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Foreword

[SO (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 electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types

of ISO document should be noted. This document was drafted in accordance with the editorial rulé
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Introduction

Good lighting will create a visual environment that enables people to see, to move about safely and to
perform visual tasks efficiently, accurately, and safely without causing undue visual fatigue and discomfort.
The illumination can be provided by daylight, electric light sources, or a combination of both.

Good lighting requires equal attention to the quantity and quality of the lighting. While the provision of
sufficient illuminance on the task is necessary, in many instances the visibility depends on the way in which
the light is delivered, the colour characteristics of the light source and surfaces together with the level of
glare from the system. In this document, opportunity was taken to specify for various work places and task
types, not just the illuminance, but also the limiting of discomfort glare and minimum colour rendering
index of the source. Parameters to create comfortable visual conditions are proposed in the bedy of this
documgdnt. The recommended values are considered to represent a reasonable balance, having regand to the
requirements for safe, healthy, and efficient work performance. The values can be achievedwith gractical
energy efficient solutions.

There afe also visual ergonomic parameters such as perceptual ability and the characteristics and atfributes
of the thsk, which determine the quality of the operator’s visual skills, and hencé(performance lgvels. In
some cdses, enhancement of these influencing factors can improve performanceéwyithout the need fto raise
illumingnce. This can be achieved, for example by improving the contrast of\the task attributes, emplarging
the taslf by the use of up to date visual aids (e.g. glasses) and by the proyvision of special lighting $ystems
with lodal directional lighting capability.

Adequafe and appropriate lighting enables people to perform yisual tasks efficiently and acgurately
includinjg tasks performed over a prolonged time period or of a fepetitive nature. The degree of Visibility
and conpfort required in a wide range of work places is governediy the type and duration of the activity. The
lightingalso affects circadian rhythms and mood as well as improving performance and well-being.

The finpl designed, installed and operated lighting system should provide efficient and effectiye good
quality [lighting for the user needs tailored to their visual capacity, e.g. visual capacity of elderly pisers in
work plhces.

It is imgortant that all clauses of this documentare followed although the target values for lighting|criteria
and spelcific requirements, depending of each.type of task/activity, are tabulated in the schedule of[lighting
requirements (see Clause 7).

This dofument reflects the generally.recognized best practice at the time of publication.

© ISO/CIE 2025 - All rights reserved
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)pe

rument specifies lighting requirements for humans in indoor work places, which meetthe n
bmfort, performance and safety of people having normal, or corrected to normalyisual capa
e to light.

ed areas in terms of quantity and quality of illumination. The illumination can be prov
, electric light sources, or a combination of both.

fument gives recommendations for good lighting to fulfil the needs-of integrative lighting.

cument neither provides specific solutions nor recommefidations for atmosphere or ae
by lighting. It does not restrict the designers' freedom fsem exploring new techniques nor
pof innovative equipment.

fument is not applicable for emergency lighting. For, emergency lighting, see ISO 30061.

rmative references

bwing documents are referred to in the.text in such a way that some or all of their content con
ments of this document. For dated references, only the edition cited applies. For undated ref
5t edition of the referenced document (including any amendments) applies.

4-1, Graphical symbols — Safety colours and safety signs — Part 1: Design principles for safety s
arkings

0, Dentistry — Operating-lights

TS 22012, Light and-lighting — Maintenance factor determination — Way of working

7, ILV: International Lighting Vocabulary

6, CIE System for Metrology of Optical Radiation for ipRGC-Influenced Responses to Light
ighting for sports halls

beds for
city and

cument specifies requirements for lighting solutions for typical indogr work places anpd their

ided by

sthetics
restrict

stitutes
brences,

fgns and

CIE 62,
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IEC 60601-2-41, Medical electrical equipment - Part 2-41: Particular requirements for the basic safety and

essentia

[ performance of surgical luminaires and luminaires for diagnosis

3 Terms and definitions

For the purposes of this document, the terms and definitions given in CIE S 017 and the following apply.

ISO and
— ISO

IEC maintain terminology databases for use in standardization at the following addresses:

Online browsing platform: available at https://www.iso.org/obp

© ISO/CIE 2025 - All rights reserved
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— IEC Electropedia: available at https://www.electropedia.org/

CIE maintains a terminology database for use in standardization at the following address:

ISO/CIE 8995-1:2025(en)

— e-ILV: available at https://cie.co.at/e-ilv

3.1

activity area
partial area in the work place in which more than one visual task is carried out

Note 1 to entry: Visual tasks can be different in type and/or position.

Note 2 t

entrv: A room can contain one ormore activitv areas
4 A

Note 3 t

Note 4 t
larger af

3.2
immed
zone of

3.3
backgr

3.4
work p

ea.

ace

entry: The spatial orientation needs to be specified by the designer.

b entry: An activity area is not to be considered as aggregation of a number of distinct task"areas

ate surrounding area
bt least 0,5 m width surrounding the task area within the field of vision

pund area
horizonjal area at floor level adjacent to the immediate surrounding grea(3.2) within the limits of sp

designafted area in which work activities are carried out

4 Symbols and abbreviations

m,wall

m,ceilin

angle

maintained average illuminanee on walls!)
maintained average illumihance on ceiling?)
illuminance uniformity

maintained averfage illuminance®)

shielding afiglé

elevatiefi angle

vertical photometric angle

Daylight Glare Probability

luminance

across a

pce

CIE Unified Glare Rating (UGR)
Ry limit value
average cylindrical illuminance?)

maintained average cylindrical illuminancel)

1) According to CIE S 017, E, is the value below which the average illuminance on a specified area shall not fall.

2) Approximated by the average of the four main directions

© ISO/CIE 2025 - All rights reserved
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correlated colour temperature

general colour rendering index

special colour rendering index

temporal light modulation

[EC short-term light modulation/ temporal light modulation indicator

Stroboscopic Visibility Measure

Lm,wall

Lm,ceiling
Pwall

pceiling
5 Lig

51 G

For goo
and qug

Lighting

— visfial performance, in which the workers are able to perform their visual tasks, even under

cird

— vistial comfort, in which the-werkers experience physical and mental comfort; evidence shows {

stat
— safq

The pri
lighting

—  lum

display screen equipment
maintenance factor

initial illuminance

maintained average luminance of the walls

maintained average luminance of the ceiling

luminous reflectance of the wall

luminous reflectance of the ceiling

hting design criteria

eneral

d lighting practice, it is essential that, alongzwith the required illuminances, additional qu
ntitative needs are satisfied.

b requirements are determined by thé-satisfaction of three basic human needs:
umstances and during longer periods;

e contributes to impreyved work motivation, work quality, and reduced absenteeism;

ty.

hcipal parameters that describe the luminous environment with respect to daylighting and
are:

inanee'distribution;

hlitative

difficult

hat this

electric

— illu

hinance and illuminance uniformity;

— glare;

— directionality of light;

— lighting in the interior space;

— colour rendering and colour appearance of the light;

— temporal light modulation.

© ISO/CIE 2025 - All rights reserved
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These criteria are further detailed in Clause 5 and Clause 6, requirements and recommendations are given
in Clause 7.

NOTE In addition to the lighting, there are other visual ergonomic parameters which influence visual performance,
such as:

— the intrinsic task properties (size, shape, position, colour and reflectance properties of detail and background);

— normal visual capacity and response to light of the person (visual acuity, depth perception, colour perception) (see
CIE 227);

— for the visually impaired, for example those who are sensitive to glare or have visual field defects, adaptation and
decreased contrast and colour vision where dimming, protection against glare and colour rendering are especially
impjortant factors to consider, see CIE 227.

5.2 Luminance distribution

5.2.1 |General

The lunjinance distribution is a crucial factor to determine a proper luminous environment. It affejcts task
visibilitly and shall be properly controlled.

An apprjopriate adaptation luminance is needed to optimize:
— Visr]utal acuity (sharpness of vision);
— co

rast sensitivity (discrimination of small relative luminang¢e differences);

— effifiency of the ocular functions (such as accommodation, convergence, pupillary contractjon, eye
moyements, etc.).

The luminance distribution in the visual field also affects visual comfort. The following shall be avadided for
the reagons given:

— excpssive luminances and luminance contrasts which can cause discomfort glare and reduded task
visibility;
— excpssive luminance variation which ¢an cause fatigue because of constant re-adaptation of theleyes.

