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European foreword

This document (EN 12464-1:2021) has been prepared by Technical Committee CEN/TC 169 “Light and

lighting”, the secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an

LI | . 1 h | 1 h | h | 1 1 [aWaNa¥al 1 £ . - 1 1
IUCIILICAl LEXAL O Dy CITUOISCIIICIIL, AU UIC IdLESL DY reorudly 4U44, 41U COIIIICUITTE I14atIOIdl Stdllitdg

shall be withdrawn at the latest by February 2022.

Attention is drawn to the possibility that some of the elements of this document may be the:stibject]
patent rights. CEN shall not be held responsible for identifying any or all such patent rights!

This document supersedes EN 12464-1:2011.

The original st andard EN 12464-1:2002 was already further developedii-its first revision

EN 12464-1:2011. It specifies the requirements for good lighting solutions rather than giving desig
guidelines. With the experience of applying the standard next steps are taken in the development o
new edition and human and user needs are given broader acknowledgement. Lighting requirement
task areas to fulfil visual tasks are given a close relation to the spaee)in which they are carried out.
Technologically LED has take n over as the main light source from previous technologies. The
changes with respect to the previous edition are:

— The recommendations given in the tables in Claus€ /7 take user needs more into account than i

rds

of

n
f this
s for

main

N the

past. Thus, the requirements for nece ssary:illuminance according to Clause 7 are more

differentiated.

— The impact of visual and non -visual (non-image forming) effects of light on people's performance

and well-being are elaborated in the néw informative Annex B.

— Requirements for walls, ceilings and cylindrical illuminances are moved from the main text to
tables in Clause 7 for increased,visibility and usability.

— A new chapter on design’'considerations ( Clause 6) gives advice on how to apply the requirems¢
when designing lighting for visual tasks and activities within a space.

he

Pnts

— Relation between task area and its immediate surround and the background area is more detailed

(5.3.3,5.3.4,5:355).

— Glare requirements have been clarified for improved usability i ncluding clarification for shielding

in 5:5.and recommended practices for UGR in non -standard situations has been added in a n
informative Annex A.

-, 'Flicker and stroboscopic effect is updated (5.8).

EwW

— Anew informative Annex C is introduced including examples on how to derive the requirements in

different applications (office/industry) for designing lighting.

— Anew informative Annex D is introduced to provide additional information on the specific
requirements for railway installations that are given in Table 61.

Any feedback and questions on this document should be directed to the users’ national standards body.

A complete listing of these bodies can be found on the CEN website.
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According to the CEN -CENELEC Internal Regulations, the national standards organisations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, Italy, Latvia, Lithuania, Lu xembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of
North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the
United Kingdom.
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Introduction

Adequate and appropriate lighting enables people to perform vi  sual tasks efficiently and accurately
including tasks performed over a prolonged time period or of a repetitive nature. The degree of
visibility and comfort required in a wide range of work places is governed by the type and duration of
the activity. The lighting also affects circadian rhythms and mood as well as improving our performance
and well-being.

The final designed, installed and operated lighting system should provide efficient and effective gO(I)d
quality lighting for the user needs tailored to their visual capacity, e.g. elderly users in workplaces.

It is important that all clauses of this document are followed although the target values forlighting
criteria and specific requirements, depending of each type of task/activity, are tabulated in the schedule
of lighting requirements (see Clause 7).

This document reflects the generally recognized best practice.
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1 Scope

This document specifies lighting requirements for humans in indoor work places, which meet the needs
for visual comfort and performance of = people having normal, or corrected to normal ophthalmic
(visual) capacity. All usual visual tasks are considered, including Display Screen Equipment (DSE).

This document specifies requirements for lighting solutions for most indoor work places and their
associated areas in terms of quantity and quality of illumination. In addition, recommendations are

given for good lighting practice including visual and non  -visual (non -image forming) lighting needs.
This flocument does not specify lighting requirements with respect to the safety and health of people-at
workand has not been prepared in the field of application of Article 169 of Treaty on the Functioningof
the European Union although the lighting requirements, as specified in this document, usually fulfil
safety needs.

NOTE Lighting requirements with respect to the safety and health of workers at work can be contained in
Directives based on Article 169 of Treaty on the Functioning of the European Union, in national legislation of
memlMer states implementing these directives or in other national legislation of member statesf

This flocument neither provides specific solutions, nor restricts the designers' freedom from exploring
new techniques nor restricts the use of innovative equipment. The illuminatien can be p rovided by
daylight, electric lighting or a combination of both.

This flocument is not applicable for the lighting of outdoor work places and underground mining or
emergency lighting. For outdoor work places, see EN 12464-2 and for' emergency lighting, see EN 1838
and BN 13032-3.

2 Normative references

The fpllowing documents are referred to in the text in‘such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

EN 12193, Light and lighting — Sports lighting
EN 12665, Light and lighting — Basic €erms and criteria for specifying lighting requirements
EN 1Y037:2018, Daylight in buildings

EN 60601-2-41:2009,1 Medical electrical equipment — Part 2 -41: Particular requirements for basic
safety and essential perférmance of surgical luminaires and luminaires for diagnosis

EN IS0 9680, Dentistry — Operating lights (ISO 9680)

ISO 3864-1, Graphical symbols — Safety colours and safety signs — Part 1: Design principles for safety
signs|and safety markings

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

1 Asimpacted by EN 60601-2-41:2009/A11:2011 and EN 60601-2-41:2009/A1:2015.
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 12665, EN 17037 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

e [EC Electropedia: available at https://www.electropedia.org/

I1CO-Oaals 1 - ) W LR G R | doodede L L . Lol
hd 10U UVHIIIT UTUWSIG PIdUULIIL. davdlldUIC dULtPS. / JWWW.ISU.UL 5/ UUD

3.1
activity area
area which contains one or more visual tasks

Note 1 to entry:  Visual tasks can be different in type and/or position.
Note 2 to entry: ~ Aroom can contain one or more activity areas.
Note 3 to entry:  The spatial orientation needs to be specified by the designer.

Note 4 to entry:  An activity area is not to be considered as aggregation of @humber of distinct task areas acfoss
alarger area.

