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What We’ll Cover Today

• State of the Industry – Pre-CALiPER
• DOE’s Initial Approach
• CALiPER – How it All Started
• CALiPER Impact
• Applying CALiPER Approach to Other Technologies
• Recommendations, Thoughts
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CALiPER Started in the SSL ‘Wild Wild West’

• No LM-79 test procedures
• Little understanding of how to 

compare products
• Many low efficacy products with 

even lower light output
• Virtually no industry 

accountability
• False equivalency claims by 

many
• Potential for great consumer 

disappointment



DOE’s Initial  
Approach
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SSL Multi-Year Program Plan, March 2010, www.ssl.energy.gov/techroadmaps.html

Click to edit Master title styleDOE SSL Multi-Year Plan - 2010



DOE SSL Commercialization Support 

07/10/2008 Guiding technology advances from
laboratory to marketplace
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Initial SSL Programs



CALiPER - How It 
All Started
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Original CALiPER Goals
• Provide objective, high quality performance information
• Know performance of market available products 

 To support R & D planning
 To support ENERGY STAR

• Inform industry test procedures and 
standards development

• Discourage low quality products 
• Reduce SSL market risk due to buyer 

dissatisfaction from products that 
do not perform as claimed 



CALiPER Testing Process - 2008

• Quarterly product selection & acquisition
• Multiple independent test labs
• Assembly and analysis of results

 Courtesy sharing of results with manufacturers
 Retesting options

• Publication of results
 Summary reports
 Detailed test reports
 Analyses and studies

• “No Commercial Use” Policy

Photo credit: Luminaire Testing Laboratory



Types of CALiPER Testing
• Basic photometry (following ANSI/IES LM-79-19)

 Integrating Sphere and Goniophotometry
 Luminaire light output, efficacy
 Color qualities (spectral power distribution, CCT, CRI)
 Beam characteristics and intensity distributions
 Electrical measurements, thermal characteristics

 Benchmarking (other light sources)

• Other, non-standardized testing
 “In Situ” Testing (relative measurements)

 Environmental chamber 
 Insulated ceiling, recessed can

 Lumen depreciation testing
 Draws from IESNA LM-80 draft

 Exploratory testing 
 Thermal imaging, dimming… Photo credit: 

Independent Testing Laboratory 



Initial Testing
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CALiPER Early Testing Results (Rounds 1-5)

07/10/2008

from to

Power 0.6 W ↔ 189 W

Output 10 lm ↔ 6272 lm

Efficacy 4 lm/W ↔ 62 lm/W

CCT 2600 ↔ >7000

CRI <50 ↔ 95

• Tests include a wide 
range of products

• Results show a very 
wide range of 
performance
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CALiPER Benchmarking – 2006/2007

Benchmarking for Downlight Comparisons
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*** A fixture efficiency of 0.9 is applied to all replacement lamps unless tested inside a fixture.
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--Values for SSL downlights 2007 are from CALiPER Rounds 2 & 3.
--Values for CFL and incandescent downlights are assembled from CALiPER testing,  2002 photometric testing and product catalogs. 
--A fixture efficiency of 0.9 is applied to all replacement lamps unless tested inside a fixture.
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Updated Comparison

		Source of data

						Power		Output		Efficacy

		CALiPER 06-01		SSL Fixture, 06-01		15		187		13

		CALiPER 06-03		SSL Fixture, 06-03		15		298		19

		CALiPER 07-04		SSL Fixture, 07-04		31		357		12

		CALiPER 07-05		SSL Fixture, 07-05		26		662		25

		CALIPER 07-31B		SSL Replacement/Fixture, 07-31B		12		730		60

		CALiPER 07-35		SSL Fixture, 07-35		15		553		36

		CALiPER 07-08		SSL R30 Warm White, 07-08		9		215		27

		CALiPER 07-09		SSL R30 Cool White, 07-09		9		279		34

		CALiPER 07-13		SSL R30, Warm White (RGB), 07-13		16		365		26

		CALiPER 07-14		SSL R30, Cool White (RGB), 07-14		14		316		25

				Incandescent Downlights (tested and catalog)

		GE 65R/FL 65 WATT R-30 INCANDESCENT in Halo-IC, 12/2001		65WR-FL R-30 in IC , tested		65		697		11

				BR30 flood, catalog		45		315		7

				BR30 flood, catalog		45		405		9

				BR30 flood, catalog		65		558		9

				BR30 flood-wattmiser, catalog		65		680		10

				CFL Downlights (tested and catalog)

		CALiPER 07-15		CFL, RLF ESTAR Fixture, 07-15		13		346		27

		CALiPER 07-21		CFL, RLF ESTAR Fixture, 07-21		12		514		42

		SYLVANIA CF15EL/830, 12/2001		CFL downlight rep. lamp, tested		13		517		39

		SUNPARK SP13RLF, 12/2001		CFL downlight rep. lamp, tested		13		455		36

		MAXLITE SKR423FLWW, 12/2001		CFL downlight rep. lamp, tested		21		786		38

		R-CFL test on FEIT ELECTRIC ESL15R30, 2/2002		CFL R30 lamp, tested		14		548		41

		MAXLITE SKR315FLWW, 4/2002		CFL downlight rep. lamp, tested		13		515		40

				CFL BR30 flood, catalog		15		504		34

				CFL R30, catalog		15		464		31





Updated Comparison
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--Values for SSL downlights 2007 are from CALiPER Rounds 2 & 3.
--Values for CFL and incandescent downlights are assembled from CALiPER testing,  2002 photometric testing and product catalogs. 
--A fixture efficiency of 0.9 is applied to all replacement lamps unless tested inside a fixture.
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Updated Comparison (2)
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--Values for SSL downlights 2007 are from CALiPER Rounds 2 & 3.
--Values for CFL and incandescent downlights are assembled from CALiPER testing,  2002 photometric testing and product catalogs. 
--A fixture efficiency of 0.9 is applied to all replacement lamps unless tested inside a fixture.
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		Source of data

						Power		Output		Efficacy

		CALiPER 06-01		SSL Fixture, 06-01		15		187		13

		CALiPER 06-03		SSL Fixture, 06-03		15		298		19

		CALiPER 07-04		SSL Fixture, 07-04		31		357		12

		CALiPER 07-05		SSL Fixture, 07-05		26		662		25

		CALIPER 07-31B		SSL Replacement/Fixture, 07-31B		12		730		60

		CALiPER 07-35		SSL Fixture, 07-35		15		553		36

		CALiPER 07-08		SSL R30 Warm White, 07-08		9		215		27

		CALiPER 07-09		SSL R30 Cool White, 07-09		9		279		34

		CALiPER 07-13		SSL R30, Warm White (RGB), 07-13		16		365		26

		CALiPER 07-14		SSL R30, Cool White (RGB), 07-14		14		316		25

				Incandescent Downlights (tested and catalog)

		GE 65R/FL 65 WATT R-30 INCANDESCENT in Halo-IC, 12/2001		65WR-FL R-30 in IC , tested		65		697		11

				BR30 flood, catalog		45		315		7

				BR30 flood, catalog		45		405		9

				BR30 flood, catalog		65		558		9

				BR30 flood-wattmiser, catalog		65		680		10

				CFL Downlights (tested and catalog)

		CALiPER 07-15		CFL, RLF ESTAR Fixture, 07-15		13		346		27

		CALiPER 07-21		CFL, RLF ESTAR Fixture, 07-21		12		514		42

		SYLVANIA CF15EL/830, 12/2001		CFL downlight rep. lamp, tested		13		517		39

		SUNPARK SP13RLF, 12/2001		CFL downlight rep. lamp, tested		13		455		36

		MAXLITE SKR423FLWW, 12/2001		CFL downlight rep. lamp, tested		21		786		38

		R-CFL test on FEIT ELECTRIC ESL15R30, 2/2002		CFL R30 lamp, tested		14		548		41

		MAXLITE SKR315FLWW, 4/2002		CFL downlight rep. lamp, tested		13		515		40

				CFL BR30 flood, catalog		15		504		34

				CFL R30, catalog		15		464		31
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--Values for SSL downlights 2007 are from CALiPER Rounds 2 & 3.
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--A fixture efficiency of 0.9 is applied to all replacement lamps unless tested inside a fixture.
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Rapid Progress 2007-2009
• January 2007

 Four (4) pilot tests were completed
 LM-79 was under development

• January 2008
 Finalizing LM-79
 A few independent labs performing LM-79 

testing
 Manufacturers starting to listen to ‘absolute 

photometry’ concept

• 2009
 Over 200 individual SSL products tested, 

many benchmarks
 Loads of info, reports



Product Trends - Efficacy
Number of Products
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Education was Key
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Education – Product Comparisons
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Fixture corrected

								Lamp/Luminaire Measurements

						Fixture efficiency factor (applied for lamps)		Total Watts		Fixture Corrected output		Fixture corrected efficacy		CCT		CRI		Power Factor		Fixture corrected CBCP candela		Beam Angle degrees		Field Angle degrees				Total Watts		Output		Efficacy		CCT		CRI		Power Factor		CBCP candela		Beam Angle degrees		Field Angle degrees

