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Levels of LED Standards 

Level Description Example 

Basic definition LED chip, LED lamp, 
Module, Light Engine… 

IES RP-16 

LED Component Color, Lumen 
Maintenance, Binning… 

ANSI C78.377A,  
IES LM-80, IES TM-21,  
NEMA SSL-3 

Fixture Photometry, safety IES LM-79, UL 8750 

Application Outdoor, parking IES RP-8, IES RP-20 

Program Energy, utility US EPA Energy Star, 
Design Lights Consortia, 
Korean Energy Program 
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LED Standards (U.S.) 

• 4 years ago:  Major and reasonable objection to LED 
• Today: 

– RP-16 – SSL Definitions 
– ANSI C78.377 – chromaticity 
– IES LM-79-2008 – SSL photometry 
– IES LM-80-2008 – Lumen Maintenance 
– UL 8750 – Safety 
– TM-21 – Lumen Maint. Projection 

• Most of the major pieces are in  
place, more on the way… 

• Being practiced and  
referenced worldwide by  
industry and government 
programs 

RP-16 – SSL Definitions 

ANSI C78.377                     

LM-79 

LM-80 

UL 8750 

Many 
Others 

TM-21 
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LED Standards Update 

Standard Draft Comment Comment 
Resolution 

Publication 
Status 

IES RP-16 
Definitions  X X X Complete 

ANSI BSR C78.377A,  
Chromaticity  

X X X Complete 

IES LM 79,  
Luminous Flux  X X X Complete 

IES LM 80,  
Lumen Depreciation  X X X Complete 

NEMA LSD-44, 45, 49 (White Papers) 
Best Practices for SSL Interconnect, Sub-Assemblies, Dimming X X X Complete 

ANSI C82.77,  
Harmonic Emission Limits – Related Power Quality Requirements for SSL X X X Complete 

NEMA SSL-1,  
SSL Drivers  X X X Complete 

NEMA SSL-3,  
LED Lamp Binning X X X Complete 

NEMA SSL-6,  
Dimming Practices for SSL Integrated Lamps X X X Complete 

NEMA-ALA Joint White Paper 
Definition of Functional & Decorative Lighting X X X Complete 

UL 8750 
LED Safety X X X Complete 

IEC 62471-2, IES RP-27 
Photobiological Safety X X X Complete 

CIE TC1-69, 
Color Quality System X 

IES TM-21 
LED Lifetime X X X Complete 

47 CFR Part 15 (FCC) 
Radio Frequency Emissions for SSL Components, Drivers X X X Complete 

IEC 62471-2, IES RP-27 
Photobiological Safety X X X Complete 

Status of NEMA, ANSI, IES, IEC, and CIE Solid State Lighting Standards (Partial List) 

* 

*  Expect publication May/June 2011 
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50,000 hours is: 

137 Years at 1 hour/day 
68.5 Years at 2 hours/day 
34.2 Years at 4 hours/day 
22.8 Years at 6 hours/day 
17.1 Years at 8 hours/day 
11.4 Years at 12 hours/day 
5.7 Years at 24 hours/day 

…A WAG when it comes 
to LED lifetime…  
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Semiconductor Reliability Testing 

• Reliability test methods and acceptance criteria for 
semiconductor components have been standardized 
(JEDEC, EIAJ, others…) and practiced for decades 
– Think:  processors, regulators, microcontrollers, etc.. 

 

If you’ve ever flown in an airplane, driven in a car, 
or talked on a cell phone, you’ve depended on this 

body of scientific work and testing… 
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LED Reliability Testing 

• LEDs are semiconductor  
components that happen to emit light… 

• Most LED manufacturers conduct standardized 
semiconductor component reliability testing – the 
same tests Intel tests their microprocessors with 
– on their LED lamps 

• The Illumination Engineering Society of North 
America published IES LM-80 in 2008 to 
characterize the Lumen Maintenance aspect of 
LED semiconductor components 

• Note:  Lumen Maintenance  ≠ LED Lifetime 
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Well-designed systems with Lighting-class LEDs at 
low TA, TJ will run a very, very long time… 

LEDs Last Forever!! [under ideal conditions] 

8 

>50,000 hrs of real test 
data, ~7% light loss 
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Typical LM-80 Lumen Maintenance Behavior 

• LEDs do not normally fail catastrophically; gradually lose 
light output over very long time periods 

• Small “hump” is frequently observed between 0 and 500 
hours 

• Lower drive currents and lower temperatures yield 
higher Lumen Maintenance curves 
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Everyone Asks for an “LM-80 Report” 

