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Abstract 

The expected useful lifetime of professional LED luminaires has been extended tremendously 
due to LED technology arriving in a mature stage. On the other hand, there is a market pressure 
to claim longer and longer useful lifetime, sometimes without knowing the limitations of methods 
of prediction used and/or having real benefit for the end-users. The paper will review the 
limitations of predictions and gives proposals how to improve the confidence level. The author 
also will evaluate whether extreme long useful lifetime claimed by manufacturers have a real 
benefit for the end-users. There are proposals, how better luminous flux maintenance can be 
turned to real benefit the lighting installation by modification of metrics. 

Keywords: e.g. LED luminaires, Luminous flux maintenance metrics, Lighting Applications, LM-
84, Uncertainty of gonio measurements 

 

1 Evaluation of the method of measuring luminous flux defined by IES LM-84:14 

 Problem statement1 

The luminous flux degradation of professional LED luminiares could be extremely long, if the 
luminaire is (1) well designed for the purpose and environment and (2) built from quality 
components and (3) used in conditions designed for. Today, the best products have very low 
luminous flux degradation and easily reach L90 beyond 100.000 hrs. There are different 
methods of defining the luminous flux degradation for such a long period. One set of them is 
LM-80, IESNA (2015) test followed by TM-21, IESNA (2011) calculation, the other set is LM-84, 
IESNA (2014a) test followed by TM-28, IESNA (2014b) calculation.  The common point of them 
is the physical luminous flux measurement of the LED device at the initial period of their life 
(typically from 0 hr to 6.000 hrs or beyond) followed by an interpolation based on the measured 
values and a predefined interpolation method. Even if the initial measurements extended till 
10.000, the drop of luminous flux to be measured is typically below 1% (i.e >L99 @ 10 khrs) for 
professional outdoor luminiares. This paper is about professional LED applications, like LED 
street lighting or LED tunnel lighting where LEDs are not over stressed meaning they work well 
below their chip maximum chip temperature and maximum forward current allowing them last 
100.000 hrs or beyond. The critical issue is the method of measurement such a small deviation 
of the initial value and the confidence level of this measurement.  

 Discussion1 

LM-80, defines the method of photometric measurements, see Section 6.1 (DUT Photometric 
and Electrical Measurements) at IESNA (2015), as follows: 

‘Photometric and electrical measurements should be performed using a measurement 
method that optimizes the repeatability of the measurements. IES LM-85-14 Approved 
Method: Electrical and Photometric Measurements of High Power LEDs can be 
referenced for developing an appropriate method.’ 

NOTE1: Underlining is from the Author 

NOTE2: Here and later on, when a quotation is from a publication from US, the spelling left 
unchanged. 
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This is an advantage this case, as the laboratory can define the method of measurement with 
specific attention to uncertainty level is needed for measuring such a small (less than 1%) 
difference between values at different burning hours. 

LM-84 is not so ‘generous’ regarding the method of photometric measurement, see Section 6.1 
of IESNA (2014a): 

‘At each measurement interval (Section7), the DUT shall be taken off the test racks and 
measured per IES LM-79-08 for electrical, photometric, and colorimetric characteristics.’ 

LM-79 defines the method of measurement of total luminous at Section 9.0 of IESNA (2008) as 
follows: 

‘The total luminous flux (lumen) of SSL products shall be measured with an integrated 
sphere system or a goniophotometer. The method may be chosen depending on what 
other measurement quantities (color, intensity distribution) need to be measured, the 
size of the SSL products, and other requirements. Some guidance on the use of each 
method is given below. 

<Integrating sphere system> 

The integrated sphere system is suited for total luminous flux and color measurement 
of integrated LED lamps and relatively small-size LED luminaires… 

<Goniophotometer> 

Goniophotometers provide measurement of luminous intensity distribution as well as 
total luminous flux. Goniophotometers can measure total luminous flux of SSL products 
of relatively large size (corresponding to dimensions of traditional fluorescent lamp 
luminaires) while they can measure small SSL products as well.’ 

The message is clear. The total luminous flux of large SSL products such as LED streetlighting 
and LED tunnel lighting luminaires must be measured by goniophotometers. No choice given. 
And this is the practice as well. I approached several nationally or NVLAP approved laboratories 
and they use exclusively the goniophotometer method for measuring total luminous flux of large 
LED products. Even when I raised my concerns about the uncertainty of luminous flux 
measurement of the goniophotometer, the answer was unanimously: They are aware about the 
level uncertainty, but they do not have the choice. If they change the procedure, they will lose 
their accreditation. What is the typical uncertainty?    I asked three accredited laboratories about 
the uncertainty value of measurement of total luminous flux by goniophotometer at the standard 
coverage factor k = 2 can yield an expanded uncertainty corresponding to a coverage probability 
of less than 95%. The average uncertainty of the three laboratories was 4,02%, so 4% can be 
a good reference value for this type of the measurement. And here is my main issue. The 
difference of consecutive values what we have to measure at 0 hr; 1.000 hrs; 2.000 hrs; … ; 
6.000 hrs is less the 1%, while the uncertainty of the measurement method defined is 4%. 