Attentign shall also be given to adaptation in moving from zone to zone within a building.

To create a well-balanced luminance distribution, the luminance values of all surfaces shall be taken into
considefation. They are determined by the reflectance and the illuminance on the surfaces. To avoif gloom
and to rpise adaptation levels and comfort of people in buildings, it is highly desirable to have bright|interior
surfaces. Room brightness is considered by specifying average illuminance values on walls and ceiling (see
Clause 7) and by recommending typical reflectance values (5.2.3).

The lighting designer shall consider and select the appropriate illuminance/luminance values for thefinterior
surface$ basedon the guidance in 5.2.2, 5.2.3 and 5.2.4.

NOTE TFo simplify calculation procedures, this document does not consider the spectral reflectance vglues but
only the averagereftectancesof thesurfaces themsetvesamd tonsiders these perfectty tambertiamrsurfaces,; except for
the cases that deal with the surfaces with non-isotropic diffuse reflections.

5.2.2 Average luminance of surfaces

When isotropic diffuse reflection can be assumed, the luminance of a certain point on the surface is
proportional to the product of the illuminance on that point multiplied by the reflectance of the surface. That
means that the reflectance of and the illuminance on the surfaces is a simplified substitution of luminance
requirement.

NOTE1 When the surfaces do not have isotropic diffuse reflection, the same luminous environment is not
necessarily assured from the different points of view even if it meets the illuminance requirements.

© ISO/CIE 2025 - All rights reserved
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When calculating the luminance distribution by using lighting simulation programs, the lighting designer
shall consider and select the appropriate minimum requirements of the average luminance of the interior
surfaces based as below.

a) Wh

en isotropic diffuse reflection can be assumed.

— The lighting designer can set view positions for calculating luminance distribution anywhere.

b) Wh

en isotropic diffuse reflection cannot be assumed.

— The lighting designer shall choose several representative view positions in the space depending
on the tasks and/or activities being performed and calculate the average luminance values of walls

an
Tum

The ave
being p
average
the recq
purposs

The ave

The ave]

m,
where

E

m,

Pcei

NOTE 2
consider]

Lciliug fromrthese positioms—tTs desirabletoeetthe o TeUITEITeItS forthe
inance of walls and ceiling from all these positions.

rage luminance of walls and ceiling from all these positions depending on the tasks and/or a
erformed in the space shall meet the minimum requirements. The minimum requirements

mmended value of the reflectance in the wavelength between 380 nm to 789 nm for the cal
(see 5.2.3).

rage maintained luminance on the walls is calculated using Formula_{1\):

_ E mwall “Pa
wall Py

all is the average maintained illuminance on the'walls given in Table 9 to Table 62;

0 is the reflectance of the walls (see 5.2.3 for recommended reflectances in the way
between 380 nm to 780 nm for the galculation purpose).

rage maintained luminance of the ceilings is calculated using Formula (2):
m,ceiling ) pceiling

Ceiling T

Leiling 1S the averadge maintained illuminance on the ceilings given in Table 9 to Table 62;

ing is the feflectance of the ceilings (see 5.2.3 for recommended reflectances in the way
betwéen 380 nm to 780 nm for the calculation purpose)

The «choice of view positions is at the discretion of the lighting designer, therefore, this metho
ed as‘@n-auxiliary one in the lighting design process.

average

Ctivities
for the

luminance can be calculated from the recommended minimum illuminance (Clause 7) multiplied by

fulation

e8]

elength

(2)

elength

 can be

5.2.3

B0 P <
REIICCUAIICE O1 SUridces

For choice of materials and coatings, recommended diffuse reflectances in the wavelength between 380 nm
to 780 nm for the calculation purpose are:

— ceiling: 0,7 to 0,9;

— wal

Is: 0,5 to 0,8;

— floor: 0,2 to 0,6.

© ISO/CIE 2025 - All rights reserved
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The diffuse reflectance in the wavelength between 380 nm to 780 nm of major objects (such as furniture
and machinery) are normally in the range of 0,2 to 0,7.

NOTE

5.2.4

Clear interior glass has a typical reflectance of 0,1.

IIluminance on surfaces

[lluminances on walls and ceiling together with surface reflectances (see 5.2.3) contribute to luminances

and are

indicators for perceived room brightness.

Clause 7 provides minimum requirements for the maintained illuminance on walls (Em’wa“) and ceiling

(

m,ceili

g] depending on the tasks and/or activities being performed in the space.

NOTE

53 1l

5.3.1

Areas t
walls, ¢

Additional guidance can be found in Clause 6.
Juminance

General

b be lit are task areas and activity areas, the immediate surrounding-aréa and backgroul
piling, and objects in the space.

The illuminance and its distribution on the task area and on its immediate surrounding area have

impact

All valy
comfort
respong

Designi
to be ta
be done
when r
uniform

5.3.2

A facton

bn how quickly, safely, and comfortably a person perceives and carries out the visual task.

es of illuminances given in this document are maintajded illuminances specified to fulf
and performance needs of people having normal er*“corrected to normal visual capag
e to light.

hg for higher or lower illuminances in combination with controls allows the lighting inst
ilored to the specific context (i.e., differences in activities or personal characteristics). '
using the context modifiers (see Table 1 afid Table 2). Higher or lower illuminances shall

ities, the grid specification in 5.5 shallbe used.

Scale of illuminance

In nornpal lighting conditions, approximately 20 Ix of horizontal illuminance is required to just

feature
steps of]

20-30
5.3.3

The ma
shall tal

of the human face and-is the lowest value taken for the scale of illuminances. The recom
illuminance (in 1x),are’/given considering a perceptual difference.

50-75-100 150 - 200 - 300 - 500 -750-1000-1500-2000-3000-5000-7500-10¢

Illuminances on the task area or activity area

ntaified illuminance value shall at least meet the requirement as given in Clause 7 (Em,requi
ke-into account the following factors:

\d area,

a great

1 visual
ity and

allation
his can
be used

tlevant, e.g., only parts of the day. For calculation and measurement of illuminance averajges and

of approximately 1,5 represents the smallest significant difference in subjective effect of illunpinance.

discern
mended

00

..q) and

— Psy

cho-physiological aspects, such as visual comfort and well-being;

— requirements for visual tasks;

— visual ergonomics;

— visual capabilities of the workers;

— practical experience;

— con

tribution to functional safety;

© ISO/CIE 2025 - All rights reserved
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— economy.

The values given in Clause 7 are maintained illuminances evaluated over the task area or activity area on
the reference surface which can be horizontal, vertical or inclined.

However, itis required to increase the maintained illuminance (by one or two steps in the scale of illuminance
(see 5.3.2)), depending on the context modifiers given in Table 1 if the assumptions differ from the normal
visual conditions. The context modifiers apply when the actual conditions differ from the assumptions that

were m

ade when defining the recommended values.

As an example, an increase of one step is recommended if one or two of the conditions listed in Table 1 apply
and an increase of two steps is recommended if more than two of these conditions apply. For examples, see

Annex (.

A modiffied value which considers common context modifiers is given in Clause 7 (Ey, 1o gified)~k1S mhodified

value shall not be seen as an upper limit. It shall not be applied in the case where general lighting is
which ajn entire space is uniformly lit without giving special consideration to individual yisual tasks|

Table 1 — Context modifiers for increase of required maintained illuminance

used, in

yisual work is critical;

brrors are costly to rectify;

hccuracy, higher productivity or increased concentration is of great importance;

ask details are of unusually small size or low contrast;

he task is undertaken for an unusually long time;

he task area or activity area has a low daylight provision;

he visual capacity of the worker is reduced, e.g., due to age.

NOTE 1

can be still contextualized (see 6.2.4).

NOTE 2

the crysfalline lens. It is reasonable for lighting ‘practitioners to increase the illuminance in task area arn
ind area to compensate for the decreasetin retinal illuminance in the elderly while avoiding intraocilar light
scattering. More information can be found in'CIE 227:2017.

backgro

NOTE 3

NOTE 4

contrasts.

The val

Decreading illuminance/by one step may be considered when conditions from Table 2 apply.

Dimming control may be used to achieve lower levels than E

When only general lighting is applied in a space, additional care is needed to ensure the lighting in§

Retinal illuminance declines with age due*to reduced pupil size and increased spectral absot

Daylight provision is considexed in 6.5.

ies of required E,~gien in 7.3 are minimum values for normal working conditions.

