TECHNICAL ISO/CIETS
SPECIFICATION 22012

First edition
2019-02

Light and lighting — Maintenance
factor determination —<Way of
working

Reference number
® ISO/CIE TS 22012:2019(E)

oy ¢
ISO :
~Z q ©1S0/CIE 2019


https://standardsiso.com/api/?name=f277bde453faebd639e725fb4701ce83

ISO/CIE TS 22012:2019(E)

/!\ COPYRIGHT PROTECTED DOCUMENT

© ISO/CIE 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address

below or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 ¢ Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii

CIE Central Bureau
Babenbergerstrafde 9/9A
A-1010 Vienna, Austria
Phone: +43 1 714 3187
Fax: +41 22 749 09 47
Email: ciecb@cie.co.at
Website: www.cie.co.at

© ISO/CIE 2019 - All rights reserved


https://standardsiso.com/api/?name=f277bde453faebd639e725fb4701ce83

ISO/CIE TS 22012:2019(E)

Contents Page
FFOTE@WOIM ...........oooooeooeeeeee e85 8 588 iv
IIEIOAUCTION. ......ooooo etk 881888558 v
1 S0P ... 1
2 NOIIMATIVE TEEETEIICES ...........ooooooeeeeeee oo 1
3 TFerms-and-definitions——m——----——ee— e 1
E SYMDBOLS AN UIES .....oocc e et g e 3
5 INfIUENCING FACTOTS ... e e
51 Luminaire and/or light source characteristics
5.2 Recoverable eXternal faCtors. ... @ Sadhosesssseesssesssnes
53 Non-recoverable eXternal faCtOrsS ... b
5.4 Maintenance period, cleaning, replacement and surface refurbishment interval......{.......... 4
b Maintenance factor determination ... 5
6.1 Basic description of the method ... o e e 5
6.2 LUuminous fluxX factor........eeocececceeesceeeeseeeeseeeressseeees oy Saveeessseeeessosees e e 5
6.2.1  Luminous flux factor determination — General............coomrcscsserseess e 5
6.2.2  Luminous flux factor determination — Special case: Constant light output|(CLO)6
6.3 SUIVIVAL FACEOT ..o oo
6.3.1  Survival factor description...
6.3.2  Spotreplacement regime
6.3.3  Group replacement FEGIME ...... ... 5| e 8
6.3.4  Regime combinations
6.4 Luminaire maintenance factor
6.4.1 Luminaire maintenancefactor description ...
6.4.2  Indoor TUMINaires ..; i s
6.4.3  Outdoor luminaires
6.5 Surface maintenance factor'....
7 Use of the maintenance factor ...,
7.1 Lighting design using the maintenance factor................c..
7.2 DOCUMENEALIOML . %
7.2.1  Dogeunientation of maintenance factor determination
7.2.2  Docdmentation of maintenance schedules..........ccccccoocce,
7.3 Lightingverification using the maintenance factor ...
Annex A (informative) Maintenance factor determination examples ... s, 13
Annex B (informative) Luminous flux factor fir tables (Typical examples)..........c o 17
Annex C (informative) Luminaire maintenance factor fiy determination examples.........|....... 19
AnnexD*(informative) Surface maintenance factor fsv examples ... o 24
BIDIROGIAPIY ...t 28

© ISO/CIE 2019 - All rights reserved iii


https://standardsiso.com/api/?name=f277bde453faebd639e725fb4701ce83

ISO/CIE TS 22012:2019(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

1 H 1 pa | pa H
electrofechnicatstandardization:

The prpcedures used to develop this document and those intended for its further maintenance, are
describled in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for thg
differemt types of ISO documents should be noted. This document was drafted in accordance with the
editorigl rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attentipn is drawn to the possibility that some of the elements of this document may’bethe subject of
patent fights. ISO shall not be held responsible for identifying any or all such patént rights. Details of
any patent rights identified during the development of the document will be in th€ Introduction and/oy
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trgde name used in this document is information given for the convenience of users and does nof
constitfite an endorsement.

For an|explanation of the voluntary nature of standards, the/njeaning of ISO specific terms and
expresgions related to conformity assessment, as well as information about ISO's adherence tg
the Wgrld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), sesg
www.ido.org/iso/foreword.html.

ISO coljaborates closely with the International Comniission on Illumination (CIE) on all matters of
standardization for light and lighting.

This document was prepared by Technical Committee ISO/TC 274, Light and lighting. The document has
been jo|ntly prepared with CIE JTC 11, Light and Lighting — Maintenance factor — Way of working.

Any fegdback or questions on this document should be directed to the user’s national standards body. A
complefe listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Continuous maintenance of lighting installations is essential as it ensures that the performance
of a system stays within the design limits and promotes safety and efficient use of energy. In the
design phase this is taken into account through the use of the maintenance factor. The maintenance
factor combines several different factors such as the assumed product/installation behaviour, the
environmental parameters and maintenance and cleaning schedules.

(see Clause 2 and bibliography). owever, as the focus of these technical reports was predontinantly
pn incandescent and gas discharge light sources, more clarity is needed to ensure the(proper use/
franslation of the existing methodology towards technologies such as light emitting diodes (LEI).

Fechnologies such as LED distinguish themselves from other technologies by theirylong lifetilne, low
failure rate and their integration of components which were previously seen ascseparate components.
As such the previous methods used to determine the depreciation and survival of luminairef might
seem unusable and cause uncertainty. However, based on work by IEC (see Clause 2) the lumingus flux
Hepreciation and light source failure parameters have now been (re)established for LED-based light
sources and allow for translation into an updated way of working to determine the maintenancg factor
lising the existing CIE methodology and data for luminaire and surfdce dirt depreciation.

This document combines insights from IEC standards with regard to product performance of lunjinaires
hnd light sources currently in the market with the existing-determination methodology frpm CIE
Technical Reports. Furthermore, it references the data in the'CIE Technical Reports with regargl to the
mpact of the environment on luminaires (accumulation ‘ef dirt on surfaces and luminaires).