Product Lamp Color Temperature Drive Current (mA) BoardID Lamp Number 0 168 336 672 840 1008 1176 1512 2016 2520 3024 3528 4032 4536 5040 5544 6048 6552
XRE XLamp Cool White 55C 350 DUR011H 1 119.56 117.79 117.89 119.25 119.35 119.29 119.66 119.12 120.01 118.40 118.91 118.75 117.61 117.87 116.63 116.18 116.77 115.09
XRE XLamp Cool White 55C 350 DUR011H 2 120.68 117.35 118.22 119.45 119.56 119.92 120.48 119.68 120.78 119.30 119.94 120.05 118.55 119.12 117.91 117.41 118.23 116.58
XRE XLamp Cool White 55C 350 DUR011H 3 118.83 117.36 117.99 118.98 119.15 119.34 119.88 118.90 119.95 118.34 119.01 118.97 117.64 118.17 116.96 116.70 117.28 115.70
XRE XLamp Cool White 55C 350 DUR011H 4 120.38 118.24 118.79 119.81 119.71 119.69 120.17 119.32 120.20 118.42 119.03 118.86 117.63 118.05 116.78 116.36 116.80 115.20
XRE XLamp Cool White 55C 350 DUR011H 5 122.92 121.63 121.95 123.00 123.05 123.21 122.55 122.90 122.84 122.21 121.52 121.65 120.26 120.74 119.56 120.45 121.06 119.20
XRE XLamp Cool White 55C 350 DUR011H 6 122.38 120.78 121.19 122.33 122.32 122.53 122.94 122.50 123.48 121.86 122.34 122.52 121.19 121.58 120.32 120.35 120.76 119.11
XRE XLamp Cool White 55C 350 DUR011H 7 120.91 118.77 118.52 119.81 120.69 120.85 120.66 121.06 121.21 120.52 120.11 120.33 118.88 119.21 118.08 118.62 119.25 117.21
XRE XLamp Cool White 55C 350 DUR011H 8 119.57 118.10 119.03 120.05 119.56 119.72 119.41 119.71 119.97 118.90 118.56 118.68 117.44 117.67 117.67 117.31 117.68 116.00
XRE XLamp Cool White 55C 350 DUR011H 9 120.19 117.72 118.51 119.43 119.01 119.02 118.70 118.75 119.11 118.07 117.88 118.00 117.14 117.32 117.17 116.76 117.48 115.41
XRE XLamp Cool White 55C 350 DUR011H 10 121.60 120.19 119.78 120.77 121.58 121.53 121.32 121.37 121.56 120.37 120.21 120.27 119.19 119.37 118.09 118.94 119.21 117.40
XRE XLamp Cool White 55C 350 DUR011K 1 99.24 98.26 99.18 99.96 99.81 99.93 100.58 99.93 100.96 99.46 100.04 100.07 99.09 99.21 98.00 97.74 98.24 96.64
XRE XLamp Cool White 55C 350 DUR011K 2 100.77 99.83 100.81 101.47 101.21 101.21 101.02 101.10 101.23 100.61 100.52 100.66 99.58 99.76 98.48 99.38 99.87 98.14
XRE XLamp Cool White 55C 350 DUR011K 3 100.35 98.17 99.08 99.81 99.55 99.60 99.38 99.31 99.42 98.81 98.56 98.51 97.56 97.63 96.30 97.27 97.82 96.01
XRE XLamp Cool White 55C 350 DUR011K 4 102.73 102.12 101.92 103.39 103.10 103.08 102.96 102.80 102.82 102.10 101.78 101.74 100.73 100.77 99.50 100.26 100.72 98.92
