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Foreword

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

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

of IS0 d
ISO/IEC

[SO drayvs attention to the possibility that the implementation of this document may invelve‘the u

patent(d
rights ix
patent(s
this may

www.is@.org/patents. ISO shall not be held responsible for identifying any or alksuch patent rights.

pbcument should be noted. This document was drafted in accordance with the editorial rul
Directives, Part 2 (see www.iso.org/directives).

. ISO takes no position concerning the evidence, validity or applicability of any claime
respect thereof. As of the date of publication of this document, ISO had not(réceived not
which may be required to implement this document. However, implementers are cautio
not represent the latest information, which may be obtained from the patent database av4

Any tra

Forane
related
Organiz

This doq
the Intel

This firs

Any fee
complet

to conformity assessment, as well as information abeut ISO's adherence to the Worl
htion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/forewd

bs of the

se of (a)
l patent
ce of (a)
hed that
ilable at

e name used in this document is information given for the cenvenience of users and ¢loes not
constitute an endorsement.

kplanation of the voluntary nature of standards, the meaning of ISO specific terms and expjressions

d Trade
rd.html.

ument was prepared by Technical Committee ISOZTC 274, Light and lighting, in collaborat
mational Commission on [llumination (CIE).

t edition of ISO/CIE 10916 cancels and replaces ISO 10916:2014, which has been technically

iback or questions on this document should be directed to the user’s national standards
e listing of these bodies can be found,at www.iso.org/members.html.

on with

revised.

body. A

© ISO/CIE 2024 - All rights reserved
iv


https://www.iso.org/directives-and-policies.html
https://www.iso.org/patents
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=3f4615da29a42cc0be761e2e8e7c8507

ISO/CIE 10916:2024(en)

Introduction

This document is part of a set of standards which allows users to rate the overall energetic performance
of buildings. Facades and rooflights have a key impact on the building’s energy balance. This document
supports daylighting and lighting-energy-related analysis and optimization of facade and rooflight systems.
It is 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.

© ISO/CIE 2024 - All rights reserved
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Light and lighting — Energy performance of lighting in
buildings — Calculation of the impact of daylight utilization

1 Scope
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ylight penetrating non-residential buildings through vertical facades and rooflights and th
n the energy demand for electric lighting. This document is applicable for existing buildingg
f new and renovated buildings.

ument provides the overall lighting energy balance equation relating the installed power d
ric lighting system with daylight supply and lighting controls (proof calculation method).

ermination of the installed power density is not in the scope of this method, neither are

for instance, to occupancy detection. Provided the determination of the installed power der]
barameters using external sources, the internal loads by lightingtand the lighting energy
1 be calculated. The energy demand for lighting and internal loads by lighting can then be t4
in the overall building energy balance calculations:

ing;
ilation;
ate regulation and control (including cooling andshumidification);

ing the domestic hot-water supply of buildings.

For estifnating the daylight supply and rating daylight-dependent electric lighting control systems,
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sed calculation approach is provided:-The simple method describes the division of a build
required for daylight illumination-engineering purposes, as well as considerations on th
hylight supplied by vertical facade systems and rooflights is utilized and how daylight-dd
control systems affect energy demand. Dynamic vertical facades with optional shading 3
ion properties are considéred, i.e. allowing a separate optimization of facade solutions und

inuous rooflights are ¢onsidered. The method is applicable for different latitudes and clim
1 building zones (utilizations), operation times are provided.

nhount of
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n and under diffuse skies. For rooflighting systems, standard, static solutions like shed r¢oflights

htes. For

iled analysis;an approach to calculate the effect of daylight on the lighting energy dema

d on an

r sub-hourly-basis is provided. Unlike the simple table-based annual calculation approach, which is

regressipn based, this method relies on an emulation concept. Relevant quantities are modelled dxplicitly
and are then interacting directly with sensors, actuators and functional elements of the building autjomation
and confroltsystem (BACS) or are triggering user interaction. By this approach, model configuration and
paramefrization from the design stage can seamlessly be used in the BACS configuration.

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

2 Normative references

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

CIE S 017:2020, ILV: International Lighting Vocabulary

© ISO/CIE 2024 - All rights reserved
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3 Terms and definitions
For the purposes of this document, the terms and definitions given in CIE S 017, and the following apply.

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

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

— IEC Electropedia: available at https://www.electropedia.org/

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

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

3.1
controljsystem
various fypes of electrical and electronic systems including the following:

— sys]ems used to control and regulate;
— systlems to protect against solar radiation and/or glare;

— elecftric lighting in relation to the currently available daylight;

— systlems used to detect and record the presence of occupants

3.2

daylight factor
D

quotienf of the illuminance at a point on a given plane due.to the light received directly and ifjdirectly
from a gky of assumed or known luminance distribution.@hd the illuminance on a horizontal plane due to
an unobjstructed hemisphere of this sky, where the contribution of direct sunlight to both illumirances is
exclude

Note 1 tolentry: Glazing, dirt effects, etc. are included,

Note 2 t¢ entry: When calculating the lightingof interiors, the contribution of direct sunlight has to be cdnsidered
separately.

Note 3 t¢ entry: CIE S 017:2020 defines\the unit as 1. However, daylight factor is in practice, usually pregented in
percent vfalues.

Note 4 tq entry: The term daylight factor is normally used when considering an overcast sky as sky type 1 or 16 in
1SO 15469.

[SOURCE: CIE S 017:2020,-17-29-121, modified — Notes 3 to 5 deleted, new Notes to entry 3 and 4 added]

3.3
electrical power.of electric lighting system
P
total eleftrical power consumption of the lighting system in the considered space

3.4
illuminance
E

density of incident luminous flux with respect to area at a point on a real or imaginary surface
do,
dA '’

where

© ISO/CIE 2024 - All rights reserved
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is luminous flux;
is the area on which the luminous flux is incident

entry: The illuminance is expressed in lux (Ix = Im - m2).

[SOURCE: CIE S 017:2020, 17-21-060, modified — Notes 1, 2, 4 and 5 deleted.]

3.5

insolation
incidence of solar radiation on a surface or body

3.6
luminaire
apparatfis which distributes, filters or transforms the light transmitted from at least one soureé of optical
radiatioph and which includes, except the sources themselves, all the parts necessary for fixing ahd prjotecting
the souijces and, where necessary, circuit auxiliaries together with the means for connecting them to the
power sfipply
[SOURCE: CIE S 017:2020, 17-30-001, modified — Notes deleted.]
3.7
luminoys exposure
HV
H
density pf incident luminous energy with respect to area at a pointonra real or imaginary surface
H ::d&
V| da
where
Q, |is the luminous energy;
A |is the area on which the luminous ehergy is incident.
Note 1 td entry: The luminous exposure is expressed in lux second (Ix-s = Im-s-m~2) or lux hours (Ix h = Im-h-1h-2).
[SOURCE: CIE S 017:2020, 17-21-0Z25;modified — Notes 1, 2, 3, 5 and 6 deleted, added possibility to|express
in lux hqurs.]
3.8
luminous flux
@
(DV
change in luminoustenergy with time
d
D, F &
dt
where
Q, istheluminous energy emitted;
t istime.
Note 1 to entry: The luminous flux is expressed in lumen (Im).

[SOURCE: CIE S 017:2020, 17-21-039, modified— Notes 1, 2, 3, 5 and 6 deleted.]

© ISO/CIE 2024 - All rights reserved
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39

maintained average illuminance

Em

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

Note 1 to entry: In specific contexts of this document the maintained average illuminance can in limit case be the
maintained point illuminance

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

3.10
shading
anything inside, In between or outside the window which prevents the direct view of part of the sky

Note 1 tg entry: Shading can be manually operated or automatic and can as well be moveable or fixed.
Note 2 to entry: For example shutters, external or internal blinds.

3.11
daylight opening
any ared in the building envelope that is capable of admitting daylight to an intetior

3.12
rooflight
daylightlopening (3.11) on the roof or on a horizontal surface of a building

3.13
task ar¢a
partial grea in the work place in which the visual task is carried out

[SOURCE: CIE S 017:2020, 17-29-171, modified — Notes:deleted.]

3.14
visual tpsk
visual elements of the work being done

[SOURCE: CIE S 017:2020, 17-22-084, modified — Notes deleted.]

4 Symbols, indices, and abbreviated terms

4.1 Symbols
Quantity Unit
P luminousflux Im
Q enérgy kWh
y angle, geographical latitude °
) declination of the sun °
a depth m
A area m?
b width m
D daylight factor —
D mean daylight factor —
E illuminance 1x
E, irradiance W-m2
E, maintained illuminance 1x
fF factors —

© ISO/CIE 2024 - All rights reserved
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Quantity Unit
H luminous exposure Ixh
h height m
I index —
Iy Transparency index —
Ixp, Space depth index —
I5Y, Shading index —
Ish 1sh Linear shading, correction factor —
I he Horizontal projections, correction factor —
Isp Vertical projections, correction factor —
kg space index ~
k¢ correction factor ,—
t time s, h
1% distribution key —
4.2 Indices and abbreviated terms
A absence ND no daylight
At atrium Night |nighBtime
C control 0 oceupancy
Ca carcass opening R, Room ¥|room
D daylight rél relative
Day day-time Rd room depth, space depth
dir direct s transparent or translucent surface of
t the daylight aperture
D65 standard lightsource D65 Sg supply
e energy quantity SA sun-shading activated
E(qu E(f]fsic‘f;\l/;ll;oot-mean-square Sh shading, obstruction
ext external, outdoors SNA sun-shading not activated
GDH gz;gg curtain wall, glazed double start start
sunrise |sunrise
glot global sunset |sunset
hf horizental fin or projection t building use (operating) time
ij,n serialcounter indices Ta task area
In internal courtyard Tr transparency
Li lintel u lower
Lsh linear shading usage |usage
Max Maximum . .
Month  |Month v visual quantity
mth monthly vf vertical fin or projection

© ISO/CIE 2024 - All rights reserved
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5 Proof calculation method

5.1 Energy demand for lighting as function of daylight

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

N ]
Q¢ :zle,f,n,j

(1
n=1j=1
The energy demand of any one evaluation area j is calculated by applying Formula (2) and Formula (3).
Qus b =P Fe [ Ap,j (tefr pay.p,j +teft Night,j )+ AND, j (Eeff pay ND,j +Eeff Night,j )] (2)
where
Aj=5Ap j+Axp, (3)
applies fo the total area of the respective evaluation area,
and whdre
Q¢ is the final energy demand for lighting;
N is the number of zones;
is the number of areas;
F; factor relating to the usage of the total'installed power when constant illuminanc¢ control
is in operation in the room or zong;
p; is the specific electrical evaliation power of area j;
A; is the floor area of areay
Ap; is that part of areaj which is lit by daylight;
Anp is that part ofarea j which is not lit by daylight;
teff pay,D,j is the effective operating time of the lighting system, during day-time, in area j which is
lit by daylight;
Leff pay,ND,j isithé effective operating time of the lighting system, during day-time, in area j which is
mot lit by daylight;
teft, Nighty 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 =tpay,n ID,j Fo,j 4)

The effective operating time, during day-time, in an area which is not lit by daylight is calculated using

Formula (5).

LeftDay,ND,; =!Day,n FO,]'

© ISO/CIE 2024 - All rights reserved
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where
tpayn is the operating time of zone n during day-time, as defined in 5.3;
Fy, is the part-utilization factor to account for the illumination by daylight in the evaluation areaj as

defined in 5.6;

Fy; is the part-utilization factor to account for the presence of persons (occupancy) in the evaluation
areaj as defined in 5.7.

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

teff Night; — CNight,n T0,; (6)
where tj;qp , is 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.
Electrical specific power
by
Area being evaluated, Area being evaluated,
with daylight without/daylight
AD] AND,]
I____|____I ;_ ______ _‘ I____|____I I____|____I
: Night-time : | | Day-time | | I Night-time : I Day-time :
| | operation | | I operation I |~y'operation | | | | operation | |
| I I I I I
| | Nightn | I "Dayn I I | INightn | I | INightn |
| I I I I I
| | ' ! | | | !
| . | | ] |
: Presence : I Presence i I Presence : I Presence :
| Fo, | | Fy, | | Fo, | | Fo, |
| | ' ' | | | |
| | | | | | | |
L Temnigney | b= Cetmighej | ==~ fempayan,
I Daylight I
R eff,Day,D,j

Energy demand for lighting of For all areas

areaj being evaluated: Q, £nj

Energy demand for lighting of For all zones

zone n: Q¢

Energy demand for lighting,
total: O

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

© ISO/CIE 2024 - All rights reserved
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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 electric lighting system, lighting control systems, characteristics of the facades).

From practical experience, a simplification rule can be recommended: the same boundary condition can be
assumed to apply for an entire building zone or an evaluation area if the corresponding input parameter
applies fo at [east 75 % of the area being evaluated. Input parameters of the remaining parts (€. g.|window
areas) apsigned to the dominating areas are not taken into account in the calculations. The spetcifif energy
demand|is calculated for that part of the evaluation area which occupies at least 75 % of the total'arga and is
then assjumed to apply to the total area.

5.3 Operating time

The timps during which the areas of a zone being evaluated are used are subdivided into intervals tp,, ,
during which daylight is available, and intervals ty;gp. , without daylight. The operating time ¢, is lequal to
tpay,n + UNight,n- Day-time is thus the time span between sunrise and sunsetcAnhual daylight hours ajnd night
hours are %lefmed in relation to the different utilization profiles given indAnnex A. For operating timg¢s which
do not match the cases listed in the tables, the values may be determined separately. This may fofllow the
scheme pf Table A.21, i.e. specifying the specific data in columns 3;-45.5 and 6. Data for columns 8 ajnd 9 are

separatgd according to the above described split if the operatingdinte into tp,, and ty;gp;-

5.4 Electric lighting

The spelific electrical power of the electric light installation pj can be obtained by, for instande, using
standar(l lighting design software, as provided by luminaire manufacturers Simplified methods, aqd defined
in ISO/CJE 20086, can as well be employed.

5.5 Constant illuminance control

When cgnstant illuminance control is in operation in the zone or evaluation area, the installed powdr will be
lowered|by a factor F..

5.6 Daylight

In zoneg which have windows or rooflights, daylight can contribute to the amount of the luminous gxposure
required. Therefore, this“proportion of the required light does not need to be provided by the| electric
lightingsystem.

