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[bookmark: _Toc276392907]Preface
The California Energy Commission Public Interest Energy Research (PIER) Program supports public interest energy research and development that will help improve the quality of life in California by bringing environmentally safe, affordable, and reliable energy services and products to the marketplace.
The PIER Program conducts public interest research, development, and demonstration (RD&D) projects to benefit California.
The PIER Program strives to conduct the most promising public interest energy research by partnering with RD&D entities, including individuals, businesses, utilities, and public or private research institutions.
PIER funding efforts are focused on the following RD&D program areas:
· Buildings End-Use Energy Efficiency
· Energy Innovations Small Grants
· Energy-Related Environmental Research
· Energy Systems Integration
· Environmentally Preferred Advanced Generation
· Industrial/Agricultural/Water End-Use Energy Efficiency
· Renewable Energy Technologies
· Transportation

Lighting California’s Future: Wireless Novel Light-emitting Diode Downlights is the final report for the Lighting California’s Future project (Contract number 500-06-035 conducted by Architectural Energy Corporation, Adura Technologies, and California Lighting Technology Center. The information from this project contributes to PIER’s Building End-Use Energy Efficiency Program.

For more information about the PIER Program, please visit the Energy Commission’s website at www.energy.ca.gov/research/ or contact the Energy Commission at 916-654-4878.
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Abstract
Lighting California’s Future was a $3.7 million California Energy Commission Public Interest Energy Research Program focused on lighting technologies for buildings. The Novel Light-Emitting Diode Downlight Project was redefined early in the contract period from development of a hybrid light emitting diode/compact fluorescent lamp recessed downlight to development, demonstration, and commercialization of a highly efficient all light emitting diode downlight. This project resulted in the commercial product known as the HALO® light-emitting diode recessed downlight. This downlight was the first in the industry to receive the ENERGY STAR Solid State Lighting qualification. Field demonstrations of this technology, conducted in partnership with the PIER State Partnership in Energy Efficient Demonstration Program, demonstrated that the light-emitting diode unit delivered comparable photometric performance, increased energy savings, and overall life cycle savings as compared to compact fluorescent recessed downlights. This commercialized product can save California money by lowering maintenance costs due to of longer life and revamp energy savings from 50 to 75 percent over incumbent technologies.
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[bookmark: _Toc274227327]Executive Summary 
Introduction
The program featured nine technical projects and a crosscutting market connection component. The Novel Light-Emitting Diode Downlight project was a successful collaboration between the California Lighting Technology Center and Cooper Lighting. 
Purpose
The Novel Light-Emitting Diode Downlight project, originally named the Hybrid Downlight project, initially sought to design, develop, demonstrate, and commercialize a hybrid light-emitting diode and compact fluorescent lamp downlight that takes advantage of the compact fluorescent lamp source’s strengths (high lumen packages, high efficacy, low cost, and availability), and the light-emitting diode technology’s strengths (dimmability, optical control, small size, low power options, and long lamp life). Early in this project, however, the industry partner, Cooper Lighting, determined that advancements in light-emitting diode technology indicated that an all-light-emitting diode downlight would be a superior product to the hybrid light-emitting diode/compact fluorescent lamp downlight concept. Therefore, with California Energy Commission approval, the project refocused on the development of an all-light-emitting diode downlight.
Project Objectives
The original project objectives were to:
Develop a light-emitting diode/compact fluorescent lamp optical head that has a combined fixture efficiency of at least 65 percent.
Develop and demonstrate a downlighting control system capable of independently controlling compact fluorescent lamp and light-emitting diode sources. 
Develop a light emitting diode/compact fluorescent lamp downlighting system that offers smooth, continuous dimming between 1 percent and 20 percent of the luminaire’s total light output using light-emitting diodes, with the remainder of the lighting output range provided by the compact fluorescent lamp.
 Develop a thermal management system that maintains light emitting diode junction temperatures within the manufacturer’s guidelines.
Complete laboratory verification of performance.
The revised project objectives focused on developing an all-light emitting diode downlight. The revised objectives were to:
Develop a light-emitting diode optical assembly that has a combined fixture efficiency of at least 65 percent.
Develop a light-emitting diode downlight that achieved an ENERGY STAR rating.
Develop a light-emitting diode downlighting system that offers smooth, continuous dimming in the range between 5 percent and 100 percent of the luminaire’s total light output.
Develop a thermal management system that maintains light-emitting diode junction temperatures within the manufacturer’s guidelines.
Complete laboratory verification of performance.
Demonstrate product prototypes or commercialized products in real-world applications to quantify product performance, energy and maintenance savings.
For this project, the California Lighting Technology Center researched the existing downlight market, tested downlight prototypes at its facilities, advised Cooper Lighting regarding thermal design and performance, and completed field demonstrations of the technology. Market research included identification and analysis of existing product rebate and incentive programs, and analysis of product compatibility with existing downlight housings and dimming systems. Cooper Lighting created the optical and thermal design for the downlight and built the prototype. Following successful development and commercialization, the California Lighting Technology Center completed two demonstrations to verify functionality, user acceptance, and energy savings in real-world applications.
Project Outcomes
This project designed, developed, demonstrated, and commercialized the HALO LED recessed downlight. The HALO LED recessed downlight was the first in the industry to receive ENERGY STAR Solid State Lighting qualification. This product also was the first recessed light-emitting diode downlight that exceeded efficacy requirements set by California’s Title 24 building energy efficiency regulations.
The product is suitable for retrofit and new construction applications and can be retrofitted into any existing HALO or ALL-PRO™ housing. For new construction, the light-emitting diode module can be installed with a dedicated housing designed specifically for the unit, the HALO H750ICAT housing. The H750ICAT is designed for insulated ceilings, and the unit can be in direct contact with ceiling insulation. 
The HALO LED downlight consumes 15 watts of power, has a 99 percent fixture efficiency, and low glare due to its optical design and efficient trim. The product has a color rendering index of 80, which is used to help indicate how colors will appear under different light sources and a warm white color temperature (3500 Kelvin). The light-emitting diode module lifespan is projected to be 50,000 hours.
Conclusions and Recommendations
The Novel Light Emitting Diode Downlight project was a successful partnership resulting in a fully commercialized, ENERGY STAR-rated, recessed light-emitting diode downlight. The product was tested with superior results in both the laboratory and field demonstrations, which showcased the energy savings potential and light quality delivered by the unit. Cooper Lighting continues to expand the HALO LED product line, based in part on the following recommendations provided by the Lighting California’s Future project team. These recommendations serve to expand the market share for the product, and allow it to compete with more traditional types of recessed downlight products. 
Recommendations from the Lighting California’s Future project team include: 
· Pursue additional optical designs to reduce glare from the light emitting diode.
· Pursue a modified mechanical design that will increase the number of compatible competitor housings for the light-emitting diode module. This will increase the products’ market share in retrofit applications.
· Expand the product line to address additional downlight market places, and include integrated lighting control strategies that incorporate network functionality.