3.2
modelling
effect of directional lighting to reveal the depth, shape dndtexture of an object or person

[SOURCE: CIE S 017:2020, 17-29-170]

4 Symbols and abbreviations

— maintained illuminance on walls 5.2.3
Em,ceiling maintained illuminance on ceiling 5.2.3
U, illuminance uniformity 5.2.3
E, maintained illuminance? 5.3.3
a shielding angle 5.5.2
y vertical photometric angle 55.2
DGP Daylight Glare Probability 5.5.31
Ryg CIE Unified Glare Rating (UGR) 5.5.3.2
Ryér Ry limit value 5.5.3.2
E, average cylindrical illuminance3 5.6.2
2 maintained average cylindrical 5.6.2
’ illuminance

2 According to EN 12655, En is the value below which the average illuminance on a specified area shall not fall.

3 approximation of the average of the four main directions
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Tep correlated colour temperature 5.7.2
R, colour rendering index 5.7.3
R; special colour rendering index 5.7.3
TLA temporal light artefacts 581
Py [EC short-term light 5.8.2
modulation/Tlicker indicator
SVM Stroboscopic Visibility Measure 5.8.3
E average illuminance 5.8.3
DSE Display Screen Equipment 59
L luminance 5.9.2
fm maintenance factor 6.3
E initial illuminance 6.3
LENI lighting energy numeric indicator 6.4

5 Lighting design criteria

5.1 Luminous environment

For gpod lighting practice it is essential that as well as thegequired illuminances, additional qualitative
and quantitative needs are satisfied.

Lighting requirements are determined by the satisfaction of three basic human needs:

yfisual comfort, where the workers have a feeling of well -being; in an indirect way this also

dontributes to a higher productivity levelcand a higher quality of work;

Visual performance, where the workers are able to perform their visual tasks, even under diffic  ult

dircumstances and during longer periods;

safety.

The thain criteria determifing the luminous environment with respect to electric lighting and
daylighting are:

10

Ihhminance distfibution;
illuminance;

dlareé;

directionality of light, lighting in the interior space;
colour rendering and colour appearance of the light;
flicker;

variability of light (levels and colour of light).
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These criteria are further detailed in Clause 5 and 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),

— ophthalmic capacity of the person (visual acuity, depth perception, colour perception) (see CIE 22}),

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

5.2 Luminance distribution

5.2.1 General
The luminance distribution in the visual field controls the adaptation level of the eyes which affectd task
visibility.

A well balanced adaptation luminance is needed to increase:

— visual acuity (sharpness of vision);
— contrast sensitivity (discrimination of small relative,luminance differences);

— efficiency of the ocular functions (such as accomniodation, convergence, pupillary contractior}, eye
movements, etc.).

The luminance distribution in the visual fieldalso affects visual comfort. The following should be
avoided for the reasons given:

— too high luminances and luminange contrasts which can give rise to glare;
— too high luminance variatien\which will cause fatigue because of constant re-adaptation of the pyes;

— too low luminances and.too low luminance contrasts which result in a dull and non -stimulating
working environment.

To create a well -balanced luminance distribution the luminances of all surfaces shall be taken intg
consideration. Thé€y are determined by the reflectance of and the illuminance on the surfaces. To avpid
gloom and tordise adaptation levels and comfort of p  eople in buildings, it is highly desirable to have
bright intefior surfaces. Room brightness is considered by specifying illuminances on walls and ceiling
(see Clause 7) and by recommending reflectances. Annex B provides further details of possible
measiires.

Although luminance requirements would be a representative way of describing the visual environment,
this document lists illuminance requirements as luminance requirements are more complex due to

their dependence on exact material characteristics and viewing positions.

The lighting designer shall consider and select appropriate reflectance ( 5.2.2) and illuminance
requirements for the interior surfaces (5.2.3) based on the guidance below.

11
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5.2.2

Reflectance of surfaces

High surface reflectances contribute to ener gy savings and can lead to better visual comfort. For choice
of materials, the following ranges of reflectances are recommended:

— C

eiling: 0,7 to 0,9;

— walls: 0,5t00,8;

The 1
NOTE

In de
takin

5.2.3

lu
lumi

Claug

(Em,c
and d

NOTE
531
5.3.1

Areaf

oor: 0,2t00,6.

eflectance of major objects (like furniture, machinery, etc.) should be in the range of 0,2 to 0,71

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

Kign calculations, surface reflectances should be defined as close to the real surfaces.aspossible
b into account the variation in reflectance across the surface.

Illuminance on surfaces

inances on walls and ceilings together with surface reflectances (see 5.2.2) contribute to
ances and are indicators for perceived room brightness.

e 7 provides minimum requirements for the maintained illuminaxi¢e-on walls ( Ep, o)) and ceiling
Liling) depending on the tasks and/or activities being performeddr the space. Uniformity for walls
eiling shall be U, 2 0,10 (see 5.3.6).

Additional guidance can be found in Clause 6.
lluminance
General

to be lit are task and activity areas, the immediate surrounding area and background area, walls,

ceiling and objects in the space.

The i

luminance and its distribution o the task area and on its immediate surrounding area have a

greatlimpact on how quickly, safely and comfortably a person perceives and carries out the visual task.
All vdlues of illuminances givenin‘this document are maintained illuminances specified to fulfil visual
comfprt and performance needs.

Designing for h igher illuminances allows enough capacity for applying context modifiers (see  Table 1
and Table 2) and contfels. Higher illuminances shall be used when relevant, e.g. only parts of the day.
For cplculation and4rieasurement of illuminance averages and unifor mities the grid specification in 5.4
shall be used.

5.3.2| Scale‘of'illuminance

To giye@perceptual difference the recommended steps of illuminance (in Ix) are according to

EN 12665:

5-7,

5-10-15-20-30-50-75-100- 150 - 200 - 300 -500-750-1000-1500-2000-3000 -

5000-7500-10000

12
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5.3.3 [lluminances on the task area or activity area

The maintained illuminance value shall at least meet the requirement as given in Clause 7 (E,
required) and shall be used for normal visual conditions taking into account the following factors:

— psycho-physiological aspects such as visual comfort and well-being;

— requirements for visual tasks;

— visual ergonomics;
— practical experience;
— contribution to functional safety;

— economy.

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

ww

However, it is recommended to increase the maintained illuminance (by.one or two steps in the scale of
illuminances (see 5.3.2)), depending on the context modifiers given in’, Table 1 if the assumptions differ
from the normal visual conditions.

As an example an increase of one step is recommended if one6x two of the conditions listed in Table 1
apply and an increas e of two steps is recommended if more than two of these conditions apply. Fof
examples see Annex C.