This document provides the following:

— background information with respect to thé principles of the maintenance factor and the relevant
parameters for indoor and outdoor applications;

— a detailed way of working on how~to apply the maintenance factor determination method (as
described in CIE 154:2003 and.CIE097:2005) for outdoor and indoor lighting designs uging the
technologies available in the mapket;

— explanation and examples on how to apply the maintenance factor and how to ensure|proper
operation over time corresponding to the determined values.

© ISO/CIE 2019 - All rights reserved v
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TECHNICAL SPECIFICATION ISO/CIE TS 22012:2019(E)

Light and lighting — Maintenance factor determination —

Way of working

1 Scope

This document specifies a standardized way of working for determining the maintenance ‘fa
both outdoor and indoor lighting installations using the methodology as described in CIE 154:2
CIE 097:2005.

2 Normative references

Che following documents are referred to in the text in such a way that some or all of their
ronstitutes requirements of this document. For dated references, only.the edition cited appl
indated references, the latest edition of the referenced document (including any amendments)

CIE 097:2005, Maintenance of Indoor Electric Lighting Systems
CIE 154:2003, Maintenance of Outdoor Lighting Systems
CIE S 017, ILV International Lighting Vocabulary

EC 62722-2-1, Luminaire performance — Part 2-1: Particular requirements for LED luminaires

3 Terms and definitions
For the purposes of this document, the terms and definitions given in CIE S 017 and the followin|
SO and IEC maintain terminologicakdatabases for use in standardization at the following addr¢

— ISO Online browsing platforim; available at https://www.iso.org/obp

— [EC Electropedia: available at http://www.electropedia.org/

3.1

abrupt failure value

AFV

percentage of LED’based products failing to operate at median useful life (Ly)

[SOURCE: IE€'62717:2014+AMD1:2015, modified — generalized to products]

B.2
cleaning interval

ctor for
03 and

content
ies. For
ipplies.

g apply.

Ssses:

planned time between cleaning of (parts of) the products and/or components

3.3
CLO lifetime
time over which the CLO (3.5) feature ensures a constant luminous flux

3.4
component replacement interval
planned time between replacement of one or more specified luminaire component(s)

© ISO/CIE 2019 - All rights reserved
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3.5

CLO

constant light output

functionality to constantly adjust the luminous flux of the light source based on the known or predicted
depreciation behaviour of the light source to enable a constant luminous flux over time

3.6
failure probability

pf

PR RS | — h I 1 : T - - 1 1o
pI‘Obab HLYy UIdU LIS COIIIPOIICIIU (€. 8. IIgIU SOUTCC, TUIIIIIdITT) CdldSLTOPIIICAILY 1dI1S

Note 1 tp entry: Failure probability is expressed as a factor.

3.7
installation lifetime
time ovier which the installation is expected to function as designed

3.8

maintgnance period

total ti]ne over which the maintenance is planned
(0]

Note 1 fo entry: Within a single maintenance period different maintenance cyclesan be planned for different
activitigs (e.g. cleaning, light source replacement).

Note 2 tp entry: The maintenance period is often expressed in years.

3.9
median useful life
Lx
length jof time until 50 % of a population of operatinig* LED products reaches gradual light output
degradation of a percentage x

3.10
surface refurbishment interval
plannedl time between surface refurbishment instances where the reflecting properties of the room
or area|surfaces are restored to their original state, including cleaning or painting of interior surfaceg
such as{walls and ceilings

Note 1 §o entry: The concept ‘surface,refurbishment interval’ does not refer to surfaces which are an integra
part of the luminaire.

3.11
survival probability

Ps
probabljlity that a eginponent continues to operate at a certain point in time

Note 1 tp entry«Survival probability is expressed as a factor.

Note 2 tp entry: The component can be e.g. a light source, a luminaire.

Note 3 to entry: There is a distinct difference between the survival factor (see 6.3) and the survival probability.
The survival probability describes the performance of an individual component whereas the survival factor
describes the outcome of the determination process as described in 6.3.
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3.12
useful life

Lx,Byl)

ISO/CIE TS 22012:2019(E)

<of LED luminaires> length of time until a percentage y of a population of operating LED luminaires
reaches gradual light output degradation of a percentage x, expressed in general in the ‘Ly )’ format

Note 1 to entry: Useful life can be specified on different product levels such as on individual LED, LED module or
LED luminaire level. As for example luminaire design impacts thermal design, the useful life of the LED module
might be different from the useful life of the luminaire.

[SOURCE: [EC 62717:2014+AMD1:2015, modified — specifier <of LED luminaires> and quantity jsymbol
hdded to the term]
4 Symbols and units
The symbols and units in Table 1 apply.
Table 1 — Symbols and units
Symbol Term Unit
Exp measured illuminance Ix
En, corrected measured illuminance Ix
Em maintained illuminance Ix
Ein initial illuminance Ix
fLF luminous flux factor (see 6.2) 1
fLLM lamp luminous flux maintefrance factor 1
fLM luminaire maintenance factor (see 6.4) 1
fm maintenance factor (s€e 6.1) 1
NOTE In this document the term "maintenance factor" is used
for luminaires'either with integrated or separate light sources, in
contrast to/€]E 97 and CIE 154 where the light source is generally
seen asseparate from the luminaire.
fs suryival factor (see 6.3)
fsm surface maintenance factor (see 6.5)
@y, luminaire luminous flux Im
dcLo CLO-corrected luminaire luminous flux Im
dg standard luminaire luminous flux Im
De end-of-life luminaire luminous flux Im
D initial luminaire luminous flux Im
Ly median useful life (see 3.8) for x % remaining luminous flux h
Ly,By useful life h
Dt failure probability 1
Ds survival probability 1

1) Note that in the source IEC 62717 the expression "LyBy" is incorrectly presented as a quantity symbol for
the term "useful life". As such, this document introduces the symbol Ly gy for the term “useful life” for use in this

document and further usage.
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5 Influencing factors

5.1 Luminaire and/or light source characteristics

Depreciation of the luminaire and/or light source due to regular ageing and/or product-related
characteristics shall be taken into account. This includes the following components:

— luminous flux depreciation (either of the light source or the luminaire, depending on the luminaire
design) (see 6.2);

— liglllt source and/or luminaire catastrophic failure (depending on luminaire design) (see 6.3).