1.0 [bookmark: _Toc274227328]
Introduction
Lighting California’s Future (LCF) was a $3.7 million California Energy Commission Public Interest Energy Research (PIER) Program focused on lighting technologies for buildings. The program, which began in May 2007, featured nine technical projects and a crosscutting market connection component. One of the nine technical projects was the Hybrid Downlight project, which is a collaboration between the California Lighting Technology Center (CLTC) and Cooper Lighting.
The hybrid downlight project originally sought to design, develop, demonstrate, and commercialize a hybrid light-emitting diode (LED) and compact fluorescent lamp (CFL) downlight that would take advantage of both technologies’ strengths. CFLs deliver high lumen packages, high efficacy, and low cost, and are readily available. LED technology is dimmable, is a point source that facilitates precise optical control, is small in size, and has long lamp life. Early project concepts sought to combine these two sources to develop an energy-efficient, long-life, dimmable downlight. However, early in this project, the industry partner, Cooper Lighting, determined that, as a result of rapid advancements in LED technology, an all-LED downlight would be a superior product to the hybrid concept that had been originally envisioned. Therefore, with California Energy Commission approval, the project refocused on development of an energy-efficient LED downlight.
The CLTC researched the existing downlight market, completed characterization of existing downlight products, tested LED downlight prototypes, and assisted Cooper Lighting with thermal modeling and downlight design. Market research included identification and analysis of existing product rebate and incentive programs, and analysis of product compatibility with existing downlight housings and dimming systems. Cooper Lighting created the optical and thermal design for the downlight and built the prototype. Following successful development and commercialization, the CLTC completed demonstrations of the technology to verify functionality, user acceptance, and energy savings in real-world applications.
1.1. [bookmark: _Toc274227329]Background 
[bookmark: _Ref270500255]LEDs, which emit light from the movement of electrons through semiconductor material, produce less heat, and last longer than many other types of light sources. An estimated 684 million recessed incandescent downlights and 144 million recessed CFL downlights currently are in operation in the United States[footnoteRef:2]. Replacement of these downlights with an appropriate LED alternative could save 81.2 TWh (Terawatt-hour) per year. At a standard energy cost of $0.13 per kWh, energy cost savings annually could reach $10.5 billion1. Additional operating and maintenance savings, a result of the long life and reduced recycling requirements of LEDs, would further increase these cost savings.  [2:  Navigant Consulting, Energy Savings Estimates of Light Emitting Diodes in Niche Lighting Applications, prepared for the U.S. Department of Energy, September 2008, page 32-34.] 



1.2. [bookmark: _Toc274227330]Project Objectives
The original project objectives were to:
Develop an LED/CFL optical head that has a combined fixture efficiency of at least 65% and verify using gonio-photometer and integrating sphere measurements.
Develop and demonstrate a downlighting control system capable of independently controlling CFL and LED sources. 
Develop an LED/CFL downlighting system that offers smooth, continuous dimming in the range between 1% and 20% of the luminaire’s total light output, and verify with integrating sphere measurements of the dimming curve.
Develop a thermal management system that maintains LED junction temperatures within the manufacturer’s guidelines and verify with laboratory thermal probe measurements.
The revised project objectives focused on developing an all-LED downlight. The revised objectives were to:
Develop an LED optical assembly that has a combined fixture efficiency of at least 65%.
Develop an LED downlight that achieved an ENERGY STAR rating.
Develop an LED downlighting system that offers smooth, continuous dimming in the range between 5% and 100% of the luminaire’s total light output.
Develop a thermal management system that maintains LED junction temperatures within the manufacturer’s guidelines
Complete laboratory verification of performance.
Demonstrate product prototypes or commercialized products in real-world applications to quantify product performance, energy and maintenance savings.
1.3. [bookmark: _Toc274227331]Benefits to California
Estimates show that an average California home contains approximately three recessed downlights. These luminaires account for 15% of all lighting energy use in the residential sector and this amount is expected to grow by 0.5% each year[footnoteRef:3]. While similar statistics are not available for California’s commercial sector, nationwide estimates show more than 800 million installed units, accounting for approximately 103 billion kilowatt hours (kWh) of energy use. Energy-efficient LED downlights are estimated to deliver 80% energy savings over these baselines[footnoteRef:4]. [3:  California Energy Commission. Lighting Efficiency Technology Report – Volume 1 California Baseline. September 1999.]  [4:  The benefits to California for this project are identical to the potential benefit of the LED downlight technology developed in LCF Project 7 – Advanced LED Downlighting System. ] 

Calculating the potential savings for the California residential market, 47 gigawatt-hours (GWh) and 4 megawatts (MW) could be reduced each year based on one percent market penetration and 20% energy efficiency improvement. This estimate is conservative for two reasons: LED recessed downlights have quickly gained market share and, if replacing incandescents rather than CFLs, the energy efficiency improvement is higher than 20%. 
1.4. [bookmark: _Toc274227332]Commercialization Potential
The commercialization potential for LED recessed downlights is exceptional. Recessed downlights have become the most common fixture used for general ambient lighting in both residential and commercial sectors[footnoteRef:5]. It is estimated that recessed downlights account for 15% of all lighting energy use in the United States[footnoteRef:6]. Since the start of this project, multiple manufacturers have brought LED products to the marketplace including CREE LED Lighting Solutions, Lightolier, Focal Point, Juno Lighting, Capri Lighting, and Progress Lighting. [5:  Navigant Consulting, Inc. Energy Savings Estimates of Light Emitting Diodes in Niche Lighting Applications. September 2008, page 31.]  [6:  Gordon, Kelly and Jeffery McCullough. “Recessed Downlights: A New Take on an Old Standby,” Builder News Magazine. January 2004.] 

Cooper Lighting has already commercialized the design developed during this project. The product is known as the HALO LED recessed downlight and is widely available on the marketplace. The unit comes with multiple trim options; some are rated for damp locations, and work is currently underway by Cooper Lighting to develop additional diameter modules beyond the 6.5” module developed during this project.
1.5. [bookmark: _Toc274227333]Report Organization 
The organization of the remainder of this report is as follows:
Section 2.0 – Project Approach describes the methods used to develop, test, and demonstrate the LED downlight.
Section 3.0 – Project Outcomes describes the results of the project work.
Section 4.0 – Conclusions and Recommendations presents the conclusions drawn from the project research and the CLTC team’s recommendations for future work.
Appendix A describes LED downlight utility programs, major markets, and utility emerging technology programs.

[bookmark: _Toc251226479]

2.0 [bookmark: _Toc274227334][bookmark: _Toc251226480]
Project Approach
Researchers from the CLTC partnered with the manufacturing partner, Cooper Lighting, to develop, demonstrate, and commercialize the novel LED downlight. Cooper Lighting did not receive any PIER funding for its work, which it generously provided as a match fund partner. 
The following table shows the responsible parties for each task within the project. 
[bookmark: _Toc283803701]Table 1. Task responsibility matrix
	Task
	Responsible Partner

	Conduct market review to determine price points and cost constraints
	CLTC

	Develop product performance specification
	CLTC/Cooper Lighting

	Design system components: optical assembly, power supply, driver
	Cooper Lighting

	Develop initial prototype
	Cooper Lighting

	Test and evaluate initial prototype
	CLTC

	Refine initial prototype
	Cooper Lighting

	Demonstrate final products
	CLTC

	Conduct project-level market connections activities (see the Final Report for Project 11, Market Connections)
	CLTC


Source: California Lighting Technology Center
2.1. [bookmark: _Toc274227335]Market Analysis and Downlight Specifications
The CLTC analyzed the existing downlight market. Table 2 shows the market analysis results. Based on this analysis, Cooper Lighting chose to target the residential market for the new LED downlight, in the price range equivalent to a top-of-the-line CFL downlight product. 
The analyses are based on initial lumens delivered by recessed downlights used in a residential kitchen. Calculations assume luminaires are used an average of 3.5 hours per day, and the electricity cost is $0.12 per kWh.

[bookmark: _Ref273444489][bookmark: _Toc283803702]Table 2. Market analysis of existing downlight products[footnoteRef:7] [7:  Assumes 50% luminaire efficiency. Luminaire efficiency taken from the following sources: Davis, Roberts and Welhong Chen. “CFL Downlights.” Specifier Reports, Vol. 3 No. 2, page 29. August 1995.] 