A modified value which considers common context modifiers is givenin ~ Clause 7 (E,,, modified)|This
modified value shall not be seen as an upper limit;

Table 1 — Context modifiers for increase of maintained illuminance

visual work is critical;

errors are costly to rectify;

accuracy, higher produetivity or increased concentration is of great importance;

task details are of unusually small size or low contrast;

the task is undertaken for an unusually long time;

the task aréajor activity area has a low daylight provision;

the visual capacity of the worker is below normal.

NOTE 1 . Retinalilluminance declines with age due to reduced pupil size and increased spectral absorption pf
the crystalline lens. It is reasonable for lighting practitioners to increase task illuminance to help older people
compensate for the age-related losses in retinal illuminance. More information can be found in CIE 227:2017.

NOTE 2  Daylight provision is considered in 6.5.

The required £, in 7.3 is a minimum value for normal working conditions.

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

Table 2 — Context modifiers for decrease of required maintained illuminance

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

the task is undertaken for an unusually short time.

13
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Using dimming will accommodate for possible future change in working conditions.

NOTE

3 Forvisually impaired people special requirements can be necessary with regard to illuminances and

contrasts.

The size and position of the task or the activity area shall be stated and documented, 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 whole area is treated as the task area; or

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

If the]

thsk area becomes known, the lighting scheme shallbere  -designed to provide the requiréd or
modified illuminances.

type of the task is not known 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 these tasks-shall be complied with.

This applies also to an activity area.

5.3.4

Largg

Illuminance on the immediate surrounding area

spatial variations in illuminance around the task area-or activity area can lead to visual stress and

discomfort.

The i

luminance of the immediate surrounding area shall be related to th e illuminance of the task area

or acfivity area and should provide a well ~ -balan¢ed luminance distribution in the visual field. The

immeg
the v

The i
but s

In ad
adap

The 9

diate surrounding area should be a band witlya width of at least 0,5 m around the task area within
sual field.

luminance of the immediate surrouniding area may be lower than the illuminance on the task area
hall be not less than the values givenin Table 3.

dition to the illuminance on the task and activity area the lighting shall provide adequate
fation luminance in accordance with 5.2.

ize and position of the immediate surrounding area shall be stated and documented.

Taple 3 — Relationship of illuminances on immediate surrounding to the illuminance on the

task area or activity area

14
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Figure 1 illustrates the minimum dimension of immediate surrounding area in relation to task area.

5.3.5 Illuminance on the background area

In indoor work places, particularly those devoid of daylight, a large area outside the immediate
surrounding area needs to be illuminated. The background area is a horizontal area on floor level. It is
adjacent to the imm ediate surrounding area within the limits of space and shall be illuminated with a

maintained illuminance of 1/3 of the value of the immediate surrounding area. For larger rooms the
band-shallbe at least 3 m wide

The size and position of the background area shall be stated and documented.

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

] taskarea or activity atea‘(not true to scale) in a specified size and position (see 5.3.3)

| immediate surroundihg area (band with a width of at least 0,5 m around the task area or activity ared
within the visual field)

| background area (band with a width of at least 3 m adjacent to the immediate surrounding area or up to
the limits efthe space for smaller rooms) horizontal on floor level

Figured™— Minimum dimensions of immediate surrounding area and background area ip
relation to task and activity area (figure is not true to scale)

5.3.6 Illuminance uniformity

In the task area or activity area, the illuminance uniformity ( U,) shall be not less than the minimum
uniformity values given in the tables in 7.3.

Uniformity in the immediate surrounding area shall be U, = 0,40.
On the background area, the walls and the ceiling the uniformity shall be U, = 0,10.

These uniformity levels shall only be applied with electric lighting.

15
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[lluminance uniformity levels when d aylight is available are not applicable because light intensity and
distribution changes continuously due to weather conditions and outdoor context. Additional benefits
of daylight can compensate for the lack of uniformity. More information can be found in 6.5 and B.7.

5.4 Illuminance grid

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

Grid gells approximating to a square are preferred, the ratio of length to width of a grid cell shall be kept
betwgen 0,5 and 2 (see also EN 12193 and EN 12464-2). The maximum grid size shall be:

p =02 x50 (1)
where
is 10 m
is the longer dimension of the calculation area (m), however if the ratioof the longer to the

shorter side is 2 or more then d becomes the shorter dimension of the area, and
b is the maximum grid cell size (m).
The number of points in the relevant dimension is given by the nearest Whole number of d/p.

The resulting spacing between the grid points is used to calculate the nearest whole number of grid
points in the other dimension. This will give a ratio of length to-width of a grid cell close to 1.

NOTE{1 Formula (1) (coming from CIE x005 -1992) has beenderived under the assumption that p is
propdrtional to log(d), where:

p=0,2mford=1m;
p=1mford=10m;
p=>5mford=100m.

The iJluminance values are calculated'and measured at the centre point of grid rectangles. A typical grid
is shgwn in Figure 2.
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Key
dimension of the longer side of the calculation area/verification area

dimension of the shorter side of the calculation area/verification area

number of points along the longer side
number of points along the shorter side

< X o Q

Figure 2 — Typical grid

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

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.

n be
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Ipnger 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

maximum grid cell size (m)

rlumber of points in relevant dimension

Figure 3 — Grid cell size as function.of calculation/measurement area dimension

An appropriate grid size shall be applied to-walls and ceiling and a band of 0,5 m may be applied also.

The

NOT
grid

5.5

grid point spacing should not coineide with the luminaire spacing.

E|2  Aseparate grid for the cdleulation of daylight provision is specified in Annex B to EN 17037:2018. This
i§ not applicable for electriclighting.

Glare

5.5.1| General

Glar

¢ is the unpléasant sensation produced by bright areas within the visual field, such as lit surfaces,

parts|of theduntinaires, windows and/or roof lights. Glare shall be limited to avoid errors, fatigue and
accidents. Glare can be experienced either as discomfort glare or as disability glare.

Glar
Glar
1.

18

caused ]’\y reflections in cpnr‘n]:n' surfaces.is ncna"y known as veiling reflections or reflected g]:n'n
o

e shall be avoided:

By shielding the light source and/or by limiting the luminance of the luminous surfaces (according
to 5.5.2); and

By limiting the discomfort glare. For luminaires the UGR method shall be applied where valid
(according to 5.5.3).
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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.

5.5.2 Limiting luminaire luminance

Bright sources of light can cause glare and can impair the vision of objects. It shall be avoided for
example by suitable sh ielding of light sources or suitable shading from bright light through daylight

U}JCIIIIISD.

For luminaires where the light source is directly visible, the minimum shielding angles (see Figure|4) in
the visual field given in Table 4 shall be applied for the specified light source luminance.

