Calculation of the impact of
daylight utilization on the net
and final energy demand for
lighting

[
bSlo ..making excellence a habit.



BS ISO 10916:2014

BRITISH STANDARD

National foreword
This British Standard is the UK implementation of ISO 10916:2014.

The UK participation in its preparation was entrusted to Technical
Committee B/540/2, Building performance - Energy.

A list of organizations represented on this committee can be
obtained on request to its secretary.

This publication does not purport to include all the necessary
provisions of a contract. Users are responsible for its correct
application.

© The British Standards Institution 2014.
Published by BSI Standards Limited 2014

ISBN 978 0 580 81413 6
ICS 91.160.01

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 31 July 2014.

Amendments/corrigenda issued since publication
Date Text affected




BS ISO 1091

INTERNATIONAL IS
STANDARD 1091

First edition
2014-06-15

Calculation of the impact of daylight
utilization on the net and final energy
demand for lighting

Calcul de l'effet d’utiliser la lumiére du jour a la demande énergétique
net et finale pour I'éclairage

-_— Reference number
= N— 1SO 10916:2014(E)

©1S0 2014


http://dx.doi.org/10.3403/30275420U
http://dx.doi.org/10.3403/30275420U

BS I1SO 10916:2014
IS0 10916:2014(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2014
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. + 41 22 749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO 2014 - All rights reserved



BS I1SO 10916:2014
IS0 10916:2014(E)

Contents Page
FFOT@WOTM ........oooccceeee st iv
IIEETO@UICEIONN ... \%
1
2
3
4 Symbols, indices, and abbreviated terms

4.1 Symbols

4.2 IIUATCES oot
5 Proof calculation method

5.1 Energy demand for lighting as function of daylight

5.2 Subdivision of a building into zones............c.cccccee

5.3 OPETATINEZ TIITIE ..o

54 ATtHICIAL TIZIEINEZ e

5.5 Constant illuminance control

5.6 Daylight. ...

5.7  Occupancy dependency fACtOr F . ...ttt 9
6 Daylight Performance INAICATOT ...t 9
Annex A (informative) Simple calculation Method. ... 10
Annex B (normative) Comprehensive calculation..............oee e 53
Annex C (informative) Daylight performance iIndiCator ... 54

Annex D (informative) Examples

Bibliography

© 1S0O 2014 - All rights reserved iii



BS I1SO 10916:2014
IS0 10916:2014(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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 documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

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

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as information about ISO’s adherence to the WTO principles in the Technical Barriers
to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is [SO/TC 163, Thermal performance and energy use in the
built environment, Subcommittee SC 2, Calculation methods.
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Introduction

This International Standard is partofasetofstandards allowingtorate the overall energetic performance
ofbuildings. Facades and rooflights have a key impact on the building’s energy balance. This International
Standard supports the daylighting and lighting-energy-related analysis and optimization of facade and
rooflight systems. It was therefore specifically devised to establish conventions and procedures for the
estimation of daylight penetrating buildings through vertical facades and rooflights, as well as on the
energy consumption for electric lighting as a function of daylight provided in indoor spaces.
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Calculation of the impact of daylight utilization on the net
and final energy demand for lighting

1 Scope

This International Standard defines the calculation methodology for determining the monthly and
annual amount of usable daylight penetrating non-residential buildings through vertical facades and
rooflights and the impact thereof on the energy demand for electric lighting. This International Standard
can be used for existing buildings and the design of new and renovated buildings.

This International Standard provides the overall lighting energy balance equation relating the installed
power density of the electriclighting system with daylight supply and lighting controls (proof calculation
method).

The determination of the installed power density is not in the scope of this method, neither are controls
relating, for instance, to occupancy detection. Provided the determination of the installed power density
and control parameters using external sources, the internal loads by lighting and the lighting energy
demand itself can be calculated. The energy demand for lighting and internal loads by lighting can then
be taken into account in the overall building energy balance calculations:

— heating;

— ventilation;

— climate regulation and control (including cooling and humidification);
— heating the domestic hot-water supply of buildings.

For estimating the daylight supply and rating daylight-dependent artificial lighting control systems,
a simple table-based calculation approach is provided. The simple method describes the division of a
building into zones as required for daylight illumination-engineering purposes, as well as considerations
on the way in which daylight supplied by vertical facade systems and rooflights is utilized and how
daylight-dependent lighting control systems effect energy demand. Dynamic vertical facades with
optional shading and light redirection properties are considered, i.e. allowing a separate optimization
of facade solutions under direct insolation and under diffuse skies. For rooflighting systems standard,
static solutions like shed rooflights and continuous rooflights are considered. The method is applicable
for different latitudes and climates. For standard building zones (utilizations), operation times are
provided.

For detailed computer-based analysis (comprehensive calculation), minimum requirements are
specified.

To support overall building performance assessment, additional daylight performance indicators on the
overall building level are provided.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

CIE S 017/E:2011, ILV: International Lighting Vocabulary

© ISO 2014 - All rights reserved 1
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in CIE S 017/E:2011 ILV apply.

31

ballast

unit inserted between the supply and one or more discharge lamps, which by means of inductance,
capacitance, or a combination of inductance and capacitance, serves mainly to limit the current of the
lamp(s) to the required value

3.2
control system
various types of electrical and electronic systems including the following:

— systems used to control and regulate;

— systems to protect against solar radiation and/or glare;

— artificial lighting in relation to the currently available daylight;
— systems used to detect and record the presence of occupants

3.3

daylight factor

D

ratio of the illuminance at a point on a given plane due to the light received directly and indirectly from
a sky of assumed or known luminance distribution to the illuminance on a horizontal plane due to an
unobstructed hemisphere of this sky, where the contribution of direct sunlight to both illuminances is
excluded

[SOURCE: CIE S 017/E:2011 ILV, modified]

Note 1 to entry: CIE S 017/E:2011 defines the unit as 1. However, daylight factor is in practice, usually presented
in percent values.

3.4

electrical power of artificial lighting system

p

the total electrical power consumption of the lighting system in the considered space

3.5

illuminance

E

quotient of the luminous flux d® incident on an element of the surface containing the point, by the area
dA of that element

[SOURCE: CIE S 017/E:2011 ILV, modified]
Note 1 to entry: Unit: Ix = Im x m-2.

3.6
lamp
source made to produce optical radiation, usually visible

3.7
light reflectance
ratio of the reflected luminous flux to the incident luminous flux in the given conditions

Note 1 to entry: Unit: 1.

2 © ISO 2014 - All rights reserved
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3.8
light transmittance
ratio of the transmitted luminous flux to the incident luminous flux in the given conditions

Note 1 to entry: Unit: 1.

3.9

luminaire

apparatus which distributes, filters, or transforms the light transmitted from one or more lamps and
which includes, except the lamps themselves, all the parts necessary for fixing and protecting the lamps
and, where necessary, circuit auxiliaries together with the means for connecting them to the electric

supply
[SOURCE: CIE S 017/E:2011 ILV]

3.10

luminous exposure

quotient of quantity of light dQy incident on an element of the surface containing the point over the given
duration, by the area dA of that element

Note 1 to entry: Unit: Ix x s = Im x s x m-2,

3.11

luminous flux

@

quantity derived from the radiant flux, @, by evaluating the radiation according to its action upon the
CIE standard photometric observer

Note 1 to entry: Unit: Im.

3.12

maintained illuminance

Em

value below which the average illuminance over the specified surface is not allowed to fall

Note 1 to entry: Unit: Ix = Im x m-2,

3.13
obstruction
anything outside the window which prevents the direct view of part of the sky

3.14
rooflight
daylight opening on the roof or on a horizontal surface of a building

3.15
task area
partial area in the work plane in which the visual task is carried out

[SOURCE: CIE S 017/E:2011 ILV]

3.16
visual task
visual elements of the work being done

[SOURCE: CIE S 017/E:2011 ILV]

4 Symbols, indices, and abbreviated terms

For the purposes of this document, the following symbols and units apply.

© ISO 2014 - All rights reserved 3
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4.1 Symbols
Quantity Unit
T light transmittance —
p light reflectance —
@ luminous flux Im
n efficiency —
Q energy kWh
Y angle, geographical latitude °
6 declination of the sun °
a depth M
A area m?2
b width M
bf occupancy factor —
C correction factor —
D daylight factor —
D mean daylight factor —
E illuminance Ix
Em maintained illuminance Ix
fF factors —
g g-value —
H luminous exposure Ixh
h height m
I index —
k space index —
k correction factor —
] counter for number of areas being evaluated —
N counter for number of zones —
p area-specific power W/m?2
t time H
U U-value of glazing system W/m2K
1% distribution key —
wi light-well index —
4 © ISO 2014 - All rights reserved
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4.2 Indices

A absence ND no daylight

At atrium Night  night-time

c control 0 occupancy

Ca carcass opening R room

D daylight rel relative
Day day-time Rd room depth, space depth
dir direct S transparent or translucent surface of the

daylight aperture

D65 standard lightsource D65 S supply

e energic quantity SA sun-shading activated

eff effective, root-mean-square Sh shading, obstruction

ext external, outdoors SNA sun-shading not activated
GDF glazed curtain wall, glazed double facade start  start
glob  global sunrise sunrise

hf horizontal fin or projection t building use (operating) time
ijn serial counter indices Ta task area

In internal courtyard Tr transparency

Li lintel u lower

Ish linear shading usage  usage
max maximum \ visual quantity
mth monthly vf vertical fin or projection

5 Proof calculation method

5.1 Energy demand for lighting as function of daylight

The final energy demand for lighting purposes is Q) f to be determined for a total of N building zones
which can be subdivided into J evaluation areas:

N ]
Qe = ZZQ],f,n,j (1)

n=1j=1

The energy demand of any one evaluation area j is calculated by applying Formulae (2) and (3).

Qunj=p; Fe; [AD, j (teff,Day,D, j T tefiNight,j ) +AnD, j (teff,Day,ND, j T teftNight,j )} (2)
where

applies to the total area of the respective evaluation area,

© IS0 2014 - All rights reserved 5
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and where

Qif is the final energy demand for lighting;

N is the number of zones;

] is the number of areas;

Fej factor relating to the usage of the total installed power when constant illuminance
control is in operation in the room or zone;

pj is the specific electrical evaluation power of area j;

Aj is the floor area of area j;

Ap,j is that part of area j which is lit by daylight;

AND,j is that part of area j which is not lit by daylight;

teff,Day,D,j is the effective operating time of the lighting system, during day-time, in area j which
is lit by daylight;

teff,Day,ND,j is the effective operating time of the lighting system, during day-time, in area j which
is not lit by daylight;

teff Night,j is the effective operating time of the lighting system, during night-time, in area j.

The effective operating time, during day-time, in an area which is lit by daylight is calculated using
Formula (4).

teffDay,D,j =LDayn Fp,j Fo, (4)

The effective operating time, during day-time, in an area which is not lit by daylight is calculated using
Formula (5).

teffDay,NDj = tDay,n Fo (5)
where

tpay,n is the operating time of zone n during day-time, as defined in 5.3;

Fpj  isthe part-utilization factor to account for the illumination by daylight in the evaluation
area j as defined in 5.6;

Fo,j isthe part-utilization factor to account for the presence of persons (occupancy) in the
evaluation area j as defined in 5.7.

Formula (6) is used to calculate the effective operating time during night-time.

teffNight; = ENight,n F0 ©

where

tNight,n 1S the operating time of zone n during night-time, as defined in 5.3.

Figure 1 illustrates the order in which the individual steps of the calculations are carried out.

6 © ISO 2014 - All rights reserved
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Electrical specific power

Pi
Area being evaluated, Area being evaluated,
with daylight without daylight
AD,j AND,j
1T 1 i_ ______ _i T 1 1 1
I Night-time I | | Day-time | | I Night-time I I Day-time I
| | operation I I operation I | | operation I | | operation I
| | |
1| Nightn | I bay.n I 1| INightn | 1| INightn |
I I | I | I
| | l l | | | |
| | . | |
I Presence I I Presence I I Presence I I Presence I
L
| | I I | | | |
L——— oftNight || I L Left Night, L———t Leff,Day,ND,j
I Daylight I
R eff,Day,D,j

Energy demand for lighting of For all areas

area j being evaluated: Qlfnj

Energy demand for lighting of For all zones

zone n: Q¢ ,

Energy demand for lighting,
total: Q¢

Figure 1 — Flowchart showing calculation of the energy demand for lighting

5.2 Subdivision of a building into zones

The final energy demand for lighting is calculated for all building zones N. The building zones are to be
defined in accordance with the zoning boundary conditions as requested by other criteria like utilization
of spaces and technical requirements.

It can be necessary to subdivide a building zone n into J evaluation areas to determine the final energy
demand for lighting. This subdivision can be necessary due to differences in the boundary conditions
(e.g. technical design of the artificial lighting system, lighting control systems, characteristics of the
facades).

From practical experience, a simplification rule can be recommended: One and the same boundary
condition can be assumed to apply for an entire building zone or an evaluation area if the corresponding
input parameter applies to at least 75 % of the area being evaluated. Input parameters of the remaining
parts (e.g. window areas) assigned to the dominating areas are not taken into account in the calculations.

© ISO 2014 - All rights reserved 7
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The specific energy demand is calculated for that part of the evaluation area which occupies at least
75 % of the total area and is then assumed to apply to the total area.

5.3 Operating time

The times during which the areas of a zone being evaluated are used are subdivided into intervals tpay,»
during which daylight is available, and intervals tnight,» Without daylight. The operating time ¢, is equal
to tpay,n * tNight,n. Day-time is thus the time span between sunrise and sunset. Annual daylight hours and
night hours are defined in relation to the different utilization profiles given in Annex A. For operating
times which do not match the cases listed in the tables, the values shall be determined separately.

5.4 Artificial lighting

The specific electrical power of the artificial light installation pj can be obtained by, for instance, using
standard lighting design software, as provided by luminaire manufacturers. Simplified methods as
defined in DIN V 18599-4[2] can as well be employed.

5.5 Constant illuminance control

When constant illuminance control is in operation in the zone or evaluation area, the installed power
will be lowered by a factor F¢.

5.6 Daylight

In zones which have windows or rooflights, daylight can contribute to the amount of the luminous
exposure required. Therefore, this proportion of the required light does not need to be provided by the
artificial lighting system.

The daylight available in the outdoor environment depends on the geographical location, the climatic
boundary conditions, the time of day, and the season. Furthermore, the daylight availability in a building
also depends on the external building structure and surrounding buildings, spatial orientation, and the
technical specifications of the facades and internal spaces (rooms). Since the available daylight varies
with the time of day and the season, the lighting energy substitution potential is dynamic and therefore
has a dynamic effect on the overall energy balance (for heating, cooling, and air-conditioning) of the
building.

The daylight dependency factor Fpj used to account for lighting of an area j by daylight is defined as

Fp;j=1-Fps;Fp.; (7)

where
Fp,s,j is the daylight supply factor;

Fp,c; is the factor representing the effect of the daylight-responsive control system.

The daylight supply factor Fp s j accounts for the amount of lighting of the evaluation area j by daylight.
This factor describes the relative proportion of the light needed for the visual task provided by daylight
within the reference time interval at the point where the illuminance is measured (control point). When
determining this factor, the type of lighting control system shall be taken into consideration. The factor
corresponds to the relative luminous exposure as, for instance, defined in DIN 5034-3,[4] also referred
to as “daylight autonomy”. The factor Fp ,j additionally accounts for the efficiency of the lighting control
system in using the available daylight to achieve the required luminous exposure level in the area j.
The daylight dependency factor Fp; which takes the daylight illumination into consideration can be
determined for any given time interval (e. g. year, month, hour).

