated average life’

+ Emits virtwally no UV/IR light in the beam

+ Contains no mercury

*R phosphor (yellow) disappears when energized to create even, soft, white light

Easy to experience

+ Long life properties—lowers mai costs by reducing re-lamp freq
* Will not fade colors, avolds inventory spollage

* 3-year or 5-year kmited warranty depending upon operating hours

(2.1, S0k pge o ot pH I I-I ps
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Philips A-shape Dimmable LED Lamp

Ordering, Electrical and Technical Data (Subject to change with ice)
Lamps Raged Color

Product Nom, per Avg. Life Approx Temp. MOL
Number Ordering Code Warts Volts SKXU  Description (Hers)? Lumens’ CRI (Kelvin) (In)

A

B 4409 B4 FENOLIO40 (R WV PGS LED DTGBk EVA S A5 Md 2500 40 & 70 43
OiM &

N ADP46 | 2A HTNDATONI00 15w VP UD Dirvroble ZWA 9 A9 Med 25000 0 @ W 42
oM &

AR S 2 G S e S 13 S S A [P e e v e )

W 4 859.0 (7AZ /ENDZIOM. (O 7 n 20V Philgs LED Dimerable 7WAZ - A2 Med 25000 0 0 2700 48
DM &

AZ2S T2 FENDRTO) DM a » 0VPHIps LED Dinsble ZWAZ A2 Med 25000 780 @ 200 48

Caxse Caxse SKUs
Product SKU UPC  Bar Code Casn Waight Cube Pallot Por Layers SKU Dimensions  Case Démensions  Pallet Dirmemsions

Number (0-46477) (5-0046677) Qty. (lbs.) {cu.ft) Qu. Layer Migh WxDxHMIn) WxDxHM)ing (WxDxHNIn)

A -
4 4825 4 4831 4 483.7 6 245 03 ‘e 2™ (3 272x172x 480 BADxSE0x4B0 4720 x 39.40 x 3450
409366 409344 40994-2 & 37 0. 55 ‘e 24 & 27222722480 5BIxBE2x53 3940 x 47.20 x 35.00
4 6590 4 0595 4 0590 4 0B 0297 e b 4 A02x 223 x 7T A92x A0ZxBEZ PNV x 4724 x 4020
A2515 4035 2054 4 080 0297 4 » 4 AN xIVxTAT  4A9kx 42x B2 FIITx 4724 x 4020

) When comparrg the 3W LETY A 9 husing 470 hamern tn the stanclad SV icandocrrt A 9 oy 400 hamuom,
2) Raterd sverage bo o bl on enprec g, el arabpe
J) Baznd on photoeretre teatrg corcstom weh €5 LM 23,

* ERrwrabie whon g leadng odge Serewss (soe Phips Vishohe waw philpscoaiadeshg bde for comgabie feadng odge Sevmers)
SV comgareg the W ILED AT tewg 00 e 10 e sandird SW ncandesosnt A7 hawg 00 Ry

| When comgareg this 72 Pigs LEDAD Tasg 730 10 e dandrd. TOW randesst A7 hawg, 440 hamess

W This lavg 5 ENERGY STAR® Quallid

Energy Efficiency

Estimated Lighting Costs Using a Standard | 00W Incandescent A2l Lamp This energy saving wle shows an application of

Prosent Wattage w0 w 00 lamps in a space currently using 00 incandescent
xww,ﬂm - 4000 brs — ! 00W, 780 lumen A2 lamps, operating 4,000 hours
- — . #9000 ' " peryematacostof $0.  per KWh.! Your actual
+.,000 _ 400 KWh per year savings may vary depending on the energy costs in
R LS. D0 peryer ... your geographic location.
% 00 gz por space = %4400 | energy cost per space
Estimatod Lighting Costs Using a Philips 2IW Philips A2| LED Lamp Replacing 00 standard incandescent  00W 780 lumen
Present nw A-lamps with Philips 22WV Philps LED A2 lamps can
x Annual Operating Hours 4000 hrs provide significant energy cost savings of $3,432,00 per
year! Potental savings from the reduction in HVAC costs
+ 000 . = B8 KWh per year as a result of using a lower wattage lamp that emits less
%« KWh rate of $0. = $968 par year - : hecaf: S YOI O (Y )
T = e e heat is an additional not in this \p

1 Ught owtget of the W Phps A2 T80 lursens companes to the | SVY sancard
ncandaseont A2l ax 1780 havass

Total Estimated Annual Savings = $3,432.00

S itwod on (0 Grrgs per qpocn cpersang 31 A0 hewns per pear,

WARNINGS AND CAUTIONS CAUTION: flnk of stctric sthack, Do not sse whare
* Sustabile for danp locasiom. diroctly exposed (o wrtar.
* Not for sae in totally snchnnd kamisaires (fectures). c us
* This dvice s ot ntmmded for wve with smerprcy NOTES: This device comphes with Part 5 of the FCC s

oxt fixseres or smergency ighes., Rudes. Oporation Is subject o th folkowing two condiions: Ty
+ Bafore replacing, tum of power and lec lamp cool { ) This dewicn maay noe cwuse Barréisl nterference, and