For luminaires where a direct view of the light source is obscured via optics, the maximuny'average
luminaire luminance for the values of vertical photometric angle givenin Table 5 shall be applied| (see
Figure 4).

The values given in Table 4 and Table 5 do not apply to luminaires with an upward component otjly,
mounted above normal eye level or to luminaires with a downward component only, mounted below
normal eye level.

Table 4 — Minimum shielding angles at specified light'source luminance

Table 5 — Maximum average luminance of a luminous optical element at specified vertic

Light source luminance Minimum<hielding angle
kcd m_2 a
20 to < 50 15°
50 to < 500 20°
> 500 30°

photometric angles

Vertical photometric angle Maximum average
Y luminance of a luminous
optical element
kcd m 2
75°<y<90° <20
70°<y<75° <50
60° <y <70° <500
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Left figure shows a cross section of a conventional luminaire with a separate light source. Right picture
a 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
1 Discomfort glare from daylight

pas with daylight access, glare from daylight openings can occuryeither by direct sunlight entering
br when the luminance in the field of view seen through daylight openings is too high compared to
Haptation levels for which the occupant is adapted at a giyen.time.

1  To assess the occurrence of discomfort glare from daylight openings, EN 14501 and EN 17037 provide
mended levels for glare protection by the Daylight Glare Probability (DGP).

2 For workspaces requiring higher visual comfort due to the tasks performed consider the glare
rtion classes from Annex A to EN 17037:2018.

3 Glare caused by daylight openings différs from glare caused by electric light sources regarding size of
hre sources, complex luminance distributiens and user’s acceptance.

2 Discomfort glare from electric light - application of UGR tabular method

lect a luminaire suitable forjthe lighting installation of a given space the rating of discomfort glare
d directly from the luminaires shall be determined using the CIE Unified Glare Rating (UGR)
ar method.

1 The UGR tabalar method is detailed in CIE 117-1995 and in CIE 190:2010.

JGR value determined using the UGR tabular method shall not exceed the  Ryj limit value ( Ryg)
in Clause 7.

sumptions made concerning luminaire, room dimensions, room surface reflectance's and spacing

ght ratio in the determination of the R ugL (formerly: UGR) shall be stated in the scheme

documentation.

The t

abular method is based on applying Formula (2) to a set of standard conditions (observer position,

room dimensions and reflection factors).

0,25 < I ®

Ryc =8logy, jL— Z_Z} (2)
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Ry s the value of the Unified Glare Rating (UGR),

Lg  isthe background luminance in cd-mZ, calculated as Ej, 4 - 1, in which Ej 4 is the vertical

indirect illuminance at the observer's eye,

L is the luminance in cd-m-2 of the luminous parts of each luminaire in the direction of the
aobserver's eye

1) is the solid angle in steradian of the luminous parts of each luminaire at the observer's e

is the Guth position index for each individual luminaire which relates to its displacemen{
from the line of sight.

NOTE 2  For more information on discomfort caused by glare from luminaires with a non -uniform s
luminance, refer to CIE 232:2019.

NOTE3  The limiting values of the Ry, form a series whose steps indicate noticéable changes in glare. THi

series of Ry, is: 16, 19, 22, 25, 28 where a low value means “little likelihood of discomfort glare” and a high v
means “significant possibility of discomfort glare”.

NOTE 4  For a tabular UGR value a variation of + can also be given. Thiswvariation of UGR within the room c§
determined using the comprehensive tables for different observer positions, as detailedin ~ CIE 117-1995. A

variation indicates that even small changesin  the observer position can result in larger changes in glare. The

compliance of the indoor lighting installation is not considering-any variation in the CIE Unified Glare Rating
tabular method.

The boundary conditions for the determination of the UGR value by the tabular method include ha
one type of luminaire only in a rectangular space,“a regular luminaire grid, same installation height,
same orientation (C and y angles).

The UGR tabular method does also not apply to following luminaires:

— wall washers;

— totally indirect;

— asymmetric and double asymmetric;

— adjustable spots;

— very smallorvery large luminous surfaces (see A.2.1).

This limits'the application of the methodology to some extent but does not exclude its use. To maxi
the applicability of the tabular method, A.2 covers recommended practices when the above bound
conditions are not met.

5.5.3.3 Determination by UGR formula

Ve,

urce

hlue
n be
high

(UGR)

ving

mize
ary

If the tabular method is not applicable and the observer position and the viewing directions are known
the UGR value can be determined by using the UGR Formula (2) from 5.5.3.2. However, the limits given

in Clause 7 have to be considered as benchmarks and not mandatory limits.

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

NOTE UGR values calculated by the formula are also suitable for making decision on optimal position(s) of

the observer in the room.

21


https://doi.org/10.3403/BSEN12464?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://standardsiso.com/api/?name=9efe36d330709d3cb20d56ec75038a44

BS EN 12464-1:2021
EN 12464-1:2021 (E)

All assumptions made concerning the calculation shall be stated in the scheme documentation.

5.5.4 Veiling reflections and reflected glare

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

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

— durface Tinish (matt surfaces);

— lpiiminance restriction of luminaires and daylight openings;
— Bright ceiling and bright walls.

5.6 Lighting in the interior space

5.6.1 General

In adfdition to lighting of the task and the activity areas the volume of space occupied by people should
be lit| This light is required to highlight objects, reveal texture and improve the‘appearance of people
withiln the space. The terms “average ¢  ylindrical illuminance”, "modelling" and “directional lighting”

descijibe the lighting conditions.

5.6.2[ Cylindrical illuminance requirement in the activity space

Good|visual communication and recognition of objects within aéspace require that the volume of space
in wHich people move or work shall be illuminated. This is fulfilled by providing adequate average
cylinglrical illuminance, E'Z, in the space.

The rlequired maintained average cylindrical illuminance (E_'m,z) to be determined on a horizontal plane

in the room and space (as in Table 8) is given in Clause 7 for each type of task or activity. The uniformity
of th¢ average cylindrical illuminance shall be~, "U, = 0,10. The height of the horizontal plane shall be

1,2 n for seated people and 1,6 m for standing people above the floor.

Special attention is given to those spaces-where visual recognition and communication is of higher
impoytance.

When the complete space is treated as the task area or activity area and is used for the calculation of the
required horizontal average illuminance, E|,, the maintained average cylindrical illuminance, Em‘z, shall

be calculated for the same'area size and position. When the task area and activity area / immediate
surrdqunding area / background area are defined separately, the cylindric  al illuminance requirement
giver] in the tables ifi )7.3 shall be calculated and fulfilled for the space including task area and activity
area gnd the immediate surrounding area.