8 © ISO 2014 - All rights reserved
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Annex A comprises simplified approaches to calcutate Fpsj for vertical facades (A.3) and rooflights
(A.4) and to obtain tabulated values for Fp ;. Annex B contains specifications for using comprehensive,
detailed computer-based tools to calculate Fp,.

5.7 Occupancy dependency factor Fo ,

The occupancy dependency factor Fp,, foraroom orzone correlates the time whenaspaceisoccupied with
the efficiency to benefit from this potential by either manual or automatic switching. Parametrizations
of Fo,n, might, for instance, be found in DIN V 18599-4[2] and EN 15193.[5]

6 Daylight Performance Indicator
To judge the overall daylight performance of a building or a building design and to compare different

buildings or building designs, integral daylight performance indicators are helpful. Annex C gives
definitions and explains their application.

© ISO 2014 - All rights reserved 9
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Annex A
(informative)

Simple calculation method

A.1 General

This Annex specifies a simplified approach to calculate the effect of daylight on the lighting energy
demand on monthly and annual bases. The method involves the following stages to obtain, according
to Clause 5, the daylight dependent quantities Fp p,j, tpay,n,j and as a function thereof teff,pay,n,j, as also
depicted in Figure A.1:

10

A.2 contains a scheme of how to subdivide the zone to be evaluated into area sections which receive
daylight and those which do not;

A.3 specifies a procedure on how to determine the daylight supply factor Fp s ,j for spaces lit by
vertical facades;

A.4 specifies a procedure on how to determine the daylight supply factor Fp s, for spaces lit by
rooflights;

A.5 specifies a procedure on how to rate daylight responsive control systems described by the
parameter Fp cn,

A.6 describes how to convert annual values into monthly values of Fp n j;
A.7 provides a procedure to determine day- and night-time hours;

A.8 provides a list of precalculated day- and night-time hours for 41 different utilization types of
building spaces.

© ISO 2014 - All rights reserved
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Rooflight

Daylight Factor D

Daylight Supply

A4:
Determine
Daylight Factor D
Determine
Daylight Supply
Factor Fi ¢
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Determine Im-
pact of Daylight

Control System

Fp=1-Fp ¢*Fp ¢

Monthly
Evaluation?

A6: Monthly
Evaluation
Method

D,mth

Figure A.1 — Flowchart illustrating the simplified approach
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As for the determination of the daylight supply factor Fp s, as well for vertical facade (A.3) as for
rooflights (A.4), Figure A.2 shows the applied three-stage approach:

— Stage 1: Use of a simple criterion approximating the daylight factor to classify the type of daylight
availability on the basis of the geometrical parameters of the building zone being evaluated. This
assumes a combination of standard reflectances, pr = 0,2 for the floor, pw = 0,5 for the walls, and
pc = 0,7 for the ceiling. The reflectance of the external surroundings is assumed to be 0,2. Instead of
using these approximations, a more detailed determination of the daylight factor can be carried out
for more complicated space geometries and other reflectance values using for instance computer

tools.

— Stage 2: Describe the facade characteristics.

— Stage 3: Determine the annual amount of daylight available on the basis of the daylight supply
classification of the building zone and the facade characteristics as a function of location and climate.

Stage 1

Stage 3

Classification of daylight
availability by means of an
approximated daylight factor
for building carcass opening

r-——"""""""""""" A
I Classification of daylight

| availability by means of A.3.1 for vertical facades
calculating the daylight factor 4.1 for roof skylights
} lculating the daylight factor|  A.4.1 f f skylight
I
I

for building carcass opening |

Description of the facade

characteristics A.3.2 for vertical facades

A.4.2 for roof skylights

Daylight supply factor F si

Figure A.2 — Three-stage approach to determining the daylight supply factor Fp s

A.2 Building segmentation: Spaces benefiting from daylight

Evaluation zones which are illuminated by daylight entering via facades or rooflights shall be subdivided
into a daylight-lit area Ap jand an area Anp,j which is notilluminated by daylight. For simplified estimate
calculations, the more favourable respective lighting conditions can be assumed to apply in cases
where one area is illuminated by daylight entering via several facades or via a facade and rooflights.
Alternatively, it is also possible in these areas to determine the daylight factor according to A.3 and A.4
by superposition. This can nevertheless only be applied for areas being lit by only one type of daylight
aperture (either vertical facade or rooflight).

Depth and width of the area daylight by vertical facades

12
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The maximum possible depth ap max of the area Ap lit by daylight entering via a facade is calculated
using Formula (A.1).

aD‘maX :2'5X(hL1_hTa) (Al)

where
apmax is the maximum depth of the daylight area;
hyi is the height of the window lintel above the floor;

hta is the height of the task area above the floor.

In this case, the maximum depth ap max of the daylight area is calculated from the inner surface of the
external wall and at right angles to the reference facade. If the real depth of the area being evaluated
is less than the calculated maximum depth of the daylight area, then the total area depth is considered
to be the depth of the daylight area ap. ap can also be assumed to be equal to the real depth of the area
being evaluated if the real area depth is less than 1,25 times the calculated maximum daylight area
depth.

The partial area Ap j which is lit by daylight within the area j is thus calculated as follows:

where
ap isthe depth of the daylight area;

bp is the width of the daylight area.

The width bp of the daylight area normally corresponds to the facade width on the inner surface of
the building zone or the area being evaluated. Internal walls can be overmeasured (i. e. their thickness
ignored) to keep the equations simple. If windows only constitute a part of the facade, then the width
of the daylight area associated with this facade is equal to the width of the section which has windows,
plus half the depth of the daylight area.

Depth of the daylight area lit by rooflights

Areas to be evaluated having rooflights evenly distributed all over the roof area are always deemed to
be lit by daylight. In the case of individual or single rooflights and at the boundaries of areas which have
evenly distributed skylights, those parts of the area which are within a distance of

p max SZx(hRJ —hTaJ) (A.3)

from the edge of the nearest skylight are deemed to be lit by daylight,
where

hg,j is the clear ceiling height of the area (room) which has a skylight.

For all parts of the area under evaluation which are not lit by daylight, the factor Fp is equal to 1.

Distinction between vertical facades and rooflights

In case of doubt as to whether a specific opening or aperture is to be evaluated as being a window or
a rooflight, all such openings of which the entire glazed areas are above the ceiling of the space under
consideration are deemed to be rooflights.

© ISO 2014 - All rights reserved 13
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Figure A.3 — Impact of facade opening on daylight area for vertical facades
!
=
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Figure A.4 — Impact of roof opening on daylight area for rooflights
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Daylight areas of the different vertical |Approach 1: Superposition of |Approach 2: The more favourable
facades (1 - 5) and the rooflight (6) daylight factors in the overlap- |lighting condition is taken for the

ping daylight areas respective daylight area: Fp 51 > Fp s,
6> Fp,s,;5=Fp,s3>Fps2>Fpsy
A L L
Z1 1 4 21 L I Z1 1 4 .
3 V }HN,relk :
I | _7'5 i 1 i_ HN.relB I
l_ —T | 3 l_[» 5 2 ‘\ 3 |_HN rel,6 j 3
A
! 6 a ! 7 | 6 a \I \ 4 | 6 E| L _____ /
| | | s | |
: : 8.5 :
% i = / S 2 ‘S /
8 | |
H,
5 2 5 b 8.5 3,5 2 5 Hyrels i i Nrelz |9
i ! i 7 9 85 H ' .
} 5 HNrett
Z1 JI <l Z1
1 1 1
Key
—= Ap
= Anp
a  rooflight

Figure A.5 — Superposition and penetration of daylight areas for vertical facades and rooflights

A.3 Daylight supply factor for vertical facades

A.3.1 Daylight factor classification

The daylight factor for vertical facades can be obtained by several means, e. g. graphical, analytical, or
computer-based approaches. Here a simplified analytical approach allowing to account for the major
parameters classifying the daylight availability in vertical lit rooms is provided.

The amount of daylight available in an areaj being evaluated depends on the transparency index Iy, the
space depth index Irp j, and the shading index Isp ;. These index values are determined as follows.

Transparency index Iy
Formula (A.4) is used to calculate the transparency index.

A
Ity ;= Aca (A.4)
D

where
Aca is the area of the raw building carcass opening of the area under evaluation;

Ap is the partial area which is lit by daylight as calculated by Formula (A.1).

All areas below the work plane (e. g. 0,8 m above floor level in office spaces) are ignored. The height of
the work plane is given for individual utilization profiles in DIN V 18599-10.[3]
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Space depth index Irp,
Formula (A.5) is used to calculate the space depth index Irp,;.

a

IRD,' -_ D (A.5)
" hyj—hy,

Obstruction index /s ;

The shading index Isp,j accounts for all effects which restrict the amount of daylight striking the facade.
This includes shading by parts of the building itself, such as might occur due to horizontal and vertical
projections, light wells, courtyards, and atrium arrangements. It also takes into consideration any
reduction of incident light by the glazed double facades (GDF — also glazed curtain walls). The shading
index Isp,j is calculated using Formula (A.6).

Ish,j = Ish,1shISh, hflSh,vElSh,In, AtISh,GDF (A.6)
where
Ish,j is the obstruction index of the area j under evaluation;

Isnish  is the correction factor for linear obstruction of the area under evaluation as calculated
using Formula (A.7);

Ishha  is the correction factor for an overhang shading of the area being evaluated, calculated
using Formula (A.8);

IshyvA is the correction factor for a side shading of the area under evaluation as calculated using
Formula (A.9);

Ish,in,At is the correction factor for internal courtyard and atrium shading of the area under
evaluation as calculated using Formula (A.11);

Ish,cpr s the correction factor for glazed double facades of the area being evaluated, calculated
using Formula (A.12).

To facilitate the calculations, a window located at the centre of the facade area being evaluated can be
used as the reference point for which the shading is calculated. If different forms and degrees of shading
affect the area being evaluated, the mean value of the respective factors shall be calculated.

Ish,Ish, ISh,hf, Ishvf, Ish,in,At and Isp gpr can be determined using the following methods:

Linear shading, correction factor Isy sh

» a
=
A
&

| va

Figure A.6 — Cross-section diagram to illustrate the effect of the linear shading altitude
angle ysh,ish
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Thelinear shadingaltitude angle ysh jsh is measured from the centre of the facade section being evaluated
for lighting aspects (on the plane of the external wall surface) as shown in Figure A.5. Formula (A.7) is
used to calculate the correction factor which accounts for linear obstruction.

Ish,ish = €0s(1,5 % ysh,1sh)  for ysh,1sh < 60°
(A7)

Ish,1sh =0 for ysh,i1sh = 60°

where

Yshish is the obstruction altitude angle as shown in Figure A.5.

Horizontal projections, correction factor Isy nf

X Sh,hf/?/

Figure A.7 — Cross-section diagram to illustrate the effect of the horizontal shading angle ysp, hf

The horizontal shading angle ysh hf due to a horizontal projection is measured from the centre of the
facade section being evaluated for lighting aspects (on the plane of the external wall surface) as shown
in Figure A.6. Formula (A.8) is used to calculate the correction factor which accounts for shading by a
horizontal projection.

Ishhf=c0s(1,33 - yshhtj)  for yshhf< 67,5°
(A.8)

Ishhf=0 for ysnnf 2 67,5°

where

yshhf is the horizontal shading angle due to a horizontal projection as shown in Figure A.6.

| A I A

Vertical projections, correction factor Isy yf

Figure A.8 — Cross-section diagram to illustrate the effect of the vertical shading angle ysy, ¢

The vertical shading angle yshyr due to a vertical projection is measured from the centre of the facade
section being evaluated for lighting aspects (on the plane of the external wall surface) as shown in
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Figure A.7. Formula (A.9) is used to calculate the correction factor which accounts for shading by a
vertical projection.

Vsh,vtj (A9)

Ighye=1- 200°

where

Yshyf is the vertical shading angle due to a vertical projection as shown in Figure A.7.

Courtyards and atria (glazed forecourts), correction factor Isp n At

There are very many different design variants for courtyards and atria or glazed forecourts. The
calculations are based on an internal courtyard surrounded on all four sides by the building. Better
daylight availability can be expected if only three or two sides (linear courtyards) of the courtyard
are bordered by the building. This can be calculated and proved using separate, detailed calculation
methods.

The geometry of an internal courtyard is characterized by a geometrical index value, the so-called well
index wi:

h a +b
i = Tn,at (@, a¢ + bin ac) (A.10)

2% am ¢ bip At

When determining the well index wi for an area being evaluated, the height measured from the floor of
the respective area is considered to be the height of the courtyard or atrium.

g

where

N n At

D
v
N

/’EEM

am,At  is the depth of the courtyard or atrium;

bin,at is the width of the courtyard or atrium;

hin, At is the height of the courtyard or atrium, measured from the floor of the storey being evalu-
ated;

wi is the well index used to account for the geometry of the courtyard or atrium.

Figure A.9 — Illustration of the geometrical parameters used to define the well index wi
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The correction factor for taking into consideration building shading in internal courtyards, light wells,
or atria is

Ish,inAt=1-0,85 wi for internal courtyards
(A.11)
ISh,In,At = TSh,In,At,D65KSh,In,At,1KSh, In,At,2KSh,In,At,3 (1 - 0,85 wi) for atria
Ish,in,At =0 for wi> 1,18
where
TSh,In,At,D65 1S the transmittance of the atrium glazing for vertical light incidence;
ksh,in,At,1 is the framing factor for frames in the atrium facade;
ksh,in,At,2 is the dirt on glazing factor of the atrium glazing;
ksnh,in,At,3 is the reduction factor for diffuse light incidence on the atrium glazing (usually, 0,85

is considered to be adequate).

Glazed double facade (glazed curtain wall), correction factor Isy gpr

The correction factor for glazed double facades or curtain walls bounding on the space being evaluated
is directly deduced from the parameters of the additional glazing layer:

ISh,GDF = TSh,GDF,D65KSh,GDF,1Ksh,GDF,2ksh,GDF,3 (A.12)

where

TSh,GDE,D65 1S the transmittance of the external layer of glazing of the facade, for vertical light

incidence;
ksh,GDF1 is the reduction factor for frames in the double-glazed facade;
ksh,GDF,2 is the reduction factor for pollution of the glazing of the double-glazed facade;
ksh,GDF,3 is the reduction factor for non-vertical light incidence on the facade glazing (usually,

0,85 is considered to be adequate).

The effects of vertical and horizontal subdivisions in the space between the two facade layers can be
approximated by treating these as vertical and horizontal projections with the index values Isyya and
Ishnha- In glazed double facades, it is assumed that pollution of the space between the outer glazing and
the space wall is negligible, so that it is usually adequate to take only the dirt deposited on the actual
facade surface into consideration [also refer to Formula (A.21)]. In this case, ksh,gpr,2 = 1. The correction
factor for frames and subdivisions is calculated as follows:

area of structural components _ transparent area

kshGpra,j =1- (A.13)

area of raw building carcass opening area of raw building carcass opening

Only that part of the external facade glazing which is projected onto the transparent portions of the
inner facade is taken into consideration when calculating the factor ksh,Gpr,1-

Daylight factor of the raw building carcass opening
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The index values Ity,j, Irp,j, and Ish,j can be used to calculate an approximate value for the daylight factor
of the area being evaluated on the basis of the raw opening dimensions:

DCa,j :(4'13+20'0><1Tr,j _1'36X1RD,j)ISh,j'in% (A.14)

For combinations of a larger space depth index value Irp; and low transparency index values Ity
Formula (A.14) might produce negative Dca,j values. In such cases, Dca j shall be assumed to be zero or
shall be calculated by a more detailed method. For simple estimates, daylight availability can be grouped
into four classes as shown in Table A.1.

