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 Graduated from Technical University Karlsruhe

 Zumtobel Lighting (Dornbirn AT) since 1987
 Senior expert in Lighting Application Management
 Director Professional Associations and Standards

 President CIE Austria
 Austrian representative in CIE Div. 3 „Interior Lighting“
 Chair CIE TC 3-49 „Lighting Controls“
 Austrian representative in CEN TC 169 „ Light and Lighting“
 Convenor CEN TC 169 WG 2 „Lighting for Workplaces“
 Austrian representative in ISO TC 274 „ Light and Lighting“
 Chair ON-K 047 „Licht und Optik“
 Chair LightingEurope WG Smart Lighting
 Chair of ZVEI AK licht.de (Branch marketing www.licht.de)

 Zumtobel Research Conductor on Applied Lighting
 Lecturer in Zumtobel Lighting Solution Consultant education program
 Lecturer at Universities Graz (AT), Darmstadt (DE) and Liechtenstein: 

Lighting for Architects

Peter Dehoff

Your lecturer:

http://www.licht.de/


Peter Dehoff 4

Agenda

• Trends

• Quality criteria

• Life time criteria

• Maintenance of LED 

• LED luminaire data sheet

• ZVEI Guide 
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LED in interior lighting 
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Efficacy of LED is increasing leaving conventional 
light sources behind
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Quality of LED lighting 

Investigation of specific features of LED lighting 
solutions

Comparison with conventional lighting solutions

CIE 205:2013 Review of lighting quality measures for 
interior lighting with LED lighting systems

Further workplan for CEN TC 169 WG 2 “Lighting of 
workplaces”
i.e. EN 12464-1 “Lighting of interior workplaces” - 
2011
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The following quality measures were considered for relevance 
to indoor functional lighting with LED lighting systems (1)

CIE 205:2013 Review of lighting quality measures for interior lighting with LED lighting systems 

Task visibility: uniformity of horizontal illumination
reflected glare
veiling reflections
shadows 

Visual comfort: discomfort glare
overhead glare
luminance ratios
visual fatigue
eyestrain, 

Flicker and strobe 

Modelling of faces and objects 

Conclusion:
New glare evaluation system 
needed for discomfort and 
overhead glare arriving from LED 
features

Conclusion:
New metric for flicker and 
stroboscopic effects is required

Conclusion:
Metric for modelling should be 
further developed



Peter Dehoff 10

The following quality measures were considered for relevance 
to indoor functional lighting with LED lighting systems (2)

CIE 205:2013 Review of lighting quality measures for interior lighting with LED lighting systems 

Colour appearance: colour rendering
light colour preference
object colour appearance 

Consistency of colour and luminous flux over time 
and space 

Appearance of spaces: room surface brightness
distribution of light on surfaces 

Appearance of the light source and luminaire 
style 
integration into architecture
appropriateness of appearance
size, etc.

Conclusion:
A new metric for colour rendering 
is required

Conclusion:
Consistency measurements to be 
standardised.
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Life time metrics

100.000 h
 75.000 h 

50.000 h 

25.000 h ?
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Life time of light sources, electronics and luminaires

*Improvements and cost downs based on 
Moore‘s law and Haitz‘s law
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Life time metrics

100.000 h
 75.000 h 

50.000 h 
25.000 h 

Rated Median Useful Life (of LED modules) (Lx) 

length of time during which 50 % (B50) of a population of 
operating LED modules of the same type have 
parametrically failed, under standard test conditions as 
declared by the manufacturer or responsible vendor

Source: IEC 62717 LED modules for general lighting - Performance requirements
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Situation for lighting design

Many manufacureres

Many products

Many data

Many informations



Peter Dehoff 15

ZVEI Leitfaden: to help designers, manufacturers and 
specifiers

Who is ZVEI – FV Licht? 
- Association of lighting industy in Germany

Leitfaden = Guide

„Safety in designing LED-lighting“

Time in LED lighting:

Life time: to describe a LED type

Usage time: to design maintenance

Time to failure: to define guarantee
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ZVEI – Guide: degradation of luminous flux and abrupt failure

LED luminaire
100%

Luminous flux degradation
LED luminaire

Abrupt failure
LED luminaire
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ZVEI – Guide: degradation of luminous flux and abrupt failure