NOTE] Asan,approximation for the cylindrical illuminance, the average value of f our vertical illuminances
orthoponal te-ene another can be used.

5.6.3| Madelling

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.

The lighting should not be too directional or it will produce harsh shadows, neither should it be too
diffuse or the modelling effect will be lost entirely, resulting in a very dull luminous environment.
Multiple shadows caused by directional lighting fr om more than one position should be avoided as this
can result in a confused visual effect.
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Modelling describes the balance between diffuse and directed light and should be considered.

The ratio of cylindrical to horizontal illuminance at a point is an ind icator of modelling. The grid points
for cylindrical and horizontal illuminances shall coincide in %, y and z.

NOTE1  For uniform arrangement of luminaires or roof lights a ratio of cylindrical to horizontal illuminance
between 0,30 and 0,60 is an indicator of good modelling.

NOTE 2  Daylight from vertical openings has a large impact on modelling. For this reason, the additional

1 £ £l LI B = £ 1 1 PR T c 1l A 4
DCIICIILS UT'Udy gt (SEC 0.0 ) Cdll CULIIPCIISALe 1O LIS dDOVE HIUILALOT O IITOUCTIIITE, SET INULE 1.

5.6.4 Directional lighting of visual tasks

Lighting from a specific direction can reveal details within a visual task, increase their visibility and
making the task easier to perform. Unintended veiling reflections and reflected glare should be avoided,
see 5.5.4.

Harsh shadows that interfere ~ with the visual task should be avoided. But some‘shadows help to
increase the visibility of the task.

5.7 Colour aspects

5.7.1 General

The colour qualities of anear -white light source or transmitted daylight are characterized by tw¢
attributes:

— the colour appearance of the light;
— its colour rendering capabilities.

These two attributes shall be considered separately.

5.7.2 Colour appearance of the light

The colour appearance of a light source refers to the apparent colour (chromaticity) of the light emitted.
It is quantified by its correlated.celour temperature (T¢p), see Table 6.

Table 6 — Light source colour appearance groups

Colour appearance Correlated colour
temperature T,

warm below 3 300 K
neutral 3300Kto5300K
cool above 5 300 K

The'choice of colour appearance of the light is a matter of psychology, aesthetics and what is preferred.
The choice will depend on illuminance level, colours of the room and furniture, surrounding climaté and

the application. Additionally, dynamic colour temperature ca n be considered for increased
personalization.

For further information on the physiological impact of spectral distribution and colour temperature
change see Annex B. Careful consideration is necessary, especially in the case of night shift work.

In Clause 7, for specific applications a restricted band of suitable colour temperatures is given. These
are applicable for daylighting as well as electric lighting.
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5.7.3

Colour rendering

For visual performance and the feeling of comfort and well -being colours in the environment, of objects
and of human skin, shall be rendered with sufficient accuracy according to the task requirements given
in Clause 7.

To provide an objective indication of the colour rendering properties of a light source the general colour
rendering index R, is used. The maximum value of R, is 100.

The rhinimum value of colour rendering index for distinct types of task and activity areas within a space

areg

ven in Clause 7.

Safety colours according to ISO 3864-1 shall always be identifiable as such.

Coloyr rendering properties of light from luminaires can be influenced by optics, glazing and_celoured

surfa

Ces.

NOTE{1  Colour rendering properties for an observer in a space a re affected by the reflectance properties of all
surfades.

NOTE|2  If coloured light is used, the colour rendering requirements given in Clause 7 are not applicable.

For a

ccurate rendition of colours of objects and human skin the appropriate special colour  rendering

indey (R;) should be considered.

A col

bur rendering index below 80 should not be accepted in areag where people work permanently.

5.8 Flicker and stroboscopic effects

5.8.1

Flick
such
such

General

er and stroboscopic effect (also called temporal light artefacts - TLA) can lead to undesired effects
ns reducing visual comfort and reducing task-performance and can lead to physiological effects
ns fatigue or headaches.

StroHoscopic effects can also lead to dangerous situations by changing the perceived motion of rotating

orre

Fiprocating machinery. This is, however, outside of the scope of this document.

Lighting systems should be designed to“avoid the negative effects of flicker and stroboscopic effect
throyghout the full dimming range\(this includes light sourc es and control gears). Background

infor
5.8.2

Flick

mation and methods to gbjectively quantify these effects can be found in CIE TN 006:2016.
Flicker

b1 is specified by‘using the IEC short-term flicker indicator (Py M) and test method as described in

IEC TIR 61547-1:2020.
NOTE Thepnoduct -related EU regulation 2019/2020 and its amendments laying down ecodesign

requi

ement$for light sources and separate control gears includes requirements for P M for some specific

lighti:llg products. For details and definitions see the ecodesign regulation.
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5.8.3 Stroboscopic effect

Stroboscopic effect perceived by individuals in indoor work places executing typical tasks, can be

objectively quantified using the Stroboscopic Visibility Measure (SVM). The SVM can be used to quantify
the visibility of this effect for applications where human motion is dominantand E > 100 Ix. Limits for

this measure are application dependent and currently under consideration. The test method is
described in IEC TR 63158:2018.

NOTE 1 SVM is not suitable to qn:mfifv the effects nflighfing on health and ro mfing or rp(‘iprm‘nfing mach

nery

as described in 5.8.1.

NOTE 2  The product -related EU regulation 2019/2020 and its amendments laying down ecodesign
requirements for light sources and separate control gears includes requirements for SVM for somespecific
lighting products. For details and definitions see the ecodesign regulation.

5.9 Lighting of work stations with Display Screen Equipment (DSE)
5.9.1 General
The lighting for DSE work stations shall be appropriate for all tasks performed at the work station,

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

For these areas the lighting criteria and system shall be chosen ifYaccordance with type of task ared
activity area, from the schedule in Clause 7.

Reflections in DSE and, in so me circumstances, reflections,from the keyboard can cause disability
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®alanced to the brightness of the screen.

The designer shall determine the offending miounting zone and shall choose equipment and plan
mounting positions which will cause no disturbing reflections.

5.9.2 Luminaire luminance limits with downward flux

Light can lower the contrast of thepresentation on DSE by:

— veiling reflection caused by the illuminance on the display surface and
— luminances from luminaires and bright surfaces reflecting in the display.
EN ISO 9241-307_gives recommendations for the visual qualities of displays concerning unwa

reflections.

This subclausé describes luminance limits for luminaires which can be reflected in DSE for normal
viewing-directions.