	
	Standard incandescent (BR30)
	4-pin CFL downlight system
	LED downlight system

	Total number of downlights
	10
	8
	10

	Delivered lumens per downlight
	620
	850*
	650

	Power per downlight (Watts)
	65
	28
	12

	Materials cost per downlight
	$20
	$38
	$90

	Installation cost per downlight
	$30
	$30
	$30

	Total kitchen lamp lumens
	6,200
	6,800
	6,500

	
	
	
	

	Total kitchen power (Watts)
	650
	224
	120

	Total initial installed cost
	$500
	$544
	$1,200

	Operating cost per year
	$99.65
	$34.34
	$18.40

	Additional initial cost vs. incandescent
	NA
	$44
	$700

	Annual savings vs. incandescent
	NA
	$65.31
	$81.25

	Simple payback*
	NA
	0.67
	8.62

	Color rendering index (CRI)
	100
	~82
	~92


*Simple payback based on incremental installed cost over standard incandescent.
Source: California Lighting Technology Center

As part of this market analysis, CLTC researched existing utility rebate and incentive programs offered at the time the project began. Appendix A presents this research. Based on this research, Cooper Lighting targeted ENERGY STAR qualification with the 4.5-inch and larger category. 

[bookmark: _Toc283803703]Table 3. ENERGY STAR requirements for recessed, surface, and pendant-style LED downlights
	Application Requirements
	Description

	Maximum Allowable Luminaire Aperture
	Luminaire aperture must be less than or equal to 8 inches in diameter (if circular) or on any side (if rectangular).

	Minimum Light Output
	≤ 4.5” Aperture: 345 lumens (initial) 
> 4.5” Aperture: 575 lumens (initial)

	Zonal Lumen Density Requirement 
	Luminaire shall deliver a minimum of 75% of total lumens (initial) within the 0-60° zone (bilaterally symmetrical)

	Minimum Luminaire Efficacy
	35 lm/Watt

	Allowable Correlated Color Temperature (CCT) in Kelvin
	2700 K, 3000 K and 3500 K

	Reduced Air Leakage
	Recessed downlights intended for installation in insulated ceilings shall be IC (insulation contact) rated and be leak tested per ASTM E-283[footnoteRef:8] to demonstrate no more than 2.0 cubic feet per minute (cfm) at 75 Pascals (1.57 lbs/ft2) pressure difference. The luminaire must include a label certifying “airtight” or similar designation to show air leakage less than 2.0 CFM at 75 Pascals when tested in accordance with ASTM E283. [8:  ASTM International, ASTM E283 - 04 Standard Test Method for Determining Rate of Air Leakage Through Exterior Windows, Curtain Walls, and Doors Under Specified Pressure Differences Across the Specimen. ] 




The CLTC and Cooper Lighting collaborated to develop initial product specifications, shown in Table 4, for a competitive LED downlight product. Cooper Lighting’s goal was to have a variety of trim kits to address lighting designers’ demand. In general, the target was a 50-degree beam angle, which is standard in the downlight market.
[bookmark: _Ref273444589][bookmark: _Toc283803704]Table 4. Initial LED downlight product specification
	Delivered lumens: 650 (based on white and specular reflectors)
Light output comparable to: 65 W BR30, 18 W CFL
Luminaire Efficacy: 46 lumens/W
Luminaire power: ~14W
CRI: 83 
CCT: 3,000 (K) +/-125
Lifetime: 50,000 hours at 70% lumen maintenance
Dimmable down to ~5% total light output
	compatible with multiple standard analog DC dimmers
	no color shift when dimming
	>90% efficient, 0.9 power factor
Distribution: 50° cutoff 
LED Module fits standard H 7 - 7.5- inch housings
Underwriters Laboratories (UL)-approved connector and Edison base accessory
Meets Solid State Lighting (SSL) 2008 ENERGY STAR requirements
IC/Air tight new construction housing (no Edison base) - T24 applications
Multiple reflector options:
1. Matte white trim and matte white reflector
	trim at 0.160” at outside diameter (OD), 0.180” at inside diameter (ID)
2. Matte white trim and specular reflector
	trim at 0.160” at OD, 0.180” at ID
3. Matte white trim and haze reflector
	trim at 0.160” at OD, 0.180” at ID
4. Matte white regressed shower lens and trim
	thinner trim options: matte white trim ring
	0.120” at OD, 0.180 at ID


Source: California Lighting Technology Center

The new downlight module was designed to fit into Cooper Lighting’s existing 6-inch downlight cans. The CLTC also researched competitors’ housings to determine the specifications that the module would have to meet to be retrofitted into existing cans. 
A key element that determines whether the module will fit in other manufacturers’ cans is the hanging hardware. Acceptable products must contain torsion spring brackets that meet the dimensional constraints of the HALO LED module. Figure 1 shows the models that the CLTC examined in the downlight housing survey. 

[bookmark: _Ref273444723][bookmark: _Toc283803687]Figure 1. Recessed downlight housings surveyed for compatibility with the HALO LED module
Source: California Lighting Technology Center

The HALO LED module measures 5.75” in diameter. Including the trim rings, the diameter of the unit is 7.25”, and the height of the module is 6.5”. Figure 2 shows the can design and dimensions for the new product. Figure 3 shows retrofit and new construction installations. 

 (
6” − 6⅞” diameter housing
7½” height
)[image: 6 inch housing survey-3]
[bookmark: _Toc283803688]Figure 2. Product dimensions and housing requirements
Source: California Lighting Technology Center

[image: 6 inch housing survey-2]
[bookmark: _Toc283803689]Figure 3. Retrofit and new construction installation schematics for HALO LED recessed downlight
Source: California Lighting Technology Center

Cooper Lighting determined it would be beneficial for the module to fit in as many existing downlight housings as possible to maximize its retrofit market potential. Cooper Lighting requested the CLTC’s assistance in surveying the downlight housing market and making recommendations for a maximum physical envelope and hanger design that would allow for the most cross-brand compatibility. Table 5 presents the results of that survey. Specific physical requirements were:
6” diameter housing
7” height or taller
Edison socket with clams
Torsion spring brackets
Housings were selected for testing based on these requirements. The criteria for passing the survey required that the trim must be flush with the housing, or else it was considered a failure. The entries highlighted in color were physically tested. Those with links had specification sheets and images provided that were used to determine if the housing met the requirements. Figure 4 provides an example of housing that did not meet all requirements. The LED module could not lie flush with the unit.

[image: DSCN0356]
[bookmark: _Ref273083684][bookmark: _Toc283803690]Figure 4. Housing compatibility test - failed unit
Source: California Lighting Technology Center

[bookmark: _Toc283803705]Table 5. Survey of downlight envelopes and hangers
	JUNO

	IC22
	Fail, no bracket (http://www.junolightinggroup.com/Spec%20Sheets/Juno/G1_2_0.pdf)

	IC22R
	Test pass

	IC23
	Fail, no bracket (http://www.junolightinggroup.com/Spec%20Sheets/Juno/G1_2_3.pdf)

	ICW2 
	Pass (http://www.junolightinggroup.com/Spec%20Sheets/Juno/G1_1_3.pdf)

	TC2
	Test pass

	TC2-R
	Test pass

	TC2W
	Pass (http://www.junolightinggroup.com/Spec%20Sheets/Juno/G1_1_4.pdf)

	CAPRI

	CIND6
	Test fail

	CR1QP
	Test pass

	CRR1
	Test pass

	PR1
	Test pass

	PR75ASIC
	Test pass

	QL1
	Test pass

	R150ASIC
	Test pass

	ELITE

	B6
	Pass (http://www.iuseelite.com/pdf/B6_BAFFLE.pdf) 