				Fixture

		TESTED SSL DOWNLIGHTS

		CPTP 06-01		Permlight ENCB6		1		14.87		187.4		12.6		2969		70		0.76		88		94		150				14.87		187.4		12.6		2969		70		0.76		88		94		150

		CPTP 07-04		Downlight, Prescolite		1		30.96		356.7		11.6		5964		76.4		1.00		428		56		92				30.96		356.7		11.6		5964		76.4		1.00		428		56		92

		CPTP 07-05		Downlight, Gallium		1		26.21		662.2		25.3		4402		76		0.99		686		66		80				26.21		662.2		25.3		4402		76		0.99		686		66		80

		CPTP 07-08A		R30 Warm, LSGC		0.9		8.8		226.53		28.6		2933		71.6		0.58		66.6		136		158				8.8		251.7		28.6		2933		71.6		0.58		74		136		158

		CPTP 07-08B		R30 Warm, LSGC		0.9		8.83		203.76		25.6		2957		72		0.58		59.4		136		158				8.83		226.4		25.6		2957		72		0.58		66		136		158

		CPTP 07-09A		R30 Cool, LSGC		0.9		9.13		276.03		33.6		5906		81.7		0.59		73.8		140		160				9.13		306.7		33.6		5906		81.7		0.59		82		140		160

		CPTP 07-09B		R30 Cool, LSGC		0.9		9.11		282.42		34.5		6039		82.1		0.59		76.5		140		160				9.11		313.8		34.5		6039		82.1		0.59		85		140		160

		CPTP 07-13A		R30, Enlux Warm (RGB)		0.9		15.69		371.88		26.3		2619		18.2		0.47		216.9		80		130				15.69		413.2		26.3		2619		18.2		0.47		241		80		130

		CPTP 07-13B		R30, Enlux Warm (RGB)		0.9		15.58		358.2		25.5		2758		10.7		0.47		216		77		130				15.58		398		25.5		2758		10.7		0.47		240		77		130

		CPTP 07-14A		R30, Enlux Cool (RGB)		0.9		13.83		313.65		25.2		3979		12.9		0.46		185.4		78		130				13.83		348.5		25.2		3979		12.9		0.46		206		78		130

		CPTP 07-14B		R30, Enlux Cool (RGB)		0.9		13.85		319.23		25.6		4032		13.7		0.47		191.7		76		130				13.85		354.7		25.6		4032		13.7		0.47		213		76		130

		Incandescent Downlights (tested and catalog)

		Incand-IES test		GE 65WR-FL R-30 in Halo IC		1		65		697		10.7								562		62		106				65		697		10.7								562		62		106

		Incand-catalog		Sylvania BR30 flood		0.9		45		315		7.0								153		60						45		350		7.8								170		60

		Incand-catalog		GE BR30 flood		0.9		45		405		9.0								270								45		450		10.0								300

		Incand-catalog		Sylvania BR30 flood		0.9		65		558		8.6								333		60						65		620		9.5								370		60

		Incand-catalog		GE BR30 flood-wattmiser		0.9		65		679.5		10.5								459								65		755		11.6								510

		R5		HIR PAR38 50W						529		11.3

		R5		INC R30 65W						678		10.5

		R5		INC A-19 60W						446		7.3

		R5		INC A-19 60W						238		4.4

		Incandescent Focussed Downlights (catalog)

		Incand-catalog		Sylvania PAR38		0.9		65		643.5		9.9								1530		30						65		715		11.0								1700		30

		Incand-catalog		GE ER30		0.9		50		315		6.3								720		30						50		350		7.0								800		30

		Halogen (catalog)

		Halogen-cat		GE PAR30		0.9		50		522		10.4								900		40						50		580		11.6								1000		40

		Halogen-cat		Sylvania PAR30		0.9		40		612		15.3								1170		40						40		680		17.0								1300		40

		Halogen-cat		Sylvania PAR30		0.9		50		810		16.2								1260		40						50		900		18.0								1400		40

		Other (catalog)

		HID-catalog		Sylvania PAR30LN		0.9		39		2070		53.1										30						39		2300		59.0										30

		CFL Downlights (tested and catalog)

		CFL-IES test		SYLVANIA CF15EL/830		1		13.4		517		38.6						0.45		157		113		153				13.4		517		38.6						0.45		157		113		153

		CFL-IES test		SUNPARK SP13RLF		1		12.8		455		35.5						0.51		119		129		196				12.8		455		35.5						0.51		119		129		196

		CFL-IES test		MAXLITE SKR423FLWW		1		20.5		786		38.3						0.49		293		94		180				20.5		786		38.3						0.49		293		94		180

		CFL-IES test		FEIT ELECTRIC ESL15R30		1		13.5		548		40.6						0.45		118		126		179				13.5		548		40.6						0.45		118		126		179

		CFL-catalog		Sylvania BR30 flood		0.8		15		448		29.9										120??						15		560		37.3										120??

		CFL-catalog		GE R30		0.8		15		412		27.5										120??						15		515		34.3										120??





Graph

		SSL Fixtures and Downlights				PAR and R lamps fixture corrected (-10%) or tested in situ

				Power		Output		Efficacy										Not used

		6” ø - 15W, 06-01		15		187		13		R1								LEDfolio Tilux		75		3456		46		R5

		6” ø - 31W, 07-04		31		357		12		R2								Lumisheet		43		2026		47		R7

		7"x7" - 15W, 07-05		26		662		25		R2

		2” ø - 3W, 07-61		3		29		11		R4

		Track - 40W, 07-50		40		672		17		R4

		6” ø - 12W, 07-31		12		719		61		R3

		6” ø - 11W, 07-47		11		663		61		R3

		7.5"x7.5" - 16W, 07-35		16		553		36		R3

		4” ø - 6W, 07-42		6		101		16		R3

		SSL Retrofit 12W				639		57		R5

		PAR30- 15W, 07-18		9		162		19		R3		180		21

		PAR30 - 17W, 07-19		17		585		34		R3		650		38

		R30 - 9W, 07-08		9		215		24		R2		239		27

		R30 - 9W, 07-09		9		279		31		r2		310		34

		R30 - 16W, 07-13		16		365		23		R2		406		26

		R30 - 14W, 07-14		14		316		23		r2		352		25

		SSL PAR30 18.6W				556		38.9		R5

		SSL PAR38 21W				283		23.4		R5

		PAR 30, 08-128		7		345.6		47.7		R7		384		53

		PAR 38, 08-131		11		283.5		25.2		R7		315		28

		Gallium 6 Cree XRE 4000K		23		985		43		R6

		Enlux DL6		13		476		36		R7

		Lithonia RT5D		42		1654		39		R7

		eW Phillips downlight		15		417		27		R7

		Halo Recessed Can		13		644		48		R7

		Renaissance 4-in can		32		275		9		R7

		Spot light for track. 08-126		16		261		16		R7

		Spot light for track, 08-129		10		258		26		R7

		Incandescent & Halogen Downlights (tested and catalog)

		65WR-FL R-30 in IC , tested		65		697		10.7		tested

		BR30 flood, catalog		45		315		7.0		Catalog

		BR30 flood, catalog		45		405		9.0		Catalog

		BR30 flood, catalog		65		558		8.6		Catalog

		BR30 flood-wattmiser, catalog		65		679.5		10.5		Catalog

		Sylvania PAR38		65		643.5		9.9		Catalog

		GE ER30		50		315		6.3		Catalog

		GE PAR30		50		522		10.4		Catalog

		Sylvania PAR30		40		612		15.3		Catalog

		Sylvania PAR30		50		810		16.2		Catalog

		75 W A-lamp		74.5		725		10		NLPIP

		60 W A-lamp		59.5		527		9		NLPIP

		75BR40/FL		74.3		673		9		NLPIP

		65 W BR30/FL		65.4		558		9		NLPIP

		45W BR30FL		44.6		315		7		NLPIP

		INC R30 65W				678		10.5		R5

		INC A-19 60W				446		7.3		R5

		INC A-19 60W				238		4.4		R5

		Hal IR Fl  PAR 38 60W		60		988		16		NLPIP

		Hal IR Fl  PAR 38 50W		50		757		15		NLPIP

		Hal PAR38 Flood 60W		59.1		748		13		NLPIP

		Hal PAR38 Flood 50W		49.2		572		12		NLPIP

		HIR PAR38 50W				529		11.3		R5

		CFL Downlights (tested and catalog)

		CALiPER benchmark		12.8		346		27.0		r3

		CALiPER benchmark		12.2		514		42.0		r4

		DOE testing		13.4		517		38.6

		DOE testing		12.8		455		35.5

		DOE testing		20.5		786		38.3

		DOE testing		13.5		548		40.6

		Catalog		15		448		29.9

		Catalog		15		412		27.5

		Amalgam CFL 18W		17.2		624		36		NLPIP

		Non-amalgam CFL 9W		12.4		390		31		NLPIP

		Non-amalgam CFL 13W		10.6		263		25		NLPIP

		Non-amalgam CFL 18W		17.2		575		33		NLPIP

		Spiral CFL 15W		13		400		31		NLPIP

		NLPIP 1		15.0		499		39.4

		NLPIP 1		16.8		372		28.1

		NLPIP 1		16.8		359		23.5

		NLPIP 1		17.4		530		35.2

		NLPIP 1		17.4		409		30.2

		NLPIP 1		17.4		463		31.7

		NLPIP 1		15.0		490		35.3

		NLPIP 1		17.4		477		32.1

		NLPIP 1		17.4		452		30.5

		NLPIP 1		16.8		460		31.8

		NLPIP 1		16.8		337		25.4

		RCFL 15W				653		48.6		R5

		CCFL 18W				534		35.4		R5

		CFL Spiral 13W				466		45.8		R5

		Lithonia RT5D (CFL)		43		1503		35		R7
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Incandescents & Halogens

CFL

SSL

Results compiled from CALiPER and other DOE testing, NLPIP reports, and manufacturer catalogs. A-lamps, R-lamps, and PAR lamps are tested in situ, or a fixture loss factor is applied to bare lamp performance based on CALiPER in situ versus bare lamp testing.