The daylight available in the outdoor environment depends on the geographical location, the [climatic

Ltioh L h-the time of
day and the season, the llghtlng energy substltutlon potentlal is dynamlc and therefore has a dynamlc effect
on the overall energy balance (for heating, cooling, and air-conditioning) of the building.

The daylight dependency factor Fy, ; used to account for lighting of an area j by daylight is defined as
Fpj=1-Fps ; Fp (7)

© ISO/CIE 2024 - All rights reserved
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Fpg; isthe daylight supply factor;

Fp.; isthe factor representing the effect of the daylight-responsive control system.

The daylight supply factor Fy, ; ; 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 the ratio of luminous flux by daylight up to the required maintained

illumina
NOTE

The fact
daylight
which t4
year, md

Annex A

nce to the total luminous flux for the required maintained illuminance over operation time

The relative luminous exposure is also referred to as “daylight autonomy”.

or Fp, . s additionally accounts for the efficiency of the lighting control system in using'the 3
to achieve the required luminous exposure level in the area j. The daylight dependency f3
kes the daylight illumination into consideration can be determined for any given time inte
nth, hour).

| comprises simplified approaches to calculate Fyy g ; for vertical facades) (A.3) and rooflig]

vailable
ctor Fp;
val (e.g.

its (A.4)
mputer-

based c¢mprehensive calculations to calculate the effect of daylight on th®lighting energy demand on an

hourly

A calcul

Annex D).

5.7 0Oq

The occ
with th
Parametf

6 Daylight Performance Indicator

To judgd
building
and exp

and to }ftain tabulated values for F . . Annex B contains a methodology fér)detailed generally cg

sub-hourly basis.

ption example each for daylight penetration through a vértical facade and a rooflight is

ccupancy dependency factor F ,

e efficiency to benefit from potential energy savings by either manual or automatic sy
rizations of F , can, for instance, be found‘in ISO/CIE 20086.

e the overall daylight perfotimance of a building or a building design and to compare
s or building designs, integral daylight performance indicators are helpful. Annex C gives de
ains their application.

given in

ipancy dependency factor F, for a room or\zone correlates the time when a space is ¢ccupied

pitching.

lifferent
finitions

© ISO/CIE 2024 - All rights reserved
9


https://standardsiso.com/api/?name=3f4615da29a42cc0be761e2e8e7c8507

ISO/CIE 10916:2024(en)

Annex A
(informative)

Simple calculation method

A.1 General

This An

on mont
daylighydependent quantities Fp , ;

— A2
day

hex specifies a simplified approach to calculate the effect of daylight on the lighting energy

-and as a function thereof t

tDay,n,] eff,Day,n,j

ight and those which do not;

demand

hly and annual bases. The method involves the following stages to obtain, according te-Clause 5, the
as also depicted)in Figure A.1:

contains a scheme of how to subdivide the zone to be evaluated into area sections whicl receive

A.3 ppecifies a procedure on how to determine the daylight supply factor Fp.gyi/for spaces lit byl vertical
facaldes;

— A4

— AS
Fpe

— A6
— A7

|
>

.8
uil

=n

n,j’
lescribes how to convert annual values into monthly values of Fy , ;
brovides a procedure to determine day- and night-time hours;

provides a list of precalculated day- and night-time hours for 41 different utilization
ding spaces.

bpecifies a procedure on how to determine the daylight supply factor By s nj for spaces lit by ropflights;

specifies a procedure on how to rate daylight responsive control'systems described by the parameter

[ypes of

© ISO/CIE 2024 - All rights reserved
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Subdivide zone

A2:

l

aylight Yes
enetration? l
Tra.nsparent ‘ Rooflight
vertical facade Type of
faLadc?
A3: A4:
Determine Determine
daylight factor D daylight factor'D
Determine Determine
daylight supply daylight supply
factor Fy factorFy g
A5:
Fps=0 Determine ifmpact
of daylight
repounsive
control system
Fpe
Fp=1 Fp=1-FpgxFp

Monthly
evaluation?

A6: Monthly
evaluation
method

D,mth

Figure A.1 — Flowchart illustrating the simplified approach

© ISO/CIE 2024 - All rights reserved

11



https://standardsiso.com/api/?name=3f4615da29a42cc0be761e2e8e7c8507

ISO/CIE 10916:2024(en)

For the determination of the daylight supply factor Fy s ,, ;, as well for a 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, pg = 0,2 for the floor, py; = 0,5 for the walls, and p. = 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 a computer program.

— Stage 2: Describe the facade characteristics.

ification

Stage 1 Classification of daylight |

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

Classification of daylight :
availability by means of | A.3.1 for vertical facade
}calculatmg the daylight factorl A.4.1 for'roof skylights
: for building carcass opening |

D¢, I
S — ——— .
_________________ .
Stage 2 Description of the facade
characteristics A.3.2 for vertical facade
A.4.2 for roof skylights

Stage 3 Daylight supply factor F), ¢

Figure A.2 — Three-stage approach todetermining the daylight supply factor Fp;

A.2 Building segmentation: spaees benefiting from daylight

Evaluation zones which are illumindted by daylight entering via facades or rooflights shall be sulpdivided
into a dfylight-lit area Ay, ; and ari area Ayp ; which is not illuminated by daylight. For simplified ¢stimate
calculatfons, the more favourable Tespective lighting conditions can be assumed to apply in casds where
one ared is illuminated by daylight entering via several facades or via a facade and rooflights. Alterpatively,
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 of rooflight). Figure A.3 shows the impact of a facade opening on the daylight area for vertical|facades.

— Depth and width of the daylight area lit by vertical facades

The mayimdm possible depth ap ,,, ; of the area Ap ; lit by daylight entering via a facade is calculatpd using
Formuld (Al).

apmax,j =2,5%(h; —hry) (A1)

where

dpmax,; s the maximum depth of the daylight area;
hy; is the height of the window lintel above the floor;

hr, is the height of the task area above the floor.
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In this case, the maximum depth ap .., 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,. The ap value 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 Ay, ; which is lit by daylight within the area j is thus calculated as follows:

Ap; =ap bp (A.2)

where

ap |is the depth of the daylight area;
by |is the width of the daylight area.

The width by of the daylight area normally corresponds to the facade width on the Ghner surfage of the
building zone or the area being evaluated. Internal walls can be overmeasured (i.e. theitr thickness jgnored)
to keep the equations simple. If windows only constitute a part of the facade, ther the width of the|daylight
area asspciated with this facade is equal to the width of the section which has windows, plus half the depth
of the dgylight area.

— Depth of the daylight area lit by rooflights

Areas td be evaluated having rooflights evenly distributed all over thé 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 havie evenly
distribufed skylights, those parts of the area which are within.a distance of

ap pfax <2X(hR j —hry ;) (4.3)

from thg edge of the nearest skylight are deemed to be'lit by daylight,
where hp, ; is the clear ceiling height of the area{toom) which has a skylight.

For all pprts of the area under evaluation which are not lit by daylight, the factor Fy ; is equal to 1. Figure A.4
shows the impact of a roof opening on the daylight area for rooflights.

— Distinction between verticalkfacades and rooflights

In case pf 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 spade under
consideffation are deemedte’be rooflights. Figure A.5 shows the superposition and penetration of[daylight
areas for vertical facades-and rooflights.

© ISO/CIE 2024 - All rights reserved
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J&—————

Figure A.4 — Impact of roof opening on daylight area for rooflights
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an( the rooflight (6) daylight areas areanly s, >Fpge>Fpss=4fps3>F
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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 DPaylight factor classification
The daylight factor for vertical facades can be obtained by several means, e.g. graphical, analytical, or
computgr-based approaches( Here, a simplified analytical approach allowing to account for thHe major
parameters classifying the(daylight availability in vertical lit rooms is provided.
The amgunt of daylight available in an area j being evaluated depends on the transparency index| Iy, ; the
space dgpth index Ig5;,"and the shading index I}, ;. These index values are determined as follows.
— Transparency index Ir,
Formuld (A.4)is used to calculate the transparency index.
ACa
ITr,j = E (A4')
where
Ac, isthearea of the raw building carcass opening of the area under evaluation;
Ap  isthe 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[31,

© ISO/CIE 2024 - All rights reserved
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— Space depth index Ipp ;
Formula (A.5) is used to calculate the space depth index Iy, ;.

Irp,j

dp

hyj —hry

— Shading index Iy, ;

(A.5)

The shading index Iy}, ; accounts for all effects which restrict the amount of daylight striking the facade.
This includes shading by parts of the building itself, such as those that occur due to horizontal and vertical
projections, light wells, courtyards, and atrium arrangements. It also takes into consideration any reduction

of incidé
calculat

Isp
where
Isy,
Igp)
Isp Y
1 Sh,v]

Igp 1

Igp d

NOTE
factors I

To facili
as there
area bei

Igp 1snr Is
— I

h,At

DF

is the shading index of the area j under evaluation;

is the correction factor for linear shading of the area underyevaluation as calculat

Formula (A.7);

is the correction factor for an overhang shading of thé\area being evaluated, calculat]

Formula (A.8);

is the correction factor for a side shading ofithe area under evaluation as calculat

Formula (A.9);

is the correction factor for internal coufityard and atrium shading of the area under ev
as calculated using Formula (A.11);

is the correction factor for glazed double facades of the area being evaluated, calculat]

Formula (A.12).

A reduction by thick walls in relation to the carcass opening can be approximately described
h,ha and Igp ya-

fate the calculations, a Wwindow located at the centre of the facade area being evaluated can|
ference point for which the shading is calculated. If different forms and degrees of shading dffect the
hg evaluated, the mi€an value of the respective factors shall be calculated.

he Ishve Ishgmavand Igy gpp can be determined using the following methods:

Linear shading, correction factor Iy, |,

nt light by the glazed double tacades (GDF — also glazed curtain walls). The shading ind¢x IShJ- is
bd using Formula (A.6).

= Ish 1sh/shhelshvflsh,in,AtlSh,GDF (

6)

bd using

ed using

bd using

aluation

ed using

1sing the

be used

)|

| /]

Figure A.6 — Cross-section diagram to illustrate the effect of the linear shading altitude angle yg,, |5,
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The linear shading altitude angle yg), |, 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.7) is used
to calculate the correction factor which accounts for linear shading.

Igp 1sh = €0S(1,5 % Y 15n) for ygp sn < 60°
Igpisn=0 for ygp 15n = 60° (A.7)

where ygy, |4, is the shading altitude angle as shown in Figure A.6.

— Horizontal projections, correction factor Iy 1
-

¥ shihf ?/

Figure A.7 — Cross-section diagram to illustrate the effect ofthe horizontal shading angle|yg), ;¢

The horjzontal shading angle yg;, ,,¢ 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.7.
Formulq (A.8) is used to calculate the correction factor whic¢i accounts for shading by a horizontal prpjection.

ISh,h = COS(1,33 ' )/Sh,hf,j) for )/Sh,hf< 67,50
ISh,h =0 for ySh,hf 2 67,50 (A8)

where y}, ¢ is the horizontal shading angle due to a horizontal projection as shown in Figure A.7.

| A | A

— Yertical projections, correetion factor gy, ¢

Figule A.8 —€ross-section (“top view”) diagram to illustrate the effect of the vertical shdding
angle yg, .

The vertical shading angle yg), ... due to a vertical projection is measured from the centre of the facad¢ section
being evaluated for lighting aspects (on the plane of the external wall surface) as shown in Figure A.8.
Formula (A.9) is used to calculate the correction factor which accounts for shading by a vertical projection.

(A9)

where ygy, ¢ is the vertical shading angle due to a vertical projection as shown in Figure A.8.

— Courtyards and atria (glazed forecourts), correction factor Igy, , a¢

© ISO/CIE 2024 - All rights reserved
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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 [,

hin at (@i, At +Pin At )
Lyen = 5 b (A.10)
X din At PIn,At
NOTE In davylight literature wiisused as symbol for the well index

When d{;cermining the well index [, for an area being evaluated, the height measured from the flopr of the

respective area is considered to be the height of the courtyard or atrium (Figure A.9).
where
Ay At is the depth of the courtyard or atrium;
by A is the width of the courtyard or atrium;
hyy At is the height of the courtyard or atrium, measured from the floor of the storey being eyjaluated;
Lyel is the well index used to account for the geometry of the courtyard or atrium.

o

A//b-l‘-ﬁ‘:/—//’

Fipure A.9 — Hlustration of the geometrical parameters used to define the well index [}

The cortection-factor for taking into consideration building shading in internal courtyards, light wells, or
atria is:

Ispnac=1-0,85 [, for internal courtyards
Ish n, At = Tsh,In,At,D65Ksh,In,At, 1Ksh 1n, At 2Ksh n,at,3 (1 = 0,85 Lyyepy ) for atria (A.11)
Ispin,ac= 0 for [,o; > 1,18

© ISO/CIE 2024 - All rights reserved
18


https://standardsiso.com/api/?name=3f4615da29a42cc0be761e2e8e7c8507

where

Tsh,1
Kgh,1
Kgh,1

kSh,I

ISO/CIE 10916:2024(en)

At D65 is the transmittance of the atrium glazing for vertical light incidence;

nAt1 is the framing factor for frames in the atrium facade;

A2 is the dirt on glazing factor of the atrium glazing;

nAt3 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 Igy, opp

The cor
directly

Igh g

where

The effe

DF = Tsh,GDF,065Ksh,GDF,1Xsh,GDF,2Ksh,GDF,3 (A
GDF.D65 is the transmittance of the external layer of glazing of the facade, for vertical light i
GDE1 is the reduction factor for frames in the double-glazed\facade;

GDF.2 is the reduction factor for pollution of the glazidg of the double-glazed facade;
GDE3 is the reduction factor for non-vertical lightiricidence on the facade glazing (usu

rection factor for glazed double facades or curtain walls bounding on the space being eva
deduced from the parameters of the additional glazing layer:

is considered to be adequate).

cts of vertical and horizontal subdivisions in;theé space between the two facade layers

uated is

12)

cidence;

1y, 0,85

can be

approximated by treating these as vertical and horizoutal projections with the index values Ig}, ,» apd Igp, 1 a-

In glaze
wall is 1
into con|
and sub

ks,

Only tha
facade is

— I

The ind¢
the area

DCa,

1 double facades, it is assumed that pollutiow of the space between the outer glazing and t
egligible, so that it is usually adequate to take only the dirt deposited on the actual facade
sideration [also refer to Formula (A.21)}”In this case, kg, gpr2 = 1. The correction factor fo
Hivisions is calculated as follows:

area of structural components _ transparent area (A

iDF,1,j =1— T —= — ,
area of raw building carcass opening area of raw building carcass opening

t part of the external facade glazing which is projected onto the transparent portions of t
taken into consideration when calculating the factor kg, gpg1-

Daylight factor, efthe raw building carcass opening

px values Lguilpp ;, and Igp ; can be used to calculate an approximate value for the daylight
being evaluated on the basis of the raw opening dimensions:
; =(4513+20,0xI, ; —1,36xIgp ;) Isp ; in% (A

e space
surface
- frames

13)

he inner

factor of

14)

For combinations of a larger space depth index value lzp; and low transparency index values Iy
Formula (A.14) can produce negative D, ; values. In such cases, D¢, ; shall be assumed to be zero or shall be

calculated by a more detailed method. For simple estimates, daylig

)

ilt availability can be grouped i

classes as shown in Table A.1.
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Table A.1 — Daylight availability classification as a function of the daylight factor D, ; of the raw

If a day

building carcass opening

Daylight factor
DCa,]'

D¢, ;26% Strong
6%>Dc,;24% Medium
4%>Dc,;:22% Low

Dc,i<2% None

Classification of daylight availability

ight factor which has been calculated using another validated method is known, then thi

s can be

used ing
to Table
daylight]
space dd

A.3.2

A3.2.1

The foll
daylight]
factor)
facade s
distribu
distribu
the light
shading

tead of the value calculated by Formula (A.14) when classifying the daylight availabilityja
A.1. In this case, the daylight factor shall have been determined on the basis of the mean val
measured on the axis running parallel to the respective facade section and at a distance of
pth from the facade.