Table’2 — Context modifiers for decrease of required maintained illuminance

task details are of an unusually large size or high contrast;

tallation

ption of
d not in

For visually impaired jpeople special requirements can be necessary with regard to illuminances and

the taskisundertakenforanunusually short time

m,require

accommodate for possible future change in working conditions.

q in Clause 7. Using dimming will

The size and position of the task area or the activity area shall be stated and documented by the lighting
designers in the designing documents, see Figure 1.

For work stations where the size and/or location of the task area or activity area(s) is/are unknown either:

— the

— the

whole area is treated as the task area;

whole area is uniformly (U, = 0,40) lit to an illuminance level specified by the designer.

© ISO/CIE 2025 - All rights reserved
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[f the task area becomes known, the lighting scheme shall be re-designed to provide the required or modified
illuminances.

If the type of the task is not known, then the designer has to make assumptions about the likely tasks and
state task requirements.

If the whole area is lit to a given illuminance value, then it is recommended that the lighting is controlled in
appropriate zones.

When multiple tasks take place in the area, requirements for all of these tasks shall be met. Usually this is
done by designing according to the task with the most onerous requirements.

. 1. 1 + o —
This APPITES dISU O dIT dCLIVITY dIed.

5.3.4 [llluminance on the immediate surrounding area

Large spatial variations in illuminance around the task area or activity area can lead tovisual stijess and
discomflort.

The illuminance on the immediate surrounding area shall be related to the illuminance on the tasklarea or
activity|area and shall provide a well-balanced luminance distribution in thevisual field. The immediate
surrounding area is a band with a width of at least 0,5 m around the task areawithin the visual field.

The illuminance on the immediate surrounding area may be lower thandheilluminance on the task firea but
shall be|not less than the values given in Table 3.

In addi:lion to the illuminance on the task and activity area, thedighting shall provide adequate adgptation
luminarce in accordance with 5.2.

The siz¢ and position of the immediate surrounding area,shall be stated and documented by the [lighting
designefs in the designing documents.

Table|3 — Relationship of illuminances on imniédiate surrounding to the illuminance on the task
areaor activity area

Illuminance on the taskarea or Illuminance on immediate sur-
activity area rounding areas
E, Ix
x
=750 500
500 300
300 200
200 150
<150 equal to task area

5.3.5 [Illuminance on the background area

In indoqr work places, particularly those devoid of daylight, a large area outside the immediate surrpunding
area needs to be illuminated. The background area shall be illuminated with a maintained illuminance of at
least 1/3 of the value of the immediate surrounding area. The background area shall be at least 3 m wide.

The size and position of the background area shall be stated and documented by the lighting designers in
the designing documents.

Figure 1 illustrates the minimum dimension of the background area in relation to task and immediate
surrounding area.

© ISO/CIE 2025 - All rights reserved
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Key

|:| task area or activity area (not true to scale) in a specified size and position (see 5.3.3)

|:| immediate surrounding area (band with a width of at least0,5 m around the task area or acti
within the visual field)

E background area (band with a width of at least 3 m adjacent to the immediate surrounding are3

the limits of the space for smaller rooms) horizontal\on floor level

Figur¢ 1 — Minimum dimensions of immediate surrounding area and background area in re¢
to task area and activity area (figure is not true to scale)

5.3.6 [[lluminance uniformity

ity area

or up to

lation

In the fask area or activity area, the #luminance uniformity (U,) shall be not less than the mjinimum

unifornjity values given in the tablestin 7.3.

Unifornpity in the immediate sufrptunding area shall be U, > 0,40.
On the hackground area, the.walls and the ceiling the uniformity shall be U, > 0,10.

These uniformities shallenly be applied to the area illuminated either only by electric light sources ¢
combingtion of daylight'and electric light sources.

[llumingnce unifermities when daylight is available can be assured by adaptive lighting. Additional
of daylight cap-compensate for the lack of uniformity. More information can be found in 6.5.

r by the

benefits

&1 3

54 M RAELC 3afl pa | o lial AMeal PN H 1 £ 1D 1z =l
. IpnGCniaencedat COPVUIISTS WU IIglIIt MITIdIIUPIU LHYUIvAITIIL Udy gt IITUIIIiancc

Lightinfluences human health and well-being through its effects on the circadian system (which regul

ates, for

instance, sleep-wake behaviour) as well as by influencing perception and neuroendocrine, neurobehavioral
and cognitive functions. These effects can be strongly mediated by the intrinsically photosensitive retinal
ganglion cells (ipRGCs) and therefore the CIE has defined these as ipRGC-influenced responses to light (IIL
responses) [CIE S 026]. Appropriate stimulation of the ipRGCs is one of the aims of high-quality integrative
lighting. B.5.2 highlights several areas for which the evidence related to the effects of integrative lighting is

well established.

When setting targets for IIL effects (see ISO/CIE TR 21783 for more information and Annex B for practical
recommendations), all light and lighting quantities related to IIL effects shall be calculated in accordance
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with CIE S 026 and employ the CIE standard illuminant D, (daylight illuminant of ~6 500 K) as a reference
to compare to. In the context of this document the following quantities shall be used.

— The stimulation of the ipRGCs shall be quantified using the melanopic Equivalent Daylight [lluminance
(melanopic EDI or mel ED], see CIE S 026).

— The melanopic efficacy of the luminous radiation from a light source or lighting installation, shall be
quantified using the melanopic Daylight Efficacy Ratio (melanopic DER or mel DER, see CIE S 026).

For a comprehensive evaluation of the effects of light on the circadian system, details shall be provided on,
for instance, the light exposure’s timing, duration, and observing field (for a typical user).

NOTE 1 Athngll SUIIIC WI il.t:l S UST Lllt‘ dbbl CVidLiUIlb IVI'EL“II Ul M-DER LO1 t'ft‘l Lo lllcldllUPiL EDI Ul IllCldllL plC DER,
this is inpdvisable in view of potential confusion with the M-cone related quantities of CIE S 026.

In ordef to calculate the melanopic EDI resulting from a light source, the photopic illuminance-as pfoduced
by the ljght source on the eye of the occupant (see next paragraph) shall be multiplied with the m¢lanopic
DER of the light source, see C.1 for an example.

Alternagively, the melanopic EDI is to be obtained as an output of a calculation in which the luminous flux of
the light source/luminaire is corrected to reflect the melanopic DER of the light.soutce/luminaire.

The melanopic EDI can also be calculated according to CIE S 026 when starting from a direct measyirement
of the spectral irradiance as produced by the light source/luminaire on theleye.

NOTE 2| The surface reflectances can influence the conditions that users experience and the resulting illunjinances,
including melanopic EDI. The actual melanopic EDI can be calculated fronr measured spectral irradiances af the eye
location jof the occupant.

The melanopic EDI at the eye location of the occupant shall be’determined from the calculated or mpasured
illumingnce (or spectral irradiance) on the eye. The illudinance (or spectral irradiance) on the eye shall
be detefmined as follows, by calculations during design or by measurements after commissionjng (see
Annex I)):

— Where the occupant position is known: vertical illuminance at eye height shall be determined|at each
occlhipant position with the direction of the detector based on the dominant view direction/dfirection
of gaze. Eye height differs per application, and shall be defined assuming the eye height of g typical
occpipant in the target area (e.g. 1,2(myfor sitting occupants or 1,6 m for standing occupants). Eafrh point
sha]l meet the minimum specified. target value or should meet an average cylindrical illumigance in

combination with a uniformityitarget (E. ;,/E.) defined over all work locations.

— In dases where the occupant-position is unknown or variable: cylindrical illuminance at eye height shall
be letermined in the full-space, applying the illuminance grid as defined in 5.5. Eye height differs per
appllication, and shall'bé defined assuming the eye height of a typical occupant in the target afea (e.g.
1,2|m for sitting eCoupants or 1,6 m for standing occupants). Both shall be determined if the eye height
is unknown or, variable. Following the principles outlined in 5.3.5, a band near the wall may be gxcluded
unless occupants are expected to be in this zone for a significant amount of time (i.e. > 2 h a dpy). The
target candbe'set either as a minimum value to reach for all calculation points, or as an average cyliindrical
illuminance in combination with a uniformity target (E ,;,/E,)-

— Tar S 2 edu ghting keeping
in mlnd the Varlable nature of dayllght In addltlon in case dayllght dependent control of the lighting
installation is employed, the control should take into account both cylindrical and task illuminance
targets.