Round 7 SSL Downlights, 10-42W

SSL Downlight Fixtures,  Retrofits and PAR lamps 3-40W

Downlights with Incandescent BR and A-lamps, 45-75W

Downlights with Halogen PAR38 (FL and IR) Lamps, 50-60W

Downlights with CFLs (spiral, pin, CCFL, & reflector), 9-43W

Efficacy (lumens/Watts)

Light Output (lumens)

Downlight Comparison: 
Luminaire Output vs Efficacy for Different Sources



NLPIP

		SSL Fixtures and Downlights				PAR and R lamps fixture corrected (-10%) or tested in situ

				Power		Output		Efficacy										Not used

		6” ø - 15W, 06-01		15		187		13		R1								LEDfolio Tilux		75		3456		46		R5

		6” ø - 31W, 07-04		31		357		12		R2								Lumisheet		43		2026		47		R7

		7"x7" - 15W, 07-05		26		662		25		R2

		2” ø - 3W, 07-61		3		29		11		R4

		Track - 40W, 07-50		40		672		17		R4

		6” ø - 12W, 07-31		12		719		61		R3

		6” ø - 11W, 07-47		11		663		61		R3

		7.5"x7.5" - 16W, 07-35		16		553		36		R3

		4” ø - 6W, 07-42		6		101		16		R3

		SSL Retrofit 12W				639		57		R5

		PAR30- 15W, 07-18		9		162		19		R3		180		21

		PAR30 - 17W, 07-19		17		585		34		R3		650		38

		R30 - 9W, 07-08		9		215		24		R2		239		27

		R30 - 9W, 07-09		9		279		31		r2		310		34

		R30 - 16W, 07-13		16		365		23		R2		406		26

		R30 - 14W, 07-14		14		316		23		r2		352		25

		SSL PAR30 18.6W				556		38.9		R5

		SSL PAR38 21W				283		23.4		R5

		PAR 30, 08-128		7		345.6		47.7		R7		384		53

		PAR 38, 08-131		11		283.5		25.2		R7		315		28

		Gallium 6 Cree XRE 4000K		23		985		43		R6

		Enlux DL6		13		476		36		R7

		Lithonia RT5D		42		1654		39		R7

		eW Phillips downlight		15		417		27		R7

		Halo Recessed Can		13		644		48		R7

		Renaissance 4-in can		32		275		9		R7

		Spot light for track. 08-126		16		261		16		R7

		Spot light for track, 08-129		10		258		26		R7

		Incandescent & Halogen Downlights (tested and catalog)

		65WR-FL R-30 in IC , tested		65		697		10.7		tested

		BR30 flood, catalog		45		315		7.0		Catalog

		BR30 flood, catalog		45		405		9.0		Catalog

		BR30 flood, catalog		65		558		8.6		Catalog

		BR30 flood-wattmiser, catalog		65		679.5		10.5		Catalog

		Sylvania PAR38		65		643.5		9.9		Catalog

		GE ER30		50		315		6.3		Catalog

		GE PAR30		50		522		10.4		Catalog

		Sylvania PAR30		40		612		15.3		Catalog

		Sylvania PAR30		50		810		16.2		Catalog

		75 W A-lamp		74.5		725		10		NLPIP

		60 W A-lamp		59.5		527		9		NLPIP

		75BR40/FL		74.3		673		9		NLPIP

		65 W BR30/FL		65.4		558		9		NLPIP

		45W BR30FL		44.6		315		7		NLPIP

		INC R30 65W				678		10.5		R5

		INC A-19 60W				446		7.3		R5

		INC A-19 60W				238		4.4		R5

		Hal IR Fl  PAR 38 60W		60		988		16		NLPIP

		Hal IR Fl  PAR 38 50W		50		757		15		NLPIP

		Hal PAR38 Flood 60W		59.1		748		13		NLPIP

		Hal PAR38 Flood 50W		49.2		572		12		NLPIP

		HIR PAR38 50W				529		11.3		R5

		CFL Downlights (tested and catalog)

		CALiPER benchmark		12.8		346		27.0		r3

		CALiPER benchmark		12.2		514		42.0		r4

		DOE testing		13.4		517		38.6

		DOE testing		12.8		455		35.5

		DOE testing		20.5		786		38.3

		DOE testing		13.5		548		40.6

		Catalog		15		448		29.9

		Catalog		15		412		27.5

		Amalgam CFL 18W		17.2		624		36		NLPIP

		Non-amalgam CFL 9W		12.4		390		31		NLPIP

		Non-amalgam CFL 13W		10.6		263		25		NLPIP

		Non-amalgam CFL 18W		17.2		575		33		NLPIP

		Spiral CFL 15W		13		400		31		NLPIP

		NLPIP 1		15.0		499		39.4

		NLPIP 1		16.8		372		28.1

		NLPIP 1		16.8		359		23.5

		NLPIP 1		17.4		530		35.2

		NLPIP 1		17.4		409		30.2

		NLPIP 1		17.4		463		31.7

		NLPIP 1		15.0		490		35.3

		NLPIP 1		17.4		477		32.1

		NLPIP 1		17.4		452		30.5

		NLPIP 1		16.8		460		31.8

		NLPIP 1		16.8		337		25.4

		RCFL 15W				653		48.6		R5

		CCFL 18W				534		35.4		R5

		CFL Spiral 13W				466		45.8		R5

		Lithonia RT5D (CFL)		43		1503		35		R7
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Downlight results

		



Incandescents & 
Halogens

CFL

SSL

Round 7 SSL Fixtures, 10-42W

SSL Fixtures and Replacement  Lamps 3-40W

Incandescent BR and A-lamps, 45-75W

Halogen PAR38 (FL and IR) Lamps, 50-60W

CFLs (spiral, pin, CCFL, & reflector), 9-43W

Efficacy (lumens/Watts)

Light Output (lumens)



Downlight results (2)

		

		FROM nplip		IN Juno ICP

						lamp rating		rated power		measured power		luminaire output		luminaire efficacy				fixture eff. With lamp

		A19-lamp				1690		100		99.4		1055		11				0.62

		Amalgam CFL				1710		26		25.1		883		35				0.52

		Non-Amalgam CFL				1710		26		25.2		850		34				0.50

		spriarl CFL				1850		27		21.8		871		40				0.47

		BR40 flood				935		100		98.9		922		9				0.99

		Hal Par 38 flood				1500		100		98.5		1316		13				0.88

		Hal IR Flood				2070		100		99.9		1851		19				0.89

		Reflector SCFL				950		19		17.7		925		52				0.97

		Metal Halide				1220		25		24.2		1180		49				0.97

		75 W A-lamp				1170		75		74.5		725		10		0.62

		60 W A-lamp				850		60		59.5		527		9		0.62

		75BR40/FL				680		75		74.3		673		9		0.99

		65 W BR30/FL				620		65		65.4		558		9		0.9

		45W BR30FL				350		45		44.6		315		7		0.9

		Hal IR Fl  PAR 38 60W				1110		60		60		988		16		0.89

		Hal IR Fl  PAR 38 50W				850		50		50		757		15		0.89

		Hal PAR38 Flood 60W				850		60		59.1		748		13		0.88

		Hal PAR38 Flood 50W				650		50		49.2		572		12		0.88

		Metal Halide

		Amalgam CFL 18W				1200		18		17.2		624		36		0.52

		Non-amalgam CFL 9W				780		13		12.4		390		31		0.5

		Non-amalgam CFL 13W				525		9		10.6		263		25		0.5

		Non-amalgam CFL 18W				1150		18		17.2		575		33		0.5

		Spiral CFL 15W				850		15		13		400		31		0.47

		60 W A-lamp				850		60		59.5		527		9		0.62

		65 W BR30/FL				620		65		65.4		558		9		0.9

		Hal IR Fl  PAR 38 60W				1110		60		60		988		16		0.89

		Hal PAR38 Flood 60W				850		60		59.1		748		13		0.88

		75 W A-lamp				74.5		725		10

		60 W A-lamp				59.5		527		9

		75BR40/FL				74.3		673		9

		65 W BR30/FL				65.4		558		9

		45W BR30FL				44.6		315		7

		Hal IR Fl  PAR 38 60W				60		988		16

		Hal IR Fl  PAR 38 50W				50		757		15

		Hal PAR38 Flood 60W				59.1		748		13

		Hal PAR38 Flood 50W				49.2		572		12

		Amalgam CFL 18W				17.2		624		36

		Non-amalgam CFL 9W				12.4		390		31

		Non-amalgam CFL 13W				10.6		263		25

		Non-amalgam CFL 18W				17.2		575		33

		Spiral CFL 15W				13		400		31

						rated power		luminaire output		luminaire efficacy		luminaire efficiency		Lamp rating