	B600-IC
	Pass (http://www.iuseelite.com/pdf/B600-IC_BAFFLE.pdf)

	B6IC
	Pass (http://www.iuseelite.com/pdf/B6IC_BAFFLE.pdf)

	B6IC-100
	Pass (http://www.iuseelite.com/pdf/B6IC-100_BAFFLE.pdf)

	B6R
	Pass (http://www.iuseelite.com/pdf/B6R_BAFFLE.pdf)

	B6RIC
	Pass (http://www.iuseelite.com/pdf/B6RIC_BAFFLE.pdf)

	EZ6IC
	Pass (http://www.iuseelite.com/pdf/EZ6IC_BAFFLE.pdf)

	EZ6RIC
	Pass (http://www.iuseelite.com/pdf/EZ6RIC_BAFFLE.pdf)

	ELCO

	ELL7ICA
	Pass (http://www.elcolighting.com/el7_ic_a_nb.htm)

	EL7IC
	Pass (http://www.elcolighting.com/el7_ic_a_nb.htm)

	EL7RIC
	Test Pass

	LIGHTOLIER

	1102P1
	Fail, no bracket (http://www.lightolier.com/MKACatpdfs/1102P1.PDF)

	1104IC
	Fail (http://www.lightolier.com/MKACatpdfs/1104IC.PDF)

	1104ICN
	Fail (http://www.lightolier.com/MKACatpdfs/1104IC.PDF)

	1104ICR
	Fail (http://www.lightolier.com/MKACatpdfs/1104ICR.PDF)

	1104ICX
	Fail, housing short (http://www.lightolier.com/MKACatpdfs/1104ICX.PDF)

	1104ICXN
	Fail, housing short (http://www.lightolier.com/MKACatpdfs/1104ICX.PDF)

	LITHONIA

	L7X
	Fail, no brackets (http://www.acuitybrandslighting.com/Library/Specification_Sheets/LL/Downlighting-Residential/Residential%20Rough-Ins/Incandescent%20Rough-Ins/L7X.pdf)

	L7XR
	Fail, no brackets http://www.acuitybrandslighting.com/Library/Specification_Sheets/LL/Downlighting-Residential/Residential Rough-Ins/Incandescent Rough-Ins/L7XR.pdf

	LC6
	Test fail

	LP6
	Fail, no brackets http://www.acuitybrandslighting.com/Library/Specification_Sheets/LL/Downlighting-Residential/Residential Rough-Ins/Incandescent Rough-Ins/LP6.pdf

	PROGRESS

	P187-TG
	Test fail

	P821-AT
	Fail, no bracket http://progresslighting.com/products.aspx?product=P821-AT

	P87-AT
	Test fail

	P87-ATQC
	Fail, no bracket http://progresslighting.com/products.aspx?product=P87-ATQC

	SEAGULL

	1107
	Test pass

	1108
	Test pass

	1118
	Test pass

	LITON

	LH7IC
	Test pass

	LH7
	Test pass

	LH7R
	Test pass


Source: California Lighting Technology Center

The following products were undetermined, meaning the specification sheets and images were not sufficient to determine if the housing met the requirements specified above: Juno IC2; Capri CR1, CR1NB, CR1NBQP, CRR1NB, NRR1NBQP, CRR1QP, PR75IC, QL1NB, QL1NBQP, QL1QP; Elco EL7IC100, R10H; and Seagull 1128 and 1128QC.
2.2. [bookmark: _Toc274227336]Optical Design 
Cooper Lighting created the optical design for the new downlight; the design drawings and information are proprietary. Cooper Lighting had an existing relationship with the LED manufacturer Citizen and chose to use Citizen LEDs for the new downlight. Cooper Lighting has successfully commercialized this product as the HALO LED recessed downlight, and it is widely available in the marketplace.
Cooper Lighting constructed the initial LED downlight prototypes. CLTC staff tested the prototypes in the CLTC integrating sphere and compared the prototypes’ optical performance to the initial product specification. Initially, the product did not meet the specification because the vendor had supplied an LED with incorrect output and color temperature. Once the vendor corrected this error, the product met specifications.
Thermal measurements were conducted with the product in its intended vertical orientation at thermal steady-state. LED modules were not mounted in housing. AC Power represents total system power. Figure 5 and Figure 6 show two units of the initial prototype along with their respective optical performance test results.

 (
Lumen output: ~467 lumens
CCT: ~2726K
CRI: ~90.5
AC power: ~14.35 W
Power factor: ~.99
Fixture efficacy: ~32.57 L/W
AC
)[image: ]
[bookmark: _Ref273363710][bookmark: _Toc283803691]Figure 5. Prototype #1 and optical performance
Photo Credit: California Lighting Technology Center

 (
Lumen output: ~473 lumens
CCT: ~2719K
CRI: ~90
AC power: ~14.23 W
Power factor: ~.99
Fixture efficacy: ~33.21 L/W
AC
)[image: ]
[bookmark: _Ref273363717][bookmark: _Toc283803692]Figure 6. Prototype #2 and optical performance
Photo Credit: California Lighting Technology Center

In order to compare the performance of the HALO prototypes, the CLTC engineers also analyzed photometric and electrical performance of three other LED modules. These modules are shown in Figure 7. 
Power measurements were taken on a Yokogawa PZ4000 power analyzer. Photometric measurements were made with a SphereOptics SMS-500 Spectrometer in a 2-meter sphere. All measurements were taken in accordance with IES LM-79[footnoteRef:9] with an auxiliary correction applied for fixture self-absorption. [9:  Refers to Illuminating Engineering Society LM-79 Electrical and Photometric Measurements of Solid-State Lighting Products ] 

[image: Description: IMG_9386][image: Description: cree lr6 unit][image: Description: IMG_9475]
[bookmark: _Ref272938604][bookmark: _Toc283803693]Figure 7. T64 LED downlight (left), CREE LR6 (middle), Juno IC22RLED (left)
Photo Credit: California Lighting Technology Center

Preliminary results showed the product produced about 22% less light than comparable models but performed equally well or better in regards to CRI, power consumption, and power factor. Table 6 presents those test results.

[bookmark: _Ref273363806][bookmark: _Toc283803706]Table 6. Performance of comparable LED modules and Cooper Lighting LED module
	Product name
	Light output
	CCT
	CRI
	Power (watts)
	Efficacy (lm/W)
	Power factor

	Commercial Electric T64 6” LED downlight
	592
	5953
	73.8
	14
	45.2
	0.99

	Cree LR6 2700K downlight
	604
	2641
	93.1
	9.6
	62.9
	0.93

	Juno IC22RLED 3000K with 
27C-WH trim
	632
	3001
	72.9
	14
	45.1
	0.98


Source: California Lighting Technology Center

2.3. [bookmark: _Toc274227337]Thermal Design 
The CLTC advised Cooper Lighting regarding modeling of the downlight modules for IC housings and airtight cans. Cooper Lighting used a thermal design tool to prepare the fixture heat sink design. The CLTC and Cooper Lighting then collaborated to measure prototype thermal performance in both open air, thermally stabilized environments, and a confined, insulated environment. For the latter purpose, CLTC staff created a test apparatus that allowed the team to take integrating sphere measurements with the fixture buried in insulation. The goal of these tests was to determine the output and the junction temperature of the fixture. 
The junction temperature is directly related to the life of the diode but cannot be directly measured. Table 7 shows the results of these tests for the unit operating in a thermally stabilized environment. Power dissipation (Pd) and case temperature (Tc) were measured and used to compute the junction temperature (Tj) of the LED. Junction temperature is also dependent on the thermal resistance of the LED substrate; this value was provided by the substrate manufacturer.