5.5 Illuminance grid

Grid systems shall be created to indicate the points at which the illuminance and melanopic EDI values are
calculated and verified for the requirements regarding the task area(s) and activity area(s), immediate
surrounding area(s), background area(s), ceiling, walls and cylindrical illuminance.

© ISO/CIE 2025 - All rights reserved
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Grid cells approximating a square are preferred. If the cell is rectangular, then the ratio of the short dimension
to the long dimension of a grid cell shall be kept between 0,5 and 1. The maximum grid size shall be:

p=0,2><51°g10(d) (3)
where
d is the longer dimension of the calculation area (m), however if the ratio of the longer to the

shorter side is 2 or more then d becomes the shorter dimension of the area;

p is the maximum grid cell size (m).

p <[10 m
The nurhber of points in the relevant dimension is given by the nearest whole number of d/p.

The resjilting spacing between the grid points is used to calculate the nearest whole diimber of grifl points
in the other dimension. This will give a ratio of length to width of a grid cell close tod.

NOTE1| Formula (3) (coming from CIE x005) has been derived under the assumption that p is proporfional to
log(d), where:

p=P2mford=1m;
p=[1mford=10m;
p=pmford=100m.

NOTE 2| For daylight, the factor 0,2 in Formula (3) is replaced by0,5.

The illuminance values are calculated and measured atthe centre point of grid rectangles. A typicql grid is
shown in Figure 2.

OQ‘
b\
O
:; _¢_~\.’_¢_ Q
N\
Sl Rl | | %
Q o[\])_ _(j)_
1/ xNal x alx

Key

a dimension of the longer side of the calculation area/verification area (typically d in Formula 3)
b  dimension of the shorter side of the calculation area/verification area

x  number of points along the longer side

y  number of points along the shorter side

Figure 2 — Typical grid

To avoid high impact on uniformity from calculation points near the wall, a band next to the wall can be
excluded from the calculation except when the task area is in or extends into this border area. The width of
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this band is specified as 15 % of the smallest dimension of the area under consideration or 0,5 m, whichever
of the two is smaller.

The grid cell size as function of calculation/measurement area dimension is shown in Figure 3.
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Key

d longer dimension of the calculation area (m), howeverifithe ratio of the longer to the shorter side is 2 or njore then
d bgcomes the shorter dimension of the area

p  mayimum grid cell size (m)
n  number of points in relevant dimension

Figure 3 — Grid cell size as.function of calculation/measurement area dimension
Calculation points/grids for wdlls from the floor upwards to the ceiling, and ceiling should follow the same

procedyre as described above.

The grigl point spacing $hould be chosen such that it does not coincide with the luminaire spacing.|Several

grid mets shall be pyovided at even intervals between the fixtures, at least including the centre point in the
luminaife spacing:

5.6 Glare

5.6.1 ‘Gemerat

Glare is a condition of vision in which there is discomfort or a reduction in the ability to see details of objects,
caused by an unsuitable distribution or range of luminance, or by extreme luminance contrasts.

It can be caused by bright areas within the visual field, such as lit surfaces, bright parts of the luminaires,
daylight openings (e.g. windows and/or roof lights)(see 6.5). Glare shall be limited to avoid errors, fatigue
and accidents. Glare can be experienced either as discomfort glare or as disability glare. However, disability
glare is less of a critical issue indoor than it is outdoor.

Glare caused by reflections in specular surfaces is usually known as veiling reflections or reflected glare.
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This document employs the following two methods to limit and to predict glare:

a) By preventing direct view of high-luminance elements through shielding the view of the light source, or
by limiting the luminance of luminous surfaces.

b) For electric light, by predicting possible discomfort using the CIE Unified Glare Rating.
NOTE Special care is needed to avoid glare when the direction of view is significantly above the horizontal

viewing direction, e.g. cases where a regular aspect of the work is looking high up/into the luminaires such as the
storage racks, etc.

5.6.2 Limiting luminaire luminance

Bright dources of light can cause glare and can impair the visibility of objects. View of bright sourcey of light
by the ¢ccupants in a room shall be avoided, for example by suitable shielding of light sourees or puitable
shading from bright light through daylight openings.

For lumjfinaires where the light source is directly visible, the minimum shielding angles(s€e Figure 4) in the
visual field given in Table 4 shall be applied for the specified light source luminance:

For lumjnaires where a direct view of the light source is obscured via optics, themiaximum average luminaire
luminarce for the values of vertical photometric angle given in Table 5 shall be.applied (see Figure 4).

The valfies given in Table 4 and Table 5 do not apply to luminaires with ‘an“upward component only, which
are moynted above normal eye level, or to luminaires with a downward¢omponent only, which are mounted
below njormal eye level.

Table 4 — Minimum shielding angles at specified light source luminance

Light source luminance Minimum shielding angle
kcd m-2 a
20to <50 15°
50 to < 500 20°
=500 30°

Tgble 5 — Maximum average luminance of a luminous optical element at specified verti¢al
photometric angles
Vertical photometric angle Average luminance limits of a
% luminous optical element
kecd m2
75° <y <90° <20
70° <y < 75° <50
60°<y<70° <500
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~ :

a  shielding angle

Yy ver

icalbnhotomatiric angla
Hear-proteetrt

NOTE
shows a

5.6.3

5.6.3.1

In areadq
or wher

eangle
Left figure shows a cross section of a conventional luminaire with a separate light source~Righ

cross section of a luminous part of the optical element, e.g. a part of a LED luminaire.

Figure 4 — Shielding angle a and vertical photometric angle y

Discomfort glare

Discomfort glare from daylight

the luminance in the field of view seen through daylight gpenings is often very high compa

[ picture

with daylight access, glare from daylight openings can occur,either by direct sunlight entering and/

ed with

the occyipants’ adaptation luminance level at a given time. Discomfort glare from daylight shall be ayoided.
NOTE To assess the occurrence of discomfort glare from daylight openings, EN 14501 and EN 17037| provide
recommegnded levels for glare protection by the daylight glarepfébability (DGP).
5.6.3.2| Discomfort glare from electric light - application of UGR tabular method
To selectt aluminaire suitable for the lighting installation of a given space the rating of discomfort glar¢ caused
directly|from the luminaires shall be determined using the CIE Unified Glare Rating (UGR) tabular mgthod.
NOTE 1| The UGR tabular method is detailed in CIE 117 and in CIE 190.
NOTE 2| The UGR methodology is-ifitended to support the selection of luminaires which are appropriatg for the
given application using an averagevalude. For point-based calculation refer to 5.6.3.3.
This Ryf; (formerly: UGR) yalue determined using the UGR tabular method shall not exceed the Ry limit
value (Rygp) given in Clause-7.
All assymptions made‘eoncerning luminaire, room dimensions, room surface reflectance's and sppcing to
height rptio in the @etermination of the Ry shall be stated in the scheme documentation.
The tabular niethod is based on applying Formula (4) to a set of standard conditions (observer position,
room dimensions and reflection factors).
0,25 L @
Ly, p
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Ryc is the value of the Unified Glare Rating (UGR);

Ly is the background luminance in cd m, calculated as E;, 4 - 1, in which E,, 4 is the vertical indirect
illuminance at the observer's eye;

L is the luminance in cd m2 of the luminous parts of each luminaire in the direction of the observ-
er's eye;

W is the solid angle in steradian of the luminous parts of each luminaire at the observer's eye;

p is the Guth position index for each individual luminaire which relates to its displacemgnt from

the line of sight.

NOTE 3| For more information on discomfort caused by glare from luminaires with a non-uniformisource lupninance,

refer to CIE 232.

NOTE 4 | The limiting values Ry, form a series whose steps indicate noticeable changescin-glare. For ind

or work

places, this series of Ry;¢ is: 16, 19, 22, 25, 28 where a low value means “little likelihood of discomfort glare” apd a high

value mgans “significant possibility of discomfort glare”.

NOTE 5| Foratabular UGR value, in some cases, a variation of Ry, is given based-ondifferent luminaire spag
of UGR within the room can be determined using the comprehensive tables for different observer p
d in CIE 117. A high variation indicates that even small changes in the observer position can result

The boyndary conditions for the determination of the R value by the tabular method include hay

ing. This
ositions,
in larger
L Unified

ing one

type of luminaire only in a rectangular space, a regular luminaire grid, same installation height amd same

orientation (C-plane and y angles). This limits the application of the methodology to some extent |

ut does

not exclude its use. To maximize the applicability of the tabular method, A.2 covers recommended pjractices

when tHe above boundary conditions are not met.