		1				25		832		39		53%		1570		21.116751269		499.2		39		15

		2				28		620		28		39%		1590		22.0640569395		372		28		16.8

		3				28		599		24		36%		1664		25.4893617021		359.4		24		16.8

		4				29		883		35		49%		1802		25.0852272727		529.8		35		17.4

		5				29		682		30		38%		1795		22.582781457		409.2		30		17.4

		6				29		777		16		43%		1807		49.8076923077		466.2		16		17.4

		7				29		772		32		43%		1795		24.3533123028		463.2		32		17.4

		8				25		817		35		52%		1571		23.1444759207		490.2		35		15

		9				29		795		32		44%		1807		24.7663551402		477		32		17.4

		10				29		754		31		42%		1795		24.7213114754		452.4		31		17.4

		11				28		766		32		48%		1596		24.0880503145		459.6		32		16.8

		12				28		561		25		35%		1603		22.0866141732		336.6		25		16.8

														1700

		NLPIP 1		499		39.4

		NLPIP 1		372		28.1

		NLPIP 1		359		23.5

		NLPIP 1		530		35.2

		NLPIP 1		409		30.2

		NLPIP 1		466		15.6

		NLPIP 1		463		31.7

		NLPIP 1		490		35.3

		NLPIP 1		477		32.1

		NLPIP 1		452		30.5

		NLPIP 1		460		31.8

		NLPIP 1		337		25.4





Summary

								Lamp/Luminaire Measurements

								Total Watts		Output		Efficacy		CCT		CRI		Power Factor		CBCP candela		Beam Angle degrees		Field Angle degrees

				Fixture

		TESTED SSL DOWNLIGHTS

		CPTP 06-01		Permlight ENCB6		6” ø - 15W		15		187		13		2969		70		0.76		88		94		150

		CPTP 07-04		Downlight, Prescolite		6” ø - 31W		31		357		12		5964		76		1.00		428		56		92

		CPTP 07-05		Downlight, Gallium		7"x7" - 15W		26		662		25		4402		76		0.99		686		66		80

		CPTP 07-08		R30 Warm, LSGC		R30 - 9W		9		239		27		2945		72		0.58		70		136		158

		CPTP 07-09		R30 Cool, LSGC		R30 - 9W		9		310		34		5973		82		0.59		83.5		140		160

		CPTP 07-13		R30, Enlux Warm (RGB)		R30 - 16W		16		406		26		2689		14		0.47		240.5		78.5		130

		CPTP 07-14		R30, Enlux Cool (RGB)		R30 - 14W		14		352		25		4006		13		0.46		209.5		77		130

		07-61		Downlight (2” ø)		2” ø - 3W		3		29		11		6401		 67		0.86		165		25		39

		07-50**		Tracklight (RGB, Tunable CCT)		Track - 40W		40		672		17		tunable		n.a.

		07-31*		Downlight Retrofit Lamp (6” ø)		6” ø - 12W		12		719		61		2754		95		0.96		280		106		150

		07-47		Downlight Retrofit Lamp (6” ø)		6” ø - 11W		11		663		61		3402		91		0.97		266		105		148

		07-35‡		Downlight (7.5” square)		7.5"x7.5" - 16W		16		553		36		3442		81		0.98		615		63		80

		07-42		Downlight  (4” ø)		4” ø - 6W		6		101		16		2719		66		0.76		52		94		131

		07-18*		Replacement Lamp E27		E27 - 9W		9		180		21		7878		77		0.60		270		53		69

		07-19*		Replacement Lamp Par30		PAR30 - 17W		17		650		38		2854		52		0.98		1787		28		67

										405		28				76				374		80		113

		Incandescent Downlights (tested and catalog)

		Incand-IES test		GE 65WR-FL R-30 in Halo IC				65		697		10.7								562		62		106

		Incand-catalog		Sylvania BR30 flood				45		350		7.8								170		60

		Incand-catalog		GE BR30 flood				45		450		10.0								300

		Incand-catalog		Sylvania BR30 flood				65		620		9.5								370		60

		Incand-catalog		GE BR30 flood-wattmiser				65		755		11.6								510

		CFL Downlights (tested and catalog)

		07-15		Downlight (CFL) (5” ø)		CALiPER benchmark		12.8		346		27.0		3928		79		0.99		210		84		108

		07-21		Downlight (CFL) (6” ø)		CALiPER benchmark		12.2		514		42.0		2729		82		0.95		154		124		158

		CFL-IES test		SYLVANIA CF15EL/830		DOE testing		13.4		517		38.6						0.45		157		113		153

		CFL-IES test		SUNPARK SP13RLF		DOE testing		12.8		455		35.5						0.51		119		129		196

		CFL-IES test		MAXLITE SKR423FLWW		DOE testing		20.5		786		38.3						0.49		293		94		180

		CFL-IES test		FEIT ELECTRIC ESL15R30		DOE testing		13.5		548		40.6						0.45		118		126		179

		CFL-catalog		Sylvania BR30 flood		Catalog		15		560		37.3										120??

		CFL-catalog		GE R30		Catalog		15		515		34.3										120??

		Incandescent Focussed Downlights (catalog)

		Incand-catalog		Sylvania PAR38				65		715		11.0								1700		30

		Incand-catalog		GE ER30				50		350		7.0								800		30

		Halogen (catalog)

		Halogen-cat		GE PAR30				50		580		11.6								1000		40

		Halogen-cat		Sylvania PAR30				40		680		17.0								1300		40

		Halogen-cat		Sylvania PAR30				50		900		18.0								1400		40

		Other (catalog)

		HID-catalog		Sylvania PAR30LN				39		2300		59.0										30

		FROM nplip		IN Juno ICP

						lamp rating		rated power		measured power		luminaire output		luminaire efficacy				fixture eff.

		A-lamp				1690		100		99.4		1055.0		10.6		10.6136820926		0.62

		Amalgam CFL				1710		29		25.1		882.9		35.2		35.1752988048		0.52

		Non-Amalgam CFL				1710		29		25.2		850.2		33.8		33.7380952381		0.50

		spriarl CFL				1850		27		21.8		870.9		40		39.9495412844		0.47

		BR flood				935		100		98.9		921.8		9.3		9.3205257836		0.99

		Hal Par 38 flood				1500		100		98.5		1316.0		13.4		13.3604060914		0.88

		Hal IR Flood				2070		100		99.9		1851.0		18.5		18.5285285285		0.89

		Reflector SCFL				950		19		17.7		925.0		52.2		52.2598870056		0.97

		Metal Halide				1220		25		24.2		1180.0		48.8		48.7603305785		0.97





Downlight Figure

								Lamp/Luminaire Measurements

								Total Watts		Output		Efficacy		CCT		CRI		Power Factor		CBCP candela		Beam Angle degrees		Field Angle degrees

				Fixture

		TESTED SSL DOWNLIGHTS

		07-61		Downlight (2” ø)		2” ø - 3W		3		29		11		6401		 67		0.86		165		25		39

		07-42		Downlight  (4” ø)		4” ø - 6W		6		101		16		2719		66		0.76		52		94		131

		07-18*		Replacement Lamp E27		6” ø - 9W		9		180		21		7878		77		0.60		270		53		69

		CPTP 07-08		R30 Warm, LSGC		R30 - 9W		9		239		27		2945		72		0.58		70		136		158

		CPTP 07-09		R30 Cool, LSGC		R30 - 9W		9		310		34		5973		82		0.59		83.5		140		160

		07-47		Downlight Retrofit Lamp (6” ø)		6” ø - 11W		11		663		61		3402		91		0.97		266		105		148

		07-31*		Downlight Retrofit Lamp (6” ø)		6” ø - 12W		12		719		61		2754		95		0.96		280		106		150

		CPTP 07-14		R30, Enlux Cool (RGB)		R30 - 14W		14		352		25		4006		13		0.46		209.5		77		130

		CPTP 06-01		Permlight ENCB6		6” ø - 15W		15		187		13		2969		70		0.76		88		94		150

		07-35‡		Downlight (7.5” square)		7.5"x7.5" - 16W		16		553		36		3442		81		0.98		615		63		80

		CPTP 07-13		R30, Enlux Warm (RGB)		R30 - 16W		16		406		26		2689		14		0.47		240.5		78.5		130

		07-19*		Replacement Lamp Par30		PAR30 - 17W		17		650		38		2854		52		0.98		1787		28		67

		CPTP 07-05		Downlight, Gallium		7"x7" - 15W		26		662		25		4402		76		0.99		686		66		80

		CPTP 07-04		Downlight, Prescolite		6” ø - 31W		31		357		12		5964		76		1.00		428		56		92

		07-50**		Tracklight (RGB, Tunable CCT)		Track - 40W		40		672		17		tunable		n.a.

