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NOTICE AND DISCLAIMER 
 

The information in this publication was considered technically sound by the consensus of persons engaged 
in the development and approval of the document at the time it was developed. Consensus does not 
necessarily mean that there is unanimous agreement among every person participating in the development 
of this document. 
 
The National Electrical Manufacturers Association (NEMA) Standards and guideline publications, of which 
the document contained herein is one, are developed through a voluntary consensus Standards 
development process. This process brings together volunteers and/or seeks out the views of persons who 
have an interest in the topic covered by this publication. While NEMA administers the process and 
establishes rules to promote fairness in the development of consensus, it does not write the document and 
it does not independently test, evaluate, or verify the accuracy or completeness of any information or the 
soundness of any judgments contained in its Standards and guideline publications. 
 
NEMA disclaims liability for any personal injury, property, or other damages of any nature whatsoever, 
whether special, indirect, consequential, or compensatory, directly or indirectly resulting from the 
publication, use of, application, or reliance on this document. NEMA disclaims and makes no guaranty or 
warranty, expressed or implied, as to the accuracy or completeness of any information published herein, 
and disclaims and makes no warranty that the information in this document will fulfill any of your particular 
purposes or needs. NEMA does not undertake to guarantee the performance of any individual manufacturer 
or seller’s products or services by virtue of this Standard or guide. 
 
In publishing and making this document available, NEMA is not undertaking to render professional or other 
services for or on behalf of any person or entity, nor is NEMA undertaking to perform any duty owed by any 
person or entity to someone else. Anyone using this document should rely on his or her own independent 
judgment or, as appropriate, seek the advice of a competent professional in determining the exercise of 
reasonable care in any given circumstances. Information and other Standards on the topic covered by this 
publication may be available from other sources, which the user may wish to consult for additional views or 
information not covered by this publication. 
 
NEMA has no power, nor does it undertake to police or enforce compliance with the contents of this 
document. NEMA does not certify, test, or inspect products, designs, or installations for safety or health 
purposes. Any certification or other statement of compliance with any health or safety–related information 
in this document shall not be attributable to NEMA and is solely the responsibility of the certifier or maker 
of the statement. 
 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/nema-ll-10-2020-pdf/


NEMA LL 10-2020 
Page i 

© 2021 National Electrical Manufacturers Association 

CONTENTS 
 
1 Overview ............................................................................................................................................... 1 
2 General .................................................................................................................................................. 2 

2.1 Scope ............................................................................................................................................ 2 
2.2 References .................................................................................................................................... 2 

3 Basics of HID lamps .............................................................................................................................. 3 
4 Adjustments to Luminous Flux .............................................................................................................. 6 

4.1 Lumen Maintenance Differences. ................................................................................................. 6 
4.2 Spectral Effects ............................................................................................................................. 6 

4.2.1 Mesopic Lighting ................................................................................................................... 6 
4.2.2 Color Rendering Effects ........................................................................................................ 7 
4.2.3 Spectrum Correction ............................................................................................................. 7 

4.3 Other Effects ................................................................................................................................. 8 
5 Calculation of Equivalency .................................................................................................................... 8 
6 Conclusions ......................................................................................................................................... 10 
7 Appendix: Directionality Corrections ................................................................................................... 11 
  

Figures 
Figure 1: Initial light output as a function of input wattage, for HPS lamps .................................................. 5 
Figure 2: Initial light output as a function of input wattage, for metal halide lamps. ..................................... 5 
Figure 3: An example of a directional highbay LED replacement lamp [20]. The LEDs  
are mounted on the downward facing surface. ........................................................................................... 11 
Figure 4: Example of a Corn-cob lamp [21], with LEDs (not visible) mounted on the horizontal surface 
opposite from the base. The photometric plot (the lamp base is at 180°) shows the light at 0°  
(and nearby angles) from the LEDs mounted on the horizontal surface. ................................................... 12 
Figure 5: Example of a corn-cob lamp without LEDs mounted on the top (or bottom)  
horizontal surfaces [22]. The photometric plot is symmetric with no light at 0° and 180°.  
The emission of light in any direction perpendicular to the lamp axis is Lambertian. ................................. 13 
Figure 6: Example of an LED HID replacement lamp [23], intended for use in Wall Pack fixtures.  
Unlike the examples in Figure 4 and Figure 5, LEDs are located only on part of the cylindrical body  
of the heatsink, producing a directional beam. ........................................................................................... 14 
Figure 7: Example of a 250W metal halide HID lamp, with its light distribution. ......................................... 15 
Figure 8: Light distribution of the lamp in Figure 7, averaged over the C planes (blue curve).  
The green-shaded area is the uplight from the lamp, that would not be generated by an  
LED source with a lambertian emission pattern (orange curve). ................................................................ 16 
 