Daylight supply factor

General

bwing section first explains how the facade characteristics are toZbe described and then
availability is determined on the basis of the correlation ofithe daylight availability

f the building area as defined in A.3.1 with the facade characteristics. The light passing
ystems and the associated illumination of the adjacent space depends on the spatial and
Lion of the external illuminance conditions in relatiof to the facade element and thg
Lion of the light by the facade system (i.e. its optical and'control-technological characteristid
ing-engineering aspect, two facade states shall be distinguished for facades with variable s¢
systems and/or glare-protection systems:

— sol:[: and/or glare protection system not activatéd, i.e. the sun is not shining on the facade;

— sol

The day
the orie
glare pr
and/or d

Formulg

FD,s

where

rel,l

and/or glare protection system is actitated, i.e. the sun is shining on the facade.

ight supply factor F, ¢ ; shall be determined using Formula (A.15) to achieve temporal weig
htation-dependent occurrence of two different facade states, i.e. either with activated sola
ptection or with de-activated solar and/or glare protection. The protection against solar T
lare is activated as soon as\direct sunlight shines on the facade.

(A.15) is used to calgulate the daylight supply factor Fy .

i =trel,p,sNA,j FssNA,j TtrelDsA,j FDs,sA,j (A

SNA,j is the relative portion of the total operating time during which the solar and
protection system is not activated as given in Table A.3. It is a function of the I

ccording
e of the
half the

how the
daylight
through
emporal

spatial
s). From
lar light

rhting of
[ and/or
adiation

15)

or glare

of the considered site, Hy,./H,.,, representing the climate and facade orjentatio

titude y
1;

trel,D,sA,

FD,s,

FD,S,

is the relative portion of the total operating time during which the solar and/or glare

protection system is activated. ¢, p sp can be obtained by t,.¢j p 5o = 1 = tre1 p snaS

SNA,j is the daylight supply factor of the area j being evaluated at times when the sola

r and/or

glare protection system is not activated, as given in Table A.7. It is a function of the lati-
tude y of the considered site, Hy;,/H,,,, representing the climate, the facade orientation,

daylight availability (daylight factor), and the maintained illuminance;

SA,j is the daylight supply factor of the area j being evaluated at times when the sola
glare protection system is activated, as given in Table A.8.
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A set of ratios Hy;,/Hgy,, for representative locations worldwide is given in A.3.2.1.

A.3.2.2 Luminous exposure ratios at different sites (climates and latitudes)

Figure A.10 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 Hy;./Hy -
For other specificlocations of interest, the ratio Hy; /H,,,, can be obtained by evaluation of the corresponc%ing
weather data sets (e.g. TRY - weather data sets). The éirect and global horizontal illuminances are summed
up daily from 8:00 h to 17:00 h over the whole year.

E ‘t’v”\ a = \
75 - =
 Bettles
= L
6
Pendle
49
Las .
19 §rasﬂia
3 o Kikes Epem jontain i 1
Al wMilfo rd »
Punta Arenagj" '
-6

-L80 -165 -150 -135-120 -105 -90 -75 -60 -45 -30 -15 .0 15 30 45 60 75 90 105 120 135 150 165 180

Figure A.10 — Selected sites for which ratios H;,/H,,, are provided with assignment of latitude

Table A.2 — Representative locations on the northern and southern hemispheres with the
corresponding luminous exposure ratios Hy; /H,

glob
Geographical location Luminous expo-
Latitude | Longitude Representative sure rgtio
Corridor % % Climate site Hyio/Hbion
[-]
67,3° 14,4° Cloudy Bodg, N 0,40
60°to 75°
66,9° -151,5° Sunny Bettles, USA 0,49
51,2° -0,2° Cloudy London, GB 0,39
45° to 60° 50,0° 8,7° Cloudy Frankfurt, D 0,42
45,7 —1189 Sunny Pendleton, USA 0,58
Northern hemi- 31,2° 121,4° Cloudy Shanghai, VRC 0,36
sphere 30° to 45° 39,7° 145,0° Cloudy Miyako, ] 0,45
36,1° -115,2° Sunny Las Vegas, USA 0,71
25,8° 113,0° Cloudy Chenzhou, VRC 0,34
15°to 30°
24,4° 54,5° Sunny Abu Dhabi, AE 0,58
0° to 15° 5,7° -76,6° Cloudy El Carafio, CO 0,34
13,6° 25,3° Sunny El Fasher, SUD 0,66
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Table A.2 (continued)

Geographical location Luminous expo-
Latitude Longitude Representative sure ratio
Corridor Y % Climate site Hgire/ Hgion
[-]
0° to 15° -1,3° 116,9° Cloudy Balikpapan, RI 0,38
o}
-15,8° -479° Sunny Brasilia, BR 0,53
-26,8° -65,2° Cloudy Tucuman, RA 0,54
15° to 30° _ :
Southern hemi- -23,8° 133,9° Sunny Alice Springs, AUS 0,67
sphpre 30° £ 4E° -34,8° -58,5° Cloudy Buenos Aires, AR 0,55
o
-30,0° 26,3° Sunny Bloemfontein, RSA 0469
-53,0° -70,9° Cloudy Punta Arenas, RCH 0,39
45°to 60°
-44,7° 167,9° Sunny Milford Sound, NZ 0,50
A.3.2.3 | Relative times, shading activated, shading not activated for vertical facades
Table A3, Table A.4 and Table A.5 hold the relative times trel,D,SNA,j @S @ function of the latitude|y of the

consider

The rel3
facades
neverth
protecti

If the sh
a north-

north-facing facades can receive direct sunlight for limited periods. However, for simplified calc

Lrel,D,SNA
facades

trel,D_,S_NA
sufficier

Table A

ed site, Hy; /H

glob representing the climate and facade orientation.

tive times .. gnaj are provided for unobstructed facades, Foy'shading indices g, ; of ob
pf less than 0,5, especially for higher latitudes y = 45°, it isitecommended to set ¢.o) p gnp

bn can be necessary due to individual types of usage.

pding index I, ; of a shaded facade is less than 0,5¢then the relative times ¢, p sna jand ¢

facing facade silould be used. Depending on the'operating times of the area being evaluat

. is assumed to be 0, but this shall not givé.r¥éason to assume that glare protection for nort
s unnecessary. Such protection can be necéssary due to individual types of usagel2l.

has been calculated for office canditions but can be used for other user profiles generd
taccuracy as well.

3 — Relative times ¢, ¢\ for not activated solar radiation and/or glare protection

structed
= 1. This

bless shall not give reason to assume that glare protection for the facade is unnecessary. Such

D,SA,j for
ed, even

1lations,
h-facing

lly with

ystems,

as afunction of the facade prientation (south), the geographic latitude y, and the ratio Hy;/Hy,1,
tsna South?
)4

Haie/ Herop 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 — — —

0,9 — 0,42 0,32 0,24 0,23 0,26 — — —

a  Corresponds to a north facade in the southern hemisphere.
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Table A.4 — Relative times ¢, ; gy, ; for not activated solar radiation and/or glare protection
systems, as a function of the facade orientation (east/west), the geographic latitude y, and the ratio

Hdir/H
tsna East/West
Hgir/Hglop X
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 0,91 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 & — —
09 — 0,58 0,56 0,56 0,61 0,65 A\ — —
Tablle A.5 — Relative times ¢, ; sy, ; for not activated solar radiation and/or glare protecion
systems, as a function of the facade orientation (north/south), the geographic latitude y, anjd the
ratio Hdir/Hglob
tsna North?
Y
Haie/ Herob 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 — — —
0,4 — 0,73 0,79 0,88 0,98 1,00 — — —
09 — 0,73 0,79 0,88 0,98 1,00 — — —
a  Corrg¢sponds to a south facade in the southern hemisphere.
A.3.2.4 | Determination of daylight supply factor for sunshading not activated Fp, s gy, ;
Formuld (A416) is used to calculate an approximate value of the effective transmittance for periods during
which thé-solar and/or glare protection system is not activated:
TefEsNAj = TD65,sNaAK1K2K3 (A.16)
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where
TD65,SNA is the transmittance of the facade glazing for vertical light incidence;
kq is the reduction factor for frames and structural divisions, as calculated using Formula (A.13);
k, is the reduction factor for pollution of the glazing;
ks 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
compon
outer gl
transmi
known,

Table

transmittance shall be weighted according to the relative proportion of the areas of the re
bnts. When determining the shading index by applying Formulae (A.6) and (A.12), theceffe

components

hzing of glazed double facades shall be calculated separately. Table A.6 shows typicalwvalu
ftance Tpgs gya for visible light. If the reduction factor k; for frames and structurghdivisio
t should be assumed to be 0,7.

A.6 — Typical values of the transmittance 745 gy, Of transparent and translucent bu

Kpective
ct of the
bs of the
hs is not

lding

Thermal transmittance

Total solar energy.
transmittance of

Type of glazing unit . . Tp65,SNA
U (W-m2-K) glazing unit
gL
Single glazing 5,8 0,87 0,90
Double glazing 2,9 0,78 0,82
Tifiple glazing 2,0 0,70 0,75
lo-e glazing, double 1,7 0,72 0,74
glpzed
lo-e glazing, double 1,4 0,67 0,78
glpzed
lo-e glazing, double 1,2 0,65 0,78
glhzed
low-e glazing, triple 0.8 0,50 0,69
glhzed
low-e glazing, triple 0.6 0,50 0,69
glhzed
Sqlar protection glazing, 13 0,48 0,59
dguble
Sqlar protection.glazing, 1,2 0,37 0,67
dguble
Sqlar protection glazing, 12 0,25 0,40
dguble
The day}ight supply factor Fy s gy, ; is a function of the daylight availability, the maintained illumina|nce Em ,

the effective transmittance of the facade 7 gy, ; With deactivated solar and/or glare protection system and
of the facade orientation. Estimated values can be taken from Table A.7.

The daylight supply factor Fy, x4 can be obtained from Table A.7, Table A.8, and Table A.9 as a function of:

the daylight factor D;

the geographic location, i.e. latitude y;

the climate, characterized by the ratio Hy;/Hgop

the maintained illuminance E,,; and
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— the facade orientation.

For maintained illuminances E,, of less than 100 Ix, the Fp s sna,j values for E,, = 100 Ix should be used.
Correspondingly, for maintained illuminances E,;, of more than 1000 Ix, the Fj, ; x5 ;values for E;;; =10001x
should be used and not extrapolated. For other E,, more than 100 Ix and less than 1 000 lx, values can be
linearly interpolated between the listed next closest Em . Values for D can linearly be interpolated with the
listed next closest D between D = 0 % and D = 18 %. For D more than 18 % the Fy, ; gy, ; Values for D = 18 %
should be used. For D = 0 %, the value of F, s gyp ;is 0.

The relevant D for interpolation in Table A.7, Table A.8, and Table A.9 is obtained from:

D:TeffxDCa (A17)

Figure A.11 provides an exemplarily parametrization for climates with mainly cloudy sky eonditions for
different locations.

Y /1 Y /2
100 — . 100 —— — .
90 — %d 90 L — T~ —E%E(__l_
a | /| =T 4
80 g S —— Y 80 /— -3
70 | L —— ] 70 -1 =t
60 [ > 60 e >
50 {1 50 [/
pry 20 [
30 u’/ 30 ’V
20 20 *'
10 10
0 0
0Po 2% 4% 6% 8% | 12% | 16% | 20% 0% 2% 4% 6% 8% | 12% | 16% | 20p6
10% 14% 18% X 10% 14% 18% | X
Key
X-axis anlight factor (%)
Y-axis  flaylight factor, Fpy s gna j (%)
1 °to 15°
2 [ 5° to 30°
3 B0° to 45°
4 L5° to 60°
5 h0° to 75°

Figurp A.11 —<Example of a set of functions used to determine the daylight supply factor Fyj oy, ;
and Fp, ;5 ;aSafunction of D and y according to Table A.7 for E, =500 Ix and a south-facing|facade
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Table A.7 — Daylight supply factor F, ; sy Aj for sun shading not activated parameterized by D, y, E m>
climate (Hy;,/Hyop), facade orientation, and geographic location for orientation South

Fp,s,sna,j
%

South facade?