0 avold eloctrical shock or burm. (2) Thts dewicn must aconpt aimy Interference that may cunn

©20 2 Phils Lighting Campuany, A Divakon of Phibya Lightirg Cormpary Philga Ligheng
PHILIPS Pribgn Elactrunes North Amarics Corporation. 200 Fraskiin Square Drive 28 Hikmosnt Rood
Al rights raerved. Scmerset, NJ 08373 Markbaun, Ontarto
Printed In USA & 2 -800-555-0050 Careda LEC 253
P 078 800555005

oib A Divibon of Pitn Bectroms Lad.
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E. CREE ESA

Mo lbaircld 07 3

ESA-C 0-MD- -56 Essentia® LED Downlight - Cylinder - Medium
SURFACE MC
— 7T 1 ]
i TWusH H
AR ]
2w | ar
I3Hmmy | | ke (5) Torckars [ 'l Bracked (7]
o __
i B | lr l j
[Pmm| |
8 |
N | = e st ) it s 4]
LELY CEWINT REFLECTOR/ DRIVE OFTICNG
FAMLY FRODUCT  OFTIC MOUNTIMG wOFlEns ERES  VOLTAGE COLOR e CLRRENT  Tesepee sbiod mimi
ESA ca (5] 19 D V]
Ewamiia F Cylvcher  Mofarm Surfaun 5 [k} Lirdvral BE  Blak S/EC e 525 LbmA LM Levs Mixhs
P P Fasrnt BE oo B[OGR il 0 MmA FS heang
S Wl Bracket 8 Canen SGBR  Broree e ot
HP  Hagsraghi Shar BGOG s lunpage a0 000K
Pesatantt WH Whie L] A, ACO0E
AT 5 Al Cabke SGRE  Fewanr
AC2 O At Cable BEWH Whet
ACT 5 Adurall Cable SGR ek
w ity

FOOTHOTES

. o, v Bicvory ko other kengths
LM stk £ e shope, Tk cutabi foomait Tauinny dor other imgii)
1, S50 = Solt Salim Gl Arli-aikescen]
A, Crobor hangmsrslume gesr Nehure; B500K Sk

LED PER

MANCE SPECS

BITIAL DEUYERED LUMENS

TOTAL CURREMNT

L7 EOK, HOLIRS
SYSTEM . LLFMER
ROFLEDE oo £ 300k i, VRATTS HOURS  mINTEMANCE
@ o dhles 000K e lee PO b BTV @V @ @ gy 0T EhC I
- Hedia ST (TR
mmmmu‘cm‘ﬂ « i 0V Dy Soovidand
5% 5417 T a4 %4 17B M o0 0B 4 04 036 RN W,
T00mA, FIXTURE OPERATING AT 25°C (T7°F] - &1V Dirrmeng Stonddard
5 e “nl 55 A5 AT 0 7] 4 e 058 05 5000 1166

® o pusc e e by ooy lachoe data wa: 10 4

20 T Russd Lightieg Inc. - & Cree Company. All rights reserved. The ifonmenion in this ocemen is sibject 1o change without notios.

20 Weashingron Astns, Racine, Wisoongn 53406 | 001366800 | wew BoalEDoom
e i e LUSAL of LS, ond ot et sy By Amesicon sequiremisots wibifun the AR

CREE®
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[[ENNRE TP

ESA-C 0-MD- -56 Essentia® LED Downlight - Cylinder - Medium

i - - Teen-inch syfindier dhaiipht duesipns] for 56
T ] T LUMINANCE DATA CANDELA DISTRIBUTION e e e el e L

e S \ prowides a broad, even kght destribution,
T e N
for TR X and Five light
i s Mg s e | 45° M [ e avaiable — rarrire pin rarme spol, e,

|' i =] s, andd wici,
| Wy = | 5 1) 5 715
" f Y ' ] 5 iz FEATURES
Ay
k' . // 75 @ e 4 4+ Luminare msswm}smzm
R AL staredard, takzrance to be within & 2-step
! ] 3 [ iy 574 Meidam Flipse. See tabie for spedfic color
e . = tederance (hedow).
A k!
ESAC = Axial and Tifed Sxal TIR RancOptic
M Count b 5 ] an each indricial LED 1o maximize ight
Efficcy 52 L delhvered Trough speriure.
ot s & o + Pornidess 45° visual cotcdf Lo s,
Dirive Currenc o = 1 = Light chstribution aelable in rarmow pin,
Delvred Lumems 65345 - P TR S{Mat, SEarTiss; mned i, or wide:
Test Mumbar- = Lo bnightness pntlllnzhcspunﬂz&
ESAC LSS H IS S Wr ] aluminum cone, 0s" thick: with polished
il ard conlinmnes sel-Mage

» Precision ricked plated cone netaners assur
that the kewer cone s held in position

o Custom estriacked alumbim heatsink
Flow-Thru deesign b maxdmize cooling
al LEDs.

Hesprywall aluminum housing.

