
 

Degradation of biological potency in led light sources with
lifetime
Citation for published version (APA):
Belgers, S., Schlangen, L. J. M., Cuijpers, R. H., & Heynderickx, I. E. J. (2023). Degradation of biological
potency in led light sources with lifetime. In Proceedings of the 30th session of the CIE, CIE 2023 (Vol. 1, pp.
689-696). CIE. https://doi.org/10.25039/x50.2023, https://doi.org/10.25039/x50.2023.PP003

Document license:
Unspecified

DOI:
10.25039/x50.2023
10.25039/x50.2023.PP003

Document status and date:
Published: 18/09/2023

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 08. Feb. 2024

https://doi.org/10.25039/x50.2023
https://doi.org/10.25039/x50.2023.PP003
https://doi.org/10.25039/x50.2023
https://doi.org/10.25039/x50.2023.PP003
https://research.tue.nl/en/publications/93df71cb-d17d-4216-8a8a-924ae9adce3b


("') 
N 
0 
N 

0 
I[) 
0 
X 

w 

u 

Cl) 
CJ) 
C 

i5 
Q) 
Q) 
CJ 
0 

a.. 

("') 
N 
0 
N 

w 

u 
-

0 

C 

.Q 
Cl) 

Q) 
> 

� 
C 

� 
� 
C 
0 

u 

Belgers, S. et al DEGRADATION OF BIOLOGICAL POTENCY IN LED LIGHT SOURCES WITH THEIR LIFETIME ... 
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Abstract 

This paper investigates the degradation of biological potency in LED light sources over their 
lifetime. Biological potency refers to the ability of light to generate biological effects, for instance 
on sleep, mood, and circadian rhythms. Current lifetime metrics for LEDs typically do not 
consider the biological potency, despite its relevance for human health and well-being. 
Therefore, we investigate such metrics and explore blue light hazard changes over the lifetime 
of LEDs. 

Using a dataset of accelerated aging of LEDs, we show that the melanopic equivalent daylight 
luminance maintenance decreases faster than lumen maintenance, this effect is smaller in LEDs 
of 4000K versus 2700K. Over lifetime, the melanopic daylight efficacy ratio also decreases, 
while the blue light hazard does not significantly increase. 

Our findings highlight the need to consider changes in biological potency over time in the design 
and implementation of LED lighting solutions. 

Keywords: LED aging, Biological potency, Melanopic equivalent daylight illuminance, Melanopic 
daylight efficacy ratio, Lumen maintenance, Colourpoint, Chromaticity shift, Blue light hazard 

1 Motivation, Objective 

Light does not only facilitate visual perception, but also modulates our sleep, our mood, and 
our circadian rhythm (Vetter et al., 2022). The degree to which light has the ability, or potency, 
to influence these biological effects is denoted as the biological potency of light. This biological 
potency strongly depends on the illuminance and spectral power distribution of the light: our 
biological system is most affected by bright light with increased short-wavelength (blue) content 
(Joyce et al., 2022; Lucas et al., 2014). Previous research has already described the importance 
of incorporating this biological potency into lighting solutions. There are clear recommendations 
with respect to the biological potency of light (Brown et al., 2022; Schlangen et al., 2022}, how 
to incorporate it in the design process of lighting solutions (Houser & Esposito, 2021 ), and what 
metrics to apply as suitable proxies for the biological potency (Esposito & Houser, 2022). 

As LED light sources age, their lumen output degrades, and their chromaticity changes (Van 
Oriel et al., 2018). Currently, the lifetime of LED light sources is most often determined based 
on the lumen maintenance, sometimes in combination with the shift in chromaticity. Lumen 
maintenance is the remaining percentage of lumen output compared to the initial lumen output. 
The resulting lifetime is determined as the time in burning hours until the lumen maintenance 
is below a specified amount, often 80% (Lso standard) (IES, 2008). Furthermore, the shift in 
chromaticity of the LED source with age is measured in absolute distance to the initial 
chromaticity in the CIE 1976 (u' v') chromaticity diagram. In the often used ENERGY STAR® 
specifications state that all light units can have a maximum chromaticity shift of 0.007 (ENERGY 
STAR®, 2020). Both lifetime specifications primarily rely on visual perception metrics, 
overlooking the importance of biological potency, and are therefore not suitable as proxies for 
the biological potency of the light. Hence, the design and implementation of light solutions with 
suitable biological potency requires different metrics that reflect how the biological potency 
degrades during aging of the LEDs. 

The chromaticity is not a good descriptor of biological potency, as light with the same 
chromaticity can have different biological potency (i.e., through a different contribution of the 
spectral distribution in the short-wavelength region) (Esposito & Houser, 2022; Zandi et al., 
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