[bookmark: _Ref273370274][bookmark: _Toc283803707]Table 7. Operating characteristics of HALO LED module in thermally stabilized environment
	Operating Characteristics
	
	

	Junction Temperature
	Tj =
	Tc + Rj’c * Pd

	No Dimmer
Power Dissipation
	Pd
	11 W

	0% Dim
Power Dissipation
	Pd
	11 W

	50% Dim
Power Dissipation
	Pd
	8.1 W

	100% Dim
Power Dissipation
	Pd
	5.4 W

	Thermal Resistance
(junction – case)
	Rj’c
	2.4 C/W

	No Dimmer
Measured Temperature
	Tc
	40° C

	0% Dim
Measured Temperature
	Tc
	40° C

	50% Dim
Measured Temperature
	Tc
	36° C

	100% Dim
Measured Temperature
	Tc
	36° C


Source: California Lighting Technology Center

Thermal performance was also collected for the modules operating on an incandescent dimmer. From this information, the CLTC was able to calculate the junction temperature of the LEDs to ensure the module was performing within the LED manufacturers’ recommended temperature range. The thermal performance met the manufacturer’s performance specifications. Table 8 contains the measured junction temperature of the LED at various dimming levels.

[bookmark: _Ref273360183][bookmark: _Toc283803708]Table 8. Measured junction temperatures at various dimming levels
	Dimming Levels
	Junction Temperature

	No Dimmer
	66.4° C

	0% Dim
	66.4° C

	50% Dim
	55.4° C

	100% Dim
	49.0° C


Source: California Lighting Technology Center

2.4. [bookmark: _Toc274227338]Control System Development
The main focus of the control system development was ensuring the product’s compatibility with existing dimmer technology. CLTC engineers researched other products on the market and worked with the LED driver vendor to specify the electrical components necessary for the LED driver to dim properly. The design consensus was to adapt the product to work with traditional incandescent dimmers. The dimming feature is offered on two HALO models. CLTC staff also tested the LED driver provided with modules to ensure the unit met project performance specifications. Table 9 details the photometric and thermal performance of the LED module when operated at various dimming levels. Table 10 details the LED driver performance at various dimming levels.
Details of the testing are: 
Power measurements taken on a Yokogawa PZ4000 power analyzer.
Photometric measurements made with a SphereOptics SMS-500 Spectrometer in a 2-meter sphere.
Testing done in accordance with LM-79.
Auxiliary correction applied for fixture self-absorption.
Leviton slide dimmer used for dimming controls.
Dim value of 0% = full power, 100% = lowest possible dimmer setting.

[bookmark: _Ref273361568][bookmark: _Toc283803709]Table 9. LED module performance at various dimming levels
	Test Setting
	No Dimmer
	0% Dim
(Full power)
	~50% Dim
	100% Dim
(Lowest dimmer setting)

	Light Output
(Lumen)
	624
	623
	484
	365

	CCT
	3061
	3057
	3068
	3074

	CRI
	78.9
	78.9
	78.9
	79.0

	Power 
(Watt)
	13.6
	13.7
	10.7
	8.0

	Efficacy
(Lumens/Watt)
	45.9
	45.5
	45.2
	45.6

	Junction Temp.
(Calculated from Tc)
	66.4c
	66.4c
	55.4c
	49.0c


Source: California Lighting Technology Center

[bookmark: _Ref273361889][bookmark: _Toc283803710]Table 10. LED driver performance at various dimming levels
	Test Setting
	No Dimmer
	0% Dim
(Full power)
	~50% Dim
	100% Dim
(Lowest dimmer setting)

	Power to LED
(Watt)
	11.1
	11.1
	8.1
	5.4

	System Power
(Watt)
	13.6
	13.7
	10.7
	8.0

	Driver
Electrical Efficiency
	81.6%
	81.0%
	75.7%
	67.5%


Source: California Lighting Technology Center



3.0 [bookmark: _Toc274227339]Project Outcomes
This project designed, developed, demonstrated, and commercialized the HALO LED downlight, which is the first recessed LED downlight that is both ENERGY STAR rated and exceeds efficacy requirements set by California’s Title 24 energy regulations. The unit consumes approximately 15 watts of power. 
The HALO LED downlight is designed for retrofit and new construction applications and can be retrofitted into any existing HALO or ALL-PRO™ housing. For new construction, the LED module can be installed with a dedicated housing designed specifically for the unit, which is the HALO H750ICAT housing. The H750ICAT is designed for insulated ceilings and can be in direct contact with ceiling insulation. 
The HALO LED module has a 99% fixture efficiency and is low glare due to its optical design and efficient trim. The module has acceptable color rendering (80 CRI typical) and a warm white color temperature (3500K). The LED module lifespan is 50,000 hours.
[image: ][image: ]
[bookmark: _Toc283803694]Figure 8. HALO LED module, housing and trim commercialized by Cooper Lighting
Source: California Lighting Technology Center

3.1. [bookmark: _Toc274227340]Field Demonstrations
3.1.1. Selection Site
The PIER Demonstration program partnered with the Bidwell Mansion State Historic Park, a California State Park in Chico, to demonstrate the HALO LED downlight at the Bidwell Mansion Visitor Center (BMVC). The retrofit illustrated the energy and maintenance savings that can be realized through the use of highly efficient light sources with a long life span. The demonstration also showed the high quality of illumination that new technologies provide due to their advanced light engines and efficient optical controls.
The BMVC contains a gift shop, museum, and theater. In addition to hosting general park visitors, the BMVC frequently hosts seminars and workshops for the general public, local agencies, and state park personnel. Approximately 35,000 people visit the park each year. BMVC’s high public visibility made it an ideal location to demonstrate this PIER technology. 
[image: 100_1053]
[bookmark: _Toc283803695]Figure 9. Bidwell Mansion and Visitor Center
Photo Credit: California Lighting Technology Center

The retrofit was divided into two phases: the first was the retrofit of 16 existing 10-inch recessed downlights in the BMVC foyer, lobby, and lobby restroom. The second occurred after the success of the first stage was established, and it retrofitted the last of the 10-inch downlights with the HALO LED product. The combination of Phase 1 and Phase 2 retrofits resulted in 49% energy savings and reduced maintenance costs due to the increase in lamp lifetime from 10,000 hours to 50,000 hours. 
3.1.2. [bookmark: _Toc253644004]Pre-Retrofit Conditions
The BMVC lobby consists of two areas: the entrance foyer and the restroom area. The pre-retrofit conditions were as follows: 
The foyer used recessed CFL downlights manufactured by Lithonia Lighting. The existing downlights had a 10-inch aperture and operated with two 13 W bi-pin CFL lamps and magnetic ballasts. Fixture efficiency was 45%-50%. Fourteen downlights illuminated the foyer, which has a ceiling height of 10 feet. 
The restroom ceiling height is 8 feet. This area was previously lit by a T12 fluorescent strip fixture.
The foyer and restroom areas had significantly different pre-retrofit light levels even though the areas are separated by only a partial wall. A person walking from the foyer toward the restroom entrance had the impression of walking into a dim space. The Illuminating Engineering Society of North American (IESNA) recommends ambient illuminance levels of 10-30 foot‐candles (fc) for spaces like the visitor areas at BMVC[footnoteRef:10].The illuminance levels at the BMVC, at grade, varied from approximately 1-25 fc; average maintained illuminance levels for the foyer and restroom area were approximately 14 fc and 9 fc respectively, which do not meet IESNA recommendations.  [10:  IESNA RP-30-96, Museum and Art Gallery Lighting] 

California Title 24 building energy efficiency standards require a lighting power density (LPD) of fewer than 1.6 W per square foot (W/ft2). The LPD for the entire space was 0.52 W/ft2, which meets the standards for retail merchandise. Figure 10 shows the pre-retrofit CFL downlights at BMVC, and Figure 11 shows the pre-retrofit illuminance map of the BMVC entry area lit by the CFL downlights. 

