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About The Consortium - Background 
• Created by the U.S. Department of Energy (DOE)  in March 2010 

using American Recovery and Reinvestment Act (ARRA) funding  

• Supported by the DOE GATEWAY program 

• Intended to be an educational resource on Solid-State street 
lighting and associated technology for those involved in lighting 
streets and other outdoor public areas.   
As an independent resource, the Consortium is available to help 

those unfamiliar with LED technology identify important issues 
and how to how to begin the evaluation process 

• …and to help accelerate adoption of SSL technology in the 
nations street lighting systems 

2 MSSLC@Seattle.gov  | www.ssl.energy.gov/consortium.html  



Our Vision 
• Accelerate the adoption of high performance solid-state street and 

area lighting by leading end-user collaboration in the areas of 
performance, evaluation, application, and standardization. 
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Mission 
• Increase KNOWLEDGE around the performance, quality, and 

application of SS Street Lighting. 

• Develop a national STRUCTURE to provide oversight and guidance 
on the evaluation of SSL for public areas. 

• Influence national STANDARDIZATION of benchmarks, 
classification, design, and performance criteria.  Set standard 
benchmarks.  
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Today’s Goal… 

Define a Process for Developing an 
LED Streetlight  Specification  

Enabling the Required Performance 
Expectations to be Met 



 
• Meeting the Illumination Performance Requirements 

 
 

 
 
 
 
 
 

• Meeting the Economic Performance Requirements 

Evaluating the Viability of LED Solutions 

Justification Based on 2 Major Criteria 



Looking Back… 

Outdoor HID Luminaire Technology 
– Optical Distribution Choices for a Given Luminaire Configuration 

• ~ 1 – 5 

– Lumen Maintenance  
• Fixed  Value (common rules… generally) 

– Hours/Start  
– Power Supply 

– Rated Lamp Life  

– Lamp Choices 70W, 100W, 175W, 250W, 400W, Etc… 
– Large Increments of Luminous Intensity & Associated Energy Consumption 

Example: 

Lamp Service Requirements 



HID Lumen Maintenance Factors 
Pulse Start Metal Halide (PSMH) = 0.75  
Relamp at 25% Lumen Depreciation 
 

Lumen Maintenance 
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(Hours X 1000) 

Pulse Start 
Metal Halide 

Probe Start 
(Standard) 
Metal Halide 

http://www.geappliances.com/email/ligh
ting/specifier/2008_07/downloads/Metal
Halide_Probevspulse.pdf 

400W PSMH Rated Life = 20,000 Hours 
Requires Relamping at 40% of Rated Life = 8,000 Hours 



New Possibilities With LED Luminaire Technology 

Application “Fine Tuning” 
• Many More Optical Distribution Choice Possibilities 
 

 
 

• More/Smaller Luminous Intensity Increments  
– Number of LEDs  
– Power vs. Output Options 

 
 

 
 

Enabling Dramatic Improvements in  
Application Level Performance Optimization   



Optimizing the Process… 



Summer 2007 



HPS Spec Sheet Info 



Application Performance Results 

HPS LED 
300W Total System Wattage 141W 
20,520 Average Delivered Lumens   8,040 

68 Luminaire Efficacy (Lumens/Watt) 57 

1.96fc Maintained Average Footcandles 1.01fc 
0.30fc Maintained Minimum Footcandle 0.30fc 

- Energy Savings 53% 

(61% less Light) 



Essential Elements 

A Specification Development Process that: 

1. Defines the Required Sustainable Illumination    
 Performance 
 
 
 
 
  

I llumination Performance  
Requirements 

• 1 fc Minimum Illuminance 
• 10:1 Max/Min Uniformity 
 
• 50,000 Hour                 

Application Duration   

Example: 



Lighting Design 



Fall 2009 
System Power Comparison 

LED – ~19 kW 
 Spec Grade HID – ~31 kW 



Essential Elements 

2. Defines the Required Sustainable  
 (Risk Managed) Economic Performance  

• Life Cycle Cost Analysis Elements/ Variables 
• Evaluation Timeframe /Desired Application Life 
• Product Durability Performance Requirements  
• Standards Compliance / Reliability / Warranty 

• Etc.   