		Incandescent Downlights (tested and catalog)

		Incand-IES test		GE 65WR-FL R-30 in Halo IC				65		697		10.7								562		62		106

		Incand-catalog		Sylvania BR30 flood				45		350		7.8								170		60

		Incand-catalog		GE BR30 flood				45		450		10.0								300

		Incand-catalog		Sylvania BR30 flood				65		620		9.5								370		60

		Incand-catalog		GE BR30 flood-wattmiser				65		755		11.6								510

		CFL Downlights (tested and catalog)

		07-15		Downlight (CFL) (5” ø)				12.8		346		27.0		3928		79		0.99		210		84		108

		07-21		Downlight (CFL) (6” ø)				12.2		514		42.0		2729		82		0.95		154		124		158

		CFL-IES test		SYLVANIA CF15EL/830				13.4		517		38.6						0.45		157		113		153

		CFL-IES test		SUNPARK SP13RLF				12.8		455		35.5						0.51		119		129		196

		CFL-IES test		MAXLITE SKR423FLWW				20.5		786		38.3						0.49		293		94		180

		CFL-IES test		FEIT ELECTRIC ESL15R30				13.5		548		40.6						0.45		118		126		179

		CFL-catalog		Sylvania BR30 flood				15		560		37.3										120??

		CFL-catalog		GE R30				15		515		34.3										120??

		Incandescent Focussed Downlights (catalog)

		Incand-catalog		Sylvania PAR38				65		715		11.0								1700		30

		Incand-catalog		GE ER30				50		350		7.0								800		30

		Halogen (catalog)

		Halogen-cat		GE PAR30				50		580		11.6								1000		40

		Halogen-cat		Sylvania PAR30				40		680		17.0								1300		40

		Halogen-cat		Sylvania PAR30				50		900		18.0								1400		40

		Other (catalog)

		HID-catalog		Sylvania PAR30LN				39		2300		59.0										30





Downlight Figure

		



Correlated Color 
Temperature (CCT)

2650-3000K

3200-3500K

4000-4500K

5900-8000K

Tunable

Output (Lumens)

Range of Output and CCT of SSL Downlight Products



Sheet1

		



Best = 61 lm/W

Worst = 11 lm/W

Average = 28 lm/W

Efficacy (lumens/W)

Range of Efficacy of SSL Downlight Products



Summary (2)

								Lamp/Luminaire Measurements

						Fixture efficiency factor (applied for lamps)		Total Watts		Fixture Corrected output		Fixture corrected efficacy		CCT		CRI		Power Factor		Fixture corrected CBCP candela		Beam Angle degrees		Field Angle degrees				Total Watts		Output		Efficacy		CCT		CRI		Power Factor		CBCP candela		Beam Angle degrees		Field Angle degrees

				Lamp/Fixture

		TESTED SSL DOWNLIGHTS

		CPTP 06-01		Fixture		1		14.87		187.4		12.6		2969		70		0.76		88		94		150				14.87		187.4		12.6		2969		70		0.76		88		94		150

		CPTP 07-04		Fixture		1		30.96		356.7		11.6		5964		76.4		1.00		428		56		92				30.96		356.7		11.6		5964		76.4		1.00		428		56		92

		CPTP 07-05		Fixture		1		26.21		662.2		25.3		4402		76		0.99		686		66		80				26.21		662.2		25.3		4402		76		0.99		686		66		80

		CPTP 07-08		R30 Warm White		0.9		8.815		215.145		27.1		2945		71.8		0.58		63		136		158				8.8		251.7		28.6		2933		71.6		0.58		74		136		158

		CPTP 07-09		R30 Cool White		0.9		9.12		279.225		34.1		5972.5		81.9		0.59		75.15		140		160				9.13		306.7		33.6		5906		81.7		0.59		82		140		160

		CPTP 07-13		R30, Warm White (RGB)		0.9		15.635		365.04		25.9		2688.5		14.45		0.47		216.45		78.5		130				15.69		413.2		26.3		2619		18.2		0.47		241		80		130

		CPTP 07-14		R30, Cool White (RGB)		0.9		13.84		316.44		25.4		4005.5		13.3		0.46		188.55		77		130				13.83		348.5		25.2		3979		12.9		0.46		206		78		130

		Incandescent Downlights (tested and catalog)

		Incand-IES test		GE 65WR-FL R-30 in Halo IC		1		65		697		10.7								562		62		106				65		697		10.7								562		62		106

		Incand-catalog		Sylvania BR30 flood		0.9		45		315		7.0								153		60						45		350		7.8								170		60

		Incand-catalog		GE BR30 flood		0.9		45		405		9.0								270								45		450		10.0								300

		Incand-catalog		Sylvania BR30 flood		0.9		65		558		8.6								333		60						65		620		9.5								370		60

		Incand-catalog		GE BR30 flood-wattmiser		0.9		65		679.5		10.5								459								65		755		11.6								510

		CFL Downlights (tested and catalog)

		CFL-IES test		SYLVANIA CF15EL/830		1		13.4		517		38.6						0.45		157		113		153				13.4		517		38.6						0.45		157		113		153

		CFL-IES test		SUNPARK SP13RLF		1		12.8		455		35.5						0.51		119		129		196				12.8		455		35.5						0.51		119		129		196

		CFL-IES test		MAXLITE SKR423FLWW		1		20.5		786		38.3						0.49		293		94		180				20.5		786		38.3						0.49		293		94		180

		CFL-IES test		FEIT ELECTRIC ESL15R30		1		13.5		548		40.6						0.45		118		126		179				13.5		548		40.6						0.45		118		126		179

		CFL-catalog		Sylvania BR30 flood		0.9		15		504		33.6										120??						15		560		37.3										120??

		CFL-catalog		GE R30		0.9		15		463.5		30.9										120??						15		515		34.3										120??

		Incandescent Focussed Downlights (catalog)

		Incand-catalog		Sylvania PAR38		0.9		65		643.5		9.9								1530		30						65		715		11.0								1700		30

		Incand-catalog		GE ER30		0.9		50		315		6.3								720		30						50		350		7.0								800		30

		Halogen (catalog)

		Halogen-cat		GE PAR30		0.9		50		522		10.4								900		40						50		580		11.6								1000		40

		Halogen-cat		Sylvania PAR30		0.9		40		612		15.3								1170		40						40		680		17.0								1300		40

		Halogen-cat		Sylvania PAR30		0.9		50		810		16.2								1260		40						50		900		18.0								1400		40

		Other (catalog)

		HID-catalog		Sylvania PAR30LN		0.9		39		2070		53.1										30						39		2300		59.0										30





		

				Power		Output		Efficacy								6” ø - 15W		15		187		13

		SSL Fixture, 06-01		14.9		187.4		12.6								6” ø - 31W		31		357		12

		SSL Fixture, 06-03		15.4		298.0		19.4								7"x7" - 15W		26		662		25

		SSL Fixture, 07-04		31.0		356.7		11.6								2” ø - 3W		3		29		11

		SSL Fixture, 07-05		26.2		662.2		25.3								Track - 40W		40		672		17

		SSL R30 Warm White, 07-08		8.8		215.1		27.1								6” ø - 12W		12		719		61

		SSL R30 Cool White, 07-09		9.1		279.2		34.1								6” ø - 11W		11		663		61

		SSL R30, Warm White (RGB), 07-13		15.6		365.0		25.9								7.5"x7.5" - 16W		16		553		36

		SSL R30, Cool White (RGB), 07-14		13.8		316.4		25.4								4” ø - 6W		6		101		16

																6” ø - 15W		9		180		21

		Incandescent Downlights (tested and catalog)														PAR30 - 17W		17		650		38

		65WR-FL R-30 in IC , tested		65		697		10.7								R30 - 9W		9		239		27

		BR30 flood, catalog		45		315		7.0								R30 - 9W		9		310		34

		BR30 flood, catalog		45		405		9.0								R30 - 16W		16		406		26

		BR30 flood, catalog		65		558		8.6								R30 - 14W		14		352		25

		BR30 flood-wattmiser, catalog		65		679.5		10.5

		75 W A-lamp		74.5		725		10

		60 W A-lamp		59.5		527		9

		75BR40/FL		74.3		673		9

		65 W BR30/FL		65.4		558		9

		45W BR30FL		44.6		315		7

		Hal IR Fl  PAR 38 60W		60		988		16

		Hal IR Fl  PAR 38 50W		50		757		15

		Hal PAR38 Flood 60W		59.1		748		13

		Hal PAR38 Flood 50W		49.2		572		12

		CFL Downlights (tested and catalog)