Table A.1 — Daylight availability classification as a function of the daylight factor D¢, of the
raw building carcass opening

Daylight factor Classification of daylight
Dca,j availability
Dcajz26% Strong
6%>Dcajz4% Medium
4%>Dcaj 22% Low
Dcaj <2% None

If a daylight factor which has been calculated using another validated method is known, then this can
be used instead of the value calculated by Formula (A.14) when classifying the daylight availability
according to Table A.1. In this case, the daylight factor shall have been determined on the basis of the
mean value of the daylight measured on the axis running parallel to the respective facade section and at
a distance of half the space depth from the facade.

A.3.2 Daylight supply factor

The following section first explains how the facade characteristics are to be described and then how the
daylight availability is determined on the basis of the correlation of the daylight availability (daylight
factor) of the building area as defined in A.3.1 with the facade characteristics. The light passing through
facade systems and the associated illumination of the adjacent space depends on the spatial and temporal
distribution of the external illuminance conditions in relation to the facade element and the spatial
distribution of the light by the facade system (i. e. its optical and control-technological characteristics).
From the lighting-engineering aspect, two facade states shall be distinguished for facades with variable
solar light shading systems and/or glare-protection systems.

— solar and/or glare protection system not activated, i. e. the sun is not shining on the facade;
— solar and/or glare protection system is activated, i. e. the sun is shining on the facade.

The daylight supply factor Fp s jshall be determined using Formula (A.15) to achieve temporal weighting
of the orientation-dependent occurrence of two different facade states, i. e. either with activated solar
and/or glare protection or with de-activated solar and/or glare protection. The protection against solar
radiation and/or glare is activated as soon as direct sunlight shines on the facade.
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Formula (A.15) is used to calculate the daylight availability factor Fps .

Fps,j =trelp,sNa,j FDissna,j T ErelDsa,j Fpssa,j (A.15)

where

trel,D,SNA,j Is the relative portion of the total operating time during which the solar and/or glare
protection system is not activated as given in Table A.3. It is a function of the latitude y
of the considered site, Hgir/Hglob representing the climate and facade orientation;

trelD,sA,j  is the relative portion of the total operating time during which the solar and/or glare
protection system is activated. tre] p,sA can be obtained by tre; p,sa = 1 - trel,D,SNA;

Fpssna,j s the daylight availability factor of the area j being evaluated at times when the solar
and/or glare protection system is not activated, as given in Table A.5. It is a function
of the latitude y of the considered site, Hqir/Hglob representing the climate, the facade
orientation, daylight availability (daylight factor), and the maintained illuminance;

Fp,s,sa,j is the daylight availability factor of the area j being evaluated at times when the solar
and/or glare protection system is activated, as given in Table A.8.

A set of ratios Hgir/Hglob for representative locations worldwide is given in A.3.2.1.

A.3.2.1 Luminous exposure ratios at different sites (climates and latitudes)

Figure A.9 shows the segmentation of locations worldwide according to 15° latitude corridors. For each
of the latitude corridors, Table A.2 contains a representative cloudy and sunny location with the ratio
Hgir/Hglob. For other specific locations of interest, the ratio Hgir/Hglob can be obtained by evaluation of
the corresponding weather data sets (e.g. TRY - weather data sets). The direct and global horizontal
illuminances are summed up daily from 8:00 to 17:00 h over the whole year.
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Figure A.10 — Selected sites for which ratios Hgir/Hglob are provided with assignment of latitude
corridors
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Table A.2 — Representative locations on the northern and southern hemispheres with the
corresponding luminous exposure ratios Hgir/Hglob

Geographical location Luminous
: ; Representative site exposure ratio
Corridor Lat1}t/ude Long;tude Climate Hair/Hglob
60° to 67,3° 14,4° Cloudy Bodg, N 0,40
75° 66,9° -151,5° Sunny Bettles, USA 0,49
51,2° -0,2° Cloudy London, GB 0,39
42 0| s00° 8,7° Cloudy Frankfurt, D 0,42
45,7° -118,9° Sunny Pendleton, USA 0,58
Northern o o .
hemisphere 30° fo 39,7 145,0 Cloudy Miyako, | 0,45
45 36,1° -115,2° Sunny Las Vegas, USA 0,71
15° to 31,2° 121,4° Cloudy Shanghai, VRC 0,36
30° 24,4° 54,5° Sunny Abu Dhabi, AE 0,58
0° to 5,7° -76,6° Cloudy El Caraiio, CO 0,34
15° 13,6° 25,3° Sunny El Fasher, SUD 0,66
0°to -1,3° 116,9° Cloudy Balikpapan, RI 0,38
15° -15,8° -479° Sunny Brasilia, BR 0,53
15° to -26,8° -65,2° Cloudy Tucumén, RA 0,54
southern | 39° -23,8° 133,9° Sunny Alice Springs, AUS 0,67
hemisphere | , . | _34,8° -58,5° Cloudy Buenos Aires, RA 0,55
45° -30,0° 26,3° Sunny Bloemfontein, SA 0,68
45° to -53,0° -70,9° Cloudy Punta Arenas, RCH 0,39
60° -447° 167,9° Sunny Milford Sound, NZ 0,50

A.3.2.2 Relative times, shading activated, shading not activated for vertical facades

Table A.3 holds the relative times trel,p,sNA,jas a function of the latitude y of the considered site, Hgir/Hglob
representing the climate and facade orientation.

The relative times trel,p,sNA jare provided for unobstructed facades. For shading indices Ish jof obstructed
facades of less than 0,5, especially for higher latitudes y = 45°, itis recommended to set tre] p,sNa = 1. This
nevertheless shall not give reason to assume that glare protection for the facade is unnecessary. Such
protection can be necessary due to individual types of usage.

If the shading index Ish j of a shaded facade is less than 0,5, then the relative times trej p,sNa j and trel,p,sA
for a north-facing facade should be used. Depending on the operating times of the area being evaluated,
even north-facing facades can receive direct sunlight for limited periods. However, for simplified
calculations, trel,p,sNa,j is assumed to be 0, but this shall not give reason to assume that glare protection
for north-facing facades is unnecessary. Such protection can be necessary due to individual types of
usage.[2]

trel,p,sNA has been calculated for office conditions but can be used for other user profiles generally with
sufficient accuracy as well.
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Table A.3 — Relative times ty¢] p,sna j for not activated solar radiation and/or glare protection
systems, as a function of the facade orientation, the geographic latitude y, and the ratio

Hdir/Hglob
tsna Southa
Hgir/ 14
Hglob 0° 10° 20° 30° 40° 50° 60° 70° 80°
0,0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
0,1 0,99 0,97 0,94 0,93 0,96 0,98 0,98 0,93 0,88
0,2 0,94 091 0,86 0,84 0,86 0,87 0,86 0,80 0,72
0,3 0,89 0,86 0,79 0,75 0,75 0,76 0,75 0,69 0,61
0,4 0,83 0,80 0,71 0,65 0,64 0,65 0,65 0,60 0,53
0,5 0,71 0,67 0,57 0,50 0,49 0,50 0,51 0,47 0,40
0,6 0,55 0,51 0,41 0,33 0,32 0,34 0,36 0,32 0,23
0,7 0,47 0,43 0,32 0,24 0,23 0,26 — — —
0,8 — 0,42 0,32 0,24 0,23 0,26 — — —
09 — 0,42 0,32 0,24 0,23 0,26 — — —
tsna East/West
Hair/ 14
Hglob 0° 10° 20° 30° 40° 50° 60° 70° 80°
0,0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
0,1 0,99 0,98 0,97 0,97 1,00 1,00 0,99 0,95 0,92
0,2 0,95 0,94 0,92 0,92 0,94 0,94 0,93 0,88 0,85
0,3 091 0,89 0,87 0,86 0,88 0,88 0,87 0,83 0,79
0,4 0,84 0,83 0,80 0,79 0,81 0,82 0,82 0,80 0,78
0,5 0,74 0,73 0,70 0,70 0,73 0,76 0,77 0,77 0,76
0,6 0,64 0,63 0,61 0,61 0,65 0,69 0,72 0,72 0,73
0,7 0,59 0,58 0,56 0,56 0,61 0,65 — — —
0,8 — 0,58 0,56 0,56 0,61 0,65 — — —
0,9 — 0,58 0,56 0,56 0,61 0,65 — — —
a  Corresponds to a north facade in the southern hemisphere.
b Corresponds to a north facade in the northern hemisphere.
¢ Corresponds to a south facade in the southern hemisphere.
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Table A.3 — (continued)

tsna Northb/Southe
Hair/ 14
Hglob 0° 10° 20° 30° 40° 50° 60° 70° 80°
0,0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
0,1 0,99 0,99 0,99 1,00 1,00 1,00 1,00 1,00 1,00
0,2 0,97 0,97 0,98 1,00 1,00 1,00 1,00 1,00 1,00
0,3 0,92 0,92 0,94 0,98 1,00 1,00 1,00 1,00 1,00
0,4 0,84 0,85 0,89 0,94 1,00 1,00 1,00 1,00 1,00
0,5 0,77 0,79 0,83 0,91 0,98 1,00 1,00 1,00 1,00
0,6 0,73 0,75 0,80 0,89 0,98 1,00 1,00 1,00 1,00
0,7 0,71 0,73 0,79 0,88 0,98 1,00 — — —
0,8 — 0,73 0,79 0,88 0,98 1,00 — — —
09 — 0,73 0,79 0,88 0,98 1,00 — — —
a  Corresponds to a north facade in the southern hemisphere.
b Corresponds to a north facade in the northern hemisphere.
¢ Corresponds to a south facade in the southern hemisphere.

A.3.2.3 Determination of Daylight supply factor for sunshading not activated Fp s sna

Formula (A.16) is used to calculate an approximate value of the effective transmittance for periods
during which the solar and/or glare protection system is not activated:

Teff,SNA,j = TD65,SNAK1k2k3 (A.16)

where

Tpes,sNA 1S the transmittance of the facade glazing for vertical light incidence;

k1 is the reduction factor for frames and structural divisions, as calculated using For-
mula (A.13);

ko is the reduction factor for pollution of the glazing;

k3 is the reduction factor for non-vertical light incidence on the facade glazing (usually,

0,85 is considered to be adequate).

If the transparent or translucent facade element to be evaluated comprises different components,
the effective transmittance shall be weighted according to the relative proportion of the areas of the
respective components. When determining the shading index by applying Formulae (A.6) and (A.12),
the effect of the outer glazing of glazed double facades shall be calculated separately. Table A.4 shows
typical values of the transmittance tpgs,sna for visible light. Standard values of the pollution reduction
factor kp are given in DIN V 18599-10.[3] More accurate information on various reduction factors to
account for the effect of pollution from a lighting aspect can be found in DIN 5034-3.[4] If the reduction
factor k1 for frames and structural divisions is not known, it should be assumed to be 0,7.
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Table A.4 — Typical values of the transmittance tpes5 sna of transparent and translucent
building components

Type u gl Te TD65,SNA
Single glazing 5,8 0,87 0,85 0,90
Double glazing 2,9 0,78 0,73 0,82
Triple glazing 2,0 0,70 0,63 0,75
low-e glazing, double glazed 1,7 0,72 0,60 0,74
low-e glazing, double glazed 1,4 0,67 0,58 0,78
low-e glazing, double glazed 1,2 0,65 0,54 0,78
low-e glazing, triple glazed 0,8 0,50 0,39 0,69
low-e glazing, triple glazed 0,6 0,50 0,39 0,69
Solar protection glazing, double 1,3 0,48 0,44 0,59
Solar protection glazing, double 1,2 0,37 0,34 0,67
Solar protection glazing, double 1,2 0,25 0,21 0,40

The daylight supply factor Fp s sna,jis a function of the daylight availability, the maintained illuminance
E ., the effective transmittance of the facade 7eff,snaj with de-activated solar and/or glare protection
system and of the facade orientation. Estimated values can be taken from Table A.4. For maintained
illuminances Em ofless than 100 Ix, the Fp s sna jvalues for Em =100 Ix should be used. Correspondingly,

for maintained illuminances Em of more than 1 000 Ix, the Fp s sna,j values for Fm =1 000 Ix should be

used.

The daylight availability factor Fp s sna can be obtained from Table A.5, Table A.6, and Table A.7 as a

function of

— the daylight factor D,

— the geographic location, i. e. latitude y,

— the climate, characterized by the ratio Hqir/Hglob,

— the maintained illuminance E, and

— the facade orientation.

Figure A.10 provides an exemplarily parametrization for climates with mainly cloudy sky conditions for

different locations.
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Key
X-axis daylight factor (%)
Y-axis daylight factor, Fpssna, (%)

1 0°to 15°

2 15°to 30°
3 30° to 45°
4 45° to 60°
5 60° to 75°

Figure A.11 — Example of a set of functions used to determine the daylight supply
factor Fp s snajand Fpssajas a function of D and y according to Table (A.5) for £, =500I1xand a

south-facing facade

The relevant D for interpolation in Table A.5, Table A.6, and Table A.7 is obtained from D = Teff x Dca.

Table A.5 — Daylight supply factor Fp s sna, for sun shading not activated parameterized by D, y,
E ., climate (Hgir/Hglob), facade orientation, and geographic location for orientation South

Fp,s,SNAj
%

South facadea

Geo-_ _ D
gramtic | Foo | by
% 0,125 | 0,5 1,0 1,5 2,0 3,0 5,0 8,0 12,0 | 18,0
0,34 319 95,6 97,9 99,4 99,7 99,9 99,9 100,0 | 100,0 | 100,0
100 0,66 28,1 84,3 94,0 98,2 98,1 99,3 99,3 | 100,0 | 100,0 | 100,0
0,34 251 75,2 83,3 91,9 94,0 96,8 98,0 99,2 99,6 99,6
300 0,66 19,9 59,8 67,7 78,3 82,5 88,4 90,5 95,5 98,2 98,3
3 5 0,34 18,5 55,6 68,2 82,2 85,7 91,6 94,8 97,2 98,5 98,5
0°-15 500 0,66 14,7 44,0 54,3 65,7 69,3 76,4 80,1 85,6 91,5 92,0
0,34 12,9 38,6 52,6 70,2 75,0 84,4 90,0 94,4 96,6 96,8
750 0,66 10,3 309 42,4 55,4 58,8 66,6 70,6 76,2 83,1 84,2
0,34 9,7 29,1 41,0 59,2 64,7 77,2 85,0 91,4 94,6 94,9
1000 0,66 7,8 23,3 33,4 47,2 50,7 59,7 64,2 70,0 76,3 779
0,36 30,8 92,4 95,9 97,8 97,8 98,7 99,0 99,4 99,6 99,6
100 0,58 29,4 88,1 96,6 99,2 98,6 99,6 99,6 | 100,0 | 100,0 | 100,0
0,36 24,3 73,0 83,1 91,1 92,0 95,3 96,7 98,2 98,7 98,8
300 0,58 20,6 61,7 76,8 87,8 88,4 94,3 95,9 98,5 99,5 99,5
L5300 500 0,36 17,9 53,7 69,0 82,7 84,8 90,8 93,8 96,6 97,7 97,8
0,58 14,8 44,3 61,0 75,4 77,0 859 89,8 94,6 97,2 97,3
0,36 12,3 369 53,5 71,4 75,1 84,5 89,6 94,2 96,2 96,4
70 0,58 10,3 30,8 46,9 62,7 65,0 76,3 81,9 89,2 93,6 94,0
0,36 9,2 27,7 41,7 60,5 65,1 779 85,1 91,5 94,5 94,9
1000 0,58 7,7 23,2 37,0 52,6 55,4 67,9 74,9 83,8 89,7 90,4

a  Corresponds to a north facade in the southern hemisphere.
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Fp,s,SNA,j
%