[image: ][image: ]
[bookmark: _Toc283803696]Figure 10. CFL downlights at BMVC
Source: California Lighting Technology Center

[image: ]
[bookmark: _Ref273363888][bookmark: _Toc283803697]Figure 11. Pre-retrofit illuminance map at BMVC
Source: California Lighting Technology Center

The second stage of the retrofit occurred in the BMVC audio-visual (AV) room and information desk areas. The pre-retrofit conditions were as follows: 
The information desk area was lit entirely by 10-inch downlights and has 10-foot ceilings. The screen of the A/V room was lit by dimmable downlights, and the room itself was lit by two overhead direct/indirect pendant luminaires. 
The ceiling in the A/V room is vaulted with heights ranging from 10 feet to 20 feet. Illuminance in the space lit by the downlights varied from 5 fc to 10 fc. 
The LPD for the pre-retrofit space was 0.27 W/ft2. The demonstration team did not take pre-retrofit measurements for the second phase of the installation.
3.1.3. [bookmark: _Toc253644006]Project Monitoring and Energy Savings
The demonstration spaces were monitored for illumination before and after the first stages of the retrofit to ensure maintenance of proper light levels and to track energy and cost savings.
Post-retrofit illuminances were measured in the evening using a handheld illuminance meter. Average illuminance was 12.1 fc, with a minimum illuminance of 4.8 fc. Figure 12 shows the post-retrofit illuminance map of the space. Minimum illumination is, for the most part, maintained at IESNA-recommended levels. 

[image: ]
[bookmark: _Ref273370711][bookmark: _Toc283803698]Figure 12. Post-retrofit illuminance map at BMVC
Source: California Lighting Technology Center

Figure 13 shows the changes in light levels at individual locations before and after the retrofit. Positive values denote locations where the LED retrofit downlight provided higher illuminance values than the pre-retrofit levels. The negative values denote points where the LED downlights provided less light than the pre-retrofit CFL luminaires. 

[image: ]
[bookmark: _Ref273362491][bookmark: _Toc283803699]Figure 13. Measured variance in illuminance
[bookmark: _Toc253644008]Source: California Lighting Technology Center

Phase 1 of the retrofit replaced fourteen 10-inch CFL downlights and a 3-foot T12 strip light with 16 LED downlights. This retrofit resulted in a 50% energy savings, which translates to approximately 475 kilowatt hours (kWh) of energy savings. Table 11 illustrates the energy savings and analysis from the first phase of retrofits.
[bookmark: _Ref273362578][bookmark: _Toc283803711]Table 11. Demonstration – Phase 1 retrofit energy analysis
	Phase 1
	Luminaire Type
	#
	Power (Watts)
	Total Power (Watts)
	LPD (W/ft2)
	Fixture Efficiency
	Total Delivered Lumens
	Annual Energy Use (kWh)
	

	Existing
	10" fluorescent downlight
	14
	28
	392
	0.44
	45%
	8,568
	793.8
	 

	
	3' T12 Strip
	1
	80
	80
	0.09
	70%
	1,400
	162.0
	 

	Retrofit
	HALO LED downlight
	16
	14.8
	237
	0.26
	99%
	  10,375 
	479.52
	 

	Savings
	 
	 
	 
	 
	 
	 
	 
	476.28
	50%


Source: California Lighting Technology Center


Phase 2 of the retrofit replaced 11 10-inch CFL downlights. Seven of the 11 new luminaires replaced fluorescent downlights above the information desk, and the other four replaced downlights in the A/V classroom. The second retrofit resulted in 47% savings, which translated into about 300 kWh of energy saved each year. Table 12 summarizes the energy analysis and savings from the Phase 2 retrofit.

[bookmark: _Ref273362653][bookmark: _Toc283803712]Table 12. Demonstration – Phase 2 retrofit energy analysis
	Phase 2
	Luminaire Type
	#
	Power (Watts)
	Total Power (Watts)
	LPD (W/ft2)
	Fixture Efficiency
	Total Delivered Lumens
	Annual Energy Use (kWh)
	

	Existing
	10" fluorescent downlight
	11
	28
	308
	0.27
	45%
	6,732 
	623.7
	 

	Retrofit
	HALO LED downlight
	11
	14.8
	163
	0.14
	99%
	7,133 
	329.67
	 

	Savings
	 
	 
	 
	 
	 
	 
	 
	294.0
	47%


Source: California Lighting Technology Center

The LED downlight retrofits at BMVC reduced electricity consumption and improved the lighting environment. Overall project energy savings were 49% or approximately 770 kWh of energy saved each year. Table 13 summarizes the project energy analysis and savings. The energy savings from the retrofit represent an annual reduction of 1,080 pounds of carbon emissions[footnoteRef:11]. [11:  Calculation based on conversion factor from the California Air Resources Board 1990 − 2006 GHG Inventory (636 grams of Carbon Dioxide emitted per kWh consumed). www.arb.ca.gov/cc/inventory/doc/docs1/1a1ai_importedelectricityunspecified_psw_electricitygeneration_importedelectricity_co2_2000.htm.] 

Post-retrofit LPD for the entire project is 0.2 W/ft2, down from the original 0.52 LPD in the entry area. The new LPD for the space easily meets the 1.6 W/ft2 criterion, as well as any other requirement set forth in the 2008 version of Title 24 building energy efficiency standards. 






[bookmark: _Ref273370816][bookmark: _Toc283803713][bookmark: _Ref253130822][bookmark: _Toc253644012]Table 13. BMVC energy analysis and results
	Total
	Luminaire Type
	#
	Power (Watts)
	Total Power (Watts)
	LPD (W/ft2)
	Fixture Efficiency
	Total Delivered Lumens
	Annual Energy Use (kWh)
	

	Existing
	10" fluorescent downlight
	25
	28
	700
	0.35
	45%
	15,300 
	1417.5
	 

	
	3' T12 Strip
	1
	80
	80
	0.04
	70%
	1,400 
	162.0
	 

	Retrofit
	HALO LED downlight
	27
	14.8
	400
	0.20
	99%
	17,508 
	809.19
	 

	Savings
	 
	 
	 
	 
	 
	 
	 
	770.31
	49%


Source: California Lighting Technology Center
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[bookmark: _Toc283803700]Figure 14. Renovated lobby at BMVC
Source: California Lighting Technology Center

3.2. [bookmark: _Toc274227341]Product Economics
Simple payback periods were compared to those for traditional lighting retrofits because of the small number of lights being replaced in this field demonstration and the amount of labor involved in changing the size of the aperture for the downlights from 10 inches to 6 inches. As LED technology develops, simple paybacks likely will become comparable to those for current technologies. 
A 15-year life-cycle cost analysis of the pre-retrofit luminaires and the LED downlights determined the incremental cost of each technology[footnoteRef:12]. Table 14 compares the cost to install and operate the respective technologies during a 15-year period in both retrofit and new construction applications. It is important to note that, for new construction, the life-cycle cost analysis for the LED downlights is almost the same as for the CFL downlights. As the price point of the LED technology decreases, it will make economic sense to choose LED luminaires for downlight applications. [12:  The life-cycle cost analysis assumed that a retrofit would consist of a 1:1 replacement of 6-inch downlight cans. It did not take into account the extra labor required for the BMVC retrofit due to the decrease in aperture size at the site.] 