		CALiPER benchmark		12.8		346		27.0								CALiPER benchmark		12.8		346		27.0

		CALiPER benchmark		12.2		514		42.0								CALiPER benchmark		12.2		514		42.0

		DOE testing		13.4		517		38.6								DOE testing		13.4		517		38.6

		DOE testing		12.8		455		35.5								DOE testing		12.8		455		35.5

		DOE testing		20.5		786		38.3								DOE testing		20.5		786		38.3

		DOE testing		13.5		548		40.6								DOE testing		13.5		548		40.6

		Catalog		15		504		33.6								Catalog		15		560		37.3

		Catalog		15		464		30.9								Catalog		15		515		34.3

		Amalgam CFL 18W		17.2		624		36

		Non-amalgam CFL 9W		12.4		390		31

		Non-amalgam CFL 13W		10.6		263		25

		Non-amalgam CFL 18W		17.2		575		33

		Spiral CFL 15W		13		400		31

		NLPIP 1		15.0		499		39.4

		NLPIP 1		16.8		372		28.1

		NLPIP 1		16.8		359		23.5

		NLPIP 1		17.4		530		35.2

		NLPIP 1		17.4		409		30.2

		NLPIP 1		17.4		463		31.7

		NLPIP 1		15.0		490		35.3

		NLPIP 1		17.4		477		32.1

		NLPIP 1		17.4		452		30.5

		NLPIP 1		16.8		460		31.8

		NLPIP 1		16.8		337		25.4
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Incandescents & Halogens

CFL

SSL

--Values for SSL downlight products are from CALiPER testing.
--Values for CFL and incandescents are assembled from CALiPER testing, earlier photometric testing and product catalogs.
--Fixture efficiencies are applied to replacement lamp values (factor depends on lamp type).

SSL Downlight Fixtures and Retrofits, 3-40W

SSL R30 Replacement Lamps, 9-17W

Downlights with Incandescent BR and A-lamps, 45-75W

Downlights with Halogen PAR38 (FL and IR) Lamps, 50-60W

Downlights with CFLs (spiral, pin, & reflector), 9-21W

Efficacy (Lumens/Watts)

Light Output (lumens)

Figure 2. Downlight Comparison: 
Luminaire Output vs Efficacy for Different Sources



												Sphere Measurements																0.3108		0.4662																				Goniophotometry												Luminaire Manufacturer values																		LED SOURCE VALUES --FROM LED SPEC SHEETS

												Total Power (Watts)		Sphere Output		Sphere efficacy		CCT		CRI		DUV		x		y		u'		v'		Input Voltage		Input Current		Standby Use		Power Factor		T1		T2		Voltage in Gonio		Gonio Power (Watts)		Gonio Current (amps)		Total Gonio Output		Total Gonio Efficacy		Gonio PF		CBCP candela		Beam Angle degrees		Field Angle degrees		Manuf. Implied Luminaire Efficacy		LED engine		LED die		Manuf published Output		Manuf. Implied LED efficacy		Manuf-based Fixture Efficiency		LED CRI		LED CCT		Comment		LED engine		LED die		LED efficacy		LED-based Fixture Efficiency		LED CRI		LED CCT		driver		Comment

				SOURCE		ROUND		Category		Fixture																																																						or number						lm/W										or number				lm/W

		CALiPER 08-29				Round 5		Downlight		LEDfolio Tilux		75		3456		46		4346		71												120		1.0660				0.58		42.8		41.8				72.52		0.9630		3313		45.7		0.63		1196		110

		CALiPER 08-77				Round 6		Downlight		Gallium 6 Cree XRE 4000K		23		985		43		4203		85

		08-118				Round 7		Downlight		Enlux DL6		13		476		36		3119		52		-0.002		0.4263		0.3959		0.2472		0.5165		120		0.1330				0.84		48.5				120		13.5		0.1330		482		35.7		0.85		151

		08-119				Round 7		Downlight		Lithonia RT5D		42		1654		39		3262		82		0.001		0.4211		0.4014		0.2415		0.518		120		0.3520				0.99		41.1				120		42		0.3503		1705		40.6		1.00		834		81		136

		08-120				Round 7		Downlight		eW Phillips downlight		15		417		27		2745		84		-0.001		0.4552		0.4079		0.2607		0.5256		120		0.1301				0.98						120		15.21		0.1287		417		27.4		0.98		1147		36		54

		08-123				Round 7		Downlight		Halo Recessed Can		13		644		48		3073		79		0.004		0.4381		0.4156		0.2464		0.526		120		0.1130				0.98		33.5				120		13.3		0.1133		649		48.8		0.98		311		94		135

		08-124				Round 7		Downlight		Renaissance 4-in can		32		275		9		3204		70		-0.001		0.4217		0.3958		0.2443		0.5158		120		0.2720				0.98		72.3				120		31.9		0.2745		281		8.8		0.97		287		61		90

		08-125		CFL		Round 7		Downlight		Lithonia RT5D (CFL)		43		1503		35		3140		83		-0.003		0.423		0.3911		0.2471		0.5141		120		0.3580				1.00		47.1				120		42.4		0.3533		1553		36.6		1.00		571		101		145

		08-134				Round 7		Downlight - Panel		Lumisheet		43		2026		47																						0.00						120		42.8		0.6452		2026		47.3		5.53		847		95		151

		CALiPER 07-21		CFL		ROUND 3		Downlight CFL		Sea Gull IC Airtight Recessed Can Fluorescent		12.24		514		42		2729		81.9												120		0.1083		0		0.94		30.6		29.9				12.41		0.1089		550		44.3		0.9496479951		154		124		158								860		66				82		2700				SEAGULL PLS13W 2700K

		CALiPER 07-31A LFT		SSL		ROUND 3		Downlight retrofit lamp		LR6 downlight, LLF, warm		11.34		598		52.7		2758		95.0												120		0.0979		0		0.97

		CALiPER 07-31B		SSL		ROUND 3		Downlight retrofit lamp		LR6 downlight, LLF, warm		12.19		730		59.9		2758		95.0												120		0.1054				0.96		33.7		39.6				12.07		0.1037		726		60.1		0.9699453552		280		106		150		54						650								2700

		CALiPER 07-31C		SSL		ROUND 3		Downlight retrofit lamp		LR6 downlight, LLF, warm		11.34		707.9		62.4		2750		94.0												120		0.0979				0.97		33.8		38.4				11.31		0.0970		706		62.4		0.9716494845		277		105		149		54						650								2700

		CALiPER 07-47		SSL		ROUND 3		Downlight retrofit lamp		LR6 downlight, LLF, neutral		10.8		662.6		61.3		3402		90.7												120		0.0931				0.97		33.2		38.5				10.84		0.0928		676		62.3		0.9734195402		266		105		148		54						650								3500

		08-126A				Round 7		Downlight-track		Lotus Spot Light		16.3		257.2		15.7		3132		72.5		-0.001		0.4261		0.3972		0.2465		0.5171		120		0.1881				0.72		53.2		53.4		120		16.39		0.1802		254		15.5		0.76		702		34.5		92

		08-126B				Round 7		Downlight-track		Lotus Spot Light		16.5		265.4		16.1		3132		72.1		-0.002		0.4257		0.3962		0.2467		0.5166		120		0.1901				0.72		56.2		55.8		120		16.55		0.1832		262		15.8		0.75		717		35.5		91

		08-129				Round 7		Downlight-track		Trio Track Light/Spotlight		9.9		258		26		2833		82.6		0.001		0.451		0.4114		0.2565		0.5264		120		0.1019				0.81		47.3		44.2		120		9.91		0.1015		259		26.1		0.81		847		37.5		66

		CALiPER 08-18A				Round 5		Replacement - CCFL		Axiom CCFL (Benchmark)		15.25		528.284		34.6		2839		79.8												120		0.1484				0.86				44.3				15.08		0.1467		534		35.4		0.86		187		~115

		CALiPER 08-18B				Round 5		Replacement - CCFL		Axiom CCFL (Benchmark)		15.43		498.44		32.3		2846		79.4												120		0.1490				0.86

		CALiPER 08-03A				Round 5		Replacement - E27		LedLight A lamp		2.6		88.9		34.19		3169		93.0												120		0.0393				0.55		52.3		51.3				2.6		0.0390		89.1		34.27		0.56

		CALiPER 08-03B				Round 5		Replacement - E27		LedLight A lamp		2.65		74		27.92		3085		91.0												120		0.0400				0.55		57.8		46.9				2.68		0.0390		74.4		27.76		0.57