South facadea

Geo-_ _ D
el R %
14 0,125 0,5 1,0 1,5 2,0 3,0 5,0 8,0 12,0 18,0
0,45 26,9 80,6 88,7 92,1 90,7 93,0 93,1 94,5 94,7 95,1
100 0,71 17,8 53,3 70,1 80,0 78,4 84,6 85,6 89,5 90,3 90,9
0,45 20,8 62,5 75,4 84,2 83,2 88,4 89,6 92,4 93,3 93,8
300 0,71 10,8 32,3 46,6 571 56,8 66,4 70,0 77,0 82,4 83,6
30° — 450 500 0,45 15,4 46,3 62,5 76,0 76,2 83,4 86,1 90,4 91,8 92,4
0,71 7,6 22,8 36,4 46,6 46,2 55,3 59,5 67,8 73,6 75,4
750 0,45 10,8 32,3 48,2 65,3 67,1 771 81,3 87,2 89,7 90,4
0,71 53 16,0 27,8 38,2 38,2 471 51,3 59,6 659 68,2
0,45 8,3 24,9 37,7 55,4 58,3 71,0 77,2 84,6 87,8 88,6
1000 0,71 4,1 12,4 21,9 32,0 32,5 41,5 46,0 54,2 60,3 63,0
0,39 25,3 75,8 83,2 88,4 88,5 90,9 92,0 93,4 94,1 94,5
100 0,58 24,3 72,8 84,2 90,0 88,2 91,8 92,0 94,1 94,4 94,8
0,39 17,2 51,7 64,0 75,3 76,7 83,7 87,5 91,4 93,1 93,5
300 0,58 16,7 50,2 66,5 78,0 77,5 85,0 87,7 92,3 94,0 94,4
45— 60° 500 0,39 12,0 36,0 49,8 63,7 66,4 75,3 81,1 87,6 90,7 91,3
0,58 11,5 34,6 51,3 66,0 66,6 76,4 80,7 87,1 90,1 90,8
0,39 8,1 24,3 36,9 51,7 54,5 65,6 73,0 81,6 86,2 87,1
750 0,58 8,0 23,9 38,9 54,5 56,0 68,3 74,8 83,0 87,0 879
0,39 6,1 18,3 28,4 42,4 45,4 57,9 66,5 76,3 82,2 83,3
1000 0,58 6,0 179 30,2 45,1 46,9 60,4 68,5 78,6 83,4 84,5
0,40 20,6 61,7 68,3 72,9 73,0 75,7 76,9 78,3 78,9 80,3
100 0,48 17,8 53,4 60,0 64,2 64,2 66,8 68,1 69,7 70,5 72,5
0,40 13,2 39,7 51,3 61,5 62,5 68,3 71,5 75,3 771 78,7
300 0,48 11,9 35,7 46,1 54,4 54,6 59,9 62,6 66,3 68,0 70,2
60°- 750 500 0,40 8,6 25,7 38,1 51,4 53,6 61,9 66,7 72,1 74,9 76,5
0,48 79 23,8 35,6 46,3 472 54,1 57,9 62,9 65,4 67,6
0,40 57 17,1 26,7 39,8 42,6 53,5 60,1 67,3 70,9 72,6
750 0,48 54 16,1 25,7 37,5 39,3 47,8 52,7 58,9 62,2 64,5
0,40 4,3 12,8 20,1 31,4 33,8 46,0 54,3 63,1 67,7 69,5
1000 0,48 4,0 12,1 19,5 30,1 32,1 42,2 48,2 55,4 59,4 61,8
a  Corresponds to a north facade in the southern hemisphere.
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Table A.6 — Daylight supply factor Fp s sna,; for sun shading not activated parameterized by D, y,
E ., climate (Hqir/Hglob), facade orientation, and geographic location for orientations East/ West

Fp,s,SNA,j
%
East/West facade

Geo-_ _ 5

grantic | B | nign
Y 0,125 | 0,5 1,0 1,5 2,0 3,0 5,0 80 | 12,0 | 18,0
0,34 3,7 | 951 | 974 | 989 | 992 | 994 | 994 | 995 | 995 | 995
100 0,66 266 | 799 | 891 | 931 | 929 | 941 | 942 | 948 | 948 | 948
0,34 246 | 739 | 81,8 | 90,2 | 923 | 950 | 96,2 | 973 | 978 | 979
300 0,66 151 | 452 | 51,1 | 592 | 623 | 668 | 684 | 721 | 742 | 759
o 1o 0,34 180 | 539 | 661 | 797 | 831 | 889 | 919 | 942 | 955 | 958
0°-15 500 0,66 11,7 35,2 43,5 52,6 55,5 61,1 64,1 68,5 73,2 75,0
0,34 12,5 | 375 | 51,0 | 681 | 72,7 | 81,8 | 873 | 91,5 | 93,6 | 94,0
750 0,66 6,1 18,4 25,3 33,1 35,1 39,7 42,1 45,4 49,5 53,0
0,34 94 | 281 | 397 | 573 | 625 | 746 | 822 | 884 | 915 | 92,0
1000 0,66 4,5 134 | 192 | 271 | 292 | 343 | 369 | 40,3 | 439 | 477
0,36 306 | 91,8 | 953 | 972 | 972 | 981 | 984 | 987 | 989 | 99,0
100 0,58 289 | 866 | 950 | 975 | 969 | 979 | 979 | 983 | 983 | 984
0,36 234 | 70,3 | 801 | 878 | 886 | 91,8 | 93,2 | 946 | 951 | 954
” 0,58 177 | 531 | 662 | 756 | 762 | 81,2 | 826 | 848 | 857 | 866
150300 | 500 0,36 16,8 | 50,5 | 649 | 777 | 797 | 853 | 882 | 90,8 | 91,8 | 92,3
0,58 124 | 372 | 51,2 | 634 | 647 | 722 | 754 | 794 | 816 | 828
0,36 11,4 | 341 | 494 | 660 | 695 | 782 | 828 | 871 | 890 | 897
750 0,58 7,4 22,1 33,7 45,0 46,7 54,8 58,8 64,0 67,2 69,4
0,36 84 | 253 | 380 | 551 | 594 | 710 | 776 | 834 | 861 | 871
1000 0,58 53 158 | 252 | 359 | 377 | 463 | 51,0 | 571 | 611 | 63,8
0,45 262 | 786 | 865 | 899 | 885 | 90,7 | 909 | 922 | 924 | 929
100 0,71 164 | 493 | 649 | 741 | 726 | 784 | 792 | 828 | 836 | 847
0,45 187 | 561 | 676 | 755 | 746 | 792 | 803 | 829 | 837 | 848
300 0,71 7,0 21,1 30,4 37,2 37,0 43,3 45,6 50,2 53,7 56,9
soooaso | sop | 045 | 136 [ 407 | 550 | 69 | 21 | 734 | 757 | 795 | s0s | e21
0,71 58 173 | 276 | 354 | 351 | 42,0 | 452 | 51,5 | 559 | 589
0,45 89 267 | 397 | 539 | 553 | 63,6 | 671 | 72,0 | 740 | 757
750 0,71 2,2 6,7 11,6 | 159 | 159 | 196 | 21,4 | 248 | 275 | 324
0,45 67 | 201 | 303 | 446 | 470 | 572 | 622 | 682 | 708 | 728
1000 0,71 1,5 4,6 8,1 119 | 121 | 154 | 171 | 20,2 | 224 | 277
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Table A.6 (continued)
Fp,s,sNA,j
%
East/West facade

Geo-_ _ D

gamhc | P | g :
Y 0,125 0,5 1,0 1,5 2,0 3,0 50 8,0 12,0 18,0
100 0,39 25,0 75,0 82,3 87,4 87,5 89,9 91,0 92,4 93,0 93,5
0,58 239 71,6 82,8 88,5 86,8 90,3 90,5 92,5 92,9 93,3
0,39 16,2 48,7 60,2 70,9 72,2 78,8 82,4 86,1 87,6 88,4
300 0,58 14,8 44,5 58,9 69,2 68,7 75,4 77,8 81,8 83,3 84,5
45° — 60° 500 0,39 11,0 331 45,8 58,6 61,1 69,2 74,6 80,6 83,4 84,5
0,58 9,8 29,4 43,6 56,1 56,6 65,0 68,6 74,1 76,6 78,2
0,39 7,3 219 331 46,4 49,0 59,0 65,6 73,3 77,5 79,0
750 0,58 6,4 19,2 31,4 43,9 45,1 55,0 60,2 66,8 70,1 72,1
0,39 54 16,2 251 37,6 40,3 51,3 58,9 67,7 72,8 74,7
1000 0,58 4,7 14,1 23,7 35,4 36,9 47,5 53,8 61,8 65,6 679
0,40 20,9 62,8 69,5 74,3 74,3 771 78,3 79,7 80,3 81,6
100 0,48 16,8 50,3 56,5 60,5 60,5 62,9 64,2 65,7 66,4 68,7
0,40 12,5 37,6 48,6 58,4 59,3 64,8 67,8 71,4 73,2 74,7
300 0,48 99 29,7 38,4 45,3 45,5 49,8 52,1 55,2 56,6 59,3
oo 75 | 500 0,40 79 | 237 | 350 | 473 | 493 | 570 | 61,3 | 663 | 689 | 709
0,48 7,1 21,4 32,0 41,7 42,5 48,7 52,1 56,6 58,8 61,6
250 0,40 51 15,3 23,8 35,5 38,0 47,7 53,6 60,0 63,2 65,5
0,48 4,2 12,5 20,0 29,1 30,5 37,1 409 45,7 48,3 51,5
0,40 3,7 11,2 17,6 27,5 29,6 40,3 47,6 55,3 59,3 62,0
1000 0,48 31 9,3 15,0 23,2 24,7 32,4 371 42,6 45,7 49,3
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Table A.7 — Daylight supply factor Fp s sna,j for sun shading not activated, parameterized by D, y,
E ., climate (Hqir/Hglob), facade orientation, and geographic location for orientation North

Fp,s,SNA,j
%
North facadea

Geo-_ _ 5

grantic | B | nin
14 0,125 | 0,5 1,0 1,5 2,0 3,0 5,0 8,0 12,0 | 18,0
0,34 31,8 | 954 | 977 | 993 | 995 | 997 | 997 | 998 | 998 | 998
100 0,66 272 | 81,6 | 91,0 | 951 | 949 | 961 | 962 | 968 | 96,8 | 96,8
0,34 24,5 | 73,5 | 81,4 | 897 | 91,8 | 946 | 958 | 969 | 973 | 975
300 0,66 14,5 | 43,5 | 492 | 569 | 599 | 64,2 | 658 | 694 | 71,4 | 73,3
o 1ro 0,34 178 | 53,4 | 654 | 789 | 822 | 880 | 91,0 | 93,3 | 945 | 949
0°-15 500 0,66 10,6 31,7 39,1 473 499 55,0 57,6 61,7 65,8 68,2
0,34 12,2 | 36,5 | 497 | 664 | 709 | 798 | 851 | 892 | 91,3 | 91,8
750 0,66 5,3 15,9 21,9 28,6 30,3 34,3 36,4 39,3 42,8 46,7
0,34 9,2 275 | 388 | 56,0 | 61,1 | 729 | 80,3 | 863 | 894 | 90,1
1000 0,66 4,0 12,0 | 172 | 243 | 262 | 308 | 331 | 361 | 393 | 435
0,36 304 | 91,2 | 947 | 96,6 | 96,6 | 974 | 978 | 981 | 983 | 984
100 0,58 288 | 864 | 948 | 973 | 96,7 | 977 | 977 | 981 | 981 | 98,2
0,36 22,8 | 684 | 779 | 854 | 862 | 893 | 90,7 | 92,0 | 92,5 | 93,0
o 0,58 168 | 50,5 | 629 | 719 | 725 | 772 | 786 | 80,7 | 815 | 827
150-30° | 500 0,36 16,1 | 483 | 62,1 | 744 | 763 | 81,7 | 844 | 869 | 879 | 887
0,58 11,5 | 346 | 476 | 588 | 60,1 | 670 | 70,0 | 73,8 | 758 | 774
0,36 10,7 | 32,0 | 464 | 62,0 | 652 | 734 | 778 | 81,8 | 835 | 846
750 0,58 6,7 20,0 | 30,5 | 40,7 | 42,3 | 496 | 53,2 | 580 | 60,8 | 63,5
0,36 7,8 23,3 | 350 | 50,8 | 548 | 655 | 71,6 | 769 | 79,5 | 809
1000 0,58 4,7 14,0 | 22,3 | 31,7 | 334 | 409 | 451 | 50,5 | 541 | 572
0,45 254 | 76,3 | 839 | 872 | 859 | 880 | 882 | 895 | 897 | 836
100 0,71 16,6 | 499 | 656 | 749 | 734 | 792 | 801 | 837 | 845 | 855
0,45 172 | 51,7 | 62,3 | 696 | 688 | 73,0 | 740 | 764 | 771 | 787
300 0,71 6,9 20,7 29,8 36,5 36,3 | 42,5 | 448 | 493 52,7 55,9
30°-45° | 500 0,45 11,7 | 352 | 475 | 578 | 579 | 634 | 654 | 687 | 698 | 71,8
0,71 5,8 173 | 276 | 354 | 351 | 42,0 | 452 | 51,5 | 559 | 589
0,45 7,7 232 | 346 | 469 | 482 | 553 | 584 | 62,6 | 644 | 668
750 0,71 2,0 6,1 10,5 14,5 14,4 17,8 19,4 22,5 24,9 30,0
0,45 5,7 171 | 259 | 380 | 40,1 | 488 | 53,0 | 581 | 60,3 | 63,0
1000 0,71 1,4 4,1 7,2 10,5 | 10,7 | 13,6 | 151 | 178 | 198 | 25,3

a  Corresponds to a south facade in the southern hemisphere.
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Table A.7 (continued)
FD,s,SNA,j
%
North facadea

Geo-_ _ 5

ol I %
! 0125 | 05 | 1,0 | 1,5 | 20 | 30 | 50 | 80 | 120 | 180
0,39 247 | 742 | 81,4 | 864 | 865 | 889 | 899 | 91,3 | 92,0 | 92,5
100 0,58 236 | 708 | 819 | 875 | 857 | 892 | 895 | 91,4 | 91,8 | 92,3
0,39 155 | 46,5 | 575 | 677 | 689 | 753 | 786 | 822 | 83,6 | 847
300 0,58 139 | 41,6 | 551 | 647 | 642 | 704 | 727 | 764 | 779 | 794
450_60° | 500 0,39 10,3 | 31,0 | 42,8 | 548 | 571 | 647 | 698 | 754 | 78,0 | 794
0,58 8,4 253 | 375 | 481 | 486 | 558 | 589 | 63,6 | 658 | 681
0,39 6,7 20,1 | 304 | 42,6 | 449 | 541 | 602 | 672 | 71,0 | 73,0
750 0,58 5,5 16,6 27,1 38,0 39,0 47,6 52,1 57,8 60,6 63,3
0,39 49 14,6 | 22,7 | 339 | 363 | 463 | 531 | 610 | 657 | 68,0
1000 0,58 4,0 11,9 | 20,1 | 30,0 | 31,2 | 40,2 | 455 | 523 | 555 | 585
0,40 21,0 | 63,1 | 699 | 746 | 747 | 775 | 787 | 80,1 | 80,7 | 82,0
100 0,48 171 | 51,3 | 576 | 61,7 | 61,7 | 642 | 654 | 670 | 677 | 699
0,40 11,9 | 358 | 46,3 | 556 | 56,5 | 61,7 | 645 | 680 | 697 | 71,5
300 0,48 9,4 28,1 | 36,3 | 42,8 | 43,0 | 471 | 493 | 522 | 536 | 56,5
60°-75° | 500 0,40 7,3 219 | 324 | 43,7 | 455 | 52,6 | 56,7 | 61,3 | 63,7 | 66,0
0,48 6,5 195 | 292 | 380 | 387 | 444 | 475 | 51,5 | 53,6 | 567
0,40 4,6 13,8 | 21,4 | 321 | 343 | 430 | 484 | 541 | 571 | 597
750 048 3,7 11,0 | 177 | 257 | 270 | 32,8 | 36,2 | 40,5 | 42,7 | 464
0,40 3,3 100 | 156 | 244 | 26,2 | 357 | 421 | 490 | 526 | 557
1000 048 2,7 8,1 13,0 | 20,0 | 21,3 | 280 | 320 | 369 | 395 | 435

a  Corresponds to a south facade in the southern hemisphere.