XRE XLamp Cool White 55C 350 DUR011K 5 97.67 97.87 97.83 99.40 99.27 99.27 99.18 99.33 99.46 98.99 98.90 99.06 98.17 98.29 96.88 97.92 98.56 96.82
XRE XLamp Cool White 55C 350 DUR011K 6 101.04 100.58 100.74 102.20 102.09 102.24 102.04 101.94 102.01 101.40 101.08 101.02 99.88 100.07 98.69 99.67 100.13 98.40
XRE XLamp Cool White 55C 350 DUR011K 7 98.79 98.89 99.08 100.51 100.43 100.53 100.41 100.28 100.56 99.90 99.72 99.79 98.50 98.81 97.63 98.61 99.08 97.35
XRE XLamp Cool White 55C 350 DUR011K 8 101.24 101.75 101.38 103.27 103.13 102.92 102.94 102.96 103.05 102.29 102.08 101.97 101.34 101.37 100.01 100.82 101.22 99.43
XRE XLamp Cool White 55C 350 DUR011K 9 102.19 101.46 101.58 103.02 102.82 102.88 102.67 102.59 102.56 101.92 101.52 101.51 100.11 100.41 99.22 100.27 100.78 98.99
XRE XLamp Cool White 55C 350 DUR011K 10 99.18 97.31 98.19 98.90 98.72 98.80 98.64 98.53 98.60 98.11 97.80 97.79 96.63 96.94 95.72 96.67 97.21 95.34
XRE XLamp Cool White 55C 350 DUR011M 1 97.48 98.37 97.86 98.88 100.06 99.95 99.34 99.90 99.39 99.17 98.16 97.85 96.90 97.03 95.27 94.95 94.70 92.33
XRE XLamp Cool White 55C 350 DUR011M 2 97.16 95.95 95.58 96.73 97.90 97.74 97.14 97.68 97.53 97.50 96.67 96.47 95.82 96.20 94.84 94.80 94.77 92.85
XRE XLamp Cool White 55C 350 DUR011M 3 96.73 97.69 96.73 97.86 98.14 98.62 97.99 97.73 98.05 97.70 96.80 96.71 96.16 96.15 94.79 94.59 94.48 92.50
XRE XLamp Cool White 55C 350 DUR011M 4 96.29 94.96 95.40 95.92 96.28 96.17 96.18 95.83 96.14 95.24 94.99 94.91 93.75 93.92 92.45 92.65 92.85 91.06
XRE XLamp Cool White 55C 350 DUR011M 5 97.11 96.56 96.16 97.05 97.36 96.96 96.77 96.75 96.81 95.72 95.40 95.02 94.03 92.96 91.41 90.94 90.65 88.58
XRE XLamp Cool White 55C 350 DUR011M 6 97.56 97.30 96.89 97.95 98.07 97.80 97.67 97.79 97.74 96.79 96.56 96.29 95.54 94.86 93.43 92.95 92.93 90.94
XRE XLamp Cool White 55C 350 DUR011M 7 97.11 96.35 96.47 97.24 97.62 97.40 97.45 97.17 97.31 96.51 96.03 95.92 94.93 95.81 94.40 94.21 94.24 92.00
XRE XLamp Cool White 55C 350 DUR011M 8 95.08 94.82 94.64 95.48 95.96 95.81 95.69 95.44 95.45 94.62 94.42 94.20 93.21 94.19 92.85 92.84 92.92 90.83
XRE XLamp Cool White 55C 350 DUR011M 9 96.43 96.11 96.06 96.76 97.10 97.18 97.14 96.79 96.93 96.08 95.62 95.41 94.54 95.41 93.85 93.98 93.96 91.31
XRE XLamp Cool White 55C 350 DUR011M 10 96.64 96.18 96.06 96.84 97.05 96.96 96.86 96.57 96.76 95.89 95.55 95.48 94.46 95.36 94.01 94.14 94.26 91.79