		CALiPER 08-14A				Round 5		Replacement - Par 30		Polybrite/Borealis Par30		15.19		638.248		42		5158		74.7												120		0.1273				0.99		91.4		74.2				14.28		0.1266		556		38.9		0.94		302		~80

		CALiPER 08-14B				Round 5		Replacement - Par 30		Polybrite/Borealis Par30		14.83		615.112		41.5		5144		74.1												120		0.1244				0.99

		CALiPER 08-14RRA-onspex				Round 5		Replacement - Par 30		Polybrite/Borealis Par30		15.22		646.9		42.5		5098		74.7				0.3426		0.3534		0.209		0.3235		120		0.1276				0.99		61.3

		CALiPER 08-14RRB-onspex				Round 5		Replacement - Par 30		Polybrite/Borealis Par30		14.78		614.8		42.22		5091		74.5				0.3428		0.3528		0.2094		0.3233		120		0.1239				0.99		62.0

		CALiPER 08-14RRA-Intertek				Round 5		Replacement - Par 30		Polybrite/Borealis Par30		15.26		626.2		41.04		5093		74.9				0.3428		0.3538		0.2090243902		0.4853963415		120		0.1287				0.99		55.0						15.28		0.1288		610		39.92		0.99		332		81

		CALiPER 08-14RRB-Intertek				Round 5		Replacement - Par 30		Polybrite/Borealis Par30		14.91		601.7		40.36		5088		74.7				0.3428		0.3531		0.2092923866		0.4850570853		120		0.1262				0.98		53.7						14.89		0.1259		585		39.29		0.99		312		82.3

		CALiPER 08-14RRA-ITL				Round 5		Replacement - Par 30		Polybrite/Borealis Par30		15.2		636		41.8		5100		74.0

		CALiPER 08-14RRB-ITL				Round 5		Replacement - Par 30		Polybrite/Borealis Par30		14.9		613		41.1		5096		74.0

		CALiPER 08-14RRC				Round 5		Replacement - Par 30		Polybrite/Borealis Par30		15.25		626		41.21		5144		74.0												120		0.1290				0.99		58.5		60.1				15.3		0.1286		639		41.76		0.99		333		83		137.6

		CALiPER 08-14RRD				Round 5		Replacement - Par 30		Polybrite/Borealis Par30		15.6		652		41.82		5120		74.0												120		0.1320				0.98		59.9		61.1				15.6		0.1300		662		42.44		1.00		330		85.5		138.9

		CALiPER 08-14RRC-LSI				Round 5		Replacement - Par 30		Polybrite/Borealis Par30		?		658		?		4970		73.8				0.3467		0.3606		0.209		0.3261		120		?												15.28		0.1297		661		43.3		0.98		352

		CALiPER 08-14RRD-LSI				Round 5		Replacement - Par 30		Polybrite/Borealis Par30		?		680		?		5009		71.1				0.3458		0.3629		0.2076		0.3268		120		?												15.58		0.1318		686		44		0.99		348

		CALiPER 08-14RRC-Gamma				Round 5		Replacement - Par 30		Polybrite/Borealis Par30		18.4		823.7		44.8		4939						0.3481		0.3654		0.2082		0.4917		120		0.1526				30.10																		194

		CALiPER 08-14RRD-Gamma				Round 5		Replacement - Par 30		Polybrite/Borealis Par30		18		861.5		47.8		4912						0.3489		0.366		0.2085		0.4921		120		0.1500				30.50																		195

		CALiPER 08-58A				Round 6		Replacement - Par 30		Aoptek R30		8.2		205		25		2648		67.0												120		0.1420				0.48		59.9				120		8.2		0.1401		206		25.12		0.49		900		31.3		38.4

		CALiPER 08-58B				Round 6		Replacement - Par 30		Aoptek R30		8.3		207		24.94		2647		67.0												120		0.1420				0.49		63.3				120		8.3		0.1403		207		24.94		0.49		870		31.7		38.7

		CALiPER 08-101A				Round 6		Replacement - Par 30		LOA PAR Lamp		5.2		122		23.46		5869		79.0												120		0.1000				0.43		32.2						5.2		0.1030		152		29.23		0.42		417		25.5		51.6

		CALiPER 08-101B				Round 6		Replacement - Par 30		LOA PAR Lamp		5.2		165		31.73		5349		77.0												120		0.1030				0.42		33.4						5.2		0.1035		177		34.04		0.42		517		25		48.8

		CALiPER 08-101C				Round 6		Replacement - Par 30		LOA PAR Lamp																												0.00																0.00

		08-128A				Round 7		Replacement - Par 30		Lumidas-H PAR30		7.3		387		53		3107		78.0		0.002		0.4325		0.4078		0.2461		0.5222		120		0.0670				0.91		47.6				120		7.3		0.0665		387		53		0.91		643		45.8		71.9

		08-128B				Round 7		Replacement - Par 30		Lumidas-H PAR30		7.1		381		53.7		3104		79.0		0.002		0.4326		0.4078		0.2462		0.5222		120		0.0660				0.90		46.8				120		7.2		0.0654		386		53.6		0.92		621		47.2		73.1

		08-131A				Round 7		Replacement - Par 38		Best Home Par 38		11.3		314		27.7		2935		93.0		-0.005		0.3919		0.3919		0.2545		0.5162		120		0.1610				0.58		49.4				120		11.3		0.1631		315		27.9		0.58		453		40.2		87.4

		08-131B				Round 7		Replacement - Par 38		Best Home Par 38		11.24		316		28.1		2971		93.0		-0.005		0.432		0.3904		0.2533		0.5151		120		0.1610				0.58		51.0				120		11.3		0.1623		316		28		0.58		465		34.9		83.2

		CALiPER 08-05A				Round 5		Replacement - Par 38 HIR		GE Par38 Bench HIR 50PAR/HIR/FL25		45.66		479.745		10.5		2694		99.2												120		0.3806				1.00

		CALiPER 08-05B				Round 5		Replacement - Par 38 HIR		GE Par38 Bench HIR 50PAR/HIR/FL25		46.71		568.432		12.2		2746		99.1												120		0.3893				1.00				91.4				46.65		0.3898		529		11.3		1.00

		08-130A				Round 7		Replacement - PAR20		Best Home Par 20		3.36		78		23.2		2934		93.0		-0.001		0.4399		0.4021		0.2533		0.5211		120		0.0530				0.53		46.3				120		3.3		0.0524		78		23.6		0.52		466		17		42

		08-130B				Round 7		Replacement - PAR20		Best Home Par 20		3.32		78		23.5		2883		93.0		-0.002		0.4427		0.4013		0.2555		0.5211		120		0.0527				0.52		43.3				120		3.3		0.0518		77		23.3		0.53		391

		CALiPER 08-15A				Round 5		Replacement - Par38		LEDlight Par38; QL E27-3W7-ww Floodlight		13.23		311.97		23.6		3136		67.3												120		0.2367				0.47

		CALiPER 08-15B				Round 5		Replacement - Par38		LEDlight Par38; QL E27-3W7-ww Floodlight		13.55		333.908		24.6		3117		65.8												120		0.2436				0.46		74.3		66				12.1		0.2147		283		23.4		0.47		1475		~20

		CALiPER 08-06A				Round 5		Replacement - R30 CFL		Philips R30 Bench CFL Marathon EL/A 15W		15.83		838.095		52.9		2749		81.9												120		0.2406				0.55

		CALiPER 08-06B				Round 5		Replacement - R30 CFL		Philips R30 Bench CFL Marathon EL/A 15W		15.82		843.739		53.3		2730		82.4												120		0.2405				0.55				72				13.45		0.2150		653		48.6		0.52		236		110

		CALiPER 08-13A				Round 5		Replacement - R30 Incandesecent		GE R30 Benchmark; EPACT R lamp GE 75R30/FL65WM		65.01		737		11.3		2684		99.5												120		0.5418				1.00

		CALiPER 08-13B				Round 5		Replacement - R30 Incandesecent		GE R30 Benchmark; EPACT R lamp GE 75R30/FL65WM		64.93		727.722		11.2		2677		99.3												120		0.5412				1.00				95.4				64.76		0.5412		678		10.5		1.00		431		~74

		CALiPER 07-18 B		SSL		ROUND 3		Replacement Lamp E27		Fobsun 10W E27 (2)		7.52		157		21.05		8361		77.0												120		0.1064		0		0.59		52.1						7.6		0.1064		160		21.05		0.5952380952		345		45.9		61.4		30						300

		CALiPER 07-18 C		SSL		ROUND 3		Replacement Lamp E27		Fobsun 10W E27 (2)		9.66		203		21.01		7395		76.0												120		0.1338				0.60		69.9						9.8		0.1368		208		21.2		0.5969785575		209		62.7		78.6		30						300

		CALiPER 07-19 A		SSL		ROUND 3		Replacement Lamp Par30		Light *Waves Par30 Replacement (2)		17.1		649		37.95		2838		51.0												120		0.1457		0		0.98		41.4						17.2				652		37.9				1785		27.6		67		45						990								3300