A.3.2.4 Determination of daylight supply factor for sunshading activated Fpssa

Facade system solutions with an activated solar and/or glare protection can be classified according to
Table A.8 in a simplified way.

Table A.8 — System solutions (values to be applied for the period tye|,p,sa,)

Fp,s,sa,j

System solution (to be used for the period tre|,p,s54 /) Classification of daylight availability

None | Low | Medium | Strong

Glare protection only: Systems which provide glare protection in

compliance with the regulations applying to the respective utiliza-

1 |, : A . — 0,1 0,2 0,3
tion profile, e. g. regulations for computer terminal workplaces.[2]

This includes manually operated Venetian blindsa.

a  Venetian blinds and internal or external louvres are also dealt with in DIN V 18599-2.[1]
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Table A.8 (continued)

Fp,s,sa,j
System solution (to be used for the period tre|,p,sa ) Classification of daylight availability

None | Low | Medium | Strong

Automatically-operated protection against solar radiation and
glare: Devices to protect against solar radiation and/or glare and
which can be moved in relation to the amount of daylight avail-

able. Venetian blinds which are automatically opened slightly after
being lowered, so that transmittance is greater than that of the fully
closed blinds.

— 0,2 0,43 0,55

Light-guiding systems — 0,3 0,65 0,8

No protection against solar radiation and shades.

NOTE Only applicable for areas being evaluated to which no special | _ 0,6 0,75 0,8
regulations or provisions such as the regulations for computer ter-
minal workplaces apply.

a

Venetian blinds and internal or external louvres are also dealt with in DIN V 18599-2.[1]

Light-guiding system solutions, line 3 of Table A.8, can be assumed to include solutions of type 1 with
additional light-guiding functions:

Venetian blinds in cut-off operating mode: In the so-called “cut-off” mode, the louvres of the blinds
are directed in relation to the incident sunlight in such a way that direct sunlight is just prevented
from passing through, but diffuse daylight can enter. Furthermore, these systems generally permit
visual contact to the surroundings for a large part of the operating time. Appropriate control
systems which move the louvres in relation to the solar radiation profile angle shall be installed.
The sun profile angle is the projection of the altitude angle of the sun onto a vertical plane which is
perpendicular to the plane of the facade surface.

Light-guiding glass: Facade systems using glass components which transmit at least 30 % of the
incident direct sunlight into the upper quarter of the space when lit under an altitude of 35°
(measured from the normal of the facade plane) at a sun facade azimuth of zero. As a general rule,
not more than 1/3 of the transparent facade openings should be equipped with such systems to
prevent overheating of the respective space. Light-guiding glass shall be combined with other solar
radiation protection and/or glare protection systems installed in the lower section of the facade
area. However, no solar and/or glare protection devices can be installed in front of the light-guiding
components described below.

Daylight-guiding external Venetian blinds: These have diffuse surfaces and the louvres of the upper
and lower sections of the blinds are at different angles. The upper section of the blind shall not be
higher than 1/3 and not lower than 1/4 of the total blind length and the system shall be equipped
with control devices.

Daylight-guiding internal Venetian blinds between glazing layers or in the air-space (gap) of glazed
double facades: These have highly reflective or mirror-finished surfaces and the louvres of the upper
and lower sections of the blinds are at different angles. The upper section of the blind shall not be
higher than 1/3 and not lower than 1/4 of the total blind length and the system shall be equipped
with control devices.

No solar and/or glare protection devices can be installed in front of the light-guiding components listed
in Table A.8.

A.4 Daylight supply factor for rooflights

As in the method applied for vertical facades, the first evaluation step for rooflights is to classify the
daylight availability via the daylight factor. Then the daylight availability factors can be determined
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for different maintained illuminance values, different orientations and slope angles of the glazed roof
openings and locations and climates.

A.4.1 Daylight availability factor

An approximate value of the mean daylight factor of spaces equipped with rooflights can be calculated
using Formula (A.17).

— A
Dj=DaTpes ki ko ks = 1R in%
D
(A.17)

where
Aca isthe area of the rooflights (raw roof opening dimensions);
Ap  isthe floor area which is lit by daylight in the space being evaluated;
Dext is the external daylight factor;
Tpes is the transmittance of the diffusive rooflight glazing;
k1 isthereduction factor for frames and subdivisions of the glazing;
ky is the reduction factor for pollution of the glazing;

k3 is the reduction factor for non-vertical light incidence on the skylight (usually, 0,85 is consid-
ered to be adequate);

nr  isthe value of utilance as listed in Table A.11 and Table A.12.

Formula (A.17) combinesthe calculation stages 1 (classification of daylightavailability) and 2 (description
of the facade characteristics) of the three-stage calculation approach in one single calculation step.
This method is also applicable for skylights with transparent glazing. As a supplement to the typical
transmittance values given in Table A.4, Table A.9 contains a list of transmittance values of components
frequently used in rooflights.
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Table A.9 — Typical values of the transmittance 7pgs, U, and g of components frequently used in
rooflight construction

Type Construction Colour W/(rrl1]2 -K) gl D65
Acrylic sheet, single-shell clear 54 0,85 092

Acrylic sheet, single-shell opal 54 0,80 0,83

Acrylic sheet, double-shell clear/clear 2,7 0,78 0,80

Acrylic sheet, double-shell opal/clear 2,7 0,72 0,73

Acrylic sheet, triple-shell clear/clear/clear 1,8 0,66 0,68

Acrylic sheet, triple-shell opal/opal/clear 1,8 0,64 0,60

Sky dome PMMA, single-shell clear 5,4 0,88 0,92
PMMA, single-shell opal 5,4 0,78 0,79

PMMA, single-shell coated 54 0,38 0,51

PMMA, double-shell clear/clear 2,8 0,77 0,84

PMMA, double-shell opal/clear 2,8 0,68 0,71

PMMA, double-shell opal/opal 2,8 0,64 0,59

PMMA, double-shell coated/clear 2,8 0,32 0,47

PMMA, triple-shell clear/clear/clear 1,7 0,70 0,79
Polycarbonate multiwall double-wall sheet, 6 mm clear 3,6 0,86 0,82
Polycarbonate multiwall double-wall sheet, 6 mm opal 3,6 0,78 0,64
Polycarbonate multiwall double-wall sheet, 8 mm clear 3,3 0,81 0,81
Polycarbonate multiwall double-wall sheet, 8 mm opal 3,3 0,70 0,62
Polycarbonate multiwall double-wall sheet, 10 mm clear 31 0,85 0,80
Polycarbonate multiwall double-wall sheet, 10 mm opal 3,1 0,70 0,50
Polycarbonate multiwall triple-wall sheet, 10 mm clear 3,0 0,69 0,73
Polycarbonate multiwall triple-wall sheet, 10 mm opal 3,0 0,62 0,52

Strip sky- Polycarbonate multiwall four-wall sheet, 10 mm opal 2,5 0,59 0,50
light Polycarbonate multiwall triple-wall sheet, 16 mm clear 2,4 0,69 0,72
Polycarbonate multiwall triple-wall sheet, 16 mm opal 2,4 0,55 0,48
Polycarbonate multiwall five-wall sheet, 16 mm opal 1,9 0,52 0,45
Polycarbonate multiwall six-wall sheet, 16 mm opal 1,85 0,47 0,42
Polycarbonate multiwall five-wall sheet, 20 mm clear 1,8 0,70 0,64
Polycarbonate multiwall five-wall sheet, 20 mm opal 1,8 0,46 0,44
Polycarbonate multiwall four-wall sheet, 25 mm clear 1,7 0,62 0,68
Polycarbonate multiwall four-wall sheet, 25 mm opal 1,7 0,53 0,45
Polycarbonate multiwall six-wall sheet, 25 mm clear 1,45 0,67 0,62
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Table A.9 (continued)
Type Construction Colour W u . gl D65
/(m2 - K)

Polycarbonate multiwall six-wall sheet, 25 mm opal 1,45 0,46 0,44

PMMA multiwall double-wall sheet, 8 mm clear 3,4 0,82 0,84

PMMA multiwall double-wall sheet, 8 mm opal 3,4 0,79 0,80

PMMA multiwall double-wall sheet, 8 mm coated 3,4 0,50 0,62

PMMA multiwall double-wall sheet, 16 mm clear 2,5 0,82 0,86

PMMA multiwall double-wall sheet, 16 mm clear, C-relief 2,5 0,81 0,85

PMMA multiwall double-wall sheet, 16 mm opal 2,5 0,73 0,74

Strliig;l[(y- PMMA multiwall double-wall sheet, 16 mm coated 2,5 0,40 0,50
PMMA multiwall double-wall sheet, 16 mm coated 2,5 0,82 0,91

PMMA multiwall double-wall sheet, 16 mm coated, brown 2,5 0,63 0,50

PMMA multiwall four-wall sheet, 32 mm clear 1,6 0,71 0,76

PMMA multiwall four-wall sheet, 32 mm clear, C-relief 1,6 0,69 0,74

PMMA multiwall four-wall sheet, 32 mm opal 1,6 0,60 0,64

PMMA multiwall four-wall sheet, 32 mm coated, opal 1,6 0,30 0,40

PMMA multiwall four-wall sheet, 32 mm coated, clear 1,6 0,50 0,45
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Table A.9 — (continued “A”, individual roof windows, glazed, “B” continuous rooflight, glazed)

Type Composition type W/(nl1]2 K) gl D65
4 mm float glass 16 mm air
A 4 mm float glass clear double pane 2,8 0,79 0,81
A 4 mm toughened glass 16 mm Argon clear double pane
4 mm float glass w. coating low-e 1,2 0,59 0,76
A 4 mm toughened glass 14 mm Argon clear double pane
33,1 laminated float glass low-e 1,2 0,54 0,75
A 4 mm toughened 14 mm air clear double pane
33,1 laminated float glass w. coating low-e, sun protection 1,2 0,27 0,42
Laminated glass 6,2 clear 2,7 0,67 0,77
B 16 mm air, 6 mm float glass
Laminated glass 6,2 clear 2,7 0,67 0,77
B 16 mm air, 8 mm float glass
Laminated glass 8,2 clear 2,7 0,65 0,77
B 16 mm air, 6 mm float glass
Laminated glass 8,2 clear 2,7 0,65 0,76
B 16 mm air, 8 mm float glass
Laminated glass 10,2 clear 2,7 0,63 0,76
B 16 mm air, 6 mm float glass
Laminated glass 10,2 clear 2,7 0,63 0,76
B 16 mm air, 8 mm float glass
Laminated glass 6,2 coated, silver 1,1 0,52 0,72
B 16 mm argon, 6 mm float glass
B Laminated glass 6,2 coated, silver 1,1 0,52 0,71
16 mm argon, 8 mm float glass
B Laminated glass 8,2 coated, silver 1,1 0,51 0,71
16 mm argon, 6 mm float glass
Laminated glass 8,2 coated, silver 1,1 0,51 0,70
B 16 mm argon, 8 mm float glass
Laminated glass 10,2 coated, silver 1,1 0,50 0,70
B 16 mm argon, 6 mm float glass
B Laminated glass 10,2 coated, silver 1,1 0,49 0,70
16 mm argon, 8 mm float glass
B 6 mm toughened glass (extra clear) clear double pane 1,5 0,61 0,79
18mm Argon, 33,1 laminated float glass
B 6 mm toughened glass (green) clear double pane 1,5 0,38 0,64
18 mm Argon, 33,1 laminated float glass
B 6 mm toughened glass (grey) clear double pane 1,5 0,34 0,39
18 mm Argon, 33,1 laminated float glass
B 6 mm toughened glass (extra clear) clear double pane 1,5 0,55 0,78
18 mm Argon, 44,1 laminated float glass
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The external daylight factor D, is defined as

Da:i in %

a

(A.18)

where
Er istheilluminance on the external surface of the skylight from an overcast sky;

E, isthe horizontal external illuminance from an overcast sky.

The correction factor kop) 1 for frames and subdivisions can be determined using Formula (A.13). The
structural parts of dome skylights include the annular supports. Thus, kop),1 is the ratio of the area
Afs = as - bs through which light can pass, i. e. the top opening of the annular support, minus the area of
other opaque parts of the domes or strip skylights, to the area Arp = agryp * brp of the raw roof opening as
shown in Figure A.11.

As opposed to this, the raw roof opening area of shed rooflights does not correspond to the area of the
roof plane occupied by the shed structure, as shown in Figure A.12. For these, the raw roof opening
area is Aca = hg * brp, where hg is the height of the skylight opening and bry, is the width of the skylight
opening. The correction factor kopj,1 for frames and subdivisions accounts for the other opaque parts of
the skylight structure within the opening defined in this way.

Table A.10 lists external daylight factors D, for a ground reflectance pg of 0,2 and various slope angles
of the shed-roof glazing.

Table A.10 — External daylight factor D, as a function of the facade slope yr for a
floor reflectance pp of 0,2 (without building shading)

Slope yr Dy = Er/Ea
degrees %

0 100

30 92

45 83

60 72

90 50

The utilance nR is calculated on the basis of the space index as determined using Formula (A.19) and the
type of rooflight involved. In the calculation of ng, h'R is the difference between the ceiling height and
the work plane height. The height of the work plane is given for individual utilization profiles in A.8. A
distinction is made between the dome skylights shown in Figure A.11 and the shed rooflights shown in
Figure A.12. Strip skylights are treated as a special dome skylight design. For strip skylights with a side
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ratio as/bs of more than 5, the utilance stated for ratio as/bs = 5 should be assumed. The room index is
defined as

_ag by
hy -(bg +ag)

where

(A.19)

ar isthe room depth;
br is the room width;

h'r is the height difference of ceiling and task area height.

Table A.11 and Table A.12 show utilance values for different types of dome and shed rooflight geometries.

=
£

| <
i
T

a
/
b
/

Figure A.12 — Dimensions used to describe the geometry of the annular supports of spaces
with dome and strip skylights

Figure A.13 — Dimensions used to describe the geometry of shed rooflights

Table A.11 — Dome skylight utilances 1R, expressed as a percentage, as a function of the space
index k and the geometry parameters of the annular support design

as/bs 1 2 5 1 2 5
hs/bs 0,25 0,25 0,25 0,5 0,5 0,5
Yw 30° | 60° | 90° | 30° | 60°| 90° | 30° | 60° | 90° | 30° | 60° | 90° | 30° | 60° | 90° | 30° | 60° | 90°
k %
06 |040| 0,41 | 0,38 040 |0,40| 0,39 |0,41|041|0,40(0,40({0,41/|0,36|0,40|0,41|0,37|0,42|0,4310,39
08 | 0530541050 053(054| 0,51 |0,54({0,55|0,52|0,53{0,55|0,46/0,53|0,55|0,49(0,55|0,57|0,51
1,0 | 0,59 | 0,60 | 0,56 | 0,59 {0,60( 0,57 | 0,60|0,61|0,59|0,600,61|0,51|0,60|0,61|0,54|0,62|0,66|0,56
1,25 | 0,68 | 0,69 | 0,64 | 0,68 [0,69| 0,66 | 0,69 |0,70|0,67|0,69(0,69|0,58|0,69|0,70|0,62|0,71|0,72 | 0,64
1,5 0751075069 | 075 (0,75 0,71 | 0,76 | 0,76 |0,72|0,76 | 0,75 |0,63|0,76 | 0,76 | 0,67 0,78 | 0,78 | 0,69
20 (083(083]077|0,83]083| 0,79 |(0,84|0,84|0,80|0,84|0,82|0,69(0,84|0,83|0,73|0,87|0,85|0,75
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Table A.11 (continued)

as/bs 1 2 5 1 2 5

hs/bs 0,25 0,25 0,25 0,5 0,5 0,5

Yw | 30° | 60° | 90° | 30° [60°| 90° | 30° | 60° | 90° | 30° | 60° | 90° | 30° | 60° | 90° | 30° | 60° | 90°
2,5 10,89 |0,88|081089 088 0,84 |090[0,89|0,85|0,90|0,87|0,73|0,90|0,88|0,77|0,92|0,90 | 0,79
3,0 | 093 | 092085093 (092 0,87 |094[093|0,88[0,94(0,900,76|0,94 (0,91 |0,81|0,96|0,93 0,86
4,0 | 098 | 096 | 090 | 0,98 |097| 092 | 0,99 |098|093|099|0,95|0,80|0,98]0,96|0,85|1,00|0,98]0,87
50 | 1,02 | 1,00 | 0,92 | 1,02 {1,00| 0,95 | 1,03 [1,01[0,96 |1,02[0,97 |0,82 1,02 (0,99 |0,87 | 1,04 1,01 |0,89
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Daylight availability is classified according to the criteria shown in Table A.14.