Table.7 gives the limits of the average luminaire luminance at elevation angles of 65° and above
the downward vertical, radially around the luminaires, for work stations where display screens wh

or

hind

nted

from
ch

are vertical orinclined up to 15° tilt angle are used
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Table 7 — Limits for the average luminance of luminaires, which can be reflected in flat screens

Screen high state luminance High Medium
luminance luminance screen
screen L <200 cd'm 2
L> 200 cd'm_2
Case A
(positive polarity and normal requirements <3000 cd-m-2 <1500 cd-m-2

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

Case B

(negative polarity and/or higher requirements
concerning colour and details of the shown <1500 cd'm2 <1000 cd'm2
information, as used for CAD, colour inspection,
etc.)

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

If screen types are not known at the lighting design stage, the designer should inform the user about the
luminance criteria chosen to the luminaires of the space.

If a High luminance screen is intended to be operated at luminances below 200 cd'm_2 the conditions
specified for a medium luminance screen shall be considered:

Somgq tasks, activities or display scr een technologies reguire different lighting treatment (e.g. lower
luminance limits, special shading, individual dimming;.etc.).

In ar¢as of industrial activities and crafts screens aye sometimes protected by additional front glasses.
The ynwanted reflections on these protection glasses have to be reduced by suitable methods (such as
anti-rTeflection treatment, tilting of the protection glass or by shutters).

6

Lighting design considerations

6.1 General

To apply the lighting designrcriteria from Clause 5, the follo wing aspects should be taken into account
for tHe lighting design:

recommended illuminance requirements, see 6.2;
dperationrofithe lighting system;

gnergyefficiency requirements, see 6.4;

variabllity or light, see 6.2.4.

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

Verification procedure can be found in Clause 8.
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6.2 Illuminance requirements and recommendations

6.2.1 General

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

in steps according 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 (see 5.3)

The following steps shall be followed in selecting the appropriate lighting criteria for the task arez
activity area and immediate surrounding area:

1. Define the task area and activity areas in the space.
2. Determine the appropriate type of task or activity based on the visual tasks executed in that ar

Note that the task area or activity area may be horizontal, vertical or inclined, and multiple tasks or
activities may take place in the same area (consult 5.3.3 for guidance).

3. Select the “task or activity related requirements” from the  tablesin 7.3 (E,, U, R, RycL):

activity areas with multiple tasks the most onerous requirements/shall be used for design (see
5.3.3).

4. Select the adequate maintained illuminance E,, in stepSusing the scale of illuminance in

or

For

5.3.2

starting from the required value for the actual working'condition according to the specific confext

modifiers as specified in 5.3.3 (Table 1 and Table 2

It is recommended to design higher illuminances by-up to two steps than the required (minimum)
maintained value on the task area or activity aréa( E,) to allow adjustment of the illuminance on

task to cater for higher visual performance..To ensure satisfaction during different times of operati
dimmable lighting can be used. When thetask or activit y is not being performed, or an activity of |
visual difficulty is being performed, lower light levels can be employed using dimming or switching]
appropriate. Further information isicontained in CIE 222 and CIE 227.

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

6.2.3 Lighting of the space

To enhance the visual appearance and brightness impression of the room and space and good \
communicatiofi-and recognition of objects, the following steps shall be followed:
1. Determine the relevant room surfaces around the workplaces (the walls and ceiling). The surf3

to bedlluminated are at least those that contribute to the perception of room brightness.

For example in high industrial halls the upper part of the wall and the ceiling may be excluded.

the

Nl
ess
if

risual

ces

Setectthe requirements for-“objectsanmd people’anmd for “room brightmess* fromr the tables
(Em,z' Em,wall’ Em,ceilin
requirements apply select the highest requirements to respect all specified tasks and activities

within the space.

N

7.3

¢) based on all selected tasks and activities in 6.2.2 steps 1 and 2. If different

3. Inareas with high distance to the ceiling, a lower ceiling illum inance can be accepted. E.g. in

industrial premises or other areas with only direct lighting and lower reflectance than the
recommended values in 5.2.2, or areas where illumination of the ceiling is not appropriate.
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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.

If in step 3 of 6.2.2 higher values have been selected for E'm 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 Adjustability of the lighting system

A lighting installation can be adjusted by dimming and/or controlling. Dimming increases or decreases
the lymen output from a luminaire. Controlling can have additional functionality to modify the
operation of the luminaire(s) in an installation, for example variation in colour temperature or different
lighting scenes or according to daylight provision.

Lighting should be adjustable to the actual user needs (see also  6.6). The system should énsure that
illumjinances can be achieved that meet or exceed the recommended maintained illuminance level using
only the electric lighting (assuming a worst case scenario without daylight contributipn). I  lluminance
can ble achieved by both daylight and electric lighting or any combination of the two|

An adjustable system ensures that

the benefit of available daylight is maximized;
dccupancy of the space can be taken into account;
dhanges of visual tasks can be catered for;

dhanges of occupants, occupant preferences or needs can'be catered for.

This flocument recommends the use of the higher maintdined illuminance E,, to give the user the full

use of the lit environment. Designing a basic lightingiinstallation only fulfilling the minimum criteria
limit§ the possible benefits of good lighting quality=

6.3 Maintenance factor

The ljghting scheme shall be designed taking into account an overall maintenance factor (f,,) calculated

for the selected lighting equipment, environment and specified maintenance schedule for the task area
or acfivity area according to ISO/EIE TS 22012.

The illuminance requirements for each task as specified in Clause 7 are given as maintained illuminance
(E\,) values. The initial illiminance E; can be calculated from E,,, as follows:

where

28
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(3)

E =

_m
i
fim

E},C-is maintained illuminance

E; isinitial illuminance

fm  is maintenance factor
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The designer shall:

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

— specify lighting equipment suitable for the application environment; and

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

The maintenance factor f, has alarge impact on energy efficiency. The assumptions made inthe

derivation of the f, shall be both realistically achievable and optimized in a way that leads to'@ high
value.
NOTE1  Guidance on the determination of the maintenance factor can be found in ISO/CIE TS 2201P and

further information on the derivation of f,, for electric indoor lighting systems can be foundin CIE 97.

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

6.4 Energy efficiency requirements

Lighting should be designed to meet the lighting requirements of’‘aparticular task, activity or spacelin
an energy efficient manner. It is impor tant not to compromise the visual aspects of a lighting
installation simply to reduce energy consumption. The reqaired minimum illuminance values as setin
this document are minimum values and shall be maintained over time (see 7.3).