0 0 168 168 336 336 672 672 840 840 1008 1008 1176 1176 1512 1512 2016 2016 2520 2520 3024 3024 3528 3528 4032 4032 4536 4536 5040 5040 5544 5544 6048 6048 6552 6552
Product Lamp Color Temperature Drive Current (mA) BoardID Lamp Number ccx ccy ccx ccy ccx ccy ccx ccy ccx ccy ccx ccy ccx ccy ccx ccy ccx ccy ccx ccy ccx ccy ccx ccy ccx ccy ccx ccy ccx ccy ccx ccy ccx ccy ccx ccy

XRE XLamp Cool White 55C 350 DUR011H 1 0.31780 0.33520 0.31776 0.33226 0.31697 0.33263 0.31722 0.33264 0.31755 0.33281 0.31698 0.33271 0.31685 0.32973 0.31430 0.32670 0.31638 0.33148 0.31622 0.33109 0.31692 0.33010 0.31613 0.33048 0.31484 0.32955 0.31470 0.32934 0.31483 0.32951 0.31404 0.32734 0.31380 0.32532 0.31416 0.32759
XRE XLamp Cool White 55C 350 DUR011H 2 0.31781 0.33644 0.31725 0.33421 0.31706 0.33107 0.31517 0.32965 0.31622 0.33168 0.31691 0.33336 0.31670 0.33320 0.31570 0.33072 0.31602 0.33172 0.31606 0.33141 0.31626 0.33024 0.31544 0.33156 0.31530 0.33027 0.31484 0.33019 0.31468 0.33026 0.31475 0.33017 0.31411 0.32891 0.31524 0.32957
XRE XLamp Cool White 55C 350 DUR011H 3 0.31942 0.33512 0.31791 0.33385 0.31668 0.33310 0.31668 0.33329 0.31691 0.33356 0.31678 0.33338 0.31622 0.33063 0.31684 0.33208 0.31612 0.33220 0.31532 0.33017 0.31716 0.33070 0.31532 0.33136 0.31549 0.33005 0.31445 0.33010 0.31457 0.32997 0.31381 0.32777 0.31421 0.32928 0.31394 0.32842
XRE XLamp Cool White 55C 350 DUR011H 4 0.31856 0.33609 0.32010 0.33708 0.31877 0.33541 0.31792 0.33452 0.31894 0.33480 0.31841 0.33545 0.31765 0.33397 0.31908 0.33470 0.31808 0.33441 0.31874 0.33388 0.31744 0.33281 0.31624 0.33228 0.31630 0.33255 0.31692 0.33179 0.31599 0.33225 0.31464 0.32884 0.31529 0.33069 0.31421 0.32797
XRE XLamp Cool White 55C 350 DUR011H 5 0.32009 0.33523 0.31910 0.33556 0.31877 0.33484 0.31901 0.33440 0.31865 0.33454 0.31802 0.33301 0.31840 0.33386 0.31736 0.33189 0.31837 0.33317 0.31870 0.33274 0.31673 0.33078 0.31802 0.33127 0.31639 0.32976 0.31480 0.32760 0.31641 0.32986 0.31647 0.33124 0.31713 0.33075 0.31657 0.33126
XRE XLamp Cool White 55C 350 DUR011H 6 0.31961 0.34096 0.32095 0.34111 0.31963 0.34097 0.31933 0.34038 0.32001 0.34062 0.31954 0.34064 0.31902 0.33961 0.31906 0.33978 0.31813 0.33773 0.31752 0.33627 0.31816 0.33829 0.31799 0.33858 0.31730 0.33748 0.31776 0.33672 0.31730 0.33570 0.31725 0.33721 0.31723 0.33659 0.31688 0.33490
XRE XLamp Cool White 55C 350 DUR011H 7 0.32138 0.34430 0.32088 0.34325 0.32170 0.34259 0.32101 0.34215 0.32050 0.34179 0.32051 0.34245 0.31992 0.34111 0.31990 0.34035 0.32079 0.34019 0.32052 0.34081 0.31879 0.33899 0.31826 0.33842 0.31893 0.33926 0.31853 0.33944 0.31941 0.33946 0.31870 0.33969 0.31715 0.33617 0.31872 0.33952
XRE XLamp Cool White 55C 350 DUR011H 8 0.31786 0.33375 0.31581 0.32791 0.31775 0.33182 0.31596 0.32934 0.31653 0.33019 0.31848 0.33025 0.31750 0.33080 0.31639 0.32834 0.31631 0.32998 0.31621 0.32982 0.31492 0.32436 0.31506 0.32828 0.31492 0.32831 0.31648 0.32793 0.31353 0.32552 0.31563 0.32806 0.31666 0.32730 0.31481 0.32808
XRE XLamp Cool White 55C 350 DUR011H 9 0.32359 0.34138 0.32158 0.33984 0.32154 0.33937 0.32134 0.33886 0.32155 0.33892 0.32234 0.33854 0.31970 0.33571 0.32150 0.33631 0.32095 0.33489 0.31978 0.33625 0.32007 0.33472 0.31932 0.33642 0.32022 0.33553 0.31807 0.33411 0.31902 0.33648 0.31836 0.33468 0.31840 0.33377 0.31994 0.33694