[bookmark: _Toc283803714]Table 14. Life-cycle cost analysis for retrofit and new construction projects
	Technology
	Retrofit 
Life Cycle Cost 
	New construction
Life Cycle Cost 

	HALO LED downlight
	$100.28
	$150.28

	Double CFL downlight
	$159.83
	$159.83

	Incremental cost
	$59.54
	$9.54


Source: California Lighting Technology Center
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4.0 [bookmark: _Toc251226481][bookmark: _Toc274227342]Conclusions and Recommendations
Conclusions
The Novel LED downlight project was a successful partnership resulting in a fully commercialized, ENERGY STAR rated, recessed LED downlight. The product also is compliant with Title 24 standards.
The product was successfully tested in both the laboratory and field demonstrations, which showcased the energy savings potential and light quality delivered by the unit. 
The commercialization potential for LED recessed downlights is very high. Recessed downlights have become the most common fixture used for general ambient lighting in both residential and commercial sectors[footnoteRef:13]. Since the start of this project, multiple manufacturers have brought LED products to the marketplace including CREE LED Lighting Solutions, Lightolier, Focal Point, Juno Lighting, Capri Lighting, and Progress Lighting. [13:  Navigant Consulting, Inc. Energy Savings Estimates of Light Emitting Diodes in Niche Lighting Applications. September 2008, page 31.] 

Cooper Lighting has already commercialized the design developed during this project. The product is known as the HALO LED recessed downlight and is widely available on the marketplace. The unit comes with multiple trim options; some are rated for damp locations. Work is currently underway by Cooper Lighting to develop additional diameter modules beyond the 6.5” module developed under this project.
Cooper Lighting continues to expand the HALO LED product line, based in part on the following recommendations provided by the CLTC project team. These recommendations would serve to expand the market share for the product, and allow it to compete with more types of traditional recessed downlight products. 
Recommendations
Recommendations from the CLTC include: (1)  pursuing additional optical designs to reduce glare from the LED; (2) pursuing a modified mechanical design to increase the number of compatible competitor housings for the LED module; and (3)  expand the product line to address additional downlight market places, such as integrated lighting controls strategies that incorporate network functionality. 





Glossary
	Acronym
	Definition

	A/V
	audio-visual

	BMVC
	Bidwell Mansion Visitor Center

	CCT
	Correlated color temperature

	CFL
	Compact fluorescent lamp

	CLTC
	California Lighting Technology Center

	CPM
	Cubic feet per minute

	CRI
	Color rending index

	EE
	Energy efficiency

	ET
	Emerging technology

	FC
	Foot-candle

	GWh
	Gigawatt-hour

	IC
	Insulated contact

	IESNA
	Illuminating Engineering Society of North America

	kWh
	kilowatt-hour

	LCF
	Lighting California’s Future

	LED
	Light-emitting diode

	lm
	Lumen

	lm/W
	Lumens per watt

	LPD
	Lighting power density

	MW
	Megawatt

	Pd
	Power dissipation

	PG&E
	Pacific Gas and Electric Company

	PIER
	Public Interest Energy Research 

	SCE
	Southern California Edison

	SDG&E
	San Diego Gas & Electric Company

	SSL
	Solid-state lighting

	Tc
	Case temperature

	Tj
	Junction temperature

	TWh
	Terawatt-hour

	W
	Watt

	W/ft2
	Watts per square foot
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Appendix A. Survey of Downlight Rebates
The following analysis was completed in late 2007. Information has not been updated to reflect new incentive programs or other utility offerings. 
Existing energy-efficiency (EE) programs offer incentives ranging from $5-$20 for ENERGY STAR-qualified luminaires.
Solid-state lighting (SSL) is not typically included in these existing programs.
Of the 35 EE programs surveyed in the National Lighting Programs Nation Summary, only three offered any type of rebate/incentive for LED luminaires: San Diego Gas & Electric Company (SDG&E), Southern California Edison (SCE) – Operation Light Exchange, and Cape Light Compact
SSL ENERGY STAR qualification went into effect September 30, 2007; as a result, it was expected that qualified SSL luminaires would be included in many more programs.
Emerging Technology (ET) programs administered by investor-owned utilities perform ET assessments and recommend new technologies for customized EE rebate/incentive programs, without the need for ENERGY STAR labeling.
Customized EE rebate/incentive programs will tailor the incentive or rebate based on the actual costs and benefits of the technology, which could lead to rebates/incentives higher than the $20 maximum noted above.
The three programs listed below offer rebates/incentives for SSL, which may currently be applicable to LED downlights or may be expanded to include LED downlight products. Qualifications and requirements vary by program; specific questions should be directed to the program managers listed below.
SDG&E: Light Turn-In Program. This program purchases EE lamps and torchieres, including SSL models, and offers them in a one-to-one exchange for similar incandescent or halogen styles. Contact Mark Jensen at (858) 636-6811 or majensen@semprautilities.com.
SCE: Operation Light Exchange. This program is identical to the program listed above. Contact Richard Greenburg at (626) 302-8735 or Richard.Greenburg@sce.com.
Cape Light Compact: This program offers $15 for hard-wired, ENERGY STAR light fixtures and will honor similar SSL products once these products achieve ENERGY STAR qualification. Contact Margaret Song at msong@cape.com.
Table A-1 contains a list of the top electricity markets based on population. Many of the energy markets have been deregulated, so multiple utility providers may be available in one area.
[bookmark: _Toc283803715]Table A-1. Top 15 electricity markets based on population

	Top 15 electricity markets based on population

	
	City
	State
	Population
	Utility/Service Provider

	1
	New York
	NY
	8,214,426
	Consolidated Edison Inc.

	2
	Los Angeles
	CA
	3,849,368
	Southern California Edison, Los Angeles Water & Power

	3
	Chicago
	IL
	2,873,326
	Commonwealth Edison

	4
	Houston
	TX
	2,144,491
	Reliant Energy, TXU Energy*

	5
	Phoenix
	AZ
	1,512,986
	Arizona Public Service, SRP

	6
	Philadelphia
	PA
	1,448,396
	PECO Energy

	7
	San Antonio
	TX
	1,296,682
	CPS Energy*

	8
	San Diego
	CA
	1,256,951
	San Diego Gas & Electric Company

	9
	Dallas
	TX
	1,232,940
	Multiple*

	10
	San Jose
	CA
	929,936
	Pacific Gas and Electric Company

	11
	Detroit
	MI
	871,121
	Detroit Edison, Xcel Energy

	12
	Jacksonville
	FL
	794,555
	Florida Power & Light

	13
	Indianapolis
	IN
	785,597
	Indianapolis Power & Light

	14
	San Francisco
	CA
	744,041
	Pacific Gas and Electric Company

	15
	Columbus
	OH
	733,203
	American Electric Power

	Other notable markets:

	
	Washington, D.C.
	