A Specification Development Process that: 

Note: Proportions are Relative 



Step #1 

Always!  
 Establish the Required Maintained Illumination 

Performance Requirements 
– Lighting Performance Specification 

• Vertical and Horizontal Illumination Requirements 
• Uniformity 
• Color Quality 
• Light trespass  
• Glare Metrics… 
• Etc. 



Illumination Performance 

Define the Variables: 

– Define the Lighting Application Geometric Target(s) 
• Boundaries 

– Luminaire Position Constraints 
• New vs. Upgrade 

– Service Life (i.e. Application Life) 
• Years of Expected Near Maintenance Free Operation 

(i.e. Hours of Operation) 

•  Required Economic Assessment Period (5 -15yrs…?) 

Lumen Maintenance Factors Must Be Applied! 

Step #1 - continued 



The Value of Lighting Design 

Requires Complete and 
Comprehensive 
Product Performance Data!!!  



If an Exact Application Description Can Not Be 
Reasonably Established 
 
Then Create a Representative “Model” Application 
 
  

Step #1 - continued 



Essential Data 



LED Luminaire Photometric  
Performance Measurement 

• Used for lay-out design & planning 

– Initial Photometric Performance 
• IESNA LM-79-08 Testing Standard (early 2008) 

–Approved Method: Electrical and Photometric 
Measurements of Solid-State Lighting Products 

• Requires Absolute Photometry Methods 

• SSL products dominantly have the light source, 
power and optics integrated into a single system 

–Generates industry standard IES Data File 

  



LM-79-08 Validates Many  
Performance Characteristics  

• LM-79-08 “Bundles” the Effects of Many Luminaire System 
Variables 
– Thermal Management 

• The Effectiveness of the Heat Sink 

– Optical Control 

• Optical Precision 

• Optical Efficiency 

– Electrical Power Efficiency (Driver Efficiency) 

– Etc… 
DOE Reference: http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/understanding_lm79_reports.pdf 



New Possibilities 

Application “Fine Tuning” 
• Many More Optical Distribution Choice Possibilities 
 
 
 
• More/Smaller Luminous Intensity Increments  

– Number of LEDs  
– Power vs. Output Options 

 
 

– Thousands of Possible Luminaire Configurations (SKUs)… 
• How can anyone keep up with all this??? 

– MSSLC Model Specification v1.0, Appendix C 
– Product Family Testing – LM-79 and ISTMT 

 

 
 



MSSLC Model Spec – Appendix C 

Product Family Testing  
• Represented by test data for another 

luminaire configuration having: 
• The same intensity distribution (typically 

only applies to LM-79) 
• The same or lower nominal CCT 
• The same or higher nominal drive current 
• The same or greater number of LED light 

source(s) 
• The same or lower percentage driver 

loading and efficiency 
• The same or smaller size luminaire 

housing 



Accounting for 
LED Luminaire  

Lumen Depreciation 



LED Component 
Lumen Depreciation 

Lumen Maintenance Performance Testing Standard 
• IESNA LM-80-08 (released late 2008) 

Approved Method: Measuring Lumen Maintenance of LED Light Sources 

– Covers the Measurement of Lumen Depreciation for LED Based Packages, 
Arrays and Modules Only 

• Not LED Luminaires 

– Does Not Provide Methods or Guidelines for Incorporating LM-80 Test Data 
for Luminaire Level Lumen Depreciation Extrapolation and/or Prediction.   