XRE XLamp Cool White 55C 350 DUR011H 10 0.32012 0.34131 0.32091 0.34271 0.32019 0.34240 0.31958 0.33965 0.32114 0.34173 0.31980 0.34179 0.31930 0.34069 0.31895 0.34002 0.32007 0.33866 0.31849 0.33756 0.31812 0.33857 0.31804 0.33774 0.31693 0.33704 0.31729 0.33805 0.31742 0.33817 0.31744 0.33817 0.31709 0.33770 0.31709 0.33660
XRE XLamp Cool White 55C 350 DUR011K 1 0.30957 0.32778 0.30914 0.32669 0.30949 0.32701 0.31002 0.32631 0.30779 0.32356 0.30833 0.32485 0.30905 0.32666 0.30911 0.32479 0.30853 0.32591 0.30852 0.32559 0.30790 0.32458 0.30767 0.32500 0.30663 0.32282 0.30699 0.32256 0.30663 0.32281 0.30731 0.32360 0.30541 0.31972 0.30841 0.32355
XRE XLamp Cool White 55C 350 DUR011K 2 0.30992 0.32951 0.30882 0.32711 0.30791 0.32641 0.30857 0.32635 0.30895 0.32864 0.30881 0.32823 0.30907 0.32815 0.30852 0.32787 0.30774 0.32403 0.30868 0.32650 0.30799 0.32485 0.30707 0.32530 0.30710 0.32598 0.30644 0.32444 0.30724 0.32334 0.30677 0.32459 0.30678 0.32350 0.30675 0.32134
XRE XLamp Cool White 55C 350 DUR011K 3 0.30350 0.31697 0.30341 0.31658 0.30273 0.31507 0.30347 0.31750 0.30373 0.31776 0.30289 0.31533 0.30290 0.31580 0.30322 0.31671 0.30269 0.31475 0.30292 0.31604 0.30207 0.31360 0.30074 0.31122 0.30322 0.31298 0.30069 0.31253 0.30112 0.31054 0.30013 0.31121 0.30091 0.31339 0.30291 0.31209
XRE XLamp Cool White 55C 350 DUR011K 4 0.31022 0.32142 0.30911 0.32278 0.30926 0.32247 0.30907 0.31734 0.30959 0.32238 0.30864 0.32128 0.30760 0.31908 0.30883 0.32150 0.30919 0.32098 0.30977 0.32072 0.30778 0.31997 0.30675 0.31738 0.30749 0.31901 0.30838 0.31879 0.30685 0.31906 0.30672 0.31898 0.30547 0.31616 0.30590 0.31695
XRE XLamp Cool White 55C 350 DUR011K 5 0.30857 0.32362 0.31059 0.32470 0.30763 0.32140 0.30733 0.32125 0.30902 0.32486 0.30923 0.32374 0.30881 0.32445 0.31027 0.32386 0.31070 0.32353 0.30848 0.32368 0.30703 0.32070 0.30837 0.32297 0.30628 0.31937 0.30678 0.32147 0.30684 0.32152 0.30856 0.32112 0.30742 0.32068 0.30728 0.31925
XRE XLamp Cool White 55C 350 DUR011K 6 0.30798 0.32173 0.30819 0.32251 0.30855 0.32226 0.30768 0.32186 0.30651 0.31797 0.30743 0.32071 0.30707 0.31780 0.30941 0.31943 0.30699 0.31943 0.30754 0.31887 0.30660 0.31953 0.30739 0.31943 0.30558 0.31835 0.30645 0.31810 0.30555 0.31822 0.30538 0.31811 0.30614 0.31746 0.30440 0.31569
XRE XLamp Cool White 55C 350 DUR011K 7 0.30921 0.32296 0.30847 0.32159 0.30868 0.32210 0.30969 0.32021 0.30846 0.32166 0.30851 0.32180 0.30853 0.31966 0.30807 0.32097 0.30830 0.32058 0.30781 0.32042 0.30615 0.31698 0.30605 0.31743 0.30639 0.31833 0.30611 0.31829 0.30603 0.31817 0.30590 0.31793 0.30495 0.31453 0.30768 0.31578
XRE XLamp Cool White 55C 350 DUR011K 8 0.30685 0.32063 0.30608 0.31987 0.30596 0.31986 0.30448 0.31690 0.30581 0.31964 0.30591 0.31919 0.30476 0.31563 0.30603 0.31792 0.30542 0.31705 0.30437 0.31648 0.30460 0.31751 0.30438 0.31750 0.30452 0.31621 0.30352 0.31619 0.30451 0.31467 0.30508 0.31592 0.30251 0.31401 0.30383 0.31529
XRE XLamp Cool White 55C 350 DUR011K 9 0.30739 0.31953 0.30889 0.32023 0.30906 0.32094 0.30779 0.32131 0.30736 0.31982 0.30993 0.32126 0.30789 0.32091 0.30719 0.31882 0.30568 0.31613 0.30737 0.31995 0.30686 0.31922 0.30750 0.31925 0.30574 0.31730 0.30585 0.31825 0.30589 0.31816 0.30388 0.31355 0.30549 0.31767 0.30519 0.31664
XRE XLamp Cool White 55C 350 DUR011K 10 0.30734 0.32060 0.30811 0.31969 0.30576 0.31847 0.30575 0.31866 0.30623 0.31929 0.30620 0.31930 0.30461 0.31556 0.30572 0.31840 0.30543 0.31551 0.30489 0.31646 0.30521 0.31677 0.30459 0.31692 0.30409 0.31574 0.30343 0.31237 0.30390 0.31560 0.30404 0.31545 0.30411 0.31484 0.30329 0.31453