5.2 Recoverable external factors

Recovelable factors concern those external factors, causing depreciation of the lighting, installation
performance, of which the effects can be economically reversed or mitigated during sérvice and/or
routing maintenance. The following factors shall be taken into account:

— rerhovable pollution in/on the luminaire (see 6.4);

— depreciation of room or area surface characteristics relevant to the lighting installation (i.e
reduction of reflectance due to degradation of walls or ceiling finishes)(see 6.5).

5.3 Non-recoverable external factors

Influenfing external factors are classified as non-recoverable when they are caused by externa
(enviropmental) factors and cannot be reversed during normal maintenance or are uneconomica
to restpre. These factors include the ageing/fading.ef’(non-replaceable) components due to the
environmental conditions and/or the irreversible soiling of components in applications due to specifig
(aggressive) substances.

Although these factors should be taken into account during the design and maintenance planning phase
they arg not included in the maintenance factoras described in this document.

5.4 aintenance period, cleaning;replacement and surface refurbishment interval

The chpice of maintenance period, cleaning and replacement interval has a large impact on thg
maintehance factor. Prior to détermination of the maintenance factor, the following information shal
be detefmined:

— majfintenance period{often expressed in years);
— clepning intervalef luminaires (often expressed in years);
— componentireplacement interval (often expressed in burning hours) and

— sutffacerrefurbishment interval (often expressed in years).

4 © ISO/CIE 2019 - All rights reserved
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6 Maintenance factor determination

6.1 Basic description of the method

The maintenance factor fy, is determined using the Formula (1).
S =Sk fs fimfsm )

fLF is the luminous flux factor (see 6.2);

fs is the survival factor (see 6.3);

fLM is the luminaire maintenance factor (see 6.4);
fsm is the surface maintenance factor (see 6.5).

Annex A provides examples demonstrating the determination of these fagtors.

NOTE The methodology described in this document is a replacement of the methodology as d¢scribed
n CIE 097:2005 and CIE 154:2003. Terminology has been changed.to-Suit a more generalized apprpach for
uminaires either with integrated or separate light sources. Termirology changes are further specified in the
relevant paragraphs.

6.2 Luminous flux factor

p.2.1 Luminous flux factor determination —(General

The luminous flux factor, fif, expresses the depreciation of the luminous flux over time due to ageing of
the light source or luminaire during regular operation (this excludes external factors). This is fdefined
hs the ratio of depreciated luminous flax-to the initial luminous flux.

For luminaires with an integrated\light source the luminous flux factor, fi,r, shall be determined for the
(full) luminaire. For luminaires with a non-integrated light source the luminous flux factor, fir, $hall be
determined for the light source (i.e. lamp).

NOTE1 In CIE 097:2005 and CIE 154:2003 the equivalent of the luminous flux factor, fi F, is the lamp l§minous
Flux maintenance factor<(fiLm, abbreviation: LLMF). See Note in 6.1 for further information.

NOTE 2 The luminous flux factor, fir, determined at luminaire level will better reflect reality as this |ncludes
hll componentscand operating conditions. Therefore, this is the default method for all types of lunjinaires.
However, forduminaires with non-integrated light sources it is often not possible to determine this for] the full
uminaire,as/data is only available for the light source and as such the luminous flux factor, fif, on light source
evel is aceepted for luminaires with non-integrated light sources.

ForLED-based luminaires the luminous flux factor, fip, shall be determined based upon the light source
prJuminaire replacement interval and shall be provided by the luminaire supplier according to the
definitions in IEC 62722-2-1.

The replacement interval can correspond to the median useful life, Ly. In this case the luminous flux
factor, fLp, equals x/100.

EXAMPLE1 Lgo =50 000 h translates to 80 % remaining luminous flux at 50 000 h. If the luminaire or light
source is also planned to be replaced at 50 000 h this would result in a luminous flux factor fir = 0,80.

© ISO/CIE 2019 - All rights reserved 5
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If the replacement interval is different from the published values, the correct luminous flux factor, fif,
needs to be supplied by the manufacturer. Alternatively, the tables with example values provided in
Annex B may be used as an approximation.

NOTE3 In some cases the depreciation values are not individually stated, but can be obtained from the
lifetime values which will be presented as the median useful life, Ly, or the useful life ‘Ly gy’ value. In both cases,
only the x value of the Ly value is relevant for the luminous flux factor determination, the By element of ‘Ly gy’ is
not taken into account in the fir and consequently the f,, determination (e.g. the luminous flux factor fi,r = 0,80
after 50 000 h for both Lgg 5o =50 000 h and Lgg,g10 = 50 000 h specifications).

NOTE 4| In some cases the depreciation values will be presented as ‘LxFy’ values. The ‘LxFy’ is a (no longer-in
use) indjication of lifetime not just taking into account depreciation but takes into account multiple maintenanee
factor pprameters (namely luminous flux depreciation and survival factor). As such, this value is not apprepriatg
for the determination of the maintenance factor as it does not allow for separation of the luminous fluxfactor, fi.r
and the purvival factor, fs.

For light sources such as halogen lamps, high pressure sodium lamps, metal halide lamp's|or fluorescent
lamps, [the depreciation of the luminous flux is often provided as a separate charaeteristic for given
lifetimgs.