Geographic B D
location br(n Hyir/Hgiop %
14 0,125 | 0,5 1,0 1,5 2,0 3,0 5,0 8,0 12,0 | 18,0

0,34 319 | 95,6 979 99,4 | 997 | 999 | 999 | 100,0 | 100,0 | 100,0

0,66 28,1 | 84,3 | 94,0 | 98,2 | 981 | 99,3 | 993 | 100,0 | 100;0|| 100,0

0,34 251 | 752 | 833 | 919 | 94,0 | 96,8 | 98,0 | 99,2 | (996 || 99,6

300
0,66 199 | 598 | 67,7 | 783 | 82,5 | 884 | 90,5 | 955°98,2 || 98,3

0,34 18,5 | 556 | 68,2 | 82,2 | 857 | 91,6 | 948 | 942 | 98,5|| 98,5
0°to 15° 500

0,66 14,7 | 44,0 | 543 | 657 | 693 76,4 | 80,1 NN85,6 | 91,5 92,0

0,34 129 | 38,6 | 52,6 | 70,2 | 75,0 | 844 | 90,0,| 944 | 96,6 || 96,8

720 0,66 10,3 309 | 42,4 | 554 | 58,8 | 66,6 [\¥0,6 | 76,2 | 831 || 84,2
1000 0,34 9,7 29,1 | 41,0 | 59,2 | 64,7 | 772+ 850 | 91,4 | 94,6 || 949
0,66 7,8 23,3 | 334 | 472 50,7 | 89,7 | 64,2 | 70,0 | 76,3 779
0,34 309 | 92,8 | 958 | 977 97,7, 98,6 | 989 | 99,3 | 99,6 || 997
100 0,58 294 | 88,1 | 96,6 | 99,2 | 986 | 996 | 99,6 | 100,0 | 100,0|| 100,0
300 0,34 24,6 | 74,0 | 83,7 | 91,4 92,3 | 954 | 96,8 | 98,2 | 98,6 | 99,0

0,58 206 | 61,7 | 76,8 | 878~ 884 | 943 | 959 | 98,5 | 99,5| 995

0,34 18,2 | 54,6 | 69,7 |«83,4 | 855 | 91,2 | 94,2 | 96,8 | 977 || 98,2

15°to|30° 500
0,58 14,8 | 44,3 | 61,08} 754 77,0 859 | 898 | 94,6 | 972 97,3

0,34 12,5 | 375 | 541 | 72,2 | 76,0 | 852 | 90,3 | 94,7 | 964 || 975

720 0,58 10,3 | 30,8%46,9 | 62,7 | 650 | 76,3 | 819 | 89,2 | 93,6 || 94,0
1000 0,34 9,3 281 | 421 | 61,2 | 66,0 | 788 | 86,0 | 92,2 | 949 || 956
0,58 7,7 23,2 37,0 52,6 | 554 679 749 | 83,8 | 89,7 || 904
0,36 3008, | 92,4 | 959 | 978 97,8 | 98,7 99 99,4 | 99,6 || 99,6
100 0,71 178 | 53,3 | 70,1 | 80,0 | 784 | 84,6 | 856 | 89,5 | 90,3 [ 909
300 0,36 24,3 73 83,1 | 91,1 92 95,3 | 96,7 | 98,2 | 98,7 || 98,8

0,71 10,8 | 32,3 | 46,6 571 56,8 | 66,4 | 70,0 770 | 82,4 || 83,6

0/36 179 53,7 69 82,7 | 84,8 | 90,8 | 93,8 | 96,6 | 977 97,8
30°to45° 500

0,71 7,6 22,8 | 364 | 46,6 | 46,2 | 553 | 59,5 678 | 73,6 || 754
& 0,36 12,3 | 369 | 53,5 | 71,4 | 751 | 84,5 | 896 | 942 | 96,2 || 964
0,71 53 16,0 | 278 | 38,2 | 38,2 | 471 51,3 | 59,6 | 659 || 68,2
1000 0,36 9,2 277 41,7 | 60,5 | 651 779 851 | 91,5 | 94,5(| 949

o741 41 124 21.0 20 .0 20 41 L. AL L 40 yala¥io) 63.0
U7 T T, T TZ5T 1,7 oZ,U rer-yre] T, T TO, U TT,Z \vAv re) )

a  Corresponds to a north facade in the southern hemisphere.
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Table A.7 (continued)

Fp s sna,j
%

South facade?

Geographic | = D
location Em | p dir/Hglob %
Y x 0,125 | 0,5 1,0 1,5 2,0 3,0 5,0 8,0 12,0 | 18,0
100 0,39 25,3 | 758 | 83,2 | 884 | 885 | 909 | 92,0 | 934 | 941 | 945
0,58 24,3 | 72,8 | 84,2 | 90,0 | 882 | 91,8 | 92,0 | 941 | 944 | 9438
0,39 17,2 | 55,7 | 640 | 753 | 76,7 | 83,7 | 875 | 9L& | 93,11 93,5
300 0,58 16,7 | 50,2 | 66,5 | 78,0 | 775 | 850 | 877 | 92,3 |, 940 944
245 tols0° 500 0,39 12,0 | 36,0 | 498 | 63,7 | 664 | 753 | 81,1 | 876 1907 || 91,3
0,58 11,5 | 34,6 | 51,3 | 66,0 | 66,6 | 76,4 | 80,7 | 871~ 90,1 || 90,8
750 0,39 8,1 24,3 | 369 | 51,7 | 54,5 | 656 | 73,0 (816 | 86,2]| 871
0,58 8,0 239 | 389 | 54,5 | 56,0 | 68,3 | 74/8 | 83,0 | 870 || 879
0,39 6,1 18,3 | 284 | 424 | 454 | 579 | (665 | 76,3 | 82,2 || 833
1000 0,58 6,0 179 | 30,2 | 451 | 469 | 60,4(|)68,5 | 78,6 | 83,4 || 84,5
100 0,40 206 | 61,7 | 683 | 729 | 73,0 | 57| 769 | 783 | 789 || 80,3
0,48 178 | 53,4 | 60,0 | 64,2 | 64,2, |“668 | 681 | 69,7 | 70,5|| 72,5
0,40 13,2 | 39,7 | 51,3 | 61,5 | 625" 683 | 71,5 | 753 | 771 || 787
300 0,48 119 | 357 | 46,1 | 544 ;546 | 599 | 62,6 | 66,3 | 68,0 70,2
60° tol7se 500 0,40 8,6 25,7 | 381 | 5L4&N 536 | 619 | 66,7 | 72,1 | 749 || 76,5
0,48 79 23,8 | 356 |463 | 472 | 541 | 579 | 629 | 654 || 676
0,40 57 171 | 26,7} 398 | 42,6 | 53,5 | 60,1 | 673 | 709 || 72,6
750 0,48 5,4 16,1 | 25,% | 375 | 393 | 478 | 52,7 | 589 | 62,2 || 64,5
1000 0,40 4,3 12,8 /020,1 | 31,4 | 33,8 | 46,0 | 543 | 63,1 | 677 || 69,5
0,48 4,0 12;4~| 19,5 | 30,1 | 32,1 | 42,2 | 482 | 554 | 594 || 61,8

a

Corrg¢sponds to a north facade in the southerhhemisphere.
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Table A.8 — Daylight supply factor Fy, ¢ oy Aj for sun shading not activated parameterized by D, y, E m
climate (Hgy;,/Hy,), facade orientation, and geographic location for orientations East/West

Fpssna,
%
East/West facade
Geographic | D
location br(n Hgir/Hgion %
Y 0,125 | 0,5 1,0 1,5 2,0 3,0 5,0 8,0 12,0 | 18,0
an 0,34 31,7 | 951 | 974 | 989 | 992 | 994 | 994 | 995 | 995 | 99,5
0,66 26,6 | 799 | 891 | 93,1 | 929 | 94,1 | 94,2 | 948 | 948 || 948
300 0,34 246 | 739 | 81,8 | 90,2 | 92,3 | 950 | 96,2 | 973 | (948 || 979

0,66 15,1 | 452 | 511 59,2 | 62,3 | 66,8 | 684 | 72,1 V74,2 75,9

0,34 18,0 539 | 66,1 797 | 83,1 | 889 | 919 | 942 | 955 || 95,8
0°to 15° 500

0,66 11,7 | 352 | 43,5 | 52,6 | 555 | 61,1 64,1 NN68,5 | 73,2 || 75,0

0,34 12,5 | 37,5 51,0 | 68,1 | 72,7 | 81,8 | 8%3,| 91,5 | 93,6 || 94,0

720 0,66 6,1 18,4 | 253 | 331 351 39,7 [\42,1 | 454 | 49,5 53,0
1000 0,34 9,4 28,1 | 397 573 | 62,5 | 746 82,2 | 88,4 | 91,5| 92,0
0,66 4,5 13,4 | 19,2 271 29,2 | 843 | 369 | 40,3 | 439 47,7
0,34 30,8 | 92,3 | 953 | 972 97,2, 98,1 | 98,4 | 98,7 | 99,0 (| 991
100 0,58 289 | 86,6 | 950 | 975 | 969 979 979 | 98,3 | 98,3 || 984
300 0,34 239 719 | 81,4 | 889 89,7 | 92,8 | 94,2 | 955 | 96,0 || 96,3

0,58 17,7 53,1 | 66,2 | 75,6°n] 76,2 | 81,2 | 82,6 | 848 | 857 || 86,6

0,34 17,2 51,7 | 66,1 |«%9,0 | 81,1 | 86,5 | 894 | 91,8 | 92,7 || 93,2

15°to|30° 500
0,58 12,4 | 372 51,2 634 | 64,7 | 72,2 | 754 | 794 | 81,6 | 82,8

0,34 11,8 | 352 | 50,8 | 679 71,6 | 80,3 | 850 | 89,2 | 91,0 || 92,0

720 0,58 7,4 22,1 %“33,7 | 45,0 | 46,7 | 548 | 58,8 | 64,0 67,2 69,4
1000 0,34 8,7 26,22 | 392 | 568 | 614 | 73,2 | 80,0 | 858 | 88,4 893
0,58 53 15,8 | 25,2 359 377 | 46,3 | 51,0 571 61,1 63,8

0,36 3006, | 91,8 | 95,3 | 972 97,2 98,1 | 98,4 | 98,7 | 989 || 99,0

100 0,71 16,4 | 49,3 | 649 74,1 72,6 | 784 | 79,2 | 82,8 | 83,6 || 84,7
300 0,36 234 | 70,3 | 80,1 878 | 88,6 | 91,8 | 93,2 | 946 | 951 || 954
0,71 7,0 21,1 30,4 37,2 370 | 43,3 | 456 | 50,2 53,7 || 569

30° tose 500 0/36 16,8 | 50,5 | 649 77,7 79,7 | 853 | 88,2 | 90,8 | 91,8 || 92,3
0,71 58 17,3 27,6 354 | 351 | 42,0 | 45,2 51,5 559 589

& 0,36 11,4 | 34,1 | 494 66 69,5 | 78,2 | 82,8 | 871 89 89,7
0,71 2,2 6,7 11,6 15,9 15,9 19,6 21,4 | 24,8 27,5 32,4

1000 0,36 8,4 25,3 38 55,1 59,4 71 776 | 83,4 | 86,1 871

o741 1L A—C. o1 110 12 1 1L- 4 174 200 20 4 277
U7 T 70 T,0 O, T T, 7 TZ5T T, T T7,T O,z ZZ5T )
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Table A.8 (continued)
Fpssna,
%
East/West facade
Geographic | = D
location En Hy../H %
1x dir/ *'glob
Y 0125 05 | 1,0 | 1,5 | 20 | 30 | 50 | 80 | 12,0 | 18,0
100 0,39 250 | 750 | 823 | 874 | 875 | 899 | 91,0 | 924 | 93,0 | 93,5
0,58 239 | 71,6 | 828 | 885 | 868 | 90,3 | 90,5 | 92,5 | 929 | 93,3
0,39 16,2 18,7 60,2 70,9 72,2 78,8 82,4 80,1 87,0 88,4
300 L3
058 | 14,8 | 445 | 589 | 692 | 687 | 754 | 778 | 818 | 83,3 845
0,39 11,0 | 33,1 | 458 | 586 | 61,1 | 692 | 746 | 80,6 {1834 | 845
45°tof60° | 500 Sl
0,58 98 | 294 | 436 | 561 | 56,6 | 650 | 686 | 74 76,6 || 78,2
50 0,39 73 | 219 | 331 | 464 | 490 | 590 | 656 [C733 | 775 || 790
0,58 64 | 192 | 314 | 439 | 451 | 550 | 602 | 66,8 | 70,1 || 72,1
L 000 0,39 54 | 162 | 251 | 376 | 403 | 51,3 [ (589 | 677 | 72,8]| 747
0,58 47 | 141 | 237 | 354 | 369 | 475()538 | 61,8 | 656 679
100 0,40 209 | 628 | 695 | 743 | 743 | 7%t’| 783 | 797 | 803 || 816
0,48 168 | 50,3 | 565 | 60,5 | 605 |<629 | 64,2 | 657 | 664 | 687
200 0,40 12,5 | 376 | 486 | 584 | 593 648 | 678 | 714 | 732|| 747
0,48 99 | 297 | 384 | 453 [\ 455 | 498 | 52,1 | 552 | 56,6 [ 593
0,40 79 | 237 | 350 | 473007493 | 570 | 61,3 | 663 | 689 (| 709
60°to[75° | 500
0,48 71 | 214 | 32,0 |.4¥7 | 42,5 | 487 | 521 | 56,6 | 58,8|| 616
T2 0,40 51 | 153 | 2384] 355 | 380 | 477 | 53,6 | 60,0 | 632 655
0,48 42 | 12,5 | 200 | 291 | 305 | 371 | 409 | 457 | 483|] 515
L 000 0,40 37 | 11,2.00176 | 275 | 296 | 40,3 | 476 | 553 | 593 || 62,0
0,48 31 | 93| 150 | 232 | 247 | 324 | 371 | 42,6 | 457 493
o
&°
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Table A.9 — Daylight supply factor Fy, ; gy Aj for sun shading not activated, parameterized by D, y, E,,,
climate (Hgy;,/Hy o), facade orientation, and geographic location for orientation North

Fpssna,
%
North facade?
Geographic B D
location l)r<n Hgr/Hgjop %
4 0,125 | 0,5 1,0 1,5 2,0 3,0 5,0 8,0 12,0 | 18,0
an 0,34 31,8 | 954 | 97,7 | 993 | 995 | 997 | 997 | 998 | 998 | 99,8
0,66 272 | 81,6 | 91,0 | 951 | 949 | 96,1 | 96,2 | 96,8 | 96,8.|| 96,8
300 0,34 24,5 | 73,5 | 814 | 897 | 91,8 | 946 | 958 | 969 | (943 || 975