The daylight availability factor Fpssna,; can be calculated using computer-based tools or using the

regression-based compound method in 4.2.

Table A.13 — Classification of daylight availability as a function of the daylight factor D j

Classification criterion D j

Classification of daylight availability

7<Dja Good
4< Bj <7% Average
255;<4% Poor
0<Dj<2% None

a  Inaccordance with DIN 5034-6,[5] values of Bj > 10 % should be avoided due to the danger of overheating.

If a daylight factor which has been calculated using another validated method is known, this can be
used instead of the value calculated by Formula (A.17) when classifying daylight availability according
to Table A.14. In this case, the daylight factor is to be determined as the mean value on the work plane.

A.4.2 Daylight supply factor

Table A.15 provides a set of values of Fp s ; for rooflights for different locations and climates. Movable
shading devices are not taken into consideration here. For maintained illuminances E, of less than

100 Ix, daylight availability factor Fp; values for E,, = 100 Ix should be used, and for maintained

illuminances E of greater than 1 000 Ix, the Fp s j values for E,; =1 000 Ix should be used.
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Table A.14 — Daylight availability factor Fp s of spaces with skylights as a function of the
daylight availability classification, the maintained illuminance E ,, facade orientation and

incline, location y, and climate (Hgir/Hglob)

Classification of daylight availability
Geo- — Poora Averagea Gooda
graphic | Hgj/ | Orien- E,
location | Hgyy | tation 3001x | 5001x | 7501x | 3001x | 5001x | 7501x | 3001x | 5001x | 7501x
14 Surface Fp e
slope S
[Z—I(:)If;;ll 0° 0,88 0,78 0,66 0,95 0,89 0,82 0,97 0,94 0,90
30° 0,85 0,73 0,62 0,94 0,87 0,79 0,96 0,93 0,88
South 45° 0,81 0,68 0,57 0,91 0,83 0,74 0,95 0,91 0,84
60° 0,75 0,61 0,51 0,88 0,77 0,67 0,93 0,86 0,78
90° 0,56 0,44 0,35 0,72 0,59 0,49 0,83 0,70 0,60
30° 0,84 0,71 0,58 0,93 0,86 0,77 0,96 0,93 0,87
0,34 East/ 45° 0,78 0,63 0,50 0,91 0,81 0,70 0,95 0,90 0,82
West 60° 0,70 0,53 0,41 0,87 0,74 0,60 0,93 0,85 0,75
90° 0,46 0,33 0,24 0,67 0,50 0,38 0,81 0,65 0,51
30° 0,82 0,69 0,55 0,93 0,85 0,75 0,95 0,92 0,86
North 45° 0,76 0,59 0,45 0,90 0,80 0,67 0,95 0,89 0,81
60° 0,66 0,45 0,31 0,85 0,71 0,54 0,92 0,83 0,72
0°- 150 90° 0,38 0,23 0,15 0,63 0,41 0,28 0,78 0,60 0,42
IZ—I(;)II;;;] 0° 0,88 0,78 0,66 0,95 0,89 0,82 0,97 0,94 0,90
30° 0,85 0,73 0,62 0,94 0,87 0,79 0,96 0,93 0,88
South 45° 0,81 0,68 0,57 0,91 0,83 0,74 0,95 0,91 0,84
60° 0,75 0,61 0,51 0,88 0,77 0,67 0,93 0,86 0,78
90° 0,56 0,44 0,35 0,72 0,59 0,49 0,83 0,70 0,60
30° 0,84 0,71 0,58 0,93 0,86 0,77 0,96 0,93 0,87
066 asty 45° | 078 | 063 | 050 | 091 | 081 | 070 | 095 | 090 | 0,82
West 60° 0,70 0,53 0,41 0,87 0,74 0,60 0,93 0,85 0,75
90° 0,46 0,33 0,24 0,67 0,50 0,38 0,81 0,65 0,51
30° 0,82 0,69 0,55 0,93 0,85 0,75 0,95 0,92 0,86
North 45° 0,76 0,59 0,45 0,90 0,80 0,67 0,95 0,89 0,81
60° 0,66 0,45 0,31 0,85 0,71 0,54 0,92 0,83 0,72
90° 0,38 0,23 0,15 0,63 0,41 0,28 0,78 0,60 0,42

a  The following daylight factors Dgrp j of the raw carcass opening were used to calculate these values:
— poor: 3 %;
— average: 5,5 %;
— good: 8,5 %.
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Table A.14 (continued)
Classification of daylight availability
Geo- = Poora Averagea Gooda
graphic | Hgj/ | Orien- E,
location | Hyyp | tation 3001x | 5001x | 7501x | 3001x | 5001x | 7501x | 3001x | 5001x | 7501x
Y Surface Fpeo:
slope S
IZL{:;;I] 0° 0,88 0,78 0,66 0,95 0,89 0,82 0,97 0,94 0,90
30° 0,85 0,73 0,62 0,94 0,87 0,79 0,96 0,93 0,88
South 45° 0,81 0,68 0,57 0,91 0,83 0,74 0,95 0,91 0,84
60° 0,75 0,61 0,51 0,88 0,77 0,67 0,93 0,86 0,78
90° 0,56 0,44 0,35 0,72 0,59 0,49 0,83 0,70 0,60
30° 0,84 0,71 0,58 0,93 0,86 0,77 0,96 0,93 0,87
036 past/ as> | 078 | 063 | 050 | 091 | 081 | 070 | 095 | 090 | 082
West 60° 0,70 0,53 0,41 0,87 0,74 0,60 0,93 0,85 0,75
90° 0,46 0,33 0,24 0,67 0,50 0,38 0,81 0,65 0,51
30° 0,82 0,69 0,55 0,93 0,85 0,75 095 0,92 0,86
45° 0,76 0,59 0,45 0,90 0,80 0,67 0,95 0,89 0,81
North 60° 0,66 0,45 0,31 0,85 0,71 0,54 0,92 0,83 0,72
150300 90° 0,38 0,23 0,15 0,63 0,41 0,28 0,78 0,60 0,42
IZ{;:;] 0° 0,88 0,78 0,66 0,95 0,89 0,82 0,97 0,94 0,90
30° 0,85 0,73 0,62 0,94 0,87 0,79 0,96 0,93 0,88
South 45° 0,81 0,68 0,57 0,91 0,83 0,74 0,95 0,91 0,84
60° 0,75 0,61 0,51 0,88 0,77 0,67 0,93 0,86 0,78
90° 0,56 0,44 0,35 0,72 0,59 0,49 0,83 0,70 0,60
30° 0,84 0,71 0,58 0,93 0,86 0,77 0,96 0,93 0,87
058 lpast) as> | 078 | 063 | 050 | 091 | 081 | 070 | 095 | 090 | 082
West 60° 0,70 0,53 0,41 0,87 0,74 0,60 0,93 0,85 0,75
90° 0,46 0,33 0,24 0,67 0,50 0,38 0,81 0,65 0,51
30° 0,82 0,69 0,55 0,93 0,85 0,75 0,95 0,92 0,86
North 45° 0,76 0,59 0,45 0,90 0,80 0,67 095 0,89 0,81
60° 0,66 0,45 0,31 0,85 0,71 0,54 0,92 0,83 0,72
90° 0,38 0,23 0,15 0,63 0,41 0,28 0,78 0,60 0,42
a  The following daylight factors Drp; of the raw carcass opening were used to calculate these values:
— poor: 3 %;
— average: 5,5 %;
— good: 8,5 %.
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Table A.14 (continued)
Classification of daylight availability
Geo- = Poor2 Averagea Gooda
graphic | Hgj/ | Orien- E

location | Hgyy | tation 3001x | 5001x | 7501x | 3001x | 5001x | 7501x | 3001x | 5001x | 7501x

14 Surface Fp o

slope S
;l;rf;al 0° 088 | 078 | 066 | 095 | 089 | 082 | 097 | 094 | 090
30° 085 | 073 | 062 | 094 | 087 | 079 | 096 | 093 | 0,88
South 45° 081 | 068 | 057 | 091 | 083 | 074 | 095 | 091 | 0,84
60° 075 | 061 | 051 | 088 | 077 | 067 | 093 | 086 | 0,78
90° 056 | 044 | 035 | 072 | 059 | 049 | 083 | 0,70 | 0,60
30° 084 | 071 | 058 | 093 | 086 | 077 | 096 | 093 | 0,87
045 East/ 45° 078 | 063 | 050 | 091 | 081 | 070 | 095 | 090 | 0,82
West 60° 070 | 053 | 041 | 087 | 074 | 060 | 093 | 085 | 075
90° 046 | 033 | 024 | 067 | 050 | 038 | 081 | 0,65 | 0,51
30° 082 | 069 | 055 | 093 | 085 | 075 | 095 | 092 | 0,86
North 45° 076 | 059 | 045 | 090 | 0,80 | 067 | 095 | 0,89 | 0,81
60° 066 | 045 | 031 | 085 | 071 | 054 | 092 | 0,83 | 0,72
20° - 450 90° 038 | 023 | 015 | 063 | 041 | 028 | 0,78 | 0,60 | 042
?g’ﬂal 0° 088 | 078 | 066 | 095 | 089 | 082 | 097 | 094 | 090
30° 085 | 073 | 062 | 094 | 087 | 079 | 096 | 093 | 0,88
South 45° 081 | 068 | 057 | 091 | 083 | 074 | 095 | 091 | 0,84
60° 075 | 061 | 051 | 088 | 077 | 067 | 093 | 086 | 078
90° 056 | 044 | 035 | 072 | 059 | 049 | 083 | 0,70 | 0,60
30° 084 | 071 | 058 | 093 | 086 | 077 | 096 | 093 | 0,87
070 past/ as° | 078 | 063 | 050 | 091 | 081 | 070 | 095 | 090 | 082
West 60° 070 | 053 | 041 | 087 | 074 | 060 | 093 | 085 | 075
90° 046 | 033 | 024 | 067 | 050 | 038 | 081 | 0,65 | 0,51
30° 082 | 069 | 055 | 093 | 085 | 075 | 095 | 092 | 086
North 45° 076 | 059 | 045 | 090 | 080 | 067 | 095 | 089 | 0,81
60° 066 | 045 | 031 | 085 | 071 | 0,54 | 092 | 0,83 | 0,72
90° 038 | 023 | 015 | 063 | 041 | 028 | 0,78 | 060 | 042

a  The following daylight factors Dgrp; of the raw carcass opening were used to calculate these values:
— poor: 3 %;
— average: 5,5 %;

— good: 8,5 %.
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Table A.14 (continued)
Classification of daylight availability
Geo- = Poora Averagea Gooda
graphic | Hgj/ | Orien- E,
location | Hyyp | tation 3001x | 5001x | 7501x | 3001x | 5001x | 7501x | 3001x | 5001x | 7501x
Y Surface Fpeo:
slope S
IZL{:;;I] 0° 0,88 0,78 0,66 0,95 0,89 0,82 0,97 0,94 0,90
30° 0,85 0,73 0,62 0,94 0,87 0,79 0,96 0,93 0,88
South 45° 0,81 0,68 0,57 0,91 0,83 0,74 0,95 0,91 0,84
60° 0,75 0,61 0,51 0,88 0,77 0,67 0,93 0,86 0,78
90° 0,56 0,44 0,35 0,72 0,59 0,49 0,83 0,70 0,60
30° 0,84 0,71 0,58 0,93 0,86 0,77 0,96 0,93 0,87
039 pasty as> | 078 | 063 | 050 | 091 | 081 | 070 | 095 | 090 | 082
West 60° 0,70 0,53 0,41 0,87 0,74 0,60 0,93 0,85 0,75
90° 0,46 0,33 0,24 0,67 0,50 0,38 0,81 0,65 0,51
30° 0,82 0,69 0,55 0,93 0,85 0,75 095 0,92 0,86
45° 0,76 0,59 0,45 0,90 0,80 0,67 0,95 0,89 0,81
North 60° 0,66 0,45 0,31 0,85 0,71 0,54 0,92 0,83 0,72
450 60° 90° 0,38 0,23 0,15 0,63 0,41 0,28 0,78 0,60 0,42
IZ{;:;] 0° 0,88 0,78 0,66 0,95 0,89 0,82 0,97 0,94 0,90
30° 0,85 0,73 0,62 0,94 0,87 0,79 0,96 0,93 0,88
South 45° 0,81 0,68 0,57 0,91 0,83 0,74 0,95 0,91 0,84
60° 0,75 0,61 0,51 0,88 0,77 0,67 0,93 0,86 0,78
90° 0,56 0,44 0,35 0,72 0,59 0,49 0,83 0,70 0,60
30° 0,84 0,71 0,58 0,93 0,86 0,77 0,96 0,93 0,87
058 lpast) as> | 078 | 063 | 050 | 091 | 081 | 070 | 095 | 090 | 082
West 60° 0,70 0,53 0,41 0,87 0,74 0,60 0,93 0,85 0,75
90° 0,46 0,33 0,24 0,67 0,50 0,38 0,81 0,65 0,51
30° 0,82 0,69 0,55 0,93 0,85 0,75 0,95 0,92 0,86
North 45° 0,76 0,59 0,45 0,90 0,80 0,67 095 0,89 0,81
60° 0,66 0,45 0,31 0,85 0,71 0,54 0,92 0,83 0,72
90° 0,38 0,23 0,15 0,63 0,41 0,28 0,78 0,60 0,42
a  The following daylight factors Drp; of the raw carcass opening were used to calculate these values:
— poor: 3 %;
— average: 5,5 %;
— good: 8,5 %.
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Table A.14 (continued)
Classification of daylight availability
Geo- = Poor2 Averagea Gooda
graphic | Hgj/ | Orien- E

location | Hgyy | tation 3001x | 5001x | 7501x | 3001x | 5001x | 7501x | 3001x | 5001x | 7501x

14 Surface Fp o

slope S
sort 0° 088 | 078 | 066 | 095 | 0,89 | 082 | 097 | 094 | 090
30° | 085 | 073 | 062 | 094 | 087 | 079 | 096 | 093 | 0,88
South 45° | 081 | 068 | 057 | 091 | 083 | 074 | 095 | 091 | 084
60° | 075 | 061 | 051 | 088 | 077 | 0,67 | 093 | 086 | 078
90° | 056 | 044 | 035 | 072 | 059 | 049 | 083 | 070 | 0,60
300 | 084 | 071 | 058 | 093 | 086 | 077 | 096 | 093 | 087
040 bast/ as° | 078 | 063 | 050 | 091 | 081 | 070 | 095 | 090 | 082
West 60° | 070 | 053 | 041 | 087 | 074 | 060 | 093 | 085 | 075
90° | 046 | 033 | 024 | 067 | 050 | 038 | 081 | 0,65 | 0,51
30° | 082 | 069 | 055 | 093 | 085 | 075 | 095 | 092 | 0,86
Mot 45° | 076 | 059 | 045 | 090 | 080 | 067 | 095 | 089 | 081
60° | 066 | 045 | 031 | 085 | 071 | 054 | 092 | 083 | 072
- 90° | 038 | 023 | 015 | 063 | 041 | 028 | 078 | 060 | 042
sort- 0° 08 | 078 | 066 | 095 | 0,89 | 082 | 097 | 094 | 090
30° | 085 | 073 | 062 | 094 | 087 | 079 | 096 | 093 | 0,88
South 45° | 081 | 068 | 057 | 091 | 083 | 074 | 095 | 091 | 084
60° | 075 | 061 | 051 | 088 | 077 | 0,67 | 093 | 086 | 078
90° | 0,56 | 044 | 035 | 072 | 059 | 049 | 083 | 070 | 0,60
300 | 084 | 071 | 058 | 093 | 086 | 077 | 096 | 093 | 0,87
048 bast/ as° | 078 | 063 | 050 | 091 | 081 | 070 | 095 | 090 | 082
West 60° | 070 | 053 | 041 | 087 | 074 | 060 | 093 | 085 | 075
90° | 046 | 033 | 024 | 067 | 050 | 038 | 081 | 065 | 051
30° | 082 | 069 | 055 | 093 | 085 | 075 | 095 | 092 | 0,86
North 45° | 076 | 059 | 045 | 090 | 080 | 0,67 | 095 | 089 | 081
60° | 066 | 045 | 031 | 085 | 071 | 054 | 092 | 083 | 072
90° | 0,38 | 023 | 015 | 063 | 041 | 028 | 078 | 060 | 042

a  The following daylight factors Dgrpj of the raw carcass opening were used to calculate these values:
— poor: 3 %;
— average: 5,5 %;

— good: 8,5 %.