		CALiPER 07-19 B		SSL		ROUND 3		Replacement Lamp Par30		Light *Waves Par30 Replacement (2)		17.1		650		38		2870		52.0												120		0.1459		0		0.98		41.8						17.2				650		37.8				1789		27.5		66.7		45						990								3300

		CPTP 07-08A		SSL		ROUND 2		Replacement Lamp R30		R30 Warm, LSGC		8.8		251.7		28.6		2933		71.6												120		0.1265		0		0.58		60.4		60.1				8.83		0.1250		257		29.1		0.59		74		136		158		36.4						400						80		2950

		CPTP 07-08A		SSL		ROUND 2		Replacement Lamp R30		R30 Warm, LSGC		8.81		254		28.8		2949		71.0												120		0.1259		0		0.58		64.5						8.8		0.1244		251		28.5		0.59								36.4						400						80		2950

		CPTP 07-08A		SSL		ROUND 2		Replacement Lamp R30		R30 Warm, LSGC		8.84		??		??		2940		72.0												120		??		0		0.00		60.4		63.7				9				266		29.6										36.4						400						80		2950

		CPTP 07-08B		SSL		ROUND 2		Replacement Lamp R30		R30 Warm, LSGC		8.83		226.4		25.6		2957		72.0												120		0.1265		0		0.58		61.1		60.3				8.83		0.1249		228		25.8		0.59		66		136		158		36.4						400						80		2950

		CPTP 07-09A		SSL		ROUND 2		Replacement Lamp R30		R30 Cool, LSGC		9.13		306.7		33.6		5906		81.7												120		0.1294		0		0.59		61.0		60.7				9.17		0.1283		313		34.1		0.60		82		140		160		45.5						500						80		6000

		LRC-CPTP 07-09A		SSL		ROUND 2		Replacement Lamp R30		R30 Cool, LSGC		9.48		320		33.8		6030		81.8												120		0.1310		0		0.60		50.1																82		140		160		45.5						500						80		6000

		CPTP 07-09B		SSL		ROUND 2		Replacement Lamp R30		R30 Cool, LSGC		9.11		313.8		34.5		6039		82.1												120		0.1297		0		0.59		60.6		60.4				9.17		0.1285		317		34.6		0.59		85		140		160		45.5						500						80		6000

		CPTP 07-13A		SSL		ROUND 2		Replacement Lamp R30		R30, Enlux Warm		15.69		413.2		26.3		2619		18.2												120		0.2764		0		0.47		45.8		44.3				15.98		0.2946		413		25.8		0.45		241		80		130																				Enlux Array

		CPTP 07-13B		SSL		ROUND 2		Replacement Lamp R30		R30, Enlux Warm		15.58		398		25.5		2758		10.7												120		0.2764		0		0.47		46.3		46.1				15.79		0.2923		404		25.6		0.45		240		77		130																				Enlux Array

		CPTP 07-14A		SSL		ROUND 2		Replacement Lamp R30		R30, Enlux Cool		13.83		348.5		25.2		3979		12.9												120		0.2488		0		0.46		44.1		43.8				13.52		0.2565		347		25.7		0.44		206		78		130																				Enlux Array

		CPTP 07-14B		SSL		ROUND 2		Replacement Lamp R30		R30, Enlux Cool		13.85		354.7		25.6		4032		13.7												120		0.2482		0		0.47		43.8		42.8				13.79		0.2630		354		25.7		0.44		213		76		130																				Enlux Array





						Lamp/Luminaire Measurements

						Total Watts		Power Factor		Fixture corrected output		Fixture corrected efficacy		Fixture corrected CBCP candela		Beam Angle degrees		Field Angle degrees

				Lamp/Fixture

		CPTP TESTED SSL DOWNLIGHTS

				Fixture, 06-01		14.87		0.76		187.4		12.6		88		94		150						SSL Fixture, 06-01

				Fixture, 07-04		30.96		1.00		356.7		11.6		428		56		92						SSL Fixture, 07-04

				Fixture, 07-05		26.21		0.99		662.2		25.3		686		66		80						SSL Fixture, 07-05

				R30 Warm White, 07-08		8.815		0.58		215.145		27.1		63		136		158						SSL R30 Warm White, 07-08

				R30 Cool White, 07-09		9.12		0.59		279.225		34.1		75.15		140		160						SSL R30 Cool White, 07-09

				R30, Warm White (RGB), 07-13		15.635		0.47		365.04		25.9		216.45		78.5		130						R30, Warm White (RGB), 07-13

				R30, Cool White (RGB), 07-14		13.84		0.46		316.44		25.4		188.55		77		130						R30, Cool White (RGB), 07-14

		Incandescent Downlights (tested and catalog)

				65WR-FL R-30 in IC , tested		65				697		10.7		562		62		106

				BR30 flood, catalog		45				315		7.0		153		60

				BR30 flood, catalog		45				405		9.0		270

				BR30 flood, catalog		65				558		8.6		333		60

				BR30 flood-wattmiser, catalog		65				679.5		10.5		459

		CFL Downlights (tested and catalog)

				CFL downlight rep. lamp, tested		13.4		0.45		517		38.6		157		113		153

				CFL downlight rep. lamp, tested		12.8		0.51		455		35.5		119		129		196

				CFL downlight rep. lamp, tested		20.5		0.49		786		38.3		293		94		180

				CFL R30, tested		13.5		0.45		548		40.6		118		126		179

				CFL BR30 flood, catalog		15				504		33.6

				CFL R30, catalog		15				463.5		30.9

		Incandescent Focussed Downlights (catalog)

				Incandescent PAR38, catalog		65				643.5		9.9		1530		30

				Incandescent ER30, catalog		50				315		6.3		720		30

		Halogen (catalog)

				Halogen PAR30, catalog		50				522		10.4		900		40

				Halogen PAR30, catalog		40				612		15.3		1170		40

				Halogen PAR30, catalog		50				810		16.2		1260		40

		Other (catalog)

				HID PAR30LN, catalog		39				2070		53.1				30

		Fixture efficiency factor of 0.9 applied for replacement lamps.







11-43 versus 
Incandescent

6W 60W

11-05 versus 
Incandescent

8W 60W

11-04 versus 
Incandescent

7W 60W

10-54 versus 
Incandescent

7W 60W

11-03 versus 
Incandescent

12W 60W

10-55 versus 
Incandescent

13W 60W

10-39 versus 
Incandescent

7W 25W

11-06 versus 
Incandescent

8W 40W

Education – Distribution Comparisons
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CALiPER Impact
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CALiPER Early Positive Influences
• Testing standards validation & 

refinement
• CALiPER Roundtable 

interactive meeting of experts 
(proceedings on-line)

• Benchmarking traditional 
sources

• Market/industry awareness & 
involvement
• Improvements in SSL product 

literature
• Articles and discussions
• CALiPER Booth

• Preparation for ENERGY STAR
07/10/2008



Early CALiPER Recommendations
• Color: some ‘white’ light products are quite 

‘bluish’ or quite greenish
 Both CCT and Duv matter

• Comparisons: absolute ≠ relative photometry
 Compare performance at the luminaire level

• Claims: product literature is often erroneous or 
misleading

• Lifetime performance: true, in situ, long-term 
performance is still a great unknown
 Initial lumen maintenance results are mixed

• Learning curves: some manufacturers are at 
the top, many still just setting foot on the slope

Ascending the SSL
Learning Curve 



CALiPER Shift –
Changing with the 

Market
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SSL Product Growth – Lighting Facts Database



CALiPER Shift in Focus

Product 
Selection & 
Purchasing

Independent LM-
79-08 Testing

Data 
Analysis

Report 
Publication

Shift to Lighting Facts 
Verification

New CALiPER 
Focus



CALiPER Reports

• High level summaries using LED Lighting Facts data
• 4 per year each on different product typesSnap Shot Reports

• Focused on specific product types and design scenarios
• Go beyond LM-79 testing
• Include detailed testing reports online
• First in the series of deeper dive studies

Application 
Reports

• Product installations and evaluations
• Dimming/flicker testing
• Stress testing
• Lumen maintenance testing

Deeper Dives

• Testing/ analysis support as requested
• Roundtables to facilitate industry collaboration
• Participation in relevant standards committees

Standards Support



CALiPER for 
Other 

Technologies?
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Applying CALiPER Approach to Other Technologies

• Standards development is critical
• Education is key
• Growth is important - be willing to change with the industry

• Simultaneous approaches might be warranted
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Simultaneous Approaches Might Be Warranted
 Standards development (round tables, committee involvement)
 Product testing and reporting (CALiPER style)
 In-situ mock-ups (CALiPER exploratory studies)
User perceptions/acceptance (NGL style) 
 Labeling program – eventually? (Lighting Facts)

CALiPER – think consumer reports
LED Lighting Facts – think food labels
NGL – think J.D. Powers



Thank you
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Ruth Taylor
Ruth.Taylor@PNNL.GOV
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