0,66 14,5 | 43,5 | 492 | 569 | 599 | 64,2 | 658 | 694 V71,4 || 73,3

0,34 17,8 534 | 654 | 789 | 82,2 | 88,0 | 91,0 | 93,3 | 945|| 949
0°to 15° 500

0,66 10,6 31,7 391 47,3 49,9 55,0 57,6 61,7 | 658 68,2

0,34 12,2 | 36,5 | 497 | 664 | 709 | 79,8 | 854,| 89,2 | 91,3 || 91,8

720 0,66 53 159 219 | 28,6 | 30,3 | 34,3 [\36,4 | 393 | 42,8|| 46,7
1000 0,34 9,2 275 | 38,8 | 56,0 | 61,1 7289+ 80,3 | 86,3 | 894 || 90,1
0,66 4,0 12,0 17,2 24,3 | 26,2 | 80,8 | 33,1 | 36,1 | 39,3 || 43,5
0,34 30,5 | 91,6 | 94,7 | 96,5 | 96,6, 974 | 978 | 98,1 | 98,3 || 98,4
100 0,58 28,8 | 864 | 948 | 973 | 967 | 977 97,7 | 98,1 | 98,1 || 98,2
300 0,34 23,3 | 70,0 | 79,3 | 86,6 1874 | 904 | 91,8 | 93,0 | 93,5 93,7

0,58 16,8 | 50,5 | 62,9 | 719v] 72,5 | 772 | 78,6 | 80,7 | 81,5 827

0,34 16,5 | 49,5 | 634 |«%58 | 778 | 83,0 | 857 | 88,1 | 89,0 892

15°to|30° 500
0,58 11,5 | 34,6 | 4765} 58,8 | 60,1 67,0 70,0 | 73,8 | 75,8 77,4

0,34 11,1 | 33,1 | 4%8 | 639 | 673 | 756 | 80,0 | 84,0 | 856 86,1

720 0,58 6,7 20,0 %{>“30,5 | 40,7 | 42,3 | 496 | 53,2 | 58,0 | 60,8 || 63,5
1000 0,34 8,1 241 | 36,2 | 52,5 | 56,7 67,7 74,0 | 79,3 | 81,8 || 82,7
0,58 4,7 14,0 | 22,3 | 31,7 | 334 | 409 | 451 | 50,5 | 541 57,2

0,36 3004, | 91,2 | 94,7 | 96,6 | 96,6 | 974 | 978 | 981 | 98,3 || 984

100 0,71 16,6 | 499 | 656 | 749 734 | 792 | 80,1 | 83,7 | 845|| 855
300 0,36 228 | 684 | 779 | 854 | 86,2 | 89,3 | 90,7 92 92,5 (| 93,0
0,71 6,9 20,7 | 298 | 36,5 | 36,3 | 42,5 | 44,8 | 493 | 52,7 || 559

30° tose 500 0/36 16,1 | 48,3 | 62,1 744 | 76,3 | 81,7 | 844 | 869 879 88,7
0,71 58 17,3 276 | 354 | 351 | 42,0 | 452 | 51,5 | 559 || 589

& 0,36 10,7 32 46,4 62 652 | 734 | 778 | 81,8 | 83,5|| 84,6
0,71 2,0 6,1 10,5 | 14,5 14,4 17,8 194 | 22,5 | 249 || 30,0

1000 0,36 7,8 23,3 35 50,8 | 54,8 | 655 | 71,6 | 769 79,5 (| 809

o741 14 41 7 10 L 107 12 £ i | 170 100 253
U7 T T T, T 75 Z Eavire) TU;7 T,0 T, T 17,0 T70 )

a  Corresponds to a south facade in the southern hemisphere.
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Table A.9 (continued)
Fps,sna,
%
North facade?
Geographic B D
location b‘? Hgir/Hgop %
)4 0,125 | 0,5 1,0 1,5 2,0 3,0 5,0 8,0 12,0 | 18,0
100 0,39 24,7 74,2 814 | 864 | 86,5 | 889 89,9 91,3 92,0 | 92,5
0,58 23,6 70,8 81,9 87,5 85,7 89,2 89,5 91,4 91,8 92,3
0,39 15,5 | 46,5 57,5 67,7 63,9 75,3 78,6 | 82,2 | 83,06 847
300 0,58 139 41,6 55,1 64,7 64,2 70,4 72,7 76,4 77,9 79,4
0,39 10,3 31,0 | 42,8 | 54,8 571 64,7 69,8 75,4 78,0 79,4
45°to60° 500
0,58 8,4 25,3 37,5 48,1 | 48,6 | 55,8 58,9 636~ 658 | 68,1
750 0,39 6,7 20,1 30,4 42,6 449 54,1 60,2 67,2 71,0 73,0
0,58 5,5 16,6 271 38,0 39,0 47,6 5271 57,8 60,6 63,3
1000 0,39 4,9 14,6 22,7 339 36,3 | 46,3 531 61,0 65,7 68,0
0,58 4,0 11,9 20,1 30,0 31,2 | 40,20 ) 45,5 52,3 55,5 58,5
100 0,40 21,0 63,1 69,9 74,6 74,7 775 78,7 80,1 80,7 82,0
0,48 171 51,3 57,6 61,7 61,7 64,2 65,4 67,0 67,7 69,9
0,40 11,9 35,8 | 46,3 55,6 56,5 61,7 64,5 68,0 69,7 71,5
300 0,48 9,4 28,1 36,3 42,8 43,0 47,1 49,3 52,2 53,6 56,5
0,40 7,3 21,9 32,4 | 437 45,5 52,6 56,7 61,3 63,7 66,0
60° to|75° 500
0,48 6,5 19,5 29,2 38,0 38,7 | 444 47,5 51,5 53,6 56,7
750 0,40 4,6 13,8 21,4 32,1 34,3 43,0 48,4 54,1 571 59,7
0,48 3,7 11,0 137 25,7 27,0 32,8 36,2 40,5 42,7 46,4
0,40 3,3 10,0 15,6 24,4 | 26,2 35,7 42,1 49,0 52,6 55,7
1000 0,48 2,7 8,1 13,0 20,0 21,3 28,0 32,0 36,9 39,5 43,5
a  Corr¢sponds to a south facade in the southerhhemisphere.
A.3.2.5 | Determination of daylightsupply factor for sunshading activated Fy, s, ;
Facade $ystem solutions with an activated solar and/or glare protection can be classified accopding to
Table A.10 in a simplified wayx
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Table A.10 — System solutions (values to be applied for the period ¢, ;54 ))

Fpssa,
System solution (to be used for the period ¢, 54 ) Classification of daylight availability
None | Low | Medium | Strong
Glare protection only: Systems which provide glare protection in com-
pliance with the regulations applying to the respective utilization pro- . 01 02 03
file, e. g. regulations for computer terminal workplaces[2l. This includes ’ ’ ’
manually operated venetian blinds, shutters and comparable systems
Automatically-operated protection against solar radiation and glare:
Devices to protect against solar radiation and/or glare and which can
2 |be Moved I Telation to the amount of daylight avallablie. Venetan = 0,2 043 0,55
bliJ[::is which are automatically opened slightly after being lowered, so
thatt transmittance is greater than that of the fully closed blinds.
3 |Light-guiding systems — 0,3 0,65 0,8
No [protection against solar radiation and shades.
NO['E Only applicable for areas being evaluated to which no special
4 . Iy ; . — 0,6 0,75 0,8
regulations or provisions such as the regulations for computer terminal
wofkplaces apply.

Light-guiding system solutions, line 3 of Table A.10, can be assumed to jniclude solutions of typ¢ 1 with

addition

— Ven
dire
pass
conf
movy
is th

— Ligh
dire
the
the
resy
glar
prof

— Day
low

than 1/3 and not lewet than 1/4 of the total blind length and the system shall be equipped wit

dev

— Day
dou
and

al light-guiding functions:

e the louvres in relation to the solar radiation profile angle shall be installed. The sun proff

ective space. Light-guiding glass shall be combined with other solar radiation protectio
e protection systems installed'in the lower section of the facade area. However, no solar and
ection devices can be installed in front of the light-guiding components described below.

er sections of the blinds are at different angles. The upper section of the blind shall not b

ces.

ble facades: These have highly reflective or mirror-finished surfaces and the louvres of t%

than /3 and not lower than 1/4 of the total blind length and the system shall be equipped wit

devices.

ight-guiding externadl Vénetian blinds: These have diffuse surfaces and the louvres of the uI;per and

btian blinds in cut-off operating mode: In the so-called “cut<off” mode, the louvres of the blinds are
cted in relation to the incident sunlight in such a way thap direct sunlight is just prevented from
ing through, but diffuse daylight can enter. Furthermotre, these systems generally permiit visual
act to the surroundings for a large part of the operating time. Appropriate control systenps which

le angle

e projection of the altitude angle of the sun ontoa vertical plane which is perpendicular to the plane
of the facade surface.

t-guiding glass: Facade systems using glass'components which transmit at least 30 % of thefincident
ct sunlight into the upper quarter of the space when lit under an altitude of 35° (measuiled from
hormal of the facade plane) at a sun-facade azimuth of zero. As a general rule, not more thgn 1/3 of
transparent facade openings should be equipped with such systems to prevent overheati:ﬁ

g of the
and/or
or glare

higher
control

ight-guiding internal Venetian blinds between glazing layers or in the air-space (gap) df glazed

e upper

lower'sections of the blinds are at different angles. The upper section of the blind shall not He higher

control

No solar and/or glare protection devices can be installed in front of the light-guiding components listed in
Table A.10.

A.4 Daylight supply factor for rooflights

A.4.1 General

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 supply factors can be determined for different
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maintained illuminance values, different orientations and slope angles of the glazed roof openings and

location

s and climates.

A.4.2 Daylight availability factor

An approximate value of the mean daylight factor of spaces equipped with rooflights can be calculated using

Formula (A.18).

D; =D, Tpes ki ky k3

where

ZACa

D

Mg in% (A.

18)

MR

Formulg
of the fé
method
values g
in roofli

is the area of the rooflights (raw roof opening dimensions);

is the floor area which is lit by daylight in the space being evaluated;
is the external daylight factor;

is the transmittance of the diffusive rooflight glazing for daylight D65;
is the reduction factor for frames and subdivisions of the glazing;

is the reduction factor for pollution of the glazing;

is the reduction factor for non-vertical light incidence-dn'the skylight (usually, 0,85 is co1
to be adequate);

is the value of utilance as listed in Table A.13 and-Table A.14

(A.18) combines the calculation stages 1 (classification of daylight availability) and 2 (deg
cade characteristics) of the three-stage caleulation approach in one single calculation st

iven in Table A.6, Table A.11 contains a'list of transmittance values of components frequen
bhts.

nsidered

cription
ep. This

s also applicable for skylights with transparent glazing. As a supplement to the typical transmittance

tly used
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Table A.11 — Typical values of the transmittance 5, U, and g of components frequently used in
rooflight construction

U

Type Construction/Composition Colour/type W/(m? - K) gl Tpes
Acrylic sheet, single-shell clear 54 0,85 0,92
Acrylic sheet, single-shell opal 5,4 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
ACTyIIC sheeg, triple-snell opal/opal/clear T8 0,64 0,60
PMMA, single-shell clear 5,4 0,88 0,92

Sky donpe -
PMMA, single-shell opal 5,4 0,78 0,79
PMMA, single-shell coated 5,4 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 |&pal 3,3 0,70 0,62
Polycarbonate multiwall double-wall sheet, 10 mm~4clear 3,1 0,85 0,80
Polycarbonate multiwall double-wall sheet, 10aam |opal 31 0,70 0,50
Polycarbonate multiwall triple-wall sheet, 10“mm |clear 3,0 0,69 0,73
Polycarbonate multiwall triple-wall sheét, 10 mm |opal 3,0 0,62 0,52
_ Polycarbonate multiwall four-wall sheet, 10 mm opal 2,5 0,59 0,50
Strllési{ & 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 multiwallfiye-wall sheet, 16 mm opal 19 0,52 0,45
Polycarbonate multiwall'six-wall sheet, 16 mm opal 1,85 0,47 0,42
Polycarbonate mpultiwall five-wall sheet, 20 mm clear 1,8 0,70 0,64
Polycarbonatemultiwall five-wall sheet, 20 mm opal 1,8 0,46 0,44
Polycarbomate’'multiwall four-wall sheet, 25 mm clear 1,7 0,62 0,68
Polycarbenate multiwall four-wall sheet, 25 mm opal 1,7 0,53 0,45
Polyearbonate multiwall six-wall sheet, 25 mm clear 1,45 0,67 0,62
Polycarbonate multiwall six-wall sheet, 25 mm opal 1,45 0,46 0,44

Key

A individual roof windows, glazed,

B continuous rooflight, glazed
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Table A.11 (continued)
. . U
Type Construction/Composition Colour/type W/(m? - K) gl Tpes
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
Strip skly- |[PMMA multiwall double-wall sheet, 16 mm coated 2,5 0,40 0,50
light 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
A 4 mm float glass 16 mm air
4 mm float glass clear double'pane 2,8 0,79 0,81
A 4 mm toughened glass 16 mm Argon clear doeuble pane
4 mm float glass w. coating lows~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 lt(i)c‘)Arll-e, sun protec- 1,2 0,27 0,42
B Laminated glass 6,2 clear 2,7 0,67 0,77
16 mm air, 6 mm float glass
B Laminated glass 6,2 clear 2,7 0,67 0,77
16 mm air, 8 mm float glass
B Laminated glass 8,2 clear 2,7 0,65 0,77
16 mm air, 6 mm float glass
B Laminated glass.8;2 clear 2,7 0,65 0,76
16 mm air,8\pm float glass
B Laminated-glass 10,2 clear 2,7 0,63 0,76
16 midir, 6 mm float glass
B Laminated glass 10,2 clear 2,7 0,63 0,76
16 mm air, 8 mm float glass
B Laminated glass 6,2 coated, silver 1,1 0,52 0,72
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

Key
A individual roof windows, glazed,

B continuous rooflight, glazed
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Table A.11 (continued)
. i U
Type Construction/Composition Colour/type W/(m? - K) gl Tpes
B Laminated glass 8,2 coated, silver 1,1 0,51 0,70
16 mm argon, 8 mm float glass
B Laminated glass 10,2 coated, silver 1,1 0,50 0,70
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
18 mm 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
Key
A individual roof windows, glazed,
B continfious rooflight, glazed
The extdrnal daylight factor D, (in %) is defined as:
Eg
D, 3 a (A]119)
where
Er |is the illuminance on the external surface of the skylight from an overcast sky;
E, |is the horizontal external illumiance from an overcast sKky.
The corfection factor kg, ; for frames and subdivisions can be determined using Formula (A.[3). The
structurjal parts of dome skylights include the annular supports. Thus, kg is the ratio of the area
Ag, = a, { b, through which light can pass, i.e. the top opening of the annular support, minus the arealof other
opaque parts of the domes ¥ strip skylights, to the area Ay, = ag,, - by}, of the raw roof opening as shown in
Figure A.12.
As oppdsed to this;;the raw roof opening area of shed rooflights does not correspond to the arga of the
roof plahe occupied by the shed structure, as shown in Figure A.13. For these, the raw roof openlfing area
is Ac, = h¢ - bpprWhere hg, is the height of the skylight opening and by, is the width of the skylight ppening.
The coryection factor kg, ; for frames and subdivisions accounts for the other opaque parts of the|skylight
structure'within the opening defined in this way.