EXAMPLE 2 If the planned maintenance period is at 16 000 h and the rated lamp\luminous flux maintenance
factor fi|L.m provided by the manufacturer at 16 000 h is 0,90, then the luminous flux factor fr is 0,90.

NOTE 5| Dimming and/or switching behaviour can have a positive or negative ‘effect on the depreciation of the
light souyrce, but this depends upon the luminaire and/or light source design\lnformation on these effects can be
requested from the manufacturer of the light source or luminaire.

6.2.2 |Luminous flux factor determination — Special case: Constant light output (CLO)

Lumindires utilizing constant light output techniques constantly adjust the luminous flux based on the
known|or predicted depreciation behaviour of the light'source to enable a constant luminous flux over
time. This functionality needs to be captured in the-determination of the luminous flux factor, fir.

The CLD feature is realized by initially dimming the light source to the predicted end-of-life luminous
flux angl steadily increasing the current (and.as such the power consumption) over time to compensate
for the Hepreciation in luminous flux due.td-ageing of the light source.

NOTE 1| The increasing power consumiption over time also has an effect on the electrical design and energy
calculatjons for the installation but is‘@also a factor when comparing different CLO and non-CLO luminaires.

NOTE 2| In the context of this. TS, CLO refers to the stand-alone feature based on known or predicted
depreciftion and does not include external input such as sensors. As such, it only applies to the luminous flux
factor, flr. Other systems usiliglexternal input to correct for depreciation exist but are not a part of this document

6 © ISO/CIE 2019 - All rights reserved
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EXAMPLE
Y Y
1 B
120 o / / 120 ~ 1 / E
100 — 100 o
80 j\ \\\\ 80 ——— — ~— ——
A 5 AN N AN
60 - 60 -
C D 2 F
40 A 40 A
20 - 20 -
0 I I I I I I 0 I I I I I I
0 10 20 30 40 50 60 X 0 10 20 300 40 50 6 X
a) Standard, non-CLO luminaire behaviour b) CLO luminaire‘behaviour (simplified)
(simplified)
Key
I  Relative power
P Relative luminous flux
K timein 1000 h
Y  relative output in %
A rated power and luminaire luminous flux for luminajres without CLO, 100 %
B end of useful life power for luminaires without CLO
L end of useful life luminous flux for luminaireswithout CLO (e.g. for Lgp = 80 %)
D rated power and luminaire luminous flux for luminaires corrected for CLO (e.g. 80 % of maximum for Lgg)
. end of useful life power for luminaires with CLO (100 %)
- end of useful life luminous flux forJuminaires with CLO (e.g. 80 % of maximum for Lgg)
Figure 1 — Illustration of CLO principle using simplified graph representations
Figure 1 a) shows @\simplified representation of a standard product not using CLO, based on
/.80 = 50 000 h (i.eC20"% depreciation after 50 000 h). Both power and luminous flux are set o their
maximum value(fpoint A). Over time, power remains the same (line between point A and B) whereas
Lhe luminousAfluk for a luminaire without CLO depreciates to its end-of-life luminous flux (line between
point A and-C; 80 % of luminous flux).
Figure<Isnb) shows a simplified representation of the same luminaire as on left side, but with CLO
functionality. Both power and luminous flux start at 20 % below their maximum output at 0 h|(based

br-standard operation where total luminous flux depreciation is 20 % at the end of life - point I

D). Over

TTmTe, the turmmimnous flux 15 Kept constant (He betweemr point Dand FJ, by IIcreasing the pow

r (line

between point D and E). Note that at the end of life, both the standard and the CLO product have the
same power consumption (B versus E) and same luminous flux (C versus F).

Figure 1 illustrates the behaviour of a CLO luminaire during operation, however in practice, there are
two ways CLO luminaires specifications are provided by manufacturers. Depending on which of the
two options is used, the luminous flux factor, fi,r, shall be determined differently. The current known
options are:

1. the standard (non-CLO) specifications are specified (in which case the CLO correction needs to be
done in the maintenance factor using the luminous flux factor as specified below);

© ISO/CIE 2019 - All rights reserved
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2. the corrected luminous flux is given (in which case no CLO correction is needed as this is already
represented in the corrected luminous flux, fi,r = 1,00).

For CLO luminaires, the luminous flux factor, fLr, shall be determined according to Formula (2).
If @, =D then fLr =1,00

1)) 2
If @ =0y then  fip=—0 )
Dr
where
Py, is the specified luminaire luminous flux;

@clo isthe CLO-corrected rated luminaire luminous flux (i.e. Figure 1, point D);
dr is the rated luminaire luminous flux (i.e. Figure 1, point A);
b, is the end-of-life luminaire luminous flux (i.e. Figure 1, point C).

If the replacement interval is longer than the given CLO lifetime, the manufaétutrer shall be consulted
for the Juminous flux factor, fLf, at the time of replacement.

NOTE 3| Productspecificationscanincludeanindicationofthe CLOluminousflux,e.g.byspecifyingthe dedicated
CLO lunpinous flux, or by specifying the lifetime including the CLO featuré_{examples of such indications are
Lcrogo 50 000 h or Leon go = 50 000 h where either CLO or con (for constant) is added to the regular useful life
indicatipns).

NOTE 4| In CLO installations light source behaviour and driver)behaviour are interlinked. The calculations
assume|that in the case of premature driver failure, the replaced components match the performance and
behaviopur of the original part prior to failure.

6.3 Survival factor

6.3.1 |Survival factor description

The sufvival factor, fs, expresses the prébability of the light source and/or luminaire to continue ta
operatg at a given time. This factorishall be based on the type of replacement regime (see 6.3.2, 6.3.3
and 6.3]4). In practice, the spot replacement regime is the default regime to ensure safety, however, thig
needs tp be validated for each preject. If the survival factor, fs, is based on the light source or luminaire
specifigations, then the inputparameters as used for the determination of the survival factor fs, shal
match the input parameters)as used to determine the luminous flux factor, fir (e.g. if a specific number
of burnfing hours was used to determine the luminous flux factor, fir, the same number of burning hourg
shall b¢ used for the-survival factor, fs, determination).