Energy savings can be made by harvesting daylight,responding to occupancy patterns, improving
maintenance characteristics of the installation, and making full use of controls.

Daylight can supply all or part of the light needed for visual tasks or activities, and therefore off ers
potential energy savings. The amount of daylight indoors depends firstly on the availability of daylight
outside (i.e. the prevailing climate at the.$ite) and, thereafter, the environment surrounding the
building, the components immediately.around the daylight opening and the configuration of the intgrior
spaces. With a near vertical daylight-epening in the facade, the daylight availability decreases rapidly
with the distance from the facaderSupplementary lighting (e.g. electric light or additional day light
openings) can be needed to ensure the required illuminance levels at the work station are achieved and
to balance the luminance distribution within the room. Controls can be used to ensure appropriate
integration between electric lighting and daylight.

A procedure for the estimation of the energy requirements of a lighting installation is given in
EN 15193-1. It gives a methodology for the calculation of a lighting energy numeric indicator (LENI]),
representing-the energy performance of lighting within buildings. This indicator may be used for single
rooms on acomparative basis only, as the benchmark values given in the CEN/TR 15193-2 are drawn
up for sonie types of room or application areas. EN 15193-1 provides a simplified method fpr
calculating the potential energy savings of daylight.

6:57Additional benefits of daylight

Daylight can provide significant quantities of light indoors, with high colour rendering and variability in
illuminance, direction and spectral composition throughout the day and season. Daylight openings in a
vertical, inclined or horizontal surface are strongly favoured in work places for the light they deliver,
and for the visual contact they provide with the outside environment. Additionally, daylight provides
variable modelling and lu minance patterns, which is also perceived as being beneficial for people in
indoor working environments. For any space with daylight openings, it is recommended to provide
shading devices to reduce risk of glare or thermal discomfort. Direct view of the su n or to a reflection of
the sun should be avoided.
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For a more comprehensive method  EN 17037 defines metrics, gives principles of calculation and
verification, with respect to using daylight to provide lighting within interiors.

6.6 Variability of light

Light i s important to people’s health and well ~ -being. Light affects the mood, emotion and mental
alertness of people. It can also support and adjust the circadian rhythms and influence people’s
physmloglcal and psychologlcal state Varymg 1llum1nances in tlme a nd season (w1th values hlgher or

illumfinances and colour appearance of light, as described in CEN/TR 16791 and in CIE S 026. The non-
imagg-forming effects will depend on quantity and time of light exposure, spectral power distribution,
duration of exposure, and individual parameters like circadian phase, light history, and others\These
objedtives can be achieved with daylight and electric lighting solutions.

More information about non-image forming aspects can be found in Annex B.

When varying lighting (e.g. using personal control) it is possible that lighting requitements (as stated in

the tgbles in 7.3) are no longer met. However, the values listed in the tables in 7.3 shall remain
achigvable.
NOTE] Variability of light is important in spaces that are occupied for extended/periods. Examples are

classrpoms, healthcare, offices and productions spaces.
6.7 Room brightness
An inﬁication of perceived room brightness in spaces where.visual tasks or activities a re carried outis

obtaiped by a combination of reflectances and illuminances on walls and the ceiling.

Additional indications of perceived room brightness.are explained in Annex B.

7 Schedule of specific lighting requirements
7.1 (omposition of the tables

For the application of the tables in 7.3, see Clause 6.
Column 1 lists the reference nuimber for each task area or activity area.

Column 2 lists those tasks. areas or activities areas, for which specific requirements are given. If the
partifular task or acti vityis'not listed, the values given for a similar, comparable situation should be
adopted. Task areas or.activity areas can also be a room, e.g. a corridor or resting room.

Column 3 gives the'required maintained illuminance E,, on the reference surface (se e 5.3) for the
interjor (area)-inywhich the task or activity from Column 2 is performed.

Column 4 gives the modified maintained illuminance E, considering common context modifiers
wher] the visual conditions differ from the normal assumptions (see 5.3.3) on the reference surface (see

5 3) forthaintarior faraa) T which tha tacle ar aotivityg fromy Coliyan D ic marfarnnd

T O e c e T O (o Co T vy T It et oI O o Cehv IOy 1T O T COTOTIH T = 1o p oo e ar

NOTE Lighting control can be required to achieve adequate flexibility for the variety of tasks performed.

Column 5 gives the minimum illuminance uniformity U, on the reference surface for the maintained
illuminance E,, chosen according to Clause 7.

Column 6 gives the minimum colour rendering indices (R,) (see 5.7.3) for the situation listed in
Column 2.

30


https://doi.org/10.3403/BSEN12464?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/30310356U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://standardsiso.com/api/?name=9efe36d330709d3cb20d56ec75038a44

BS EN 12464-1:2021
EN 12464-1:2021 (E)

Column 7 gives the UGR limits (Unified Glare Rating limit, Ry;;;) that are applicable to the situation

listed in Column 2 (see 5.5.3.2).

Column 8 gives the maintained cylindrical illuminance E,,, , for the recognition of objects and people

as described in 5.6.2.

Column 9 gives the maintained illuminance on walls E, ,,,;; as described in 5.2.3.

Column 10 gives the maintained illuminance on ceilings E\, ..iline as described in 5.2.3.

Column 11 gives specific requirements for the situations listed in Column 2.

7.2 Schedule of task and activity areas

Table 9 — Traffic zones inside buildings

Table 10 — General areas inside buildings - Rest, sanitation and first aid rooms
Table 11 — General areas inside buildings - Control rooms

Table 12 — General areas inside buildings - Store rooms, cold stores

Table 13 — Logistics and warehouses

Table 14 — Industrial activities and crafts — Agriculture

Table 15 — Industrial activities and crafts - Bakeries

Table 16 — 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 - Elegtrical and electronic industry
Table 20 — Industrial activities and crafts#Food stuffs and luxury food industry
Table 21 — Industrial activities and crafts - Foundries and metal casting

Table 22 — Industrial activities andcrafts - 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 — Indu’strial activities and crafts - Paper and paper goods

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

Fabte 3t—TIndustriatactivittesand-erafts—TFextite-mantifacture-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 35 — Retail premises

Table 36 — Places of public assembly — General areas
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Table 37 — Places of public assembly - Restaurants and hotels

Table 38 — Places of public assembly - Theatres, concert halls, cinemas, places for entertainment
Table 39 — Places of public assembly - Trade fairs, exhibition halls