Table A.12 lists external daylight factors D, for a ground reflectance pg of 0,2 and various slope angles of the
shed-roof glazing.
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Table A.12 — External daylight factor D, as a function of the facade slope y; for a floor reflectance py

of 0,2 (without building shading)

Slope
P D, = Ey/E,
YF
degrees %
0 100
30 92
45 83
60 72
90 50
The utilgnce ny is calculated on the basis of the space index as determined using Formula (A.20J and fthe type
of rooflight involved. In the calculation of ng, h'y is the difference between the ceiling height-and the work
plane hgight. The height of the work plane is given for individual utilization profiles in Ax8:'A distipction is
made bgtween the dome skylights shown in Figure A.12 and the shed rooflights shown.in Figure A.[L3. Strip
skylightf are treated as a special dome skylight design. For strip skylights with a side ratio a,/b |of more
than 5, the utilance stated for ratio a;/b = 5 should be assumed. The room index is(defined as
ag -b
k={—R R __ al20)
iR - (br +ag )
where
ag is the room depth;
bgr is the room width;
hg is the height difference of ceiling and task area height.
Table A.13 and Table A.14 show utilance values for-different types of dome and shed rooflight geomg¢tries.
|
ot | <
v - 7]
a
/
b
/
Key
ag cl¢ar length ofithe aperture in m
b cl¢ar width.of'the aperture in m
ac, clear length of the upstand/well in m
bc,  clgdrwidth of the upstand/well in m
h height of the upstand/well in m

Yw of the upstand/well in °

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

dome and strip skylights
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yw angle of roof to horizontal in °
yr angle of glazing to horizontal in °
Figure A.13 — Dimensions used to describe the geometry of shed rooflights
Tablle A.13 — Dome skylight utilances 7, as a function of the space index‘'and the geometry
parameters of the annular support design
ay/b 1 2 5 1 2 ;
hy/b, 0,25 0,25 0,25 0,5 0,5 05
Yw | 30° ] 60° | 90° | 30° | 60° | 90° | 30° | 60° | 90° | 30° | 60°~90° | 30° | 60° | 90° | 30° | 60° | 90°
k "R
06 |(40(041|0,38(/040|0,40(0,39|0,41|0,41|0,40]0,40.)0,41|0,36|0,40|0,41|0,37(0,42|0,43|0,39
0,8 ((¢53|0,54|0,50|0,53|0,54|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 {04,59(0,60|0,56|0,59|0,60|0,57|0,60]|0,61]|059%10,60|0,61|0,51|0,60|0,61|0,54|0,62]0,66 0,56
1,25 | (4,68]0,69|0,64|0,68|0,69|0,66|0,69|0,70:{©,67 | 0,69 | 0,69 |0,58|0,69 (0,70 | 0,62|0,71|0,J2 | 0,64
15 |(¢75|0,75/0,69(0,75|0,75(0,71|0,76 | 0,46 |0,-72| 0,76 | 0,75 | 0,63 | 0,76 | 0,76 | 0,67 | 0,78 | 0,18 | 0,69
2,0 (¢83/|083|0,77|0,83|0,83|0,79|0,844.0,84|0,80|0,84|0,82|0,69 084 |083|0,73 0,87 |0,85| 0,75
2,5 1/0489(088|081|089|0,88|0,84}0,900,89|0,85|090|0,87|0,73|090|0,88/|0,77|092|0,9%0|0,79
30 /093|092(085|093|092|087]094|093|0,88|0,94|090|0,76|0,94|091|0,81|096/|0,93]|0,86
4,0 1(498/096|0,90|098|09746,92|0,99|098|093|0,99|0,95|0,80|098|0,960,85]|1,00|09%98]|0,87
50 |102|100|0921,02|1,00,095|1,03|1,01(096|1,02|097|0,82|1,02|099|0,87|1,04|1,01]|0,89
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Daylight availability is classified according to the criteria shown in Table A.15.

The daylight supply factor Fy ¢ ¢n4 ; can be calculated using computer-based tools or using the regression-
based compound method in A.4.2.

Table A.15 — Classification of daylight availability as a function of the daylight factor D i

Classification criterion D J

Classification of daylight availability

7 < l_)ja Good
4< l_)j <7% Average
2< 5]- <4 % Poor
0< l_)j <2% None

a  Inacfordance with DIN 5034-6[2], values of l_)j > 10 % should be avoided due to the danger of overheating.

If a dayliight factor which has been calculated using another validated method is knewn, this can
instead |of the value calculated by Formula (A.18) when classifying daylightiavailability acco
Table A.L5. In this case, the daylight factor is to be determined as the mean value on the work plane

A.4.3 Daylight supply factor

Table A.}6 provides a set of values of Fy,  ; for rooflights for differentd{ocations and climates. Movable
devices pre not taken into consideration here. For maintained illufninances E, of less than 300 Ix,

supply fpctor Fy,  ; values for E,, =300 Ix should be used, and\For maintained illuminances E,, o
Ix, the Fp  jvalues for E,, =7501xshould be used. In ¢ase E,, isnotlisted in Table A.16 and T3
the valugs for Fp ; jand Fy . ; are obtained by linear interpdlation between the two adjacent E,, value

than 75(

be used
rding to

shading
daylight
[ greater
ble A.17,

S.
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Table A.16 — Daylight supply factor F, ; of spaces with skylights as a function of the daylight
availability classification, the maintained illuminance E,,, facade orientation and incline, location y,

and climate (Hg;,/Hg,p)

Classification of daylight availability

G(laogra_phlc _ Poor? Average? Good?
ocation E,
y Hyir/Hgo, Orientation 300 1x|500 1x| 750 1x| 300 1x | 500 1x| 750 1x | 300 1x| 500 1x | 750 1x
Surface F
slope D,s,j

Horizontal Q° 097 1 092 [ 084 | 099 | 098 | 099 | 100 | 099 | 0,98

30° | 096088078 099097099 | 1,00]A009 [ 097

South 45° | 093083070098 | 095|098 | 1,00{209¢ | 0,95

ou

60° | 089074 |058][097 | 091|096 |,009] 094 | 091

90° | 062|042 | 030085 0680840094 | 0,84 | 0,69

30° [ 095087076099 096|099 1,00 | 099 | 0,96

0,34 45° | 091|080 | 0,66 | 098 | 09315698 | 1,00 | 0,94 | 0,94

East/West

60° | 086071055096 | @89 095099 [ 094 ] 089

90° | 0,61 | 042 | 0,31 | 0,84%066 | 083 | 093 | 0,83 | 0,68

30° [ 096088077 | 099|097 | 099 | 1,00 | 099 | 0,97

North 45° | 093|082 | 068098 | 095 | 098 | 1,00 | 0,94 | 0,95

or
60° | 088072 05557 097 | 090 | 096 [ 0,99 [ 0,94 | 0,91
90° | 061 | 040.1,0,28 | 0,85 | 0,67 | 0,84 [ 094 [ 0,84 | 0,68
0° to 15°

Horizontal 0° 1,00 | 099 | 097 | 1,00 | 1,00 | 1,00 | 1,00 | 1,0 1,00

30° 1,00,/999 | 096 | 1,00 | 1,00 | 1,00 | 1,00 | 1,0 1,00

45° 0,99 097 | 092 | 1,00 | 1,00 | 1,00 | 1,00 | 1,0 1,00

South
60° 098 | 093 | 0,85 | 1,00 | 0,99 | 1,00 | 1,00 | 1,09 | 0,99

902 0,79 | 0,64 | 0,50 | 094 | 0,83 | 093 | 0,99 | 0,9 | 0,84

30° 099 | 096 | 092 | 1,00 | 0,99 | 1,00 | 1,00 | 1,0 0,99

0,66 45° 094 | 090 | 0,84 | 098 | 095 | 098 | 1,00 | 0,98 | 0,95

East/West
60° 0,88 (082|075| 095|090 | 094 | 099 | 094 | 0,90
90° 0,72 | 0,61 | 0,53 {085 | 075|084 | 093|084 | 076
30° 098 | 095 | 090 | 1,00 | 0,99 | 1,00 | 1,00 | 1,0 0,99
45° 094|087 (077 | 099|095 | 098 | 1,00 | 0,98 | 095
North

60° 083071059 |094|085]093|09 |093 | 0,85

90° 0,56 | 0,38 | 0,27 | 0,79 | 0,61 | 0,77 | 091 | 0,77 | 0,63

a  The followingdaylight factors Dyg,jof the raw carcass opening were used to calculate these values:

— poor: 3 %;
— average’5;6 %;

— good: 8,5 %.
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Table A.16 (continued)
Classification of daylight availability
GTOgra.phlc _ Poor? Average? Good?
ocation E.
y Hyir/Hgo, Orientation 3001x|500 x| 750 1x| 300 1x| 500 1x| 750 1x| 300 x| 500 1x| 750 Ix
Surface F
slope D.s,j
Horizontal 0° 095 (089|079 | 099|096 | 099 | 1,00 | 0,99 | 0,96
30° 093 085|074 | 098 | 095 | 098 | 0,99 | 098 | 0,95
AE5° n’01 ﬂ'Qn ﬂ'A'7 0’0’7 n’o') 0’0’7 ﬂ'OQ n’o" 0’93
South
60° 0,86 | 0,72 | 0,57 | 095 | 0,88 | 094 | 098 [0)94 | 0,89
90° 0,62 | 044 | 032|084 | 0,67 | 0,82 | 092)1420,82 | 0,69
30° 093 | 084|072 | 098|094 | 098 |,0/099 | 098 | 0,94
0,34 45° 0,89 | 0,77 | 0,62 | 097 | 091 | 0961099 | 0,94 | 0,92
East/West
60° 0,83 | 0,67 | 0,51 | 094 | 0,86 [,093 | 098 | 093 | 0,87
90° 0,58 | 0,40 | 0,29 | 0,81 | 0,63 0,80 | 091 | 0,8 0,64
30° 093 1083|071 |098 |©94 | 098 | 099 | 0,94 | 094
North 45° 0,88 | 0,75 | 0,60 | 0941091 | 096 | 0,99 | 0,94 | 091
or 60° 082|064 | 048 | 094 | 0,85 | 093 | 098 | 0,93 | 0,86
90° 0,53 | 0,33 | 0,22~/40,80 | 0,59 | 0,78 | 0,91 | 0,78 | 0,61
15°to BO°

Horizontal 0° 099 | 097 | 093 | 1,00 | 0,99 | 1,00 | 1,00 | 1,0 0,99

30° 0,99 | 096,4Y0,92 | 1,00 | 0,99 | 1,00 | 1,00 | 1,0 0,99

45° 098 | 095 | 0,89 | 1,00 | 0,99 | 1,00 | 1,00 | 1,00 | 0,99

South
60° 097992 | 0,84 | 099 | 098 | 099 | 1,00 | 099 | 0,98

90° 082|068 | 053|096 087095099 | 093 | 0,88

30° 096 | 091 | 0,85 (099 | 097 | 099 | 1,00 | 0,99 | 0,97

0,58 45° 092|084 | 076 | 098 | 094 | 098 | 1,00 | 0,94 | 0,94

East/West
60° 0,88 | 0,76 | 0,67 | 097 | 090 | 0,96 | 0,99 | 094 | 0,90
90° 0,69 | 0,54 | 043|088 073|086 | 096 | 08¢ | 0,74
30° 097 | 092 | 0,84 | 099 | 097 | 0,99 | 1,00 | 0,99 | 098
45° 0911080070 | 098 | 093 | 098 | 1,00 | 0,98 | 093
North

60° 0,84 | 0,69 | 0,56 | 096 | 0,87 | 095 | 0,99 | 093 | 0,87

90° 0,56 | 0,35 0,24 |083| 062|081 | 094 | 081 | 0,64

2 The following daylightfactors Dyg ; 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.16 (continued)
Classification of daylight availability
GTOgra.phlc _ Poor? Average? Good?
ocation E,
y Hyir/Hgo, Orientation 3001x|500 x| 750 x| 300 1x| 500 1x| 750 1x| 300 x| 500 1x| 750 Ix
Surface F
slope D,s,j
Horizontal 0° 095|090 | 082|098 | 096 | 098|099 | 098 | 096
30° 094 | 0,87 |1 0,78 | 097 | 095 | 097 | 098 | 0,97 | 0,95
AE5° {\'O') n,QQ n,'71 0’0’7 n,oq n’QA n,QQ n,Qf 0'94
South
60° 0,89 | 0,76 | 0,62 | 095 | 090 | 095 | 097 (098 | 091
90° 0,67 | 0,50 | 0,38 | 0,87 | 0,72 | 0,86 | 0,93)1°0,8¢ | 0,74
30° 092|084 | 0,73 | 097 | 093 | 0,96 |,0098 | 0,94 | 0,93
0,36 45° 0,88 | 0,77 | 0,64 | 0,95 | 090 | 095098 | 093 | 0,91
East/West ]
60° 0,83 | 0,68 | 0,53 | 093|086 |,092 | 097 | 093 | 0,86
90° 0,59 | 041 | 0,30 | 0,82 | 0,64 0,80 | 0,91 | 0,8¢ | 0,66
30° 092 (083|071 | 097 | 093 | 097 | 098 | 097 | 0,94
North 45° 0,87 | 0,74 | 0,60 | 0,95.120,89 | 095 | 098 | 093 | 0,90
or 60° 0,81 064|047 | 093 | 0,84 | 092 | 097 | 0,93 | 0,85
90° 0,52 | 0,32 | 0,22~/40,79 | 0,58 | 0,77 | 0,90 | 0,77 | 0,59
30° to f#5°