The UGR method is not suitable for evaluating.disability glare.

The UGR tabular method shall also not be applied to following luminaires:
— wall washers;

— totdlly indirect;

— spojts with adjustable difectionality;

— ver)y small or very large luminous surfaces (see A.2.1).

5.6.3.3| Determination by UGR formula

If it is deemed~impossible to use the tabular method (taking into account the recommended prag

tices as

provided irhAnnex A), or it is required to investigate the glare at specific points in detail, Ry, VaT,Jes can

be detefniined by using the UGR Formula (4) from 5.6.3.2 at specific points where the observer’s

iewing

direction is known.

National practice and regulations use the UGR formula in different ways but in general it should be

applied

with caution as direct use of UGR calculations at a point within a room is outside of the scope and applicability

of the method used to produce the limiting criteria.

These values can serve to compare different lighting solutions in a relative manner.

Account should be taken of possible variations in observer position and viewing direction, up to the expected

displacement/rotation of the head of a person.

All assumptions made concerning the calculation shall be stated in the lighting scheme documentati
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Veiling reflections and reflected glare

High luminance reflections in the visual task area can alter task visibility, usually detrimentally. Veiling
reflections and reflected glare shall be avoided or minimised by the following measures:

— arrangement of work stations with respect to luminaires and daylight openings;

— surface finish (matt surfaces);

— luminance restriction of luminaires and daylight openings;

— high reflectance and well-lit ceiling and bright walls.

57 V

5.7.1
The vis

jsual appearance of objects and people within the interior space

General

hal appearance of objects and people in interiors is affected by the followinglighting con

shadowsp, cylindrical illuminance, directional lighting, and modelling. These lighting conditions
adequately controlled.

5.7.2

Direct 1
surface

Shadows

when intercepted by an opaque object. Shadows can be described using two main characteris

gradienf of the edge of the shadow (i.e. are the shadows very harsh'er very soft) and the contrast bety
shadow|and its immediate surroundings (i.e. are the shadowsxery dark or less dark). These charac

depend
forinw

on the lighting installation and the overall indoor conditions. Soft and light shadows shall b
brk areas to create a pleasant and natural environment. Annex B.3.3 provides additional info

on shadpbw characteristics.

5.7.3
Good v

Cylindrical illuminance requirement in the activity space

ght from light sources produces shadows on objects or faces and creates shadows on a bacl

ditions:
chall be

ground
tics: the
reen the
eristics
e aimed
Fmation

in whidh people work or move shall be(illuminated. This is satisfied by providing adequate
cylindrical illuminance, E, in the space.(The required maintained average cylindrical illuminances

be dete
mean Cy

Fmined on a horlzontal plane in the room and space are given in Clause 7. The uniformit

including the task area or actiyity’area and its immediate surrounding area. The height of the ho
calculatfion plane shall be defined assuming the eye height of a typical occupant in the target area (e

for seat

NOTE

bd people and 1,6 mAor standing people above the floor).

As an approXintation for the cylindrical illuminance, the average value of four vertical illun

measurgd on either sidé-of two orthogonal planes can be used.

5.7.4

With di
or onto

Directional lighting of visual tasks areas

rectional lighting, the light is incident predominantly from a particular direction onto the wo

sual communication and recognition of objects within a space require that the volume ¢f space

average
E, 0 to
v of the

lindrical illuminance shalkbe U, > 0,10. The cylindrical illuminance shall be calculated for the space

izontal
g. 1,2 m

hinances

'k plane

. . . C L. . . . . c
amrobjecthighting fronraspecificdirectiomrcanr reveat the three=dimrensiomat texture of s

rface or

the details within a visual task area. Lighting direction shall be adequate to increase the visibility of visual

targets

5.7.5

in the task area and to make the task easier to perform.

Modelling

The general appearance of an interior is enhanced when its structural features, the people and objects
within it are lit so that form and texture are revealed clearly and pleasingly. Modelling describes the
perceived general appearance of objects and people. Both shadow characteristics (see 5.7.2) are decisive
for the appearance of people and objects. The presence of directional lighting also influences the shadow
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characteristics and different modelling effects can arise according to the features and position of the
directional light source. Lighting direction shall be appropriate also for good modelling.

5.8 Colour aspects

5.8.1 General

The colour quality attributes of a near-white electric light source or daylight entering a space are
characterized by:

— the colour appearance of the light;

— its

folour rendition properties.

These two attributes shall be considered separately in 5.8.2 and 5.8.3, with the aim to cover white lig
in spacg¢s, where tasks and/or activities can be affected with reference to relevant requirements

Clause 7.

rht used
biven in

NOTE
lighting

The design documentation can specify where lighting solutions are given only‘for decorative gmbience

hnd with no potential impact to the performance of workers.

5.8.2 [Colour appearance of the light source

The colpur appearance (white-tone) of a light source is related to the chimomaticity of the light emittg

d. Light
bssed in

source ¢olour appearance is characterized by the correlated colourtemperature (CCT) T, and expr
Kelvin ([K), see Table 6.

NOTE 1| CIE 015 describes additional metrics that describe the,colour appearance of light sources.

Table 6 — Light source colour appearance / correlated colour temperature categories

Correlated colour
temperature T,

below 3 500 K
3500Kto5000K
above 5 000 K

Colour appearance

warm

neutral

cool

The cha
and arc
and fur
applied
night sh

ice of colour appearance/ofithe light is a matter of psychology (including preference), aedthetical
hitectural considerations; The choice can vary depending on illuminance level, colours of the room
hiture, surrounding ¢limate and the application. Additionally, colour temperature variation$ can be
to achieve integrative lighting goals. Careful consideration is necessary, especially in the| case of
ift work.

NOTE 2| Sources caiibe either static in nature (i.e. featuring only one single correlated colour temperatu
feature Jome form of'dynamic behaviour in which the colour temperature can be adjusted. The latter types of]
are often} referred:to as ‘Tuneable white’, ‘Colour tuneable’ or ‘Incandescent-like dimmable’.

e Tg,) or
systems

NOTE 3
appeara
The distan

The ¢ rce, but

orrelated colour temperature T, provides an indication for the “white-tone” of a light so

ce to the Planckian locus or n-step u'v’ circles (see CIE TN 001) can be used to study this effect.

Unless otherwise specified in Clause 7, CCT selection is based on the previously mentioned aspects.

5.8.3 Colour rendering

For task areas and activity areas, colours shall be rendered with sufficient fidelity to support visual
performance, the feeling of comfort and well-being, and accurate rendering of colours in the environment, of
objects and of human skin.
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To provide an objective indication of the colour rendering properties of a light source the general colour
rendering index R, (see CIE 13.3) is used. The maximum value of R, is 100. The minimum R, value for distinct
types of task areas and activity areas within a space are given in Clause 7. Safety colours shall always be
identifiable in accordance with ISO 3864-1.

For the evaluation of specific object colours or human skin tone, the appropriate special colour rendering
index (R;) should be considered.

Luminaires which emit coloured light (e.g. for a decorative purpose), are not considered ‘near white’ and
cannot be assessed with the general colour rendering index R,. However, these luminaires can influence the
colour rendering on task areas or in activity areas. In such cases, additional care is needed to ensure that
colour rendering requirements on the task areas and/or activity areas are met.

NOTE 1
the spec

NOTE 2
criteria
when th

59 T

The colour appearance and colour rendering properties of the observed lighting in a space are aﬂlected by

fral reflectance properties of all surfaces.
Because the verification for R, (see 8.4) is just a check against manufacturer data, it is ‘self-evig

or colour rendering is meant for functional lighting only and it is not relevant for e.g.@ploured light|
bir operation are for decorative ambience purposes only.

emporal light modulation (TLM)

variati

the ligh
regardl
the mai
industr
of TLM

rectang
Several
ANSI/IH
006; IE

TLM is
ways (s

ns (temporal light modulation, TLM). This is a mostly a functién of the electronics used to

source or lighting system. Whereas legacy technologies were-similar in their TLM charac
bss of the manufacturer (e.g., all magnetically ballasted fluorescent tube systems operated
s frequency), LED lighting systems can differ widely onefrom another. The scientific commu
y continue to investigate how best to characterize lighting system TLM. Fundamental charac
waveforms are the dominant frequency, the modulation depth, the waveform shape (e.g., siy
ular wave, or complex forms), and (for rectangular‘waves and some complex waveforms) du
integrated metrics are in use in different jurisdictions. Among these are the IES Flicker In
S LM-83-23), Py, | v (see IEC/TR 61547-1), and the stroboscopic visibility measure (SVM) (seg
[/TR 63158).