Life time descriptions

  

 Lx  : rated median useful life

 By  : percentage

 L0  : life when flux = 0

 Cz  : percentage of abrupt failure

LED-luminaires

Luminous flux-
degradation

(LxBy) 

Abrupt 
failure
(L0Cz) 
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• Rated median useful life Lx:  time when certain percentage reaches luminous flux of x % 

• Example: L70, 50.000h or L80, 50.000h

Rated median useful life Lx 
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• Example: L70 B50, 50.000 h: 50 % < 70 % flux  LLMF ≈ 0.70 

• Example : L80 B50, 50.000 h: 50 % < 80 % flux  LLMF ≈ 0.80 
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L70, 50.000 h
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• Example: L80 B10, 50.000 h: 10 % < 80 % Lichtstrom  LLMF ≈ 0.85 

If nothing else declared:
 Average = B50  
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1. IEC- life time metrics:

a) rate life Lx and By 

b) rated life L0Cz (flux = 0) for defined percentage of z: f.e. 5 % or 10 %, 

f.e.: L80, B50 –  50.000 h and L0 C10 – 97.000 h 

2. Lighting design:

Rated life Lx, By  and abrupt failure at same time Cz 

f.e. L80,B50,C3 - 50.000 h  or L70,B50,C2 - 50.000 h or

L80,B10,C1 - 50.000 h

Abrupt failure fraction Cz 
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Designing for maintenance

Maintenance factor

Standard in lighting design with convetional 
light sources

EN 12464: The designer shall … state the MF 
and list all assumptions made in the derivation 
of the value …

To be applied to LED lighting



Peter Dehoff 23

Maintenance of indoor electric lighting systems

MF = (LLMF x LSF) x LMF x RMF

MF: Maintenance Factor

LLMF:  Lamp Luminous Flux 
Maintenance Factor

LSF: Lamp Survival Factor

LMF: Luminaire Maintenance  
Factor 

RMF: Room Maintenance Factor 
               
   Source: CIE 97:1992 : Maintenance of indoor electric lighting systems 
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Lamp maintenance factor for conventional lamps …

Download:
www.zumtobel.com
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Lamp maintenance factor to be applied for LED light sources

Download:
www.zumtobel.com
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Maintenance factor in lighting



Peter Dehoff 27

From IEC standard to guides
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Data sheet: agreed major parameters

Lighting parameters:
Light source: NAME 
Luminaire luminous flux*: lm
Luminaire efficacy: lm/W
Colour rendering index CRI (Ra ) min. or >
Correlated colour temperature: K
Colour consistency (initial MacAdam): (number)
Rated life time: f.e. L70 at 50.000 h
Rated ambient temperature : °C (optional when 

different from 25°C)

Electrical parameters:
Ballast:  NAME
Luminaire connected load* : W

* Rated values
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Summary

LED quality essential for lighting quality

Life time metrics to be applied to

 Type (Life time)

 Maintenance Factor (Usage time for design)

Trustful data to compare apples with apples
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Köszönöm szépen!

Thank you for your kind attention

Dipl.-Ing. Peter Dehoff

Zumtobel Lighting, Dornbirn, Austria
CEN TC 169, Convenor WG 2
President CIE Austria
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Bild & Text - Zweispaltige Aufteilung, 
Text beispielhaft mit Bullets

Arial 14, schwarz, Zeilenabstand 1,1 Zeile, vor 
Absätzen 0,1 Zeilen: estemetr incogito Mire to aut 
ut Avunculus do specialitatas, iam Prodigus tam 
Plaga ait Confestim volubilistrun. Uberrime alo 
Scelestus, res Tellus mei pellus Algor infrunitus, 
inconcussus Rogo eo non Namucense, 
commissum, laureatus Scutum, de boo si anhelo 
Commoneo procellosus sono emitto Crimen agna. 
Si subo Accubo castimonia hic ibi qua lux sto eu 
Pulcher Sem. Escensio Mundus, igor infruniticusus, 
inconcussus Rogo eo non Namucense.

 Commissum, laureatus Scutum parlare est
 De boo si anhelo Commoneo 
 Procellosus sono emitto Crimen agnatum
 Si subo Accubo castimonia perfecto