XRE XLamp Cool White 55C 350 DUR011M 1 0.31256 0.31962 0.31371 0.31889 0.31042 0.31493 0.31159 0.31802 0.31067 0.31576 0.31207 0.31809 0.31067 0.31579 0.31031 0.31466 0.31104 0.31689 0.31098 0.31696 0.30849 0.31143 0.31041 0.31652 0.31104 0.31320 0.31016 0.31632 0.31194 0.31652 0.30941 0.31443 0.31196 0.31708 0.31124 0.31848
XRE XLamp Cool White 55C 350 DUR011M 2 0.31004 0.31810 0.31028 0.31906 0.30976 0.31760 0.31030 0.31857 0.31024 0.31903 0.31160 0.31842 0.31085 0.31818 0.30971 0.31808 0.31114 0.31740 0.30926 0.31702 0.30908 0.31670 0.31059 0.31692 0.30987 0.31548 0.30829 0.31506 0.30856 0.31665 0.30873 0.31681 0.30800 0.31451 0.30897 0.31746
XRE XLamp Cool White 55C 350 DUR011M 3 0.31113 0.31543 0.31193 0.31617 0.30998 0.31388 0.30924 0.31101 0.31166 0.31510 0.30926 0.31245 0.31130 0.31453 0.31014 0.31433 0.31011 0.31248 0.30854 0.31118 0.31007 0.31279 0.30878 0.31258 0.30762 0.31011 0.30871 0.31281 0.30821 0.31158 0.30943 0.31344 0.31035 0.31277 0.30968 0.31463
XRE XLamp Cool White 55C 350 DUR011M 4 0.31545 0.32814 0.31662 0.32750 0.31562 0.32707 0.31469 0.32311 0.31369 0.32513 0.31533 0.32659 0.31454 0.32527 0.31390 0.32591 0.31251 0.32275 0.31229 0.32105 0.31104 0.31918 0.31204 0.32287 0.31097 0.32072 0.31105 0.32075 0.31263 0.32422 0.31419 0.32421 0.31252 0.32412 0.31317 0.32527
XRE XLamp Cool White 55C 350 DUR011M 5 0.31444 0.32145 0.31482 0.32177 0.31412 0.32103 0.31475 0.32056 0.31411 0.32094 0.31514 0.32040 0.31417 0.31842 0.31345 0.31974 0.31460 0.31911 0.31329 0.31933 0.31217 0.31718 0.31502 0.31925 0.31236 0.31837 0.31313 0.32001 0.31472 0.32049 0.31581 0.32232 0.31532 0.32146 0.31407 0.32104
XRE XLamp Cool White 55C 350 DUR011M 6 0.31571 0.32306 0.31514 0.32210 0.31314 0.31933 0.31482 0.32180 0.31429 0.32215 0.31407 0.32179 0.31339 0.32037 0.31426 0.32097 0.31339 0.32060 0.31302 0.31960 0.31288 0.31965 0.31273 0.31825 0.31245 0.31972 0.31272 0.32032 0.31491 0.32077 0.31181 0.31783 0.31396 0.32200 0.31481 0.32366
XRE XLamp Cool White 55C 350 DUR011M 7 0.31137 0.31313 0.30908 0.30924 0.31156 0.31201 0.30922 0.31095 0.30870 0.30951 0.30924 0.31084 0.30871 0.30957 0.30864 0.30965 0.30701 0.30587 0.30950 0.31058 0.30665 0.30407 0.30714 0.30665 0.30804 0.30966 0.30688 0.30725 0.30829 0.31034 0.30996 0.31068 0.30863 0.30851 0.30948 0.31270
XRE XLamp Cool White 55C 350 DUR011M 8 0.31557 0.31917 0.31275 0.31525 0.31265 0.31640 0.31207 0.31259 0.31313 0.31836 0.31058 0.31398 0.31363 0.31744 0.31310 0.31712 0.31162 0.31471 0.31213 0.31188 0.31031 0.31225 0.31177 0.31535 0.31045 0.31530 0.30939 0.31328 0.30834 0.31058 0.31027 0.31500 0.31131 0.31630 0.31154 0.31769
XRE XLamp Cool White 55C 350 DUR011M 9 0.31114 0.31388 0.31054 0.31281 0.30980 0.31116 0.31067 0.31250 0.31255 0.30988 0.30959 0.31083 0.31007 0.31196 0.31089 0.31168 0.30972 0.31119 0.30958 0.31100 0.30825 0.30830 0.30889 0.31052 0.31006 0.30997 0.30986 0.31001 0.30830 0.30535 0.30729 0.30610 0.30902 0.31120 0.30992 0.31276
XRE XLamp Cool White 55C 350 DUR011M 10 0.31350 0.32077 0.31508 0.32276 0.31510 0.32203 0.31455 0.32093 0.31489 0.32162 0.31433 0.32023 0.31258 0.31693 0.31347 0.32121 0.31376 0.32063 0.31382 0.32059 0.31139 0.31670 0.31030 0.31507 0.31239 0.31918 0.31196 0.31938 0.31175 0.31883 0.31258 0.31971 0.31188 0.31929 0.31102 0.31540