NOTE In CIE€097:2005 and CIE 154:2003 the equivalent of the survival factor, fs, is the lamp survival factoy
(fLs, abireviation: LSF). See Note in 6.1 for further information.

6.3.2 |[Spotreplacement regime

The spot replacement regime assumes that when luminaires or light sources fail, they are immediately
replaced by a luminaire or light source with similar characteristics. In this case the corresponding
survival factor, fs = 1,00.

NOTE In most cases there will be a slight delay in replacement of the failed luminaire or light source.
However, there are no internationally established methods to determine the impact of this delay.

6.3.3 Group replacement regime

For the group replacement regime, failure of all components that have a direct impact on the luminaire’s
ability to provide light shall be taken into account, with the exception of component failures already

8 © ISO/CIE 2019 - All rights reserved
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accounted for in the luminous flux factor, fir (e.g. failure of single LEDs as part of the regular luminous
flux depreciation). The survival factor, fs, shall be determined for the (relevant) component with the
shortest replacement interval. If multiple components have the same replacement interval, the survival
factor, fs, will be determined based on the component with the lowest survival probability.

The survival factor, fs, is calculated as according to Formula (3).
fs =Ds (3)

where

fs is the survival factor;
ps isthe survival probability of the relevant component.

When a failure probability is given instead of the survival probability (e.g. the abriupt failure value AFV
for LED-based products or percentage of failures) the survival probability<4s-éalculated accorlding to
Formula (4).

ps =1,00—-p¢ 4)

Wwhere

ps is the survival probability;
pr is the failure probability.

n case the failure probability is given in percentdges, pr shall be calculated by dividing the|failure
probability percentage by 100.

f the survival probability of the driver and-\light source are given separately, then both are taken into
hccount using the above rules (e.g. if theriver has a shorter replacement interval than the light|source,
the survival probability of the driverjs Used as the survival factor, f5s).

f the survival probability is presented as a single probability for the full luminaire (without specifying
ndividual survival probabilities), then that survival probability is used to determine the durvival
factor, fs.

NOTE In general, the survival factor does not compensate for the light loss of a single luminaire.

p.3.4 Regimecembinations

Combining the-different maintenance regimes is quite common. In outdoor, the combination of spot and
broup replacement is commonly used (e.g. luminaires are replaced on the spot, and after a specified
humber—of years the full installation is refurbished). As replacement of failed components |s done
mmediately, the spot replacement regime rules apply for determination of the survival factor, f§.

6.4 Luminaire maintenance factor

6.4.1 Luminaire maintenance factor description

The luminaire maintenance factor, fim (as also described in CIE 097:2005 and CIE 154:2003,
abbreviation LMF) expresses the relative output of the luminaire due to dirt deposited on light sources,
optical components or other components influencing the luminaire output. The luminaire maintenance
factor, f1,M, shall be based upon the luminaire characteristics and environmental conditions according
to the procedure as described in CIE 097:2005 for indoor luminaires and CIE 154:2003 for outdoor
luminaires.

© ISO/CIE 2019 - All rights reserved 9
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6.4.2 Indoor luminaires

The luminaire maintenance factor, fi,M, for indoor luminaires shall be based upon the combination of
the luminaire design, environmental pollution category and cleaning interval.

Example tables containing the classification of luminaire designs, applications and example luminaire
maintenance factors, fi,m, based upon the cleaning interval can be found in C.1.

For accurate data always consult the manufacturer.

6.4.3 |Outdoor luminaires

The luinaire maintenance factor, fi,m, for outdoor luminaires shall be based upon the combination of
luminajre design (rated according to IP classification) and the environmental pollution categery and
cleaninF interval.

Example tables containing the classification of luminaire designs, environmental pollition category
and exgmple luminaire maintenance factors, fi,M, based upon the cleaning interval ¢an'be found in C.2.

For acchirate data always consult the manufacturer.

6.5 Surface maintenance factor

Deprecjation of surface reflection shall be taken into account via the surface maintenance factor fsym
For indpor applications this relates to all relevant reflecting surfa€es'such as walls and ceilings whereag
for outdoor this only refers to tunnels and underpass applications (not included in this document, morg
information on tunnels and underpasses can be found in CIE\088:2004). For outdoor lighting with the
exceptipn of tunnels and underpasses the surface maintenarnce factor, fsy, is set to 1,00.

NOTE 1| InCIE 097:2005 the equivalent of the surface maintenance factor, fsy, is the room surface maintenance
factor (frsm, abbreviation: RSMF). See Note in 6.1 for furfher information.

NOTE 2| When, for tunnels and underpasses the walls and/or ceilings are not taken into account in the lighting
design (J.e. reflections are not taken into accountin‘the outcomes), the surface maintenance factor, fsy, is usually
setto 1,p0.

The indoor surface maintenance factor, fsym, (also called the room surface maintenance factor) shal
be bas¢d on the principles as described in CIE 097:2005. This factor is based upon the luminaire
distribfition, reflectance of thé_major surfaces (ceiling/wall/floor), the environmental pollution
category and the surface refurbishment interval.

Example tables for three different flux distributions, environmental pollution categories and reflectancg
values ¢an be found in-Atvhex D.

NOTE 3| Anotherteommonly used definition of surface maintenance factor is the ratio of room surface
reflectapce at a given time to the initial reflectance value.

7 Usedof'the maintenance factor

7.1 Lighting design using the maintenance factor

The maintenance factor, f,, shall be employed in lighting designs to ensure that the target requirements
are met throughout the agreed life of the installation when the installation is maintained according to
the defined maintenance schedule. The customer needs to be consulted to generate the required input
parameters.