Horizontal 0° 0951|093 [ 090 | 097 | 096 | 097 | 098 | 0971 | 0,96

30° 0,96 | 0,94.40,90 | 097 | 096 | 097 | 097 | 097 | 0,96

45° 0951092 (089|097 | 095|097 | 097 | 097 | 0,96

South
60° 0,94 990 | 0,86 | 0,96 | 095 | 0,96 | 097 | 0,94 | 0,95

90° 0,84 0,73 | 0,60 | 092 | 0,87 | 0,92 | 095 | 0,93 | 0,87

30° 0,87 1081|075|093 088|093 097|093 | 0,88

0,71 45° 080072 | 066|089 08108809 | 088|082

East/West
60° 0,73 | 0,64 | 0,56 | 0,85 | 0,75 | 0,83 | 0,92 | 0,83 | 0,75
90° 055|043 033]| 070057069 082|069 | 058
30° 086|077 | 0,69 | 094 | 0,87 | 093 | 0,97 | 093 | 0,88
45° 0,75 | 0,64 | 0,55 | 0,87 | 0,77 | 0,86 | 0,95 | 0,8¢ | 0,77
North

60° 0,64 | 0510381081067 | 079|091 0,79 | 0,68

90° 0,34 | 0,20 | 0,13 | 0,58 | 0,37 | 0,55 | 0,76 | 0,53 | 0,38

2 The following daylightfactors Dyg ; 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.16 (continued)
Classification of daylight availability
GTOgra.phlc _ Poor? Average? Good?
ocation E,
y Hyir/Hgo, Orientation 3001x|500 x| 750 1x| 300 1x| 500 1x| 750 1x| 300 x| 500 1x| 750 Ix
Surface F
slope D,s,j
Horizontal 0° 0851|076 | 0,66 | 091 | 0,86 | 091 | 094 | 091 | 0,86
30° 0,83 0,73 | 064|090 | 084|089 093|089 085
AE5° n"7o n’AQ (\’EQ n’QQ n'Q1 n‘Q’7 n,o') ﬂ'Q" 0'82
South
60° 0,74 | 0,63 | 0,52 | 0,85 | 0,77 | 0,84 | 0,90 |(0,84 | 0,77
90° 0,57 | 0,45 | 0,35 | 0,73 | 0,60 | 0,71 | 0,81)}+70,71 | 0,61
30° 0,80 | 0,69 | 0,58 | 0,89 | 0,82 | 0,88 |,093 | 0,88 | 0,83
0,39 45° 0,75 | 0,62 | 0,50 | 0,87 | 0,78 | 0,8610091 | 0,864 | 0,78
East/West
60° 0,68 |053|041 083|071 |,081089]|081]|0,72
90° 0,46 | 0,32 | 0,23 | 0,66 | 0,49 \0,64 | 0,78 | 0,64 | 0,51
30° 0,78 | 0,66 | 0,55 | 0,88 | 0;80 | 0,87 | 0,93 | 0,87 | 0,81
North 45° 0,72 | 0,57 | 0,44 | 0,85.1-0,75 | 0,84 | 091 | 0,84 | 0,76
or 60° 0,63 | 045|031 | 080 | 067|079 |088]| 0,79 | 0,68
90° 0,37 | 0,23 | 0,15~/40,60 | 0,41 | 0,58 | 0,76 | 0,58 | 0,42
45°to p0°

Horizontal 0° 091|085 077 | 095 | 091 | 094 | 096 | 0,94 | 092

30° 090 | 0,84.50,77 | 094 | 091 | 094 | 096 | 094 | 091

45° 0,88 081 1|073] 093|090 | 093 | 095 | 093 | 0,90

South
60° 0,864 9,77 | 0,68 | 092 | 0,87 | 091 | 094 | 0,91 | 0,87

90° 078 | 0,68 | 0,58 | 0,88 | 081|088 | 092|088 | 0,82

30° 0,84 1075 | 066|092 | 086|091 | 095|091 | 0,86

0,58 45° 0,78 | 0,67 | 0,57 | 0,88 | 0,80 | 0,87 | 0,94 | 0,87 | 0,81

East/West
60° 0711059 |048 | 0,84 | 0,74 | 0,83 | 091 | 0,83 | 0,75
90° 0,51 | 0,38 | 0,28 | 0,69 | 0,54 | 067 | 081 | 0,67 | 0,55
30° 0821072061 091|084 | 090|095 | 09Q | 0,84
45° 0,74 | 0,60 | 0,48 | 0,87 | 0,77 | 0,86 | 093 | 0,8¢ | 0,77
North

60° 0,64 | 046 | 031|081 | 067 | 0,79 | 090 | 0,79 | 0,68

90° 0340211014 | 058|038 | 0,56 | 0,75 | 0,5¢ | 0,39

2 The following daylightfactors Dyg ; 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.16 (continued)
Classification of daylight availability
GTOgra.phlc _ Poor? Average? Good?
ocation E.
y Hyir/Hgo, Orientation 3001x|500 x| 750 x| 300 1x| 500 1x| 750 1x| 300 x| 500 1x| 750 Ix
Surface F
slope D.s,j
Horizontal 0° 0,63 055|046 | 069 | 0,64 | 0,69 | 0,73 | 0,69 | 0,65
30° 0,64 | 0,55 | 0,46 | 0,70 | 0,65 | 0,69 | 0,72 | 0,69 | 0,66
AE5° n’A') n’E') n,/lQ ﬂ’AQ n’AQ ﬂ'AQ n"71 n'AO 0'64
South
60° 0,58 | 0,47 | 0,39 | 0,66 | 0,60 | 0,66 | 0,70 |0)6% | 0,60
90° 0,44 | 0,35 | 0,27 | 0,57 | 0,47 | 0,56 | 0,6411-0,56 | 0,47
30° 0,58 | 0,49 | 0,39 | 0,67 | 0,60 | 0,66 |,021 | 0,66 | 0,61
0,40 45° 0,54 | 0,42 | 0,33 | 0,64 | 0,56 | 0,63.10,69 | 0,63 | 0,57
East/West
60° 0,48 | 0,35 | 0,27 | 0,61 | 0,51 {,0,59 | 0,67 | 0,59 | 0,51
90° 0,31 | 0,21 | 0,15 | 0,47 | 0,33 N0,45 | 0,57 | 0,43 | 0,34
30° 0,55 | 0,45 | 0,34 | 0,64 | ©;57 | 0,63 | 0,70 | 0,63 | 0,58
North 45° 0,48 | 0,34 | 0,24 | 0,681.0,51 | 0,60 | 0,67 | 0,6 0,52
or 60° 0,40 | 0,26 | 0,17 | 056 | 0,43 | 0,54 | 0,64 | 0,54 | 0,44
90° 0,23 | 0,14 | 0,09~]0,39 | 0,25 | 0,37 | 0,52 | 0,37 | 0,25
60°to f5°

Horizontal 0° 0,65 | 0,58 | 051 | 0,70 | 0,66 | 0,69 | 0,72 | 0,69 | 0,66
30° 0,65 | 0,60..[50,53 | 0,69 | 0,66 | 0,69 | 0,70 | 0,69 | 0,67
45° 0,64 | 0,58 | 0,51 | 0,68 | 0,65 | 0,68 | 0,69 | 0,68 | 0,65
60° 0,62 9,54 | 048 | 0,66 | 0,63 | 0,66 | 0,68 | 0,6¢ | 0,63
90° 052043 035|061 | 054|060 064|006 0,54
30° 0,59 | 0,51 | 0,42 | 0,67 | 0,61 | 0,67 | 0,71 | 0,67 | 0,62
0,49 45° 055|045 | 036 | 065|057 | 064|070 | 064 | 0,57

South

East/West
60° 0,50 | 0,38 | 0,30 | 0,61 | 0,52 | 0,60 | 0,67 | 0,6¢Q | 0,52
90° 03310231017 | 049 | 0,36 | 0,47 | 0,58 | 0,47 | 0,37
30° 0,54 | 044 | 0,35 | 0,64 | 0,56 | 0,63 | 0,70 | 0,63 | 0,56
45° 046 | 0331023059049 | 0,58 | 0,67 | 0,58 | 0,49
North

60° 0,38 024|016 | 0,54 | 0,40 | 0,52 | 0,63 | 0,53 | 0,41
90° 0,22 | 0,13 | 0,09 | 0,38 | 0,24 | 0,36 | 0,51 | 0,3¢ | 0,25

2 The following daylight.factors Dyg ; of the raw carcass opening were used to calculate these values:

— poor: 3 %;
— average: 5,5 %;

— good: 8,5 %.

A.4.4 Daytightsupply factor for windows imstoped roofs

In the case of rooms with windows in sloping roofs, the rooms being considered have to be adapted to
equivalent rooms with either vertical facade windows or roof lights. The deciding factor for this is the roof
slope angle. The roof slope angle is measured with respect to the horizontal.

The following rules should be applied.

a) For roof slope angles larger or equal to 75° the model specified in A.3 for vertical facade windows shall
be used.
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b) For slope angles smaller than 75° the model specified in A.4 for rooflights shall be used after a geometric
adaptation of the room height and the window size in the equivalent room.

The diagrams in Figure A.14 and Figure A.15 show the process for adapting the room height and the window
size for these two possibilities.

All further steps for the calculation of the daylight supply factor shall be according to the chosen model
described above, where details for:

— vertical facade windows are in A.3,

— rooflights are in A.4.

]

b) The window is rotated to the vertical but then protrudes above the ceiling of the room.|C,, is
reduced until the window fits within the room

Key

C, istle distance between the beginning of theisloped roof and the window (m)

y  istle slope angle of the roof (°)

Figure A.14 — Proceeding of geometric adaption for sloped roof windows to vertical facade window

(procedure A)
hp
Z IV T iIs Dz ¥y O 1™
C C
W hR W hR

a) The window height is adjusted to hy, the projected height of the window in the horizontal plane
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1 T

hp
. E ___________ 1~ T |
W
CW

K]

room height is adjusted to hy ,, based upon the midpoint of the inner surface of the o}

a

window height
CW [W

Q

the room height (m)

the projected height of the window (m)
the slope angle of the roof\(°)
the adjusted room height/(m)

d) The horizontal window is moved so that C, is fully within the room

the distance between the beginning of the sloped roof and the window (m)

Figure A.15 — Proceeding of geometric adaption for sloped roof windows to roof light (proce

A5 D
The effi

hylight responsive control systems

nfc‘ talkken intao anc!r]nraflnn ]’\nrn vn]f)fo fr\ fha P]“\']Y")l‘fDV‘IC‘fIFC‘ nF fl‘\n a]nt‘frln llrrhfn'\n

riginal

dure B)

.........

ontrols

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.10.

The correction factor Fy, . ; for daylight-responsive control systems is a function of:

a) the type of control involved;

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

Electric lighting control systems are distinguished according to:
— whether they are controlled manually; or

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

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

— [systems which turn off the electric lighting during operating times (if daylight availgbility is
adequate);

— |systems which dim the electric lighting system to the lowest possiblé intensity during operating
times without actually switching the system off.

ii) Instpllation bus systems and building management systems.

Table A.L7 provides correction factors Fyp, . ; to rate daylight responsive control systems.

Table Al17 — Correction factor Fj, . ; to account for the impaet of daylight responsive control §ystems
im a zone n, as a function of the maintained illuminance E,, and the daylight availabilify

classification

Fyz,;as a function of daylight availability

Type of control Poor Average Good
3001Ix | 5001xY 7501x | 3001x |5001x | 7501x | 300Ix 500 Ix 750 Ix

Manual 0,33 030 | 027 | 038 | 035 | 0,32 | 043 0,40 0,37

Nototal | 4 cce =070 | 073 | 070 | 073 | 075 | 073 | 075 0,76
switch-off

Automafic | Stand- Total 071 | 074 | 076 | 077 | 078 | 0,79 | 081 | 0,81 0,81
alone switch-off

Bus systems 076 | 081 | 083 | 083 | 085 | 086 | 0,87 0,87 0,87

A.6 Monthly evaluation method

The distributionkey factors vy, ; for vertical facades are given in Table A.18. Since light-guiding[systems
are basg¢d onithe deflection or guidance of direct light, which is more available in the summer |months,
separatg dlstrlbutlon key factors as a functlon of the orientation are given for such systems. Table A.19
shows the=alues Spaces—equippec Azit ofli ailability can
account for 100 % of the requlred lighting. Thls means that no supplementary electrlc llghtlng is required
during this period. Since the product Fp ¢ ; F, . ; is weighted by monthly key factors, the differences between
(VMonth,1 Fp,sj Fpc; = 1) and AFp ¢ i shall be added together for all months during which vy Fps; Fp ;i
greater than 1. AﬁD -shall be equally divided up among all months during which VMonat1 F is less
than 1. Where necessary, an iteration procedure shall be applied.

D,s,j FD ,C,J
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Table A.18 — Monthly distribution key factors vy, ; for vertical facades

Month, i
1 2 3 4 5 6 7 8 9 10 11 12
Facade system
Jan | Feb | March | Apr | May | June | July | Aug | Sept | Oct | Nov | Dec
VMonth,i
Light-guiding systems
according to Table A.10, | 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.10, | 0,74 | 092 1,06 116 | 1,22 | 1,24 | 1,22 | 116 | 1,06 | 093 | 0,75 | 0,54
facing E4st or West
Others 0,85 | 097 | 1,06 1,12 | 1,16 | 1,17 | 1,15 | 1,11 | 1,04 | 094 (0,81 | 0,66
Table A.19 — Monthly distribution key factors vy, ., ; 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
Northerh Hemisphere | 0,74 | 0,92 1,06 1,16 | 1,22 | 1,24 | 1,22 1,16 | 1,06 | 093 | 0,75|| 0,54
Southerp Hemisphere | 1,22 | 1,16 1,06 092 | 0,74 | 0,54 | 075 | 093 | 1,06 | 1,16 | 1,22 | 1,24
Monthly partial-load daylight operation factors F,;; can be defived from the calculated annual |daylight
supply factor.
ol = 1_VMonth,i FD,s,j FD,c,j for VMonth,i FD,s,j FD,c,j &1 (A 21)
Dy, .
0 otherwise

where Vo1, ; is the monthly distribution key forweighting the value of Fy g .
A methqd to obtain the distribution key factors vy, ; for vertical facades is provided in A.8.
A.7 Determination of day-tithe 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.21 are to be determined due to deviating

operatin

The met
hours ¢,

g times or when-@itotally different type of usage is specified.

hod describgd below can be used to determine the number of day-time hours tp,, and ni
ight On admonthly basis for a known latitude y and a specified beginning of usage ¢, an

usage t | 4- Theshours between sunrise and sunset are considered to be day-time hours.