Contemo[)orary lighting systems vary widely in the degree to which theirlight output contains t

known to affect human visual percéption, neurobiology, and performance, sometimes in
be [EEE 1789-2015). The visual pereeption effects are collectively known as temporal light aj

and include flicker, the stroboscopic effect, and the phantom array (see CIE TN 006). The adverse e

TLM ind

To prev

(e.g., P
minimij

lude headache and eyestraint

ent these adverse effects; lighting systems should be selected such that values of the required
Lm SVM, or IES Flicker Tndex) should be minimized, e.g., by maximizing the operating fre
ring the modulatiof-dépth, using DC electrical supply, or a combination of these. Lighting

should Ipe designed such’that these values remain minimized throughout the entire dimming range.

researc

5.10 Lj

5.10.1

h seeks to establish limit values for these metrics for various applications.
ighting.of work stations with Display Screen Equipment (DSE)

General

lent that
sources,

Pmporal
control
eristics

ht twice

hity and
eristics

e wave,

Ly cycle.

lex (see
CIETN

hdverse
'tefacts,
[fects of

metrics
quency,
bystems
Dngoing

The lighting for DSE work stations shall be appropriate for all tasks performed at the work station, e.g.

reading

from the screen, reading printed text, writing on paper, keyboard work, etc.

For these areas, the lighting criteria and system shall be chosen in accordance with type of task area or

activity

area, from the schedule in Clause 7.

Reflections in DSE and, in some circumstances, reflections from the keyboard can cause disability and
discomfort glare. It is therefore necessary to select, locate and arrange the luminaires to avoid high
brightness reflections.

The luminance of the background wall should be balanced to the brightness of the screen.
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The designer shall determine the mounting zones where reflections can be a problem and shall choose

equipment and plan mounting positions which will cause no disturbing reflections.

5.10.2 Luminaire luminance limits with downward flux
Light can lower the contrast of the presentation on DSE by:
— diffused veiling reflection caused by the illuminance on the display surface;

— reflected luminances from luminaires and bright surfaces reflecting in the display.

[SO 9241-307 gives recommendations for the visual qualities of displays concerning unwanted reflections.

This suj)clause describes luminance limits for luminaires which can be reflected in DSE for normal
directidns.

Table 7|gives the limits of the average luminaire luminance at elevation angles of 65° and ‘above f

viewing

Fom the

downwhard vertical, radially around the luminaires, for work stations where displayyscreens which are

verticallor inclined up to 15° tilt angle are used.

eens

Table 7 — Limits for the average luminance of luminaires, which can b¢ reflected in flat scr
Screen high state luminance High luminance Medium luminance
screen screen
L>200-cdun2 L <200 cd m2
Chse A
(positive contrast and normal requirements concerning 23000 cd m-2 <1500 cd m-2

cplour and details of the shown information, as used in
office, education, etc.)

Chse B
(pegative contrast and/or higher requirements concerning <1500 cd m-2 <1000 cd m-2
cplour and details of the shown information, as used for - B
CAD, colour inspection, etc.)

NOTE  Screen high state luminance (see ISO 9241-302) describes the maximum luminance of the white part
the screen and this value is available from the manufacturer of the screen.

hf

If screeh types are not known at the lighting design stage, the designer should inform the user alpout the

luminarce criteria chosen for the luminaires in the space.

If a high luminance screen is (intended to be operated at luminances below 200 cd m2, the co
specified for a medium lumifiance screen shall be considered.

Some thpsks, activities @ndisplay screen technologies require different lighting treatment (e.g
luminance limits, special shading, individual dimming).

In area$ of industrial activities and crafts, screens are sometimes protected by additional front
The unyvanted:reflections on these protection glasses shall be reduced by suitable methods (such
reflectipn treatment, tilting of the protection glass or by shutters).

hditions

. lower

glasses.
as anti-

6 Lighting design considerations

6.1 General

To apply the lighting design criteria from Clause 5, the following aspects should be taken into accoun
lighting design:

— recommended illuminance requirements, see 6.2;

— operation of the lighting system, see 6.2.4;
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energy efficiency requirements, see 6.4;

variability of light, see 6.2.4.

Examples for the application of the processes described in 6.2 are given in Annex C.

Verification procedures can be found in Clause 8.

6.2

Illuminance requirements and recommendations

6.2.1 General

To allow for a larger variety in application requirements, Clause 7 provides maintained illuminafieps E in

steps adcording to the scale of illuminances in 5.3.2 from required to modified values.

6.2.2 [Lighting of the task area or activity area and its immediate surrounding area

The follpwing steps shall be followed in selecting the appropriate lighting criteria forthe task area orfactivity

area anfl immediate surrounding area:

a)
b)

9

d)

e)

Deffine the task area and activity areas in the space.
Detlermine the appropriate type of task or activity based on the visualtasks executed in that ar¢a.

Sel¢ct the “task or activity related requirements” from the tables'in 7.3 (E,,, U,, R,, Ry;.)- Forlactivity
areps with multiple tasks the most onerous requirements shall be used for design (see 5.3.3).

Sel¢ct the adequate maintained illuminance E,, in steps using the scale of illuminance in 5.3.2 ptarting
fron the required value for the actual working condition-according to the specific context modjfiers as
spefified in 5.3.3 (Table 1 and Table 2).

Selgct the appropriate illuminance requirements-for the immediate surrounding area and background
arep based upon the E, selection in step d) and-Table 3 (see 5.3.4 and 5.3.5).

NOTE 1| The task area or activity area can be horizontal, vertical or inclined, and multiple tasks or activfities can

take plage in the same area (consult 5.3.3 for guidance).

NOTE 2| To balance energy efficiency while ensuring satisfaction during different times of operation pdaptive
lighting fan be used. When the task or.agtivity is not being performed, or an activity of less visual difficulty| is being
performgd, lower light levels can bé employed using controlling or switching if appropriate. Further inforrhation is

containdd in CIE 222 and CIE 227.

6.2.3 |Lighting of the space

To enhance the visgal/appearance and brightness impression of the room and space and good visual

commuhication andrecognition of objects, the following steps shall be followed:

a)

b)

Determinethe relevant room surfaces around the workspace (the walls and ceiling). The surfades to be
illuminated are at least those that contribute to the perception of room brightness.

Select the requirements for "objects and people~ and for "Toom brightness  from the tables m 7.3 (Ey, .,
Epwar Em ceiling) based on all selected tasks and activities in 6.2.2, step a) and step b). If different
requirements apply select the most onerous requirements to respect all specified tasks and activities

within the space.

In areas with high distance to the ceiling, a lower ceiling illuminance can be accepted. E.g. in industrial
premises or other areas with only direct lighting and lower reflectance than the recommended values in
5.2.3, or areas where illumination of the ceiling is not appropriate.

NOTE For example, in high industrial halls the upper part of the wall and the ceiling can be excluded.
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The Ry, determined by the task or activity requirements needs to be fulfilled by luminaires in the field of
view within the space except those luminaire types excluded in 5.6.3.2.

Ifin step d) of 6.2.2 higher values have been selected for E,, on the task area or activity area, the wall, ceiling
and cylindrical illuminance values should also be increased by up to the same number of steps (see 5.3.2 for
step sizes).

6.2.4 Variability and adjustability of light

Light reveals the world through vision; it also influences mood, alertness, and physiological states. The
pattern of dally llght and dark exposure regulates c1rcad1an rhythms (CIE S 026; ISO/CIE TR 21783), and
variabilj , S ! 3 ssociated
with stptic env1ronmenta1 condltlons Integratlve llghtlng is de51gned to benef1c1a11y affect all pf these
s in parallel. Light exposure parameters that influence these processes include the/iptensity,
, duration, timing, and pattern of light exposure, with individuals’ responses depeiding|also on
their chironotype, physical health, past light history, and state of health. Integrative lighting object]ves can
be met with daylighting and electric lighting solutions. The specific solutions will vargyby applicatjon area
and usef groups, for example spaces occupied for extended periods or by people withlimited mobilify.