Generally, the maintenance schedule is a balance between the cost of compensating for loss of
performance of the lighting installation compared with the cost of performing the maintenance
operation(s).

10 © ISO/CIE 2019 - All rights reserved
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The maintained illuminance, Ep,, shall be calculated according to Formula (5)
En=Einfm

or for luminance-based designs according to Formula (6).
Ly =Lin * fim

aha

vITre

T
P

En  is the maintained illuminance;
Ein isthe initial illuminance;

Ly isthe maintained luminance;
Lin isthe initial luminance.

When luminaires of different types are used in the same installatioq, but the input parame
the maintenance factor vary significantly between luminaire types;\the maintenance factor 5
Hetermined per luminaire type and implemented in lighting desigfiraccordingly.

7.2 Documentation

7.2.1 Documentation of maintenance factor determination

n combination with the determined maintenancedactor, fi,, clear documentation shall be prov
the conditions used to determine the maintenarce factor, fn.

This documentation shall include the individual factors that make up the maintenance fa
Hetermination (fLF, fs, fLM, fsm) and the key'values used in determining these (such as the used Ii
hnd maintenance schedule.

7.2.2 Documentation of maintenance schedules

The maintenance schedule-$hall at least include the following information:
— installation lifetime;

— cleaning interval(s);

— componentreplacement interval(s);

— surface'refurbishment interval.

7.3 Lighting verification using the maintenance factor

(5)

(6)

ters for
hall be

ided on

ctor, fm
fetime)

lluminance (or luminance) measured by means of instruments at a given time represent the actual

state of the lighting system. A common objective of the measurement is to verify whether the lighting

system conforms to the target values set during the design phase.

To compare the measured value to the target-maintained illuminance value, Ey,, it is neces

sary to

correct the measured value to represent the value as projected for the end of the installation life.

© ISO/CIE 2019 - All rights reserved
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Formula (7) shall be used to calculate the corrected measured illuminance:

Ep

where

fm
=F,.—— 7
o A fm,I ()

Epc isthe corrected measured illuminance;

7]

Ea

Fm

Jfm
NOTE 1

procedyre as described in Clause 6 is a worst-case scenario assuming the full (negative) effects of luminaire and

surface

NOTE 2

mainterjance factors for different luminaire types, the above principle can be uSed in conjunction with lighting

simulat

12

1S the actual measured 1lluminance

| isthe interim maintenance factor reflecting the depreciation at the measurement time, calcu-
lated as if calculating a maintenance factor for the given time point;

is the maintenance factor determined according to the end of life of the lighting\system.
The estimation of the interim maintenance factor using the regular maintenance fdetor determination
depreciation for the cleaning cycles.
The above procedure describes the basic principle. For more complex designs using separatsg

ons to determine the proper Ex .
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Annex A
(informative)

Maintenance factor determination examples

1.

A.1 Example 1: Parking area project 100 000 h, using spot replacement

Project information:

[Luminaire information:

Determination:

Maintenance factor fi, = 0,80 x 1,00 x 0,90 x 1,00 = 0,72.

Installation lifetime: 100 000 h;
Burning hours per year: 4 000 h;
Repair strategy: Spot replacement;
Luminaire cleaning interval: 3 years;

Pollution category: Low.

Luminaire type: Flood lighting LED luminaire with integrated driver;
Median useful life Lgo: 100 000 h (no CLO);

IP Class: IP66;

Driver failure rate: 0,5 % per 5 000 h.

Luminous flux factor: Installation lifetime is equal to the given median useful life at Lgg. 4
the luminous flux factor f.r =0,80;

Survival factor: Projectyemploys a spot replacement strategy. As such, the mentioned failurg
not relevant, the sutvival factor fs = 1,00;

Luminaire mainténance factor: Based on Table C.5, an IP6X luminaire, with pollution c
"low", with &3 years cleaning interval results in a luminaire maintenance factor fi,m = 0,90;

Surface “itaintenance factor: Only relevant for indoor installations and outdoor tunn
underpasses. Not applicable for this situation, fsm = 1,00.

\S such,

b rate is

htegory

bls and

A.2 Example 2: Urban street project 100 000 h, with CLO, using spot replacement

Project information:

Installation lifetime: 100 000 h;
Burning hours per year: 4 000 h;
Repair strategy: Spot replacement;
Luminaire cleaning interval: 3 years;

Pollution category: Low.

© ISO/CIE 2019 - All rights reserved
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Luminaire information:

— Luminaire type: LED luminaire with integrated CLO driver;

— Luminous flux: 6 000 Im non-CLO/4 800 Im CLO;

— Me

dian useful life Lgo: 100 000 h using CLO based on Lgp;

— Luminaire flux given as both non-CLO luminous flux (case A) and CLO luminous flux (case B);

— [P
— Dri

Determ

1. Luminous flux factor: Installation lifetime is equal to the given median useful Jifetime at Lgg

Ho

lunpinaire is specified, there are two options:

a)

b)

2. Sur
rel

3. Lujninaire maintenance factor: Based on Table«L.5, an IP6X luminaire, with pollution category

"lo

4. Sul

undlerpasses. Not applicable for this situation, fsym = 1,00.

Case A
Case B

Both c4
when a

|Luminaire/pliotometry is not corrected for CLO: 60001m x 0,72=43201m

:|Luminaire/photometry is corrected for CLO: 48001m x 0,90 =4 320 Im

Cass1P66;
ver failure rate: 0,5 % per 5 000 h.

ination:

vever, as this is a CLO luminaire, this warrants further investigation. Depending on how the

Luminous flux is specified as if no CLO is used. This means that the luminous flux depreciation
needs to be taken into account in the maintenance factor. As suchyThe installation lifetime is
similar to the given median useful life at Lgg. As such, the luminous;flux factor fir = 0,80.