 Conclusion1 

The currently defined method is good (but rather expensive) way for measuring the uncertainty 
of goniophotometers instead of definition of the luminous flux drop of the LED luminaire due to 
the discrepancy of the measured value and the defined method. This undermines the confidence 
level in long-term luminous flux prediction based on LM-84 measurement and TM-28 
calculation. My strong recommendation for IESNA to give out a warning about limitations of LM-
84 in its current form and start working on its amendment by defining a measurement method 
suitable for the purpose. Till correction of LM-84 is not made, the luminous flux measurement 
offered by LM-80 is more reliable due to the defined method which is in compliance with level 
of deviation between the measured luminous flux values. 
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2 Evaluation of the method of fixing luminous flux maintenance value and 
calculating the corresponding useful lifetime of LED luminaires 

 Problem statement1 

Currently, the end-user fixes the luminous flux maintenance values in steps, like L70, L80, L90, 
but most frequently as L80 and the useful lifetime of the LED luminaire is calculated accordingly. 
It has three consequences: 

a) Today, the best products have very low luminous flux degradation and easily reach L90 
beyond 100.000 hrs. Consequently, the calculated useful lifetime of LED products claimed 
by manufacturers based L80 is in the 200.000 hours range. Both TM-21 (IESNA, 2011) and 
TM-28 (IESNA, 2014b) exclude projection over 6 times of the last measured luminous flux 
value due to the low confidence level beyond this limit. In case of a projection at 200.000 
hrs, the measurement of the LED product should be continued till 36.000 hrs to receive 
calculated time in good confidence level. 36.000 hrs is more than 4 years even if product is 
aged at 24/7. Nobody wants to wait 4 years after the launch of LED product for a reliable 
luminous flux claim with acceptable confidence level. In other words, luminous flux 
maintenance claims in 200.000 hrs range has not any technical foundation if it is calculated 
from measured value till 6.000 hrs. 

b) The lighting installation will not work such a long period (200.000 hrs) in practice. A typical 
example is a sport stadium to be retrofitted by LED technology. The lighting is not used more 
than 5 hrs a day as an average and not more than 250 days per year. It gives1,250 burning 
hours per year, which is equivalent with 25.000 hrs burning hours in a 20-year period. Is 
there any benefit for the end-user knowing the theoretical luminous flux maintenance value 
for 200.000 hrs? 

c) If L80 value is defined for the LED product by the end-user, the lighting designer has no 
other choice than setting 0,8 maintenance factor for the lighting design calculations. It means 
that the lighting installation will start its life with significant overlighting and unnecessary 
energy consumption and will end its practical life with significant overlighting and 
unnecessary energy consumption. Constant Light output (CLO) can help, but will not 
eliminate the problem completely, as the contradiction is between the too long prediction of 
the LED product compared to the expected life frame of the lighting installation. This practice 
will result in increased energy consumption which is against the commitment our 
governments and communities towards energy-saving and reduced CO2 emission. 

 Discussion2 

The solution is to change ‘direction’ how the lifetime claim is defined. First the expected lifespan 
of the lighting installation needs to be defined where LED products will be installed. The 
Guidance Paper ‘Evaluating performance of LED based luminaires’ from LIGHTINGEUROPE 
(LIGHTINGEUROPE 2018) gives a proposal for expected lifespan for different applications in 
Table1. 

Table 1 - Possible examples of average installation life for different outdoor applications 
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Similar set of data can be found there for indoor applications, but it is not the subject of this 
paper. 

Example: The working hours during the installation life of a sport lighting installation is 
25.000 hrs. The best of the professional LED products can have a luminous flux 
maintenance of L95 or above. In that case, 0,95 maintenance factor can be used during 
the lighting calculation which will result in significant energy savings, compared to the 
standard ‘MF=0,8’ approach and it is also more realistic. 

Although data above are from European sources, but it is defined largely by the number of dark 
hours during one year which are similar to the most of the locations around the Globe. For the 
lighting design, the maintained luminous flux at the average installation life for a specific 
application is the relevant value. It will also support energy saving by minimising the level of 
over-design at initial stage. The average installation life of lighting products used in most 
outdoor applications rarely exceeds 100.000 hours. This clearly eliminates the need for any 
luminous flux projection of LED products over 100.000 hrs. 

This approach gives a little more work on LED product manufacturers as they must give 
luminous flux maintenance values for different life expectation period, but practically, they are 
direct results of the TM-21 calculations method. Currently TM-21 calculation sets the target 
luminous flux maintenance value and calculates the corresponding working hours. With a slight 
modification, the option should be included which makes possible to set the desired working 
hours first and let the (modified) TM-21 calculate the corresponding luminous flux maintenance 
value. As the function between working hours and luminous flux maintenance value is already 
set-up in current TM-21, the proposed change will not affect the fundaments of current TM-21 
calculation method. The current calculation method should remain as it is, my proposal to 
modify TM-21 calculation method by a selector, which can define if luminous flux maintenance 
value or expected lifetime should be fixed first and the other needs to be calculated afterwards. 

Till the TM-21 is modified, I recommend fixing of the ‘time’ value for Median Useful Life to 
25.000 hrs, 50.000 hrs, 75.000 hrs and 100.000 hrs and express the ‘x’ from Lx (luminous flux 
depreciation) for time value(s) related to the applications where the product may be used. This 
will enable apple-to-apple comparison of LED products based on the real applications 
conditions, where they are going to be used. 

 Conclusion2 

Current practice of defining lumen maintenance value and calculating the working hours 
corresponding to the preset maintenance value should be changed. The working hours typical 
to the application should be defined first and the corresponding luminous flux maintenance 
value should be calculated and used in the lighting applications design. This will give realistic 
maintenance value and will result additional energy savings in most of the cases. 

3 General conclusions 

The LED product performance can be evaluated more realistic way, if the application conditions 
are defined and used during the evaluation of LED lighting products. Generally, the design focus 
should be moved from product level to applications level. That will give the apple-apple 
comparison of products in-situ. And it will also result in satisfaction of the whole lighting 
application instead of individual products.  
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