A.5 Daylight Responsive Control Systems

The effects taken into consideration here relate to the characteristics of the artificial lighting controls
deployed to supplement the available daylight to achieve the required illuminance. Control systems
which control or regulate the transmission of light through the facades are not discussed here. The
approximate effects of the latter type of system are included in the evaluations described in Table A.8.
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The correction factor Fp c,j for daylight-responsive control systems is a function of

a) the type of control involved and

b) the daylight availability classification of the area being evaluated.

Where open-loop or closed-loop controls are used, a distinction is made as to whether the controls

— operate automatically and autonomously, i.e. without processing information from other systems,
or

— operate in a system network, i.e. can utilize information from other systems (installation bus
systems or building management systems).

Artificial lighting control systems are distinguished according to
— whether they are controlled manually or

— controlled automatically to adjust the artificial light intensity to achieve the specified maintained
illuminance.

An additional distinction is made between
i) stand-alone systems, of which there are two types:

— systems which turn off the artificial lighting during operating times (if daylight availability is
adequate);

— systems which dim the artificial lighting system to the lowest possible intensity during
operating times without actually switching the system off.

ii) Installation bus systems and building management systems.

Table A.15 provides correction factors Fp,c to rate daylight responsive control systems.

Table A.15 — Correction factor Fp ,; to account for the impact of daylight responsive control
systems in a zone n, as a function of the maintained illuminance E, and the daylight

availability classification

Fp,cj as a function of daylight availability

Type of control Poor Average Good
3001x | 5001x | 750 1x 300 Ix 5001x | 7501x | 3001x 500 Ix 750 Ix
Manual 033 | 030 | 027 | 038 | 035 | 032 | 043 0,40 0,37
Nototal | e | 070 | 073 | 070 | 073 | 075 | 073 0,75 0,76
Stand- switch-off
; alone
Automatic Total 071 | 074 | o076 | 077 | 078 | 079 | 081 0,81 0,81
switch-off
Bus systems 076 | 081 | 083 | 083 | 085 | 086 | 0,87 0,87 0,87

A.6 Monthly evaluation method

The distribution key factors vmonth,i for vertical facades are given in Table A.16. Since light-guiding
systems are based on the deflection or guidance of direct light, which is more available in the summer
months, separate distribution key factors as a function of the orientation are given for such systems.
Table A.17 shows the values for spaces equipped with rooflights. In the summer months, daylight
availability can account for 100 % of the required lighting. This means that no supplementary artificial
lighting is required during this period. Since the product Fp s j Fp c,j is weighted by monthly key factors,
the differences between (VMonth,! Fp,s,j FD,c,j - 1) and AFp s j shall be added together for all months during
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which vMonth,! Fp,s,j FD,c,j is greater than 1. AFp s j shall be equally divided up among all months during
which vMonat, Fp,s,j FD,c,j is less than 1. Where necessary, an iteration procedure shall be applied.

Table A.16 — Monthly distribution key factors vyonth,; for vertical facades

Month, i
1 2 3 4 5 6 7 8 9 10 11 12
Jan | Feb | March | Apr | May | June | July | Aug | Sept | Oct | Nov | Dec

Facade system

VMonth,i

Light-guiding systems
according to Table A.8, | 0,67 | 0,89 | 1,06 | 1,18 | 1,25 | 1,28 | 1,26 | 1,20 | 1,08 | 092 | 0,72 | 0,46
South-facing

Light-guiding systems
according to Table A.8, | 0,74 | 092 | 1,06 | 1,16 | 1,22 | 1,24 | 1,22 | 1,16 | 1,06 | 093 | 0,75 | 0,54
facing East or West

Others 085|097| 106 | 1,12 | 1,16 | 1,17 | 1,15 | 1,11 | 1,04 | 094 | 0,81 | 0,66

Table A.17 — Monthly distribution key factors vyonth,; for rooflights

Month, i
1 2 3 4 5 6 7 8 9 10 11 12
Jan | Feb | March | Apr | May | June | July | Aug | Sept | Oct | Nov | Dec

VMonth,i

Northern Hemi-

0,74 | 0,92 1,06 1,16 | 1,22 | 1,24 | 1,22 | 1,16 | 1,06 | 093 | 0,75 | 0,54
sphere

Southern Hemi-

1,22 | 1,16 1,06 | 092 | 0,74 | 0,54 | 0,75 | 093 | 1,06 | 1,16 | 1,22 | 1,24
sphere

Monthly partial-load daylight operation factors Fp,j; can be derived from the calculated annual daylight
availability factor.

_ 1_VMonth,i FD,s,j FD,c,j for VMonth,l FD,s,j FD,c,j <1 (A 20)
Dj,i— . '
0 otherwise

where

VMonth,i IS the monthly distribution key for weighting the value of Fp s ;.
A method to obtain the distribution key factors vmonth,i for vertical facades is provided in A.8.

A.7 Determination of day-time and night-time hours

The number of day-time and night-time hours needs to be known to be able to determine the energy
need and energy use for lighting. The approximate method described below can be used in cases where
the day-time and night-time hours for the types of usage listed in Table A.19 are to be determined due to
deviating operating times or when a totally different type of usage is specified.

The method described below can be used to determine the number of day-time hours tpay and night-
time hours tnjght on a monthly basis for a known latitude y and a specified beginning of usage tstart and
end of usage tend. The hours between sunrise and sunset are considered to be day-time hours.
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The times tpay,; and tNight,; for each month are calculated using Formulae (A.21) and (A.22).

tpay,i = Ni Cwe [(tend - tstart) = (tbs,i + tas,i)]

(A.21)
tNight,i = Ni Cwe (tbs,i * tas,i)
(A.22)
where
N; is the number of days in the respective month:

N;=1[31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31] withi=1 to 12;

Cwe isthe reduction factor to account for weekends (the value of Cye to account for all weekends
is 5/7; if no weekends are taken into consideration, Cye is equal to 1);

tstart is the time of the beginning of usage;
tend 1isthe time of the end of usage;
tbs,i isthe usage time before sunrise;

tas,i isthe usage time after sunset.

The times before sunrise tps; and after sunset t;5; are determined using Formulae (A.23) and (A.24).

th. . = tsunrise,i - tstart,i ,if tsunrise,i > tstart,i (A.23)
bsi ™10 otherwise
to = tende,i - tsunset,i , if tende > tsunset,i (A.24-)
ast 1o otherwise
where

tsunset 1S the sunset time;

tsunrise 1S the sunrise time.

The time of sunrise tsynrise and the time of sunset tsynset are calculated using Formulae (A.25) and (A.26):

tsunrise,i = (12 - w; /15°) - teq(J;)/60
(A.25)

tsunset,i = (12 + w; /15°) - teq(J;)/60
(A.26)

where
w; isthe hour angle;

teq is the formula of time, Formula (A.29).
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Formula (A.27) is used to calculate the hour angle, w;.

sin(¢)sin[5(]i)]}

cos(¢)cos[5(]l-)] (4.27)

w; = arccos{—

where

¢ is the geographical latitude of the location;

Ji  isthe day of the month; in this case, the 15th day of each month is used as a reference:
Ji=[15, 46, 74, 105, 135, 166, 196, 227, 258, 288, 319, 349];

0 isthe declination of the sun.

Formula (A.28) is used to calculate the declination of the sun.
6(J)=0,394 8 - 23,2559 x cos(J + 9,1°) - 0,391 5 x cos(2 x J” + 5,4°) - 0,176 4 x cos(3 x J' + 26,0°)
(A.28)
Formula (A.29) is used to determine the formula of time.
teq(J) = 0,006 6 + 7,352 5 x cos(J + 85,9°) + 9,935 9 x cos(2 x J + 108,9) + 0,338 7 x cos(3 x J + 105,2)
(A.29)
with
J=]x360°365

The annual day-time and night-time hours are the sum totals of the monthly values as expressed by
Formulae (A.30) and (A.31) respectively:

12
tDay = ZtDay,i (A.30)
i=1
12
ENight = thight,i (A.31)
i=1

Table A.18 holds for typical office operating hours precalculated times tpay and tnight as a function of
latitude.

Table A.18 — t4ay and tnight as a function of latitude for typical operating hours from 8 am -
5 pm, weekends excluded

Latitude t‘ﬁ’y tmfht
0° 2,346 0
7,5° 2,346 0
22,5° 2,346 0
37,5° 2,341 5
52,5° 2,271 75

67,5° 1,881 465
75,0° 1,629 717
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1 2 3 4 s | e | 7 | 8 | o
Usage and operating times
Night-
. . Annual time Height
Begin- Daily Annual usage
. End of usage of the
Num- ning of usage usage usage days hours work
: Usage usage time days per
bering per plane
annum
annum
- - tusage,d dusage,a tpay INight hta
hrs hrs h/d d/a h/a h/a M
1 Personal office (single occupant) 07:00 18:00 11 250 2543 207 0,8
2 Workgroup office (two to six workplaces) 07:00 18:00 11 250 2543 207 0,8
3 Landscaped office (seven or more workplaces) 07:00 18:00 11 250 2543 207 0,8
4 Meeting, conference, and seminar room 07:00 18:00 11 250 2543 207 0,8
5 Booking hall 07:00 18:00 11 250 2543 207 0,8
6 Retail shop/department store 08:00 20:00 12 300 3009 591 0,8
7 Rgtail sh(_)p/department store (food department 08:00 20:00 12 300 3009 591 0.8
with refrigerated products)
8 Classroom (school and nursery school) 08:00 15:00 7 200 1400 0 0,8
9 Lecture room, auditorium 08:00 18:00 10 150 1408 92 0,8
10 Hospital ward or dormitory 00:00 24:00 24 365 4407 4353 0,8
11 Hotel bedroom 21:00 08:00 11 365 743 3272 0,8
12 Canteen 08:00 15:00 7 250 1750 0 0,8
13 Restaurant 10:00 00:00 14 300 2411 1789 0,8
14 Kitchens in non-residential buildings 10:00 23:00 13 300 2411 1489 0,8
15 Kitchen - preparation room or storeroom 10:00 23:00 13 300 2411 1489 0,8
16 Toi_let_s and sanitary facilities in non-residential 07:00 18:00 11 250 2543 207 0.8
buildings
17 Other habitable rooms 07:00 18:00 11 250 2543 207 0,8
18 Auxiliary spaces (without habitable rooms) 07:00 18:00 11 250 2543 207 0,8
19 Traffic/circulation areas 07:00 18:00 11 250 2543 207 0
20 Storeroom, technical equipment room, archive 07:00 18:00 11 250 2543 207 0,8
21 Server room, computer centre 00:00 24:00 24 365 4407 4 353 0,8
221 Workshop, a_ssembly, manufacturing, heavy duty 07:00 16:00 9 230 2018 52 0,8
work, standing work
22.2 Workshop, assgmbly, ma_nufacturlng, medium 07:00 16:00 9 230 2018 52 0,8
duty work, mainly standing work
223 Workshop, assembly, manufactu_rmg, simple 07:00 16:00 9 230 2018 52 0,8
work, mainly standing work, mainly seated work
23 Spectator a_nd audience areas (theatres and 19:00 23:00 4 250 59 941 0.8
event locations)
24 Foyer (theatres and event locations) 19:00 23:00 4 250 59 941 0,8
25 Stage (theatres and event locations) 13:00 23:00 10 250 1259 1241 0,8
26 Fair/congress building 09:00 18:00 9 150 1258 92 0,8
27 E_xhlbltlop rooms and museums with conserva- 10:00 18:00 8 250 1846 154 0.8
tion requirements
28 Library - reading rooms 08:00 20:00 12 300 3009 591 0,8
29 Library - open stacks area 08:00 20:00 12 300 3009 591 0,8
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Table A.19 (continued)
1 2 3 | 4 | s | e | 7 | 8 | o9
Usage and operating times
Night-
Begin- E Daily Annual Aullr;gzl ti!r;ne Height
Num- ning of nd of usage usage days Esage of thlf
bering Usage usage usage time days per ;g::s ]‘ﬁg;e
annum | -
— — tusage,d | dusagea tDay ENight hTa
hrs hrs h/d d/a h/a h/a M
30 Library - magazine and stores 08:00 20:00 12 300 3009 591 0,8
31 Sports hall (without public viewing area) 08:00 23:00 15 250 2509 1241 1
32 Garage buildings (for offices and private use) 07:00 18:00 11 250 2543 207 0,2
33 Garage buildings (public use) 09:00 00:00 15 365 3298 2177 0,2
34 Sauna 10:00 22:00 12 365 2933 1447 0
35 Gym 08:00 23:00 15 365 3663 1812 0
36 Laboratory 07:00 18:00 11 250 2543 207 1,0
37 Surgery 07:00 18:00 11 250 2543 207 0,8
38 Special care area 00:00 24:00 24 365 4407 4353 0,8
39 Hallways in general nursery areas 00:00 24:00 24 365 4407 4353 0,2
40 Medical and therapeutical practice 08:00 18:00 10 250 2346 154 0,8
4 }Sl*:)(ilr::)s())uses, logistic places (high-rack ware- 00:00 24:00 24 365 4407 4353 0

52 © IS0 2014 - All rights reserved



BS I1SO 10916:2014
IS0 10916:2014(E)

Annex B
(normative)

Comprehensive calculation

A variety of software tools nowadays allows the performance of radiosity and/or raytracing-based
computations of daylight propagation into indoor spaces. By this means, it is also possible to calculate
the impact of daylight utilization on artificial lighting energy demand with a selected number of tools.
Fpn, according to Formula (4), can therefore be calculated with these comprehensive approaches. For
this, the following boundary conditions have to be met:

The algorithm has to take into account the climatic conditions at the considered location.