Flux is specified with the CLO correction already applied. As such, depreciation is already
accounted for in the luminaire and is not taken into_,account in the maintenance factor
Luminous flux factor fi,r = 1,00.

vival factor: Project employs a spot replacement strategy. As such driver failure rate is nof
pvant, survival factor fs = 1,00.

v", with a 3 years cleaning interval results;if‘a luminaire maintenance factor f;,m = 0,90.

face maintenance factor: Only relevant for indoor installations and outdoor tunnels and

maintenance factor fi, = 0,80 x 1500 x 0,90 x 1,00 = 0,72.
maintenance factor fi; = 1,60:% 1,00 x 0,90 x 1,00 = 0,90.

se A and case B should result in the same light level. To illustrate this, the effect can be observed
pplying the maintenance factor as if it were a correction on the luminous flux.

be Kept in mind, that in the case of CLO luminaires, the power will increase over time to ensure
stays constant. This is not a part of the maintenance factor determination, but does warrant

A.3 Example 3: Office project 25 000 h, using spot replacement

Project

— Ins

information:

tallation lifetime: 25 000 h;

— Repair strategy: Spot replacement;

— Luminaire cleaning interval: 3 years;

14
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Surface cleaning/painting interval: 5 years;

Surface reflections: 0,70/0,50/0,20 (ceiling/wall/floor).

Luminaire information:

— Mo FrHifetogras

Determination:

Maintenance factor fi, = 0,90 x 1,00 x 0,79 x©,94 = 0,67.

A.4 Example 4: Warehouse project, 10 years, using group replacement

Project information:

uminaire information:

Luminaire type: LED recessed luminaire with integrated driver, closed design;

Distribution type: Direct;

.
iT;

<P

Y

P

Median useful life Lgg: 50 000 h;

Driver failure rate: 1 % per 5 000 h.

Luminous flux factor: Installation lifetime is similar to the given useful lifetime at Lgg. As s{
luminous flux factor fir = 0,90.

Survival factor: Project employs a spot replacement strategy. As‘such driver failure rat
relevant, survival factor fs = 1,00.

Luminaire maintenance factor: Based on Table C.1, C.2 andC.3, offices fall in pollution c
"clean”, and a luminaire with an enclosed design in luminaire category D with a 3 years ¢
interval which results in a luminaire maintenance faetor fi,v = 0,79 (Table C.4).

Surface maintenance factor: As this example uses.adirect flux distribution, refer to Table D.]
on the given reflectance values (0,70/0,50/0,20),"and surface refurbishment interval (5 ye3
clean environment, surface maintenance factor fsm = 0,94.

Installation lifetime: 10%years;

Burning hours per year: 4 000 h;

Repair strategy=Group replacement;
Cleaning-interval: 3 years;

Surfdce cleaning/painting interval: 5 years;

Surface reflections: 0,50/0,30/0,20 (ceiling/wall/floor).

ich, the

b iS not

htegory
leaning

. Based
rs) ina

Luminaire type: LED highbay luminaire with integrated driver, IP65;
Distribution type: Direct;

Median useful life Lgg: 50 000 h;

Light source failure: abrupt failure value AFV =1 % at 50 000 h;

Driver failure rate: 1 % per 5 000 h.

© ISO/CIE 2019 - All rights reserved
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Determination:

1.

Maintehance factor fi, = 0,84 x 0,92 x 0,84 x 0,95 = 0,62.

16

Luminous flux factor: Installation lifetime is 10 years with 4 000 burning hours per year. This
results in a total of 40 000 burning hours for the full project. As the provide specifications only
provide the depreciation for 50 000 h, the depreciation after 40 000 h can be estimated based on
Table B.2. Using the reference specification of Lgg = 50 000 h, the estimated luminous flux factor
fLr=0,84.

Survival factor As the project uses group replacement the 1nd1v1dual components need to be
to 0,8 % for 40 000 h (fallure probablhty pf =0 8/100 = 0 008) over the 1nsta11at10n hfetlme
whiich corresponds to a survival probability ps of 0,992 (ps = 1,0 - 0,008). The driver has a failure
rate of 1 % per 5 000 h which corresponds to a total of 8 % for 40 000 h (failure probability
pr ¥ 8/100 = 0,08). This corresponds to a survival probability ps of 0,92 (ps = 1,00 - 0,08) ever thd
insfallation lifetime. As the driver has the lowest survival probability, survival factogfs.= 0,92.

Luminaire maintenance factor: Based on Tables C.1, C.2 and C.3, warehouses:fall in pollution
category "normal”, and a luminaire with an IP over 5X in luminaire categoryE. With a 3 years
cleaning interval this results in a luminaire maintenance factor f;,v = 0,84 (Table C.4).

Surfface maintenance factor: As this example uses a direct flux distribution, we need to look af
Talple D.1. Based on the given reflectance values (0,50/0,30/0,20);7and surface refurbishment
interval (5 years) in a normal environment, surface maintenance factor fsm = 0,95.
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Luminous flux factor fir tables (Typical examples)