– HOWEVER luminaire manufactures can accurately correlate to “in-situ” 
luminaire performance from LED device manufacturers data  



Test Details: 
LM-80 for Packaged LEDs  

 
 A Specific LED Drive Current Must Be Identified and Maintained  
 A Temperature Measurement Point (Case Temperature (TS)) is 

Defined by the LED Chip Package Manufacturer (typically the 
solder pad) 

 Maintained TS of 55oC, 85oC and One Additional 
Temperature (typically higher) is Required (test environment 
incorporates active thermal management/control)  

 Requires a Minimum 6000 Hour Test Duration 
 Data is Collected Every 1000 Hours (minimum) 

 
Additional “Interpolated” data sets are typically available 
from LED Chip Package manufacturers 



Test Configuration Per IESNA LM-80-2008 

Temperature of solder pad of LED lamps is independently 
actively controlled by fluid flowing through heat sink. 

Temperature of ambient air around LED lamps is 
actively controlled by air flowing through chamber 

Lamps are mounted to MCPCB’s. 

• During test, the temperature of the solder pad of the lamps 
and the air around the lamps is the same 

• Per LM-80,  
− For 55ºC testing, the TSP of the LED lamps and air are both at 55ºC 
− For 85ºC testing, the TSP of the LED lamps and air are both at 85ºC 



LED Device 
Lumen Maintenance 
 Critical Parameters 

2. TAIR 
Ambient Air Temperature 

 TJ  
Junction Temperature 

3. TSP / TC / TS 
Solder-Point Temperature / 
Case Temperature 

1. Device Drive 
 Current 



What An LM-80 Report Looks Like 

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



IESNA TM-21 

• Technical Memorandum Defining Extrapolation 
Methods and Other Criteria for Using LM-80-08 
Data for the Purpose of LED Lumen 
Maintenance Prediction  
• Released September 2011 

 
 
 

IESNA TM-21 Committee included Representatives from Cree, Philips 
Lumileds, Nichia, OSRAM, U.S. Dept Of Energy, NIST & PNNL 
 



TM-21 Reporting Criteria 
Lumen Maintenance Projections Times (in hours) Limited to No 
More Than 6X the LM-80 Test Duration (6000 hours Min) 
 
• “Reported Values” 

– Derived From the Three LM-80 Required Test Conditions (i.e. 55C, 85C and One 
Other Ts) – Lumen Maintenance times limited to 6X LM-80 test duration 

• For Example: 10,000 hour testing…allows for 60,000 hour reported lumen 
maintenance 

• “Projected Values” 
– Derived From Other Ts Conditions Using Prescribed Interpolation Methods 

Outlined in TM-21 

• “Calculated Values” 
– Same as Projected Values for Times Greater Than 6X LM-80 Test Duration 



Why Is This Important? 
Excerpt from MSSLC Model Specification… 
1.6 REQUIRED SUBMITTALS FOR EACH LUMINAIRE TYPE DEFINED IN 
APPENDIX A 
A. General submittal content shall include… 
B. LM-79 luminaire photometric report(s) shall be produced by the test 

laboratory and include… 
C. Calculations and supporting test data per Appendix B indicating a lumen 

maintenance life of not less than 36,000 operating hours 
D. Computer-generated point-by-point photometric analysis of maintained 

photopic light levels as per Appendix A 

A. Calculations shall be for maintained values, i.e. Light Loss Factor 
(LLF) < 1.0, where LLF = LLD x LDD x LATF 



LED Luminaire Lumen 
Maintenance Factors 
Example 

 
 

 
 

For Luminaire Model XX.XXX… 



MSSLC Model Spec – Appendix B 

Estimating LED Lumen Maintenance  

…The TM-21 methodology shall be used by the manufacturer to determine 
lamp lumen depreciation (LLD) at end of lumen maintenance life per section 
1.6-C...The applicant may estimate lumen maintenance in one of two ways:   

Option 1:  Component Performance 

…the applicant must submit calculations per TM-21 predicting lumen 
maintenance at the luminaire level using In Situ Temperature Measurement 
Testing (ISTMT) and LM-80 data… 

BOTTOM LINE: Can/Should be provided by the manufacturer…LM-80 is 
avalaible from most any LED supplier… 

Option 2:  Luminaire Performance 

…the applicant must submit TM-21 calculations based on LM-79 photometric 
test data for no less than three samples of the entire luminaire… 

BOTTOM LINE: This compliance path poses a greater testing burden to 
luminaire manufacturers but incorporates long-term testing of other 
components in the system, such as drivers. 