 
  

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/nema-ll-10-2020-pdf/


NEMA LL 10-2020 
Page ii 
 

© 2021 National Electrical Manufacturers Association 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

< This page intentionally left blank. > 
 
 
 
 
 
 
 
 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/nema-ll-10-2020-pdf/


NEMA LL 10-2020 
Page 1 

© 2021 National Electrical Manufacturers Association 

      
1 Overview 
 
Light-emitting diode (LED) lamp products designed to replace high-intensity discharge (HID) lamps are 
becoming common in the marketplace. However, there are large variations in the luminous flux of LED 
lamps that claim to be equivalent to a particular HID lamp. These variations are leading to confusion for 
customers and an uneven playing field for manufacturers. For other lamp types, the variation in claimed 
equivalency is not presently a concern. The Energy Star lamps specification carefully defines equivalency 
to incandescent or halogen lamps. With LED replacement lamps for linear fluorescent lamps, there is also 
limited variation in the light output of the linear fluorescent lamps that are being replaced. HID 
equivalency is more difficult to define. Because of the large variation in lamp wattages, light output, and 
directionality provided by the luminaire, the concept of equivalency is more complicated for HID lamp 
replacement.  
 
We expect manufacturers to use this Standard during the preparation of their HID equivalency claims and 
to reference it as support for those claims. End users, specifiers, and entities establishing requirements 
may also use it to ensure that sufficient light output is obtained in their applications.  
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2 General 
2.1 Scope 
The purpose of this Standard is to describe a method to establish reasonable claims of initial light output 
equivalency for single-ended omnidirectional LED replacement lamps that are intended to replace HID 
lamps.  
 
The method accounts for two factors that influence the equivalency claims:  

a. Improved lumen maintenance vs. HID. Because LED lamps have a longer useful life and their light 
output degrades more slowly than most HID lamps, this factor results in initial luminous flux for an 
LED replacement lamp that is lower than the equivalent HID lamp. This factor is independent of 
the luminaire. 

b. The spectrum of the light, in the case of outdoor (or other low-light-level) applications. In darker 
environments, reaction time is faster, recognition of objects and people is more accurate, and the 
perception of brightness is higher if the light source has high color rendering. This factor depends 
on the spectrum of the light and is independent of the luminaire. 
 

The Standard does not address other lamp characteristics, such as safety, physical dimensions, other 
light quality parameters, or reporting requirements. Because of the strong dependence on applications, it 
also does not provide corrections for the directionality of a light source, though an informative appendix 
addressing directionality is included.  
 
2.2 References 
 

This Standard incorporates undated reference provisions from other publications. These 
references are cited at the appropriate places in the text within square brackets, [ ], and are listed 
below. For undated references, the latest edition of the publication referred to applies (including 
amendments).  

 
 

1. 2015 US Lighting Market Characterization, US Department of Energy, Office of Energy Efficiency 
and Renewable Energy (November 2017) https://www.energy.gov/eere/ssl/2015-us-lighting-
market-characterization 

2. https://www.1000bulbs.com/category/high-pressure-sodium-lamps/ 
3. IES/NALMCO RP-36, Recommended Practice for Lighting Maintenance, Illumination Engineering 

Society, New York, www.ies.org, 2015. 
4. ANSI/IES TM-21, Projecting Long-Term Lumen, Photon, and Radiant Flux Maintenance of LED 

Light Sources, Illumination Engineering Society, New York, www.ies.org. 
5. IES TM-12, Spectral Effects of Lighting on Visual Performance at Mesopic Lighting Levels, 

Illumination Engineering Society, New York, www.ies.org.  
6. CIE publication 191, Recommended System for Mesopic Photometry Based on Visual 

Performance, Commission Internationale de l’Éclairage, Vienna, Austria (2010) 
7. J.R. Tuenge, M.M. Bryan and D. A. Bisbee, Assessment of LED Technology in Ornamental Post-

Top Luminaires, PNNL-21036, Pacific Northwest National Laboratory, 
https://www1.eere.energy.gov/buildings/publications/pdfs/ssl/2011_gateway-
msslc_sacramento.pdf, December 2011.  

8. ANSI/IES RP-8-18, Recommended Practice for Design and Maintenance of Roadway and 
Parking Facility Lighting, Illumination Engineering Society, New York, www.ies.org, 2018. 

9. M.S. Rea and M.J. Ouellette, Relative Visual Performance: A Basis for Application, Lighting 
Research, and Technology, 23(3):135-144 (1991).  

10. A. Yukio, M.S. Rea, J.D. Bullough, Driver decision Making in Response to Peripheral Moving 
Targets under Mesopic Light Levels, Lighting Research and Technology, 39(1): 53-67 (2007). 
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