Integrative lighting ensures:

— the|maximum use of available daylight;

— lights are off or dim in unoccupied space;

— suifable lighting for the requirements of each visual task;

— responsiveness to occupant needs and preferences;

— avallability of energy-saving control strategies (e.g., load shedding, lumen maintenance).

A lightihg installation's brightness and spectrum can\be adjusted automatically or manually. The|system
should fllow for sufficient granularity (i.e. sufficient sub-zones in a given zone) to allow for individual or
group-Hased adjustments. Adjustments to a lighting installation can be applied to any part of the|space -
for exarpple, to the task area, the walls, or the‘ceiling - to meet task and individual needs, includinjg visual
appeardnce and visual comfort (see Annex B):

Dimmirlg controls allow to increase or.decrease the lumen output from a luminaire and can have additional
functiomality to modify the variatienin correlated colour temperature (CCT) or different lighting s¢enes or
according to daylight provision. (Controlling can have additional functionality to modify the operfation of
the lumjinaire(s) in an installation, for example variation in CCT or different lighting scenes or according to
daylight provision. An additional benefit can be facilitating reconfiguration in the case of changes in the use
of the space, without rewiring.

Lighting should be adjustable by the user to meet their needs, also known as personal control. Fersonal
control [is a lighting-control strategy that provides building occupants with the ability to select anfl adjust
worksphce lighting to their preferred conditions. The individual user may be able to adjust the light level,
the light source spectrum, or the light source direction. Some systems permit differential choic¢s to be
made fqr dlrect and 1nd1rect components from a dlrect-mdlrect lumlnalre Changmg the balance of pmbient
versus (a3 2 ] 3 g i [rol can
also include control over dayllght using shadlng systems. Personal control has been shown to improve
occupant satisfaction and motivation, and to have indirect effects on health, well-being, and organizational
commitment; it also results in energy savings. The CIE has provided a decision scheme to determine the
appropriate control solution for a given circumstance (CIE 222). Where automatic controls are used, local
manual over-rides enable individuals to obtain their preferred conditions.

When varying lighting (e.g. using personal control) it is possible that lighting requirements (as stated in
the tables in 7.3) are no longer met. However, the values listed in the tables in 7.3 shall remain achievable
using only the electric lighting (assuming a worst-case scenario without daylight contribution). Designing a
basic lighting installation only fulfilling the minimum criteria can limit the possible benefits of good lighting
quality.
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In multi-user spaces, such as an open office, it is recommended to provide users with means to

control

the lighting installation. Providing individual control can be difficult because choices from one individual
can adversely affect another; nonetheless, the system should provide sufficient granularity (e.g., using
sub-zones within a given zone) to allow for individual or group-based adjustments while preventing high
contrasts between the sub-zones. Depending on the furnishings and lay-out, it can be possible to arrange the
lighting and controls such that each occupant has a controllable lighting fixture directly illuminating over
their workspace so that they can change the lighting in their workspace without adversely affecting others
nearby. Another possible control strategy is to use a system that will determine an average setting among

groups of individuals.

Some systems permit occupants to control multiple aspects of the lighting installation. This can
(but is . : o :
spectral composition of the light output or its directionality.

The fit between control system and lighting system should take into account the need to avéid-intr
unwanted temporal light modulation (see 5.9) and chromatic modulation to the light output.!This can
pre-tesfing the chosen controls and luminaires to verify compatibility before a field installation.

Dynamic daylighting solutions allow occupants to control the sunlight that is coming'inthrough the w
so the qun is not causing too much glare or solar heat gain. The system shouldbe capable of adj
based on sky conditions (e.g. shades automatically in place during times of diréct sunlight comin
shades gutomatically removed when there is non-glaring daylight coming in).JAutomatic control cay
reduce lighting energy use by ensuring the use of daylight when it is available; however, occupant
also haye the ability to manually override the automation to set the shading to their preferred ley
automated setting is not to their liking. Dynamic glazing and shading systems can also improve
comfory and reduce energy use by excluding diffuse sky radiatieh.jin addition to direct solar radiat
also 6.5|concerning the benefits of daylight.

6.3 Maintenance factor

The lighting scheme shall be designed taking into_ateount an overall maintenance factor (f,) ca
for the pelected lighting equipment, environment\and specified maintenance schedule for the task
activitylarea in accordance with ISO/CIE TS 22012.

include
ms, the

pducing
require

rindows
Istment
y in and
help to
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el if the
thermal
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The illu]minance requirements for each task‘as specified in Clause 7 are given as maintained illufninance

(E,) values. The initial illuminance E; can be calculated from E,, as follows:

- |E
Ei:_m
fm

where

2ol

is the maintained illuminance;
is the imitial illuminance;

fm | isd¢he-maintenance factor.

(5)

The de igner shall:

— state the f,, and list all assumptions made in the derivation of the value;

— specify lighting equipment suitable for the application environment;

— prepare a maintenance schedule to include e.g. frequency of light source replacement, luminaire and

room cleaning intervals.
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The maintenance factor f,, has a large impact on energy efficiency. The assumptions made in the derivation
of the f,, shall be both realistically achievable and optimized in a way that leads to a high value.
NOTE1 Guidance on the determination of the maintenance factor and the energy saving Constant Light Output
(CLO) controls functionality can be found in ISO/CIE TS 22012 and further information on the derivation of f, for

electric indoor lighting systems can be found in CIE 97.

NOTE 2  For daylight calculations, reduction of transmittance of daylight openings due to dirt deposition has an
influence on daylight supply.

6.4 Energy performance

Lighting should be designed to meet the lighting requirements of a particular task, activity or_gpace in
an energy efficient manner. It is important not to compromise the visual aspects of a lighting(installation
simply fo reduce energy consumption. The required minimum illuminance values as set incthis ddcument
are minfimum values and shall be maintained over time (see 6.3 and 7.3).

Energy|savings can be made by harvesting daylight, responding to occupancy patterns, resporiding to
request|of grid, improving maintenance characteristics of the installation, and making-full use of coptrols.

Daylighf can supply all or part of the light needed for visual tasks or activities, and therefore offers potential
energy $avings. The amount of daylight indoors depends firstly on the availability of daylight outside(i.e. the
prevailing weather at the site) and, thereafter, the environment surrounding the building, the components
immediptely around the daylight opening and the configuration of the interior spaces. With a near|vertical
daylight opening in the facade, the daylight availability decreases rapidly with the distance from th¢ facade.
Supplementary lighting (e.g. additional daylight openings or electri¢light sources) can be needed tq ensure
the reqyired illuminance levels at the work station are achievedzand to balance the luminance distfibution
within the room. Controls can be used to ensure appropriateiintegration between daylighting and|electric
lighting

A procefure for the estimation of the energy requirements of a lighting installation is given in ISO/CIHE 20086.
It gives|a methodology for the calculation of a Lighting Energy Numeric Indicator (LENI), represerfng the
energy ponsumption of lighting within a building\over a given time frame. This indicator may be Yised for
single rpoms on a comparative basis only, as the benchmark values given in ISO/CIE 20086 are dfawn up
for somg types of room or application areas:ISO/CIE 20086 provides a simplified method for calculdting the
potentigl energy savings of daylight.

6.5 Dpylight

Daylighf should be the predominant light source for buildings during daytime, with electric lightinglused to
supplenpent daylight when ahd where it is needed. Doing so will reduce the energy used for lighting as well
as delivering additional benefits for occupants, including improved well-being. See ISO/CIE 10916 for details
concernjing the calculation of the effect of daylighting on lighting energy use and ISO/CIE 20086 corfcerning
the calcjlation of lighting energy use in buildings

Daylight can beé\provided through daylight openings including windows, skylights, or other inpovative
fenestrgtion technologies such as light guidance systems (e.g., light shelves, louvres, mirror shafts) gnd light
transth systems (e.g., light pipes, core sunlighting systems, light guides).

Additional benefits of daylight in buildings include its high level of colour rendering; the visual interest
provided by its variations in intensity, spectrum, and light distribution over the day and season; the potential
for contributions of timing, spectrum, and intensity of light exposure to promoting circadian regulation;
and benefits on mood, satisfaction and associated organizational productivity outcomes (CIE 158;
ISO/CIE TR 21783; ISO/TR 9241-610).