The (eventually variable) photometry of the facade and the control (which has an impact) of the
facade are toberegarded. Ifthe facade incorporates movable shading systems, e.g. movable Venetian
blinds, the calculation has to take this into account. The supposed control scheme for the facade
(when and how is shading triggered, e.g. cut-off Control of Venetian blinds, if sun is on facade) has to
be modelled within the calculation process.

The relative luminous exposure Fp ;s (daylight supply factors) has to be evaluated based on an
hourly basis at the control point of the artificial lighting system. Results from this can be aggregated
to a monthly or annual basis.

Over a building, comprehensive calculations and simple calculations can be mixed.
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Annex C
(informative)

Daylight performance indicator

To rate the overall daylight performance of the building, the indicators defined in Formula (C.1) can be
applied.

Average daylight supply factor
N L Fye:nAp
ol D,S,j,n 4D, j,
Fos=2 2 c.1)
ﬂ=1j:1 D,j,n ND,j,n

The average daylight supply factor relates the sum of the product of the zones daylight supply factor
weighed with the area benefitting from daylight to the total area of the building. It therefore represents
the average maximum daylight autonomy, which can be allocated by the control.

Average daylight dependency factor

N J F . An.
= D,j,n “*D,j,n
Fn = E E — C.2
Praig A (€2)
n=1 ]—1 , ] ,Jn

This factor, in addition, also includes the impact of the control system.
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Annex D
(informative)

Examples

An example each for daylight penetration through a vertical facade and a rooflight are given in this
annex.

D.1 Space with vertical facade

The following example illustrates the application of the model for vertical facades. The geometry of the
space under consideration and the corresponding artificial lighting installation are defined in Table D.1
and depicted in Figure D.1. Evaluation is exemplarily performed for two locations. The location of
Brussels (altitude: 50.8°; longitude: 4.3°) experiences an oceanic climate (Cfb) according to the Képpen-
Geiger climate classification, whereas Rio de Janeiro (altitude: -22.9° longitude: -43.3°) represents a
tropical savanna climate (Aw).
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Figure D.1 — Geometry of the example with vertical facade
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Table D.1 — Boundary conditions for the example with vertical facade

Parameter Variation
Width 3,60 m
Depth 4,80 m
Height 3,00 m
Space geometry Reflectance p, ambient 0,2
Reflectance p, ground 0,2
Reflectance p, walls 0,5
Reflectance p, ceiling 0,7
Orientation South
Obstruction 0°
Light transmission Tpg5 glazing 0,74
Facade Framing ratio k1 09
Dirt on glazing factor k; 09
Construction 40 % standard window/facade ratio
System Blinds, reference system
Specific installed power 12 W/m?2
Lighting system Maintained illuminance 500 Ix
Control strategy Continuous dimming
Control point, position 1 control point in the centre of the room
Working hours 8amto 5 pm, Mtzlr;cclgi/i(t)}:lrough Friday, no

Step 1: Determination of ratio Hgir/Hglob

The ratios of direct and global outside relative usable luminous exposure are calculated from the
corresponding weather data sets as described in A.3.2.1:

— Brussels: Hgir = 30,45 Mlxh; Hglop = 86,00 Mlxh = > Hgjr/Hglob = 0,35;
— Rio de Janeiro: Hgir = 72,42 Mlxh; Hglob = 149,60 MIxh = > Hgjr/Hglob = 0,48.
Step 2: Determination of t4ay (astronomic model)

The time t4ay, which represents “sun up”, and the time tnight, which represents “sun down”, during
working hours, are determined from Table A.18 by linear interpolation for the two locations. The
corresponding values are the following:

— Brussels: tqay = 2 278 h; thight = 68 h;

— Rio de Janeiro: tgay = 2 346 h; thight = 0 h.

Step 3: Determination of tsya and tsa (regression model)

tsna is determined from Table A.3. tsa is then obtained by subtracting tsna from tgay.
— Brussels: tsya =1 595 h; tsp = 684 h;

— RiodeJaneiro: tsya =1 257 h; tspa=1089h.

Step 4: Determination of daylight factors
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The daylight factor is determined by means of a detailed simulation in the middle of the room (at the
control point position of the artificial lighting system for the room). A daylight factor of Dc, = 6,81 % for
the building carcass opening is obtained. For the glazed facade without shading activated, the effective
transmission Teff,sna is calculated with Tpes = 74 %, k1 = 0,9; k2 = 0,9; k3 = 0,85:

Teff,sna = k1k2k3Tpes = 0,51

From this, the daylight factor with the glazed facade is determined:
D = teffsnaDr = 0,1 x 6,81 % = 3,47 %

Step 5: Determination of Daylight supply factors Fp s snaj, Fp,s,sA,j

From the geographical location, Hgir/Hglob (step 2), D (step 4), and En, the quantities Fp s sna,j Fp,s,sA,j
are determined (using linear interpolation). In the following substeps, the procedure is demonstrated
for standard Venetian blinds (system solution 1 according to Table A.8). The resulting values for the
other systems considered can be obtained in the same manner. System 2 corresponds to a Venetian
blind system operated in cut-off mode. System 3 represents sun protection glazing with internal roller
blinds for glare protection.

a) Fp;ssna,jfor system solution 1, using Table A.6:

— Brussels: Fps;sna,j (3.47 %; 0,35) = 76,9 %;

— Rio de Janeiro: Fp s sna,j (3,47 %; 0,48) = 89,6 %;
b) Fp;ssa,jfor system solution 1, using Table A.8:

— Brussels: Fpssa,j (6,81 %; 0,35) = 25,3 % ;

— Rio de Janeiro: Fpssa,j (6,81 %; 0,48) = 27,9 % ;

¢) Fp,s,jfor system solution 1, using Formula (A.15):

— Brussels:
1595 h 684 h
Fps,j=r———X769%+ — - x253%=61,4% ;
*77 (1595h+684h) (1595 h+684 h)

— Rio de Janeiro:

1257 h 1089 h
Fpg j = X%X89,6%+————%x27,9%=61,0% .
* (1257 h+1089 h) (1257 h+1089 h)
Table D.2 — Fp s sNaj» FD,s,sA,j» FD,sj and QL ¢ for system solutions 1, 2, 3
at the locations under investigation

. . Fp,s,SNA,j Fp,s,sA,j Fp,sj QL f
Location System solution % % % KWh,m2a

System 1 76,9 25,3 61,4 11,4

Brussels System 2 76,9 88,1 80,3 6,2

System 3 65,7 249 53,5 13,6

System 1 89,6 279 61,0 11,0

Rio de Janeiro System 2 89,6 89,1 89,4 3,0

System 3 83,0 15,7 51,8 13,6

Step 6: Determination of Q¢
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From Formula (2), the annual energy demand for lighting is obtained for a system potential = 1, i. e. ideal
continuous dimming and an installed power of the artificial lighting system of 12 W/m2. The resulting
values are displayed in Table A.18.

D.2 Space with rooflights

D.2.1 General

This example describes how the annual and monthly final energy demand for lighting of a production hall
receiving daylight only through rooflights is calculated. Two different skylight solutions are discussed.
One of the variants involves roof openings fitted with strip-type skylights; shed rooflights are used in
the other variant. The entire hall floor area is considered to be lit by daylight. It is therefore assumed
that there is only one area to be evaluated.

Dimensions in metres

a) Strip-type skylights b) Shed rooflights
74 = 2 N
~
2
o> S
s m™
|74 \ 2
c) Cross-section of strip-type skylight d) Cross-section of shed rooflight

Figure D.2 — Rooflights

D.2.2 Determination of the daylight availability factor Fp

Mean daylight factor for strip-type rooflights

The daylight factor shall be calculated using Formula (A.17). The following values apply to the glazing
of the strip skylight:

transmittance of glazing: Tpes = 0,64 [double-wall (PC) polycarbonate multiwall sheets];

reduction factor for frames and subdivisions of the glazing: kop,1 = 0,92;
reduction factor for pollution of the glazing: kopj,2 = 0,9;

reduction factor for non-vertical light incidence: kop],3 = 0,85.

The strip-skylight geometry has the following characteristics:

58

height of the supporting frame: hg = 0,5 m;
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— slope of the supporting frame: yy, = 90°; (vertical);
— width of a strip skylight: bs = 2 m;
— length of a strip skylight: as = 10 m.

By inserting the geometry data of the strip skylight and the previously determined space index to obtain
the input values for as/bs = 5, hs/bs = 0,25; yw = 90° and k = 2,93, the space utilance ng value listed in
Table A.11 is found to be 0,88 (interpolated). Since the roof is horizontal, the external daylight factor
D4 is 100 %. The total raw roof opening area A, of the 12 skylights is 240 mZ2. The hall floor area Ac, is
1 350 mZ2. The mean daylight factor is therefore

A
D— Rb -
D=D, Tpgs kob1,1 Kobl,2 Kobl 3 ng in%

RG
(D.1)
2
D=1x0,64x0,92x0,9x0,85x&mz><0,88=7,05% (D.2)
1350m

The daylight availability as given is classified as being strong.

Mean daylight factor for shed rooflights

The following values apply to the glazing of the long rectangular skylight:

— transmittance of glazing: tpg5 = 0,7;

— reduction factor for frames and subdivisions of the glazing: kop),1 = 0,88;

— reduction factor for pollution of the glazing: kop),2 = 0,90;

— reduction factor for non-vertical light incidence: kop),3 = 0,85.

The shed rooflight geometry has the following characteristics:

— slope of the glazed shed area: yr = 60°;

— slope of the opaque shed area: yr = 30°;

— height of the total area containing the light-transmitting opening: hy, = 1,5 m;
— height (raw roof opening) of the opening through which light enters: hg = 1 m;
— width (raw roof opening) of the opening through which light enters: brg = 30 m.

By inserting the geometry data of the shed-rooflight and the previously determined space index to obtain
the input values hg/hw = 0,67, yw = 60°, and k = 2,93, the space utilance yR value listed in Table A.12 is
found to be 0,8 (interpolated). For a 60° slope of the area through which the daylight enters, Table A.10
gives an external daylight factor of 0,72 %. The total raw roof opening area Ay, of the eight skylights is
240 m2. The mean daylight factor is therefore

D =D, Tpgs Koui1 Kob,2 Kobl,3 Bb g in %
RG
(D.3)
2
5:0,72><0,7><O,88><0,9x0,85x&mzxo,8:4,83% (D.4)
1350m

The daylight availability according to Table A.13 is classified as being “medium”.
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Daylight availability factor Fp for strip-type rooflights

Table A.14 gives a value of 0,94 for the daylight availability factor Fp s for the respective set of table input
values: daylight availability class “strong”, orientation “horizontal” and maintained illuminance
E. =500Ix.

Daylight availability factor Fp for shed rooflights

Table A.14 gives a value of 0,71 for the daylight availability factor Fp s for the respective set of table input
values: daylight availability class “good”, orientation “north-facing” and maintained illuminance
E,, =500Ix.

D.2.3 Determination of the annual and monthly final energy demand for lighting
Annual final energy demand for strip-type rooflights

Formula (2) is used to determine the annual final energy demand for lighting. Assuming that an
“automatic, independent” daylight-responsive control system without total switch-off is installed, the
correction factor Fp . stated in Table A.15, is found to be 0,75. This results in a daylight partial-load
factor of 0,295, calculated using Formula (7), i. e. Fr, =1 - Fps Fp,c of Fr, =1 - 0,94 x 0,75 = 0,295.
According to DIN V 18599-10,[3] the utilization profile for usage type “industrial activities and crafts”
does not assume absences during operating times, so that no presence sensor system is installed. This
means that Fg = 1 so that the following annual operating times as defined in DIN V 18599-10[3] can be
assumed: tqay = 2 192 h, tnight = 58 h. The effective operating times during daylight hours is therefore
calculated as follows:

Formula (D.6) is used to calculate the effective operating time during night-time.

teffNight = ENight Fo =58hx1=58h (D.6)

The annual final energy demand for lighting is thus determined by assuming, for instance, an installed
electrical power of 11,7 W/m2 using the following formula.

Qut =P Ap(tettpayp * tettighe) | = 11,7%[1 350m? (646,6h+58h)] =11130kWh
m
which corresponds to a specific final energy demand, in relation to the floor area, of 8,2 kWh/(m2-a).

Annual final energy demand for shed rooflights

The final energy demand for lighting by illumination solutions using shed rooflights is calculated in a
similar manner. Assuming that an “automatic, independent” daylight-responsive control system without
total switch-off is installed, the correction factor Fp. stated in Table A.15 is found to be 0,73. This
results in a daylight partial-load factor of 0,482, calculated using Formula (7),i.e. Fp =1 - Fps Fp, of
Fr,=1-0,71- 0,73 = 0,482. According to DIN V 18599-10,[3] the utilization profile for usage type
“industrial activities and crafts” does not assume absences during operating times, so that no presence
sensor system is installed. This means that Fg = 1 so that the following annual operating times as defined
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in DIN V 18599-10I3] can be assumed: tpay = 2 192 h, tnight = 58 h. The effective operating times during
daylight hours are therefore calculated as follows:

effDay.0 =tDay Fp Fo =2192hx0,48x1=1052,12 h (D.7)

Formula (D.8) is used to calculate the effective operating time during night-time.

teffNight = Night Fo =58hx1=58h (D.8)
The annual final energy demand for lighting is thus determined using Formula (D.9).

Q¢ =P Ap (Eettpayp *+Eettnight ) | = 11,7%[1 350m%x(1 052,12h+58h)} =17534kWh (D.9)
m
which corresponds to a specific final energy demand, in relation to the floor area, of 13,0 kWh/(m2-a).

Monthly energy demand for strip-type rooflights

The distribution key factors given in Table A.17 are applied to the product Fps Fp,c = 0,70, which was
calculated on the basis of one year’s operation, to determine the values for the individual months. By
applying the monthly partial-load factors Fry, ;, the monthly final energy demand values Qj ¢; can then be
calculated. The annual operating time is evenly distributed among the individual months.
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Table D.3 — Monthly final energy demand for strip-type rooflights

Month VMonth,i VMonth,I FD,s FD,c FrL,i kQ\}Vf}Il kWh?l(gZ )
January 0,74 0,52 0,48 1456 1,08
February 0,92 0,65 0,35 1090 0,81
March 1,06 0,75 0,25 805 0,60
April 1,16 0,82 0,18 602 0,45
May 1,22 0,86 0,14 480 0,36
June 1,24 0,87 0,13 439 0,33
July 1,22 0,86 0,14 480 0,36
August 1,16 0,82 0,18 602 0,45
September 1,06 0,75 0,25 805 0,60
October 0,93 0,66 0,34 1070 0,79
November 0,75 0,53 0,47 1436 1,06
December 0,54 0,38 0,62 1863 1,38

Monthly final energy demand for shed rooflights

The distribution key factors given in Table A.17 are applied to the product Fp s Fp,c = 0,482, which was
calculated on the basis of one year’s operation, to determine the values for the individual months. By
applying the monthly partial-load factors Fr,;, the monthly final energy demand values Q\f;, qif; can
then be calculated. The annual operating time is evenly distributed among the individual months.

Table D.4 — Monthly final energy demand for shed rooflights

Month VMonth,i VMonth,I Fp,s F,c FrL,i ](Q\}vf}’l kWh%ﬂZ -a)
January 0,74 0,38 0,62 1851 1,37
February 0,92 0,48 0,52 1581 1,17
March 1,06 0,55 0,45 1371 1,02
April 1,16 0,60 0,40 1221 0,90
May 1,22 0,63 0,37 1131 0,84
June 1,24 0,64 0,36 1101 0,82
July 1,22 0,63 0,37 1131 0,84
August 1,16 0,60 0,40 1221 0,90
September 1,06 0,55 0,45 1371 1,02
October 0,93 0,48 0,52 1566 1,16
November 0,75 0,39 0,61 1836 1,36
December 0,54 0,28 0,72 2151 1,59
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