Here is what one looks like (very detailed, no interpretation, just data…): 
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LM-80 & TM-21 

• LM-80 is just an LED testing standard 
• IES TM-21-2011 provides the mathematical framework 

for taking LM-80 data and making useful LED lifetime 
projections 

• Key points of TM-21: 
– Developed by major LED suppliers with support of NIST, PNNL. 
– Projection limited to 6x the available LM-80 data set 
– Projection algorithm:  least squares fit to the data set 
– L70, L80, L90, Lxx projections easily possible 
– Nomenclature:  Lp(Yk) 

where p is the Lumen Maintenance percentage  
and Y is the length of the LM-80 data set  
in thousands of hours 

LM-80 
(testing) +        = TM-21 

(projection) 
Something 

useful 

Example:  L85(10k) 
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Typical LM-80 Test Behavior and  
TM-21 Lumen Maintenance Projection (6k) 

• First 1k hours is ignored for TM-21 projection purposes 
• Upper reporting bound set by 6x available data (6 x 6k = 36k hrs) 
• Exponential extrapolation to least squares mathematical fit 

between 1k and 6k hours 
• Reported and projected L70 may or may not be the same number 
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10,000 20,000 30,000 40,000 50,000 

94.1% 

Projected L70(6k)  = 35,000 hours 
Reported L70(6k)  = 35,000 hours 

6 x 6,000 = 36,000 hours (max) 
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Typical LM-80 Test Behavior and  
 TM-21 Lumen Maintenance Projection (10k) 

100% 
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70% 
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Time (hours) 

10,000 20,000 30,000 40,000 50,000 

6 x 10,000 = 60,000 hours (max) 

Projected L70(10k)  = 93,000 hours 
Reported L70(10k)  = >60,000 hours 

• Tmax/2 is used for TM-21 projection (10K/2 = last 5K hours) 
• Upper reporting bound set by 6x data (6 x 10k = 60k hrs) 
• Exponential Extrapolation to least squares mathematical fit between 

5k and 10k hours 
• Reported and projected L70 may or may not be the same number 
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Typical LM-80 Test Behavior and  
 TM-21 Lumen Maintenance Projection (20k) 
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10,000 20,000 30,000 40,000 50,000 

6 x 20,000 = 120,000 hours (max) 

Projected L70(20k)  = 114,000 hours 
Reported L70(20k)  = 114,000 hours 

• Tmax/2 is used for TM-21 projection (20K/2 = last 10K hours) 
• Upper reporting bound set by 6x data (6 x 20k = 120k hours) 
• Exponential Extrapolation to Least squares mathematical fit between 

10k and 20k hours 
• Reported and projected L70 may or may not be the same number 
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LED Lifetime Is Irrelevant 

System Lifetime is What Creates Value 

LED Lamps:  Practically never 
fail; depreciate very slowly in a 
well-designed system 

Optical Components:  Can 
(rarely) yellow over time and 
lose light; system design choice 

Driver:  Currently the weakest 
point of the system, but the big 
companies are working on this 

Heat Sink:  Linchpin of the entire system.  
If this is poorly designed, all the other 
components can be compromised 

15 



pg. 16 Copyright © 2011 Cree, Inc. 
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+ 
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+ 

3500 K 

+ 

4000 K 

+ 

4500 K 

+ 

5000 K 

+ 

5700 K 

+ 

6500 K 

ANSI Fluorescent Lamp Standard 
ANSI C78.377A LED Standard 

ANSI Chromaticity Standard 
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NEMA SSL-3 Binning Standard 

ANSI C78.377A SSL Chromaticity Standard 
New NEMA “SSL-3” Binning Standard 

• Common chromaticity bins 
• Flux bins by decades: 

• 100, 110, 120…lumens 
• VF binning also… 
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U.S. Department of Energy Programs 
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Original U.S. EPA Energy Star Program 

• Consumer-oriented, 
focused on energy 
– Household appliances 
– Computer systems, 

servers 

http://www.zimbio.com/go/338jx7gL0Vy/http:/www.amazon.com/gp/product/B00165TATA/?tag=digicame09-20
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SSL Energy Star Wars 
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Now That the Elephants Are Done… 