Essential Data: 
IES Photometric File 

LM-79 Report 
LM-80 Report  

(w/ TM-21 Derived Values at the 
Luminaire Level)  



MSSLC’s 
Model Specification  

for  
LED Roadway Luminaires 



Model Luminaire Spec – Timeline 
 September 2010 – Concept introduced at inaugural meeting 

 November 2010 – “Beta release” used by Kansas City, MO 

 April 2011 – Public review of first draft 

 June 2011 – Manufacturer workshop #1 

 August 2011 – Manufacturer workshop #2 

 September 2011 – Manufacturer meetings at IES SALC (www.ies.org/salc) 

 Released, October 2011 – Version 1.0  

 



Purpose 
 Developed in response to demand from Consortium 

members and others 
To compile experience gained by members 
To establish a common language and framework 
To serve as a living document, undergoing continual 

revision 
To allow for customization by each adopting entity 
To serve as a checklist to minimize errors and omissions 

Risk Mitigation! 
 

 



Scope 

 Addresses  
 Streets, roadways, and nearby pedestrian ways 
 Pole-mounted luminaires 
 Warranty details 
 Input power, electrical immunity and emission, housing finish, 

mechanical vibration, etc. 
 Drivers, including lighting controls interface 
 Photocontrol functionality 
 Etc. 

 Doesn’t address 
 Lamp/ballast retrofit products 
 Lighting control systems 
 Detailed guidance for proper usage of the model specification 

 Limited guidance is provided in hidden text 
 

Strong Focus on Maintained Illumination Quality and Performance 



Concept 
Enabling application-specific photometric performance evaluation(s) 

Maintained Illumination performance rather than matching lumens 

Intended to be used as a template, customized by each  
adopter to meet unique requirements 

 

Adopter to choose between two means of specification 
Application-dependent (greatly preferred!) 

Requires application specific details to be developed 

Model applications can be developed to cover a range of application 
variables  

 
Application-independent 

Specific application details are not incorporated 

Compromise in illumination quality and economic value  



Application-dependent – GREATLY PREFERED! 



Application-dependent – GREATLY PREFERED! 
Photometric Performance Requirements 



Application-dependent – GREATLY PREFERED! 
Luminaire Functionality Requirements 



Addressing application variability?   
In practice, pole spacing varies along any given street  
Defining representative “typical” scenario(s) for each type is critical 

Create model applications to define and solidify application variables 
Vital for fair evaluation of various solutions being evaluated 
Be aware of the resulting range of application performance variation  



If an Exact Application Description Can Not Be 
Reasonably Established 
 
Then Create a Representative “Model” Application 
 
  

Step #1 - continued 



Examples 





Defined Illumination Performance: IESNA RP-8-00 
Collector - Medium Pedestrian Conflict Area 
  
 

Table per IESNA RP-8-00 

Defined Application Geometric Target and Constraints 
Luminaire Mounting Height, Spacing and Positioning:  
30.5’ AFG, 152.5’ single spacing (non-staggered), 2’ set back, 8’ arm 
Roadway: 4 lanes (44’ width) 
 
Ambient Environment: 10°C  (Average Nighttime Temperature) 
Required Hours of Operation: 50,000 Hours (approximately 12 years) 
Required CCT (Correlated Color Temperature): 4000K 
 

Model Application Example - Roadway 

0.9 fc Average 
 

4 to 1 avg./min. 
(or less…) 



Defined Illumination Performance: IESNA RP-8-00 

Optimized Luminaire Selection 
 

Model Application Example - Roadway 



Defined Illumination Performance: IESNA RP-8-00 

Results 

Model Application Example - Roadway 



Alternate Evaluation 
 
 
 

Proposed 
                IES Type II Short, 4000K 
                9116 Lumens @ 50,000 Hours and 139 watts 
                  
Approx. equivalent 
                IES Type II Short, 4000K 
                9053 Lumens @ 50,000 Hours and 119 watts 
    
 Additional 20 Watt Energy Savings…  

 
 

 
 

What’s Product Provides the Best Value? 