Depending on how the daylight enters the building, the view to the outdoors and information about weather
and external events can provide opportunities for psychological restoration in addition to the benefits
described above, and are preferred by most people.

Integrating daylight into lighting design is an architectural design challenge. Factors to consider include
the latitude, weather, building shape, mass, and orientation, external obstructions (i.e. natural obstructions,
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presence of surrounding buildings), the building structure and interior design, the glazing characteristics,
and the content of the external view. Metrics describing daylight include the daylight factor (CIE 016) and
climate-based annualized quantities described in EN 17037 and IES LM-83.

Because of the necessity to achieve the recommended maintained conditions from Clause 7 with electric
lighting alone, the combination of daylight and electric light sources will exceed these conditions. Uniformity
requirements do not apply in the daylit zones. Adjustable electric lighting (see 6.2.4), whether manual or
automatic, should be provided to achieve desired light levels and energy consumption targets by integrating
daylight and electric light sources. Automated controls (e.g., using photosensors) require careful attention
to calibration and commissioning (see Annex D and ISO/TS 21274) to ensure that conditions are neither
under-lit nor over-lit.

Direct sjunlight and high contrasts between the diffuse sky and interior conditions can be glare sour‘kes, and
direct spinlight can cause overheating. Providing shading, especially to block direct sunlight, will r€duce the
risk of yisual and thermal discomfort. Selection of window shade fabric has a considerable effect dn glare,
view, aid solar heat gain. Perforated fabrics with a dark inside surface help to maintain’view, whereas a
highly-1jeflective outside fabric surface helps reject solar heat gain. Automated shading-¢an be used fo block
direct sjunlight when needed, while returning to an open state during other hours_toyallow more flaylight
contribfition to the space.

6.6 Rpom brightness

An indi¢ation of perceived room brightness in spaces where visual tasks.oractivities are carried out|shall be
obtainef by a combination of reflectances and illuminances on walls afd the ceiling.

Additiohal indications of perceived room brightness are explained\in Annex B.

7 Schedule of specific lighting requirements

7.1 Cpmposition of the tables

The requirements for task areas and activitycareas are given in Table 9 to Table 62. The coluns are
understjood as shown in Table 8. This appliesito-c) to j) in all tables in 7.3. For the application of the fables in
7.3, seeClause 6.

a) Ref]no - the reference number for each task area or activity area.

b) Type of task/activity area -(those task areas or activities areas for which specific requiremg¢nts are
given. If the particular task.or activity is not listed, the values given for a similar, comparable sftuation
should be adopted. Task'areas or activity areas can also be a room, e.g. a corridor or resting roofn.

¢) E,, required - the required maintained average illuminance E,, on the reference surface (see 5.3) for the

intdrior (area) imwhich the task or activity from b) is performed.

d) E,, modified-the modified maintained average illuminance E, considering common context mfodifiers
whén the ¥isual conditions differ from the normal assumptions (see 5.3.3) on the reference surface (see
5.3] for'the interior (area) in which the task or activity from b) is performed.

NOTE Lighting control can be required to achieve adequate r1exIbl1lity 1or the variety oI tasks perior med.

e) U, -the minimum illuminance uniformity U, on the reference surface for the maintained illuminance E,,
chosen according to c) or d).

f) R, -the minimum general colour rendering indices (R,) (see 5.8.3) for the situation listed in b).

g) RycL - the UGR limits (Unified Glare Rating limit, Ry ) that are applicable to the situation listed in b)
(see 5.6.3.2).

h) E,, .- the maintained average cylindrical illuminance E,, . for the recognition of objects and people as

described in 5.7.3.
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i) Ep,wan - the maintained average illuminance on walls E, , ., as described in 5.2.4.
j) Em'cei]mg - the maintained average illuminance on ceilings Em'cemng as described in 5.2.4.
k) specific requirements - specific requirements for the situations listed in b).
Table 8 — Assignment of columns to requirements
Task area or activity area design Room or space design requirements
For visual commu- .
o Brightness appearance of
L. . nication and
Task or activity related requirements o rooms
recognition of — 4)
objects (5.7.3) (2:0:8)9.£.9, 9L
P 7.1 h) 7.11) “714)
1;1 71 e) 71 f) 71 ) Em,c Em,wall Em ceiling
IU IR R & 1x Ix 1x
7.1|c) 7.1d) ° @ ueL ey
required? modifiedP *0~
a  reqyired: minimum value
b modjfified: considers common context modifiers in 5.3.3
7.2 Schedule of task areas and activity areas
Table 9 o Table 62 give the requirements for the specific types of €ask area or activity area.
Table 9 I— Traffic zones inside buildings
Table 1) — General areas inside buildings - Rest, sanitatidn and first aid rooms
Table 11 — General areas inside buildings - Control rgoms
Table 12 — General areas inside buildings - Store Tooms, cold stores
Table 13 — Logistics and warehouses
Table 14 — Industrial activities and crafts - Agriculture
Table 1% — Industrial activities andicrafts — Bakeries
Table 1¢ — Industrial activities'and crafts - Cement, cement goods, concrete, bricks
Table 17 — Industrial activities and crafts - Ceramics, tiles, glass, glassware
Table 18 — Industrial activities and crafts — Chemical, plastics and rubber industry
Table 19 — Industrial activities and crafts - Electrical and electronic industry
Table 2( —dndustrial activities and crafts - Food stuffs and luxury food industry
Table 21—Industrial-activitiesand-erafts—Foundriesand-metalcasting

Table 22 — Industrial activities and crafts - Hairdressers

Table 23 — Industrial activities and crafts - Jewellery manufacturing
Table 24 — Industrial activities and crafts - Laundries and dry cleaning
Table 25 — Industrial activities and crafts — Leather and leather goods
Table 26 — Industrial activities and crafts - Metal working and processing

Table 27 — Industrial activities and crafts - Paper and paper goods
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Table 28 — Industrial activities and crafts — Power stations

Table 29 — Industrial activities and crafts — Printers

Table 30 — Industrial activities and crafts — Rolling mills, iron and steel works
Table 31 — Industrial activities and crafts - Textile manufacture and processing
Table 32 — Industrial activities and crafts — Vehicle construction and repair
Table 33 — Industrial activities and crafts - Wood working and processing

Table 34 — Offices

Table 3% — Retail premises
Table 3¢ — Places of public assembly - General areas

Table 37 — Places of public assembly - Restaurants and hotels

Table BT — Places of public assembly - Theatres, concert halls, cinemas, places foy entertainment
Table 39 — Places of public assembly - Trade fairs, exhibition halls
Table 4() — Places of public assembly - Museums

Table 41 — Places of public assembly - Libraries

Table 42 — Places of public assembly - Car parks (indoor)
Table 43 — Educational premises — Nursery school, play sch@el
Table 44 — Educational premises - Educational buildings
Table 4% — Health care premises - Rooms for general use

Table 4¢ — Health care premises - Staff rooms

Table 47 — Health care premises - Wards,maternity wards
Table 48 — Health care premises - Examination rooms (general)
Table 49 — Health care premises'- Eye Examination rooms

Table 5( — Health care premises - Ear Examination rooms
Table 5] — Health care premises - Scanner rooms

Table 52 — Health.care premises - Delivery rooms

Table 53 — Health care premises - Treatment rooms (general)

Table 54 — Health care premises - Operating areas

Table 55 — Health care premises - Intensive care unit

Table 56 — Health care premises - Dentists

Table 57 — Health care premises — Laboratories and pharmacies
Table 58 — Health care premises - Decontamination rooms

Table 59 — Health care premises — Autopsy rooms and mortuaries

Table 60 — Transportation areas - Airports
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Table 61 — Transportation areas — Railway installations

Table 62 — Places of worship, e.g. churches, mosques, synagogues and temples

7.3 Lighting requirements for task areas, activity areas, room and space brightness

The requirements for the specific tasks and activities are given by E,, U, R, and Ry . The requirements for
the space in which the task(s) or activities are carried out are given by E, . for the perception of objects and
people within this space and E, ,.;; and Em,ceiling for room brightness. The latter are used for designing the
room and the space including Ry . Glare (by Ry, ) is dedicated to the space in which a task is carried out.
The first four columns are used for task area or activity area design and more than one of these areas can
occur within-ene-space:
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