	
	Pepco

	
	Boston
	MA
	
	NSTAR, National Grid*

	
	Seattle
	WA
	
	Seattle City Light


*Many energy markets have been deregulated; therefore, each city may have multiple utility/service providers
Source: California Lighting Technology Center

Most EE programs do not include SSL. Therefore, the following information pertains only to programs that include an SSL component. 
At the federal level, the U.S. Department of Energy manages an ET program that includes an SSL portfolio. The complete program is titled: U.S. Department of Energy, Office of Energy Efficiency & Renewable Energy, Emerging Technology Program.
State-level energy-efficiency programs typically do not include an SSL component, and the research team found no state programs, aside from California’s, to contradict this generalization. California supports innovations in EE products through the PIER Program managed by the California Energy Commission.
According to the website www.utilityconnection.com, more than 250 publicly owned utilities and more than 150 investor-owned utilities current operate in the United States. Therefore, the list of ET programs in Table A-2 is not intended to be an exhaustive list of all existing ET programs but represents a sampling of programs. Further research may be required to identify ET programs in specific markets.
[bookmark: _Toc283803716]
Table A-2. Sampling of ET programs
	Utility/Energy Company
	Service Area
	Program
	Contact

	XCel Energy
	CO, MI, MN, NM, 
ND, SD, TX, WI
	Utility Innovations Program
	Doug Wiest: 
(303) 294-2350

	Florida Power & Light
	FL
	Efficient Lighting Program, Custom Incentive Program
	Kathy Schmitt: 
(239) 947-7349

	Arizona Public Service
	AZ
	Lighting Program
	Tom Hines: 
(602) 250-2283

	Pacific Gas and 
Electric Company
	CA
	Statewide Emerging Technologies Program
	Susan Fisher: 
(415) 973-2232

	Southern California Edison
	CA
	Statewide Emerging Technologies Program
	Mark Jensen: 
(858) 636-6811

	San Diego Gas & Electric Company
	CA
	Statewide Emerging Technologies Program
	Richard Greenburg: 
(626) 302-8735


Source: California Lighting Technology Center

California’s investor-owned utilities operate ET programs aimed at identifying EE products and accelerating their marketplace acceptance through testing and demonstration. The following steps are required to qualify for PG&E’s ET program, and similar procedures may be assumed for SCE or SDG&E.
A product survey and assessment document is required. This document details the product background, EE estimates, market potential, and program applicability. This document will be used to score the product, and, should the product meet the necessary requirements, it would be scheduled for a demonstration. After a successful demonstration, the product may be recommended to the EE program for a custom rebate/incentive plan. 
PG&E’s ET Lighting Portfolio is managed by Nate Bellino. The CLTC acts as a consultant for the portfolio. Please contact Mr. Luis Fernandes (llfernandes@ucdavis.edu) at CLTC or Mr. Bellino (NCB0@pge.com) regarding ET assessments. 
The 2006-2008 Residential Lighting Incentive Program closed to applicants on November 30, 2007. The PDF document titled 2006-2008 Residential Lighting Incentive Program Manufacturer Component Fact Sheet details the steps required to participate in this program. This program will be extended and applications for 2009 will be available next year. Specific information regarding this program is available from the contacts listed on the fact sheet.
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		CAPRI		CR1		IC & Non IC		ELITE		EZ6RIC		IC Rated		ELCO		EL7IC		IC Rated

		CAPRI		CR1NB		Non IC		JUNO		IC2		IC Rated		ELCO		EL7RIC		IC Rated

		CAPRI		CR1QP		IC & Non IC		JUNO		IC22		IC Rated		ELCO		EL7IC100		IC Rated

		CAPRI		CRR1		IC Rated		JUNO		IC22R		IC Rated		ELCO		R10H		Non IC

		CAPRI		CRR1NB		Non IC		JUNO		IC23		IC Rated		ELCO		RR10H		Non IC

		CAPRI		CRR1NBQP		IC & Non IC		JUNO		ICW2		IC Rated		ELCO		EL918RICA		IC Rated

		CAPRI		CRR1QP		IC & Non IC		JUNO		TC2		Non IC		LITON		LH7ICA		IC Rated

		CAPRI		PR1		Non IC		JUNO		TC2-R		Non IC		LITON		LH7		Non IC

		CAPRI		PR75ASIC		IC Rated		JUNO		TC2W		Non IC		LITON		LH7R IC		IC Rated

		CAPRI		PR75IC		IC Rated		COOPER		EI200AT		IC Rated		LITON		LH7LV		Non IC

		CAPRI		QL1		IC & Non IC		COOPER		EI700		IC Rated		LITON		LH7RLV		Non IC

		CAPRI		QL1NB		IC & Non IC		COOPER		EI700ATNB		IC Rated		LITON		LH7IC100		IC Rated

		CAPRI		QL1QP		IC & Non IC		COOPER		EI700R		IC Rated		LIGHTOLIER		1104IC		IC Rated

		CAPRI		R150ASIC		IC Rated		COOPER		EI700RAT		IC Rated		LIGHTOLIER		1104ICN		IC Rated

		ELITE		B6		Non IC		COOPER		ET700		IC & Non IC		LIGHTOLIER		1104ICR		IC Rated

		ELITE		B600-IC		IC Rated		COOPER		ET700R		Non IC		LIGHTOLIER		1100DAICM		IC Rated

		ELITE		B6IC		IC Rated		SEAGULL		1107		Non IC		LITHONIA		L7X		IC & Non IC

		ELITE		B6IC-100		IC Rated		SEAGULL		11007		Non IC		LITHONIA		L7XR		IC & Non IC

		ELITE		B6R		Non IC		SEAGULL		1108		IC Rated		LITHONIA		LC6		IC & Non IC

		ELITE		B6RIC		IC Rated		SEAGULL		11017		Non IC		PROGRESS		P187-TG		IC & Non IC

		ELITE		B62PL		Non IC		SEAGULL		1118		IC Rated		PROGRESS		P821-AT		IC & Non IC

		ELITE		B6PL		Non IC		SEAGULL		1128		IC Rated		PROGRESS		P87-AT		Non IC

		ELITE		B6PLR		Non IC		SEAGULL		11028		IC Rated		PROGRESS		P87-ATQC		Non IC

		ELITE		BL6		Non IC		SEAGULL		1128QC		IC Rated

		ELITE		EZ6IC		IC Rated		ELCO		ELL7ICA		IC Rated

		ELITE		EZ6RIC		IC Rated

		JUNO		IC2		IC Rated

		JUNO		IC22		IC Rated

		JUNO		IC22R		IC Rated

		JUNO		IC23		IC Rated

		JUNO		ICW2		IC Rated

		JUNO		TC2		Non IC

		JUNO		TC2-R		Non IC

		JUNO		TC2W		Non IC

		COOPER		EI200AT		IC Rated

		COOPER		EI700		IC Rated

		COOPER		EI700ATNB		IC Rated

		COOPER		EI700R		IC Rated

		COOPER		EI700RAT		IC Rated

		COOPER		ET700		IC & Non IC

		COOPER		ET700R		Non IC

		SEAGULL		1107		Non IC

		SEAGULL		11007		Non IC

		SEAGULL		1108		IC Rated

		SEAGULL		11017		Non IC

		SEAGULL		1118		IC Rated

		SEAGULL		1128		IC Rated

		SEAGULL		11028		IC Rated

		SEAGULL		1128QC		IC Rated

		ELCO		ELL7ICA		IC Rated

		ELCO		EL7IC		IC Rated

		ELCO		EL7RIC		IC Rated

		ELCO		EL7IC100		IC Rated

		ELCO		R10H		Non IC

		ELCO		RR10H		Non IC

		ELCO		EL918RICA		IC Rated

		LITON		LH7ICA		IC Rated

		LITON		LH7		Non IC

		LITON		LH7R IC		IC Rated

		LITON		LH7LV		Non IC

		LITON		LH7RLV		Non IC

		LITON		LH7IC100		IC Rated

		LIGHTOLIER		1104IC		IC Rated

		LIGHTOLIER		1104ICN		IC Rated

		LIGHTOLIER		1104ICR		IC Rated

		LIGHTOLIER		1100DAICM		IC Rated

		LITHONIA		L7X		IC & Non IC

		LITHONIA		L7XR		IC & Non IC

		LITHONIA		LC6		IC & Non IC

		PROGRESS		P187-TG		IC & Non IC

		PROGRESS		P821-AT		IC & Non IC

		PROGRESS		P87-AT		Non IC

		PROGRESS		P87-ATQC		Non IC
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