 
 

Model Application Example - Roadway 



Assuming the More Energy  
Efficient Product Costs  
$100.00 More: 

50,000 Hour (~12 Year) 
Expected Service Life 

$60.00 Savings 
At $0.06/kwh 

$430.00 Savings 
At $0.43/kwh 



Step #2 

Define the Required Product Functionality and 
Durability Requirements and/or Limits 

• Electrical 
– Input Voltage Range… 
– Maximum Power Consumption…? 

• Infrastructure, Rebate Requirements, etc… 
– Power Factor… 
– THD… 

• Mechanical 
– Vibration Resistance… 
– Corrosion Resistance… 

• Warranty 
• Etc. 

 



Examples 
Define the Required Product Functionality and Durability Requirements and/or 

Limits 

Step #2 - continued 



Required Product Characteristics 
 Possible “Must Haves”  

• Designed to mount on 1.25” IP (1.66” O.D.) and/or 
2” IP (2.375” O.D.) horizontal tenon 

• Adjustable Horizontal tenon mounting capable of 
(+/- 5 Degrees) in 2.5° vertical increments 

• Finish Color shall be silver 
• Luminaire EPA shall not exceed 0.90 / maximum 

weight not to exceed 30 LBS 
• UL Listed for Wet Locations 
• RoHS Compliant 
• ANSI C136.31-2001 Normal Applications Vibration 

Standards 
• ANSI C136.31-2001 Bridge & Overpass Vibration 

Standards 
 

Step #2 - continued 



• Driver: UL Listed, Power Factor > 90% and THD < 20% 
at full load; Complies with FCC rules and regulations, 
Title 47 CFR Part 15 Non-Consumer (Class A), 100,000 
hours expected life (< 0.5% failure at 100,000 hours of 
operation in 25°C ambient). 

• Integral 10kV Surge Protection 
– Tested in Accordance With IEEE/ANSI C62.41 
– Refer to MSSLC Model Specification Appendix D 

• Serviceable and upgradable light engine 
• Passive thermal management (heat sink) 

 

Required Product Characteristics 
 Possible “Must Haves”  

Step #2 - continued 



Required Product Characteristics 
 Possible “Must Haves”  

• International Dark-Sky Association (IDA) approved 
• Suitable to operate in -40°C to +40°C ambient 

environments 
• XX year Luminaire Warranty  
• Minimum XX year Finish Warranty 
• Etc. 

 
 

Step #2 - continued 



Optional Product Characteristics 
 Possible “Nice Haves”  

• Manufactured in an ISO9001 facility 
• Tool-less Entry 
• Minimum 70% recyclable content (by weight) 
• Adjustable output power 
• Leveling Indicator 
• Power supply quick disconnect harness(s) suitable for  
 mate-and-break under load on power feed 
• Minimum XX years LED luminaire manufacturing 

experience and XX installed LED projects (XX 
References Required) 

• Etc. 
 

Step #2 - continued 



Do NOT Specify Product Performance Variables 
That Directly or Indirectly Affect Illumination 

Performance 

For Example: 
•Total Luminaire Efficacy (lumens per watt) 

• Optical Efficiency  
• Thermal Efficiency 
• Electrical Efficiency 

•Specific IES Types (Type I, II, III, IV, V) 
•Etc. 