• DOE initiated three Energy Star Programs 
for SSL: 
– Energy Star for LED Integral lamps (published, effective August 

2010) 

– SSL 1.1 for luminaires (published, in effect since 2009) 

– Energy Star for Outdoor luminaires (out for comment, in limbo) 

 

• DOE has completed all of their obligations 
on all three Energy Star programs 

• EPA now managing the program  
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ES for Integral Lamps:  Quality 

• Minimum efficacy:  50/55 LPW (<10W/≥10W) 
• Minimum lumens:  Varies by thermally 

stabilized “wattage equivalent”  
• Minimum CRI:  80 
• Lumen Maintenance (L70):  25,000 hours 
• CCT: 2700 K, 3000 K, 3500 K, or 4000 K 
• Duv tolerances:  per ANSI C78.377-2008 
• Power Factor:  >0.7 for lamps ≥5W 
• Intensity distribution: 

– Less than 80% of total flux in the 0° to 60° 
 zone and at least 20% of total flux above 90° 

• Dimming NOT required (very desired) 
• Must provide:  

– IES LM-79-2008 goniophotometer report 

– IES LM-80-2008 report on LEDs used 

• Restrictions on “product equivalency” marketing 
claims, must use “Lighting Facts” label 

• Warranty:  3-years 
 

Wattage Equivalent Lumens 
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Energy Star Program Requirements – Next Steps 

• EPA will complete the re-work the DOE Integral 
Lamps program and merge it into the existing 
EPA CFL bulb program in 2011 
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DOE Energy Star SSL 1.1  
• Residential 

– Kitchen under-cabinet    24 (29*) lm/W 
– Portable desk lights    29 lm/W 
– Recessed , pendant downlights   35 (42*) lm/W 
– Ceiling-mounted luminaires     30 (45*) lm/W 
– Cove lighting     45 lm/W 
– Surface-mounted directional lights   35 lm/W 
– Outdoor porch lights    24 lm/W 
– Outdoor step lights     20 lm/W 
– Outdoor pathway lights    25 lm/W 
– Outdoor decorative lights    35 lm/W 
– All others       (70*) lm/W 

• Non-residential 
– Recessed downlights    35 (42*) lm/W 
– Under-cabinet     29 lm/W 
– Portable desk lights    29 lm/W 
– Wall-wash luminaires    40 lm/W 
– Bollards      35 lm/W 

 

 

http://www.energystar.gov/ia/partners/product_specs/program_reqs/SSL_prog_req_V1.1.pdf  

CRI>75; 
2700K, 
3000K 
3500K 

* Proposed update as of Oct 2010 

http://www.energystar.gov/ia/partners/product_specs/program_reqs/SSL_prog_req_V1.1.pdf
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EPA’s Plan for SSL 1.1 

• SSL 1.1 will be merged into the EPA 
Energy Star program for luminaires, 
effective Sept 1, 2011 

• Many, Many new requirements: 
– Labeling and merchandising requirements 
– Lighting Facts 
– Laboratory accreditation  
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Energy Star for Outdoor Luminaires 

• Least mature of the three original DOE programs 
• Disagreements – from everyone – over the Fitted 

Target Efficacy metric, was going into re-work 
anyway before the EPA take-over 

• EPA has no existing template or “playbook” for 
this class of product (commercial vs. consumer) 

• Expect EPA to get around to this eventually, but 
focus is on 1) integral lamps, 2) luminaires 

DOE proposal on 
Fitted-Target Efficacy 
(FTE); currently 
being reworked… 
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Europe & Asia SSL Standards 

• Europe 
– Working very hard to catch up, get their standards 

program running through IEC 
– Multiple layers of regulation, confusion, 

bureaucracy 
– Country-by-Country Standards  

• Asia & ROW 
– Following many of the LED Component, and LED 

Fixture standards from the U.S., e.g., LM-80, ANSI, 
etc. 

– Country-by-Country Application and Program 
standards, e.g., Taiwan & China: street lighting; 
Korea:  SSL luminaire (similar to Energy Star) 
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Standards Summary 

• The essential standards are all in place; lack of 
standards is no longer an impediment to SSL 
adoption 

• EPA has prevailed in the inter-agency struggle 
for control of the Energy Star program for SSL 
– Three programs (bulbs, luminaires, outdoor) 
– Technology- neutral (CFL, SSL, HID…) 
– Lots of details  

• U.S. leads the world in SSL standards – big 
jump-start thanks to the leadership of the U.S. 
Department of Energy investments in this area 
– Rest of the world is largely following the U.S. in Basic 

& Component standards (e.g., LM-80, ANSI) 
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