[0 be used with 6.2.T for approximation of the luminous flux factor at intermediate time poihts. For
hccurate information always consult the manufacturer.
Table B.1 — Typical examples of luminous flux factor fir per 5 000 burning hours — Values
based on IES TM-21-11 calculation method
Part 1: from 0 hto 30 000 h
Median useful life L,2 Luminous flux factor fir
hours b'¢ 0 5000 10000 15000 20000 25000 30 000
70 1,00 0,95 0,90 0,86 0,82 0,78 0,74
75 1,00 0,96 0,92 0,88 0,85 0,81 0,78
35000 80 1,00 0,97 0,94 091 0,88 0,85 0,83
85 1,00 0,98 0,95 0,93 0,91 0,89 0,87
90 1,00 0,99 0,97 0,96 0,94 0,93 0,91
70 1,00 0,96 0,93 0,90 0,87 0,84 0,81
75 1,00 0,97 0,94 0,92 0,89 0,87 0,84
50 000 80 1,00 0,98 0,96 0,94 091 0,89 0,87
85 1,00 0,98 097 0,95 0,94 0,92 0,91
90 1,00 0,99 0,98 0,97 0,96 0,95 0,94
70 1,00 0,97 0,95 0,93 0,90 0,88 0,86
75 1,00 0,98 0,96 0,94 0,92 0,90 0,88
70000 80 1,00 0,98 0,97 0,95 0,94 0,92 091
85 100 0,99 0,98 097 0,95 0,94 0,93
90 1,00 0,99 0,99 0,98 0,97 0,96 0,96
70 1,00 0,98 0,96 0,95 0,93 0,91 0,90
75 1,00 0,99 0,97 0,96 0,94 0,93 0,92
100 000 80 1,00 0,99 0,98 097 0,96 0,95 0,94
85 1,00 0,99 0,98 0,98 0,97 0,96 0,95
90 1,00 0,99 0,99 0,98 0,98 0,97 0,97
a  Notethat By is not taken into account for maintenance factor determination purposes.
© ISO/CIE 2019 - All rights reserved 17
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Table B.2 — Typical examples of luminous flux factor fir per 5 000 burning hours — Values
based on IES TM-21-11 calculation method

Part 2: from 35 000 h to 65 000 h

Median useful life L,2

Luminous flux factor fir

hours b ¢ 35000 40000 45000 50000 55000 60000 65000
70 0,70
75 0,75
35006 86 6,80
85 0,85
90 0,90
70 0,78 0,75 0,73 0,70
75 0,82 0,79 0,77 0,75
50000 80 0,86 0,84 0,82 0,80
85 0,89 0,88 0,86 0,85
90 0,93 0,92 091 0,90
70 0,84 0,82 0,80 0,78 0,76 0,74 0,72
75 0,87 0,85 0,83 0,81 0,80 0,78 0,77
70 000 80 0,89 0,88 0,87 0,85 0,84 0,83 0,81
85 0,92 091 0,90 0,89 0,88 0,87 0,86
90 0,95 0,94 0,93 0,93 0,92 091 091
70 0,88 0,87 0,85 0,84 0,82 0,81 0,79
75 0,90 0,89 0,88 0,87 0,85 0,84 0,83
100 o0 80 0,92 091 0,90 0,89 0,88 0,87 0,86
85 0,94 0,94 093 0,92 091 091 0,90
90 0,96 0,96 0,95 0,95 0,94 0,94 0,93

a  Notp that By is not taken into account for maintenance factor determination purposes.

Table B.3 — Typical examples of luniinous flux factor fir per 5 000 burning hours — Values

based on IES TM-21-11 calculation method Part 3: from 70 000 h to 100 000 h

Medifan useful life Ly Luminous flux factor fi r

houts X 70000 75000 80000 85000 90 000 95000 100 000
70 0,70
75 0,75

70 000 80 0,80
85 0,85
90 0,90
70 0,78 0,77 0,75 0,74 0,73 0,71 0,70
75 0,82 0,81 0,79 0,78 0,77 0,76 0,75

100 000 80 0,86 0,85 0,84 0,83 0,82 0,81 0,80
85 0,89 0,89 0,88 0,87 0,86 0,86 0,85
90 0,93 0,92 0,92 091 091 0,90 0,90

a  Note that By is not taken into account for maintenance factor determination purposes.
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Annex C
(informative)

Luminaire maintenance factor fiy determination examples

C.1 Indoor luminaires

Table C.1 — Recommended inspection intervals of lighting systems in differéent working
environments (from CIE 097:2005, Table 2.1)

Inspection interval Environment Activity or task area
Very Clean (VC) C!ean rooms, semiconductor plants, hos-
3 years pital clinical areas? computer centres
Clean (C) Offices, schoolsyrhospital wards

Shops, labgratories, restaurants, ware-

Z years Normal (N) houses,@ssembly areas, workshops

Steelwerks, chemical works, foundries,

1year Dirty (D) welding, polishing, woodwork

a  Forreason of hygiene control, more frequent inspectieh may be required.
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Table C.2 — Approximate cleaning intervals (marked X) for luminaires used in various
environments (VC, C, N or D, see Table C.1) (from CIE 097:2005, Table 2.2, modified — symbols

adjusted)
Cleaning intervals
Luminaire type 3 years 2 years 1year
vcC N vCcC N D vCcC N D

A, Bare batten

X X X
B, Oper] top housing (nat-
ural ventilated) V O <> O -4 X X X
C, Closqd top housing
(unventilated) X (X) X
D, Encl¢sed IP2X

X (X9 X
E, Dust[proof IP5X

X X X
F, Enclgsed indirect +
(upligh) U l X X) | X
G, Air hpndling, — = _
forced Ventilated =~ X X X

20
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Table C.3 — Examples of luminaire types (CIE 097:2005, Table 2.3)

Type

Luminaire types in Table C.2

Luminaire descriptions

Bare batten

Bare lamp luminaires

Open top housing

Direct-indirect luminaires without cover

Direct-indirect luminaires with indirect reflector
and closed optical device

B |(natural ventilated and . o . .
so called "self cleaning” types) Wall washing luminaires (vertical opening)
Wall mounted luminaires open top and base
Downlights with open top
) Recessed and surface mounted luminaires (e’g.
C Closed top housing with louvers)
(unventilated)
Downlights, spotlights
D |Enclosed IP2X General_purpose luminaires withclosed covers
and optics
E  |Dustproof IP5X Du_st proof IP5X (protected, elean room lumi-
naires)
. C s . Free standing, pendeiit, wall mounted uplighters
F|Indirectlighting and uplight with closed base; cove lights
G |Air handling and forced ventilated Air handling/body and optic used with air-condi-

tioning orentilation systems

© ISO/CIE 2019 - All rights reserved
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