Optical Choices 

pg. 66 

Type II Medium 



Optical Choices 

pg. 67 

Type II Medium 



Optical Choices 

pg. 68 

Type II Medium 



Other Economic Variables  
Outside the Scope of the Spec 

 
• Energy Costs    
• Maintenance Costs 
• System Operation Options 
  Financing 
  Public / Private Partnerships 
  Etc. 



MSSLC’s Retrofit Financial Analysis Tool 

• Detailed Analysis Provides 
Numerous Outputs, Including:  
• Annual Energy and Energy-Cost Savings  
• Annual Maintenance Savings  
• Annual Greenhouse Gas Reductions  
• Simple Payback, IRR  
• Net Present Value  

   

http://www1.eere.energy.gov/buildings/ssl/financial-tool.html 

http://www1.eere.energy.gov/buildings/ssl/financial-tool.html


Important Take-Aways for All Applications 
• Application based performance evaluations provide the best opportunity for 

optimizing maintained illumination performance and economic performance  
• Requires complete and comprehensive product performance data 

– Disqualify solutions that have incomplete data 

• Always use a Lifecycle-Cost-Analysis (LCA) approach when evaluating LED 
luminaire solutions 

• THE GOAL… 

– Sustainable illumination performance 
• Establish the appropriate illumination performance requirements 
• Time based 
• Predictable and risk managed (data!) 

– Sustainable economic performance 
• Time based 
• Lowest Total-Cost-of-Ownership objective     



MSSLC@Seattle.gov  | www.ssl.energy.gov/consortium.html   

Brief Review 
 

 

How to get the right 
luminaire… 



Supplement or Revise Existing Lighting Specs? 
1. Determine which of the following approaches will be more efficient 

 Revise existing specifications (usually based on HID and/or induction) 
to seamlessly incorporate the various elements of the Model Spec 

 Simply customize the Model Spec as needed to serve as a stand-
alone specification for LED luminaires (separate from existing specs) 



Customize the Body Text for Your Locality 
2. Either customize or incorporate the body text of the Model Spec 

 Some municipalities or utilities may find very little editing is required 
(default values are generally appropriate for the locality) but ALL 
users should review the text before adopting 

 For example, more stringent salt-spray criteria would likely be 
appropriate (cost-effective) in coastal regions 



Specifying Photometric Performance 
3. Establish “typical” or representative applications for each luminaire type 

being installed/replaced 
 For example, if three different HPS luminaires are being replaced, 

there should be three different luminaire types 
 More than one application may be defined for each product type since 

the same luminaire is often used in different situations 
4. For each application, establish site geometries and corresponding 

photometric criteria based on 
5. Customize Appendix A of the Model Specification accordingly 



Issuing an RFP for Product Evaluation 
6. Use the customized specification to issue an RFP, or distribute among 

manufacturers and their sales reps 
 Manufacturers and/or their sales reps will save you a substantial 

amount of work by identifying their best product(s) for the job 
 Low-quality or ill-suited products are effectively excluded 



Submittal Review 
7. Review product submittals to ensure conformance with the specification 

 Labor-intensive but worth the effort 
 Some less-reputable manufacturers may be counting on inadequate 

review of incomplete or non-conforming submittals 



Small-Scale Mock-ups 
8. Acquire at least four product samples of each qualifying luminaire for 

evaluation of 
 Lead time for production and shipment 
 General quality of construction, fit, and finish 
 Ease of installation and maintenance 
 Quantity and quality of illumination when installed in the field 

 



Larger-Scale Demonstrations 
9. Continue evaluation of “finalists” on a larger scale 

 Survey residents before/after installation 
 Survey design should avoid biasing of results – sample surveys can 

be found at www.ssl.energy.gov/gatewaydemos_results.html 
 



Finalizing Specifications 
10. Update standard specifications  

 Identify pre-approved luminaires (if appropriate) 
 Revise customized Model Specification (if needed) and merge with 

standard specifications (if appropriate) 
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