4 Surface, pencant, wall or cabile mounting,
ELECTRICAL

= High Efliciency canstant cuerent driver(s)
BITIALC input, SG0HE 535meA or
FO0mA, drive cument.
4 O- OV cliraniieg, stanchird, (0% 6
- oot dinmig,
» LED drbvrs harve porever Factor=20% and
THD =20% at kil koad

Colar Tempersture 150K i 179 T .
Dive Corrers. A H o ty 8 i TESTING & COMPLIANCE (07).. [}
Delrnred Lumwrs 4300 = o = o 0 LIL listed In the LL5, and Canadk
Test Mumbar: 1 w0 4 for damp locations, RoHS compiant.
ESAC IRDASEOLNHAIDSSGEIHLM i 5 49 wr ]
FIMIEH
Excheive Colorast DeRaCuard® finsh keatures
THEMT mE{oaep-:«rwir_uer_Hﬂ\qum-anh
powsder toproat, providing eecelent resistance
COLOR TOLERANCE The: needs and concems regarding color qualit coms etency and Ty worreeion, ullrinoked degyradation and
stability a5 thery relabe to imberior spaces ane parsmount 1o 2 successful abrirsion, B, black, white and camarn sibart
imteriar | hling desken, Cree s committed to delwering e colorquatty porweder tapooats are waitible, The finh &
peerfonmance thal mests or sceeds the expeciations of bestin-chss cowvered by our 0 year [mited warranty
T APES L A2E W 5D tradithenal [kght sournce techrokges. B e iy
WANE WL H-NE Womn S Cree Essentia luminane’s initial cokor conststency to De within a 2-step PATENTS
N PMacAdam Flipss from the inftil specified color point _
MK TEE LG Emn A0 e commnied o priovioing kG color point Sttty over B, R
SO0 I TS Brmn 4 [ withinoa Esbeps MacAdun Eligss to the predicisd | ot {in hours) iy, For a Fstirgg of patents,
for al products, Betal EC® ManoCiptic® Technology enables color spatial i
unifarmity that meets requirsmenls demanded by the mast dsceming
ighting designers.
20 T Ruwd Lighting Inc - A Cree Company. Al rights reserved. The ifonmation in this Socement s subject 1o changa without notice. B taLED°
720 Veashingoon Avenee, Bacine Wioonsin 53406 | B00-136-6800 | www BoalEDcom e
Miatde 1 e LA, o LS oncd amyporsisd (s, Aeers By Aancorn ssquimmisnts whTi the ARRA TECHNOLOGY
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F. Green Creative PAR20

PAR20 7W DIM.

7W REPLACES
ENERGY STAR /'?\\ .

80% Erergy Savings

Savings
per lamp*

[17] 79 B[ 80

RETURN ON INVESTMENT

| Year1 |  Year2 | Total over Syears | The Initial nvestment of changing a 50W halogen PAR20 lamp
10 3 7W GREEN CREATIVE lighting solution will take 10 monthe
10 recover from eleciricity cost savings

Following the payback period, the lamp will save $37 annually
throughout the lifetime of the product. Over a 5 year period, sach
replaced lamp will save $154 in lighting costs and S42KW of
electricity, equivalent to 0.85 metric tons of CO, or 16,6 trees®

The monthiy cost of waiting before changing to GREEN
CREATIVE energy efficient lighting solution is $3.06 per lamp

Furthermore, GREEN CREATIVE lampe are maintanance free
with a 40,000 hours lHetime provicing additional savings not
taken into account In this model,

o of P bty

Lighting tacts P DL, Brightnecs
Estimated Yearly Energy Cost f. 04
"3 2 1 &M,

ey Rpords o

5 | Energy Used 7 »
Light Appearance J000K, 2700, 4000
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PAR20 7W DIM.

APPLICATIONS

Recessed Lighting i Accent / Display Lighting

ILLUMINANCE

TPARO'TIT/DIM/SINNFIS TPARZO/TIT/DIMEOOFL0 TPAR2OTIT/DM/B2T/FLAD TPARZ/TIT/DIM/SAOFLAO
Di L] Di L Dk (8] Di. L] Di " n Distance () Diameter (f)
2 206 0L 2 19 1.5 2 1926 15 2 165 1.6
K " 18 K a7 29 - - 28 + 4 29
6 bl 27 - ” — 44 6 — 13 — a4 g — " —
8 1" a5 ] L] 58 8 8 68 8 w 58
10 12 an 10 6 73 10 5 -13 10 7 73
Footcandies Footcandies Footcandles Footcandies

05286
01-704-D830-400

IO T DA L)
PaRzO
Medurr £29
Pawer (W) | ?
Voltage - Frequency 20V 01 1200 000 120 GOre
Color Temp, (ANSIH) W Wints XM ! V¥ Wsto 3000W PR Wi 70K
CHI (Ra) 3 ‘ n
Typical lumens n) | a0
Etficacy LPW)
Boam Angle
CBCP (cd)
Dimmabla
Power Factor
Ratsct Litetime - L70 ws.)
Woight {ibJ/g)
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