Table 40 — Places of public assembly - Museums

Table 41 — Places of public assembly - Libraries

Table42—Places of publicassembly - Car parks (indoor)

Tablg 43 — Educational premises — Nursery school, play school
Tablg 44 — Educational premises - Educational buildings

Tablg 45 — Health care premises - Rooms for general use

Tablg 46 — Health care premises - Staff rooms

Tablg 47 — Health care premises - Wards, maternity wards
Tablg 48 — Health care premises - Examination rooms (general)
Tablg 49 — Health care premises - Eye Examination rooms
Tablg 50 — Health care premises - Ear Examination rooms
Tablg 51 — Health care premises - Scanner rooms

Tablg 52 — Health care premises - Delivery rooms

Tablg 53 — Health care premises - Treatment rooms (general)
Tablg 54 — Health care premises - Operating areas

Tablg 55 — Health care premises - Intensive care unit

Tablg 56 — Health care premises - Dentists

Tablg 57 — Health care premises - Laboratories'and pharmacies
Tablg 58 — Health care premises - Decontamination rooms
Tablg 59 — Health care premises - Autopsy rooms and mortuaries
Tablg 60 — Transportation areas.Airports

Tablg 61 — Transportation afeas - Railway installations
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8 Verification procedures

8.1 General

Specified design criteria which are listed in this document shall be verified by the following procedures.

In lighting design, calculations and measurements, certain assumptions including degree of accuracy

have-beenmade-Theseshall-be-deelared:

The installation and the environment shall be checked against the design assumptions.
8.2 Illuminances

When verifying conformity to the illuminance requirements the measurement points:shall coincide
any design points or grids used. Verification shall be made to the criteria of the relevant surfaces.

For subsequent measurements, the same measurement points shall be used.

with

Verification of illuminances that relate to specific tasks shall be measured perpendicular to the plape of

the task.

When verifying illuminances, account should be taken of the calibration of the light meters used, th
conformity of the light source and luminaires to the published photeme tric data, and of the des
assumptions made about surface reflectance, etc., compared with'the real values.

The average illuminance and uniformity shall be calculated4from the measured values and taking in
account the maintenance factor shall be not less than the values specified.

8.3 Unified Glare Rating
Authenticated UGR data produced by the tabuldar-method shall be provided for the luminaire schen
the manufacturer of the luminaire. The spacing shall be declared for the UGR-tables provided.

8.4 Colour rendering and colour appearance

Authenticated colour rendering index R, and correlated colour temperatures Tep data shall be proy

for the light source in the scheme by the manufacturer of the light source. The light sources shall be
checked against the design,specifications.

8.5 Luminaire luminamnce
The average luminance of the luminous parts of the luminaire shall be measured and/or calculat
the C-plane (aziniuth) at intervals of 15° starting at 0° and the y-plane (elevation) for angles of 65°

75°, 80° and85% Usually the manufacturer of the luminaire shall provide these data based on maxi
(light source/luminaire) output (see also EN 13032-1, EN 13032-2 and EN 13032-4).

8.6 Maintenance schedule

The'maintenance schedule shall be provided according to 6.3.
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Annex A
(informative)

Recommended practice regarding implementation of UGR tabular method
for ‘non-standard’ situations

A.1 |General

The houndary conditions for the determination of the UGR value include having a rectangular space, a
regulpr luminaire grid and only one type of luminaire. The UGR methodology does not apply.to-totally
indirgct luminaires. The UGR tabula r method is only applicable for luminaires with at least'2 -axis
symmetrical light distribution in horizontal position of the light emission surface. This limits the
applifation of the methodology to some extent, but does not exclude its use. Howeverasth e limiting
valugs (in the tables in 7.3) have been determined based on the UGR tabular method;the limiting values
canngt be applied to other uses of the UGR formula (such as individual point calculations) without
furthgr scientific validation. To maximize the applicability of the tabular, method, A.2 covers
recothmended practices when specific boundary conditions are not met.

NOTE{1  The UGR methodology is intended to support the selection of luminaires which are appropriate for the
givenfapplication. It is not intended as an exact prediction of glare in the givén space.

NOTE|2Z  The highest UGR value will generally occur in the largestd4oom with the lowest reflectances. When
using|the recommended practices below it is advisable to keep this\in mind when determi ning the worst -case
scenafios.

A.2 Recommended Practices
A.2.1 Deviating luminaire sizes

The YGR methodology can be applied to luminaires visible in boundaries 0,000 3 srto 0,1 sr as given in
CIE 117 (for usual room heights (excepthigh halls) this corresponds to luminaires from 0,005 m, to

1,5 m2). For luminaires outside this range some advice is given in CIE 147.
A.2.2 Irregular area shapes
The JGR methodology is-based upon rectangular rooms. For a non -rectangular room, the room

dimepsions can be approximated by fitting it with a rectangle. The used dimensions of the
approximated rectangle should be documented in the lighting design.

A.2.3 Irregulapluminaire placement patterns

As thp UGR:tabular method uses a ‘ virtual’ luminaire placement to determine the UGR value, the exact

luminaire.placement pattern can be disregarded. However, in extreme cases such as clusters of
luminai i -

A.2.4 Deviating room reflectances

If the exact reflectances are not given in the standard UGR table, the set of reflectances closest to these
reflectances should be used as a best approximation. Keep in mind that the lower the reflectances, the
higher the UGR value. As such, for the worst-case scenario it is preferable to select a set of values lower
than the requested values. Alternatively, a set of transfer values can be calculated allowing the
calculation of standard UGR values for the required reflectances.
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A.2.5 Multiple luminaire types

When multiple luminaire types are used, the UGR should be determined for each individual luminaire
type. For the worst -case scenario, the luminaire type with the highest UGR value should be referenced

against the set limiting value.

A.2.6 Luminaires with (only) up-lighting or luminous ceilings

the lighting requirements specified within this document). Additionally, the UGR methodology doe§
apply to luminous ceilings (see size limits in A.2.1).

A.2.7 Room dimensions smaller or larger than the tabular values

Assuming ‘H’ as the distance between the observer and luminaire plane, for room dimensions large
than 12H (the maximum dimension ratio in the tabular method), 12H can be taken as a representat
value. In this case, the used dimension should be reported. For room dimensions smaller than 2H,
discomfort glare is unlikely to occur.

For room dimensions > 12H or in production facilities with large height differences between the he
of the user's eye and the mounting height (e.g. > 7 m), it should bbe-checked whether the UGR met
should be used or whether in these cases disability glare could,be more i mportant than discon
glare.
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