The timesCy,, ; and ty;gn, ; for each month are calculated using Formulae (A.22) and (A.23).

pht-time
d end of

tpay,i

tNight,i = Ni Cwe (tbs,i + tas,i) (A.

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

N; is the number of days in the respective month:
N; =131, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31] with i =1 to 12;

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

tsare 1S the time of the beginning of usage;

tend is the time of the end of usage;

tys,i is the usage time before sunrise;

tas,i is the usage time after sunset.

The timgs before sunrise ¢, ; and after sunset ¢, ; are determined using Formulae (A.249and (A.25].

>t ;
start,i ( Al2 4)

t _ tsunrise,i - tstart,i § if tsunrise,i
bs,i|™ .
0 otherwise

tende,i _tsunset,i , if tend > tsunset,i
tasilE (Af25)
’ 0 otherwise
where
ounket is the sunset time;
tounbise is the sunrise time.

The time¢ of sunrise ¢t and the time of sunset ¢,

. are calculated using Formulae (A.26) and (4.27):

sunrise sunse

tsunise,i = (12 — w;/15°) = t.4(J;)/60 (Af26)

tsunspr,i = (12 + w;/15°) = t.,(J;)/60 (A27)
where

w; | isthe hour angle;

teq | is the formutaef time, Formula (A.30).

Formuld (A.28) is u$ed to calculate the hour angle, w,.

sin(¢)sin[68 (J; )]}
cos(¢)cos[d(J;)]

; Harccos {— (Af28)

where

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

6 isthe declination of the sun.
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Formula (A.29) is used to calculate the declination of the sun.

§(J) = 0,3948 — 23,2559%cos(J+ 9,1°)

— 0,3915xcos(2x ]’ + 5,4°)— 0,176 4xcos(3x]" + 26,0°)

Formula (A.30) is used to determine the formula of time.

eq (

J)=0,0066+7,3525xcos (] +85,9°) +9,9359x cos(2x ] +108,9)
+0,3387xcos(3x ] +105,2)

(A.

(A.

29)

30)

e (A.31) and (A.32) respectively:

with
J=] K 360°/365
The anr
Formulg
12
tpay|= ZtDay,i
i=1
12
Night = thight,i
i=1
Table A.

Table A.20 — tp,, and ty;,;, as a function of latitude for typical operating hours
from 8 am to 5 pm, weekénds excluded

. t. tni
Latitude 'il*"y N}‘Ight
0° 2 346 0
7,5° 2 346 0
22,5° 2 346 0
37,5% 2,341 5
52,5° 2271 75
67,5° 1881 465
75,0° 1629 717

ual day-time and night-time hours are the sum totals of the monthly values(as expre

(A

(A

20 holds for typical office operating hours precalculated times ty,, and ty;gy, as a function of

ssed by

31)

32)

latitude.
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A.8 Exemplary operation times of different building zone

Table A.21 — Data for usage of boundary conditions for non-residential buildings

1 2 3 | 4 | 5 | 6 7 8 9
Usage and operating times
Night-
. . Annual | time Height
Numb E;gé I:)-f End of 1]1)52::;}; Aur::glzl hours | usage of the
umber-
. Usage usage . days per| hours work
Ing g usage time days | nnum per plane
dINITuInn
_ _ tusage,d dusage,a tDay tNight hTa
h h h/d d/a h/a hya m
1 Personal office (single occupant) 07:00 18:00 11 250 2543 207 0,8
2 | |Worksroup office (two to six 07:00 | 18:00 | 11 250 | 254307 207 0,8
workplaces)
3 Landscaped office (seven or 07:00 | 18:00 | 11 250 (,2543 | 207 0,8
more workplaces)
4 | |Meeting, conference,andsemi- | 47,0 | 1809 | 11 250 | 2543 | 207 0,8
nar room
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
Retail shop/department store
7 (food department with refriger- 08:00 20:00 12 300 3009 591 0,8
ated products)
8 Classroom (school and nursery 08:00 15100 7 200 1400 0 0.8
school)
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 4 353 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 innon-residential 10:00 | 23:00 | 13 300 | 2411 | 1489 || 08
buildings
15 | |Kitchen - preparation room or 10:00 | 23:00 | 13 300 | 2411 | 1489 || 08
storeroom
16 | |Toiletsandgapitary facilitiesin | 7.0 | 18.00 | 11 250 | 2543 | 207 0,8
non-residéntial buildings
17 Othersabitable rooms 07:00 18:00 11 250 2543 207 0,8
1g | |Auxlliary spaces (withouthabit- | 7., | 15,00 | 11 250 | 2543 | 207 0,8
able rooms)
19 Traffirl/r‘irrn]nfinn areas 07:00 18:00 11 250 2543 207 0
g0  |Storeroom, technicalequipment | o7 | 4800 | 11 250 | 2543 | 207 0,8
room, archive
21 Server room, computer centre 00:00 24:00 24 365 4407 4353 0,8
Workshop, assembly, manufac-
22.1 turing, heavy duty work, stand- 07:00 16:00 9 230 2018 52 0,8
ing work
Workshop, assembly, manu-
22.2 facturing, medium duty work, 07:00 16:00 9 230 2018 52 0,8
mainly standing work
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Table A.21 (continued)
1 2 3 | 4 | 5 | 6 7 8 9
Usage and operating times
Night-
. . Annual | time Height
Numb Eﬁfgl I;f End of l]l)::g Aur;l;lézl hours | usage | ofthe
umber-
. Usage usage . days per| hours work
ng g usage time days | nnum per plane
annum
_ _ tusage,d dusage,a tDay tNight hTa
tr tr h/’d L‘l/’d 11/’4 h/’d m
Workshop, assembly, manu-
22.3| |facturing, simple work, mainly 07:00 | 16:00 | 9 230 | 2018 52 0,8
standing work, mainly seated
work
23 | |Spectatorand audience areas 19:00 | 23:00 | 4 250 50 941 0,8
(theatres and event locations)
24 | |Foyer (theatres and eventloca- 19:00 | 23:00 | 4 250 59 941 0,8
tions)
25 | |Stage (theatresand eventloca- 13:00 | 23:00 | 10 2560 | 1259 | 1241 || 08
tions)
26 Fair/congress building 09:00 18:00 9 150 1258 92 0,8
27 | |Exhibitionroomsandmuseums | 450 | 18,00 | <@ 250 | 1846 | 154 0,8
with conservation 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
30 Library - magazine and stores 08:00 20:00 12 300 3009 591 0,8
g1 | [Sportshall (withoutpublicview-| o406 \F 2300 | 15 250 | 2509 | 1241 1
ing area)
32 | |Garage buildings (forofficesand | o700 | 1800 | 11 250 2543 207 0,2
private use)
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 carearea 00:00 24:00 24 365 4407 4 353 0,8
39 Sr"";;"s"ays f general nursery 00:00 | 24:00 | 24 365 | 4407 | 4353 0,2
40 g:edlcal and therapeutical prac- | og.09 | 18:00 | 10 250 | 2346 | 154 0,8
41 L Storehouses, logistic places 00:06—24:00- 124 3654467 4353 0
(high-rack warehouses)
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Annex B
(informative)

Comprehensive hourly calculation

B.1 General

This anfex specifies an approach to calculate the effect of daylight on the lighting energy demaxr

hourly d
an emul
interact
system

from the

The ene

Ql n,

’

from the

Ql n,

’

where

i
pj,m

NOTE
ISO/CIE 1
instance

This gen
to the b
time baf

r sub-hourly basis. Unlike the regression based annual method in Annex A this method 1
ption concept, as depicted in Figure B.1. Relevant quantities are modelled explicitly and
ng directly with sensors, actors and functional elements of the building automation and
BACS) or are triggering user interaction. By this approach, model configuration@nd parametf
design stage can seamlessly be used in the BACS configurationlZl.

gy demand for lighting in an evaluation area j of a building zone n can directly be derived b

1
= le,n,i, j (
i=1
luminaire or luminaire groups actors (“Light actuator”) pHysical output L (see B.5.2) to the 4
i =PjmaxAjLj it (1

number of discrete time intervals witliconstant L;;
index of discrete time interval with constant L;;

lighting actor’s physical qtitput, directly controlling fixtures/group of fixtures, valu
rfto B.5.2.

in area Aj;

Currently, ISO/CIEZ0086 only provides constant values, i.e. p; = const. p; can come from other sou
0086 like a detailed lighting design calculation or can refer to a future aéapted ISO/CIE 20086, all
time variant mgintained illuminances with therefore corresponding variable p;.

eral Foriuyla is parametrized in this annex to a practically applicable approach, which is cq
hildingssegmentation procedure of A.2. Nevertheless, it also allows free segmentations and
is ahd hereby generally is open to more refined approaches.

1d on an
elies on
hre then
control
rization

3.1)

reas by:

5.2)

es [0,1],

fixed or time dependent specific available maximum electrical evaluation power of lugninaires

Fces than
wing for

nsistent
flexible

Th 1 1. 1 4] £o11 H i i Aot o 1. 4+ | il 4] H 4+ £ 1 Ll
€ metnoamvorves—tire torow 15 Stdgts LU UTLICT IHIITTIT dlLlUTUIITg U J.U LT TIITPAl U Ul Uda y 1151

energy demand for electric lighting.

t on the

— B.2 containsareformulation of Formula (2) to an hourly (sub-hour) time basisand a procedure for building
segmentation following A.2 and control point allocation. It also outlines the link to the calculation of the
specific installed power of the electric lighting system (e.g. see ISO/CIE 20086).

— B.3 specifies and parametrizes an algebraic calculation procedure for the daylight supply and as a come
along also a procedure for solar transmission.

— B.4 specifies a user model covering occupancy patterns, lighting requirements and manual interaction
with the lighting and solar-/glare protection system.
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— B.5 specifies with focus on daylighting selected lighting control elements as part of building automation
and control Systems (BACS).

— B.6 holds an example.

Real world

Daylight and room

Electric light and room

User

[t

|

|

’ B.5 Building automation |

(e.g. ISO 16484, VDI 3813)

’ B.5.1 Sensors |
! B.5.2 Actors

i B.5.3 Operator functions |

B.5.4 Application functions !

’ B.5.5 Network application and processing functions q |

B.5.6 Function extension and synthesis ,

Figure B.1 — Emulation concept and structure of comprehensive hourly method

This doqument has data sets that are publicly accessjble online via ISO atl8] holding parametrizations for the
algebraifr daylight calculation procedure and user model. B.6 holds an example of how to apply the ethod.

B.2 Time Basis, Building Segmentation, Control Point Allocation, Link to electrjc

The timg basis generally can-be Set free as in Formula (B.2). In the scope of the method in this Annex, the
specifications apply-"An hourly time basis ¢; is assumed, following the main driving data gvailable

ti =Fisna tlisa (B.3)

into tw¢ intervals with sunshading activated “SA” and not activated “SNA” is introduced. Thiq follows
facade activation being the main discriminator of lighting supply in daylit buildings (see B.3.2). A¢tivation
of sunshading/glare protection depends on the setpoints of for instance the automatic solar contrdller (see
B.5.4), which evaluates radiation or illuminance levels on the facade. This is generally strongly dependent on
the dynamics of the used sky model being a function of sunshine probabilities (see B.3.2).

B.2.2 Building Segmentation
Evaluation areas can be subdivided following.

a) The building segmentation according to A.2

Qi n,j,i =P;jlAp(Lp j; snatisna +Lp,jisatisa)+tAnpLlnp,j;i til (B.4)
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This can deviate from the real physical segmentation of lighting circuits (and control areas), but can be a
good early estimate, when the exact electric circuit segmentation is not yet known?).

b) Theuse of other evaluation areas A, in Formula (B.2), e.g. following the spatial detection range of daylight

Or occupancy sensors, is possible. 'fhi

and

has to be matched to the systematic of the daylight calculation in B.3.

B.2.3 Control point Allocation

Control

oints have to be allocated for the electric lighting system (occupancy detection and dayli

s then results in free definition of sensor areas Aj in Formula (B.2)

ht) and

the sun
switche
be perfo
the sens

a) Eled

For auto

i)

ii)

b) Sun

The plad

shall be assumed on the outside facad€.in the middle of the window/ facade element of the ev

ares
sen;
swit
be ¢

For free
(outside
employd

B.2.4

pj(t) cay
esign |

Link to electric lighting

shading/glare control system. This encompasses automatic, i.e. sensors, and manual ¢of
b (see B.5.3). This can be matched following the simplified building segmentation as of' B.2]
rmed freely following real sensor placement. For real sensor placement, the actual détectio
ors defines the areal segmentation into 4;.

tric lighting system
matic controls and manual switching of the electric lighting system the following applies.

For building segmentation according to A.2: For this option the medanyvalue of V according
has to be assumed. In the case of a vertical facade, the V matrix miust have been determine
basis of the mean value of V matrices on the axis running parallel to the respective facadg
and at a distance of half the space depth from the facade. The specifications of V matrices
and B.3.5 do address this. In the case of a rooflight situations a mean illumination over the
by daylight is assumed following A.4. Therefore sensarsi reading Ep,qm 4ay(t,) according t
can be positioned freely over this area.

For real sensor placement: For modelling the hehaviour of a real sensor the V Matrix (B.]
match the sensor position/detection point or area (then representing an average V).

shading

ement of “brightness and/or irradiange sensors outside” (see B.5.1) for automatic sun shadin

under consideration. On roofs _the sensor should be placed unobstructed and horizont
or positions have to coincide.with the point for the OE-Matrix calculations (see B.3.2.2). For
ching, following the modekin*B.4.3, in addition the solar penetration at the working plane s
onsidered.

modelling, any other-control points can be assumed under the constraint of matched mat]
on the facade) @nd matrices V (inside the spaces). Luminance based controls in spaces
d by relying V¢ jindoor luminance matrices (see B.3.1.1).

beobtained from ISO/CIE 20086 (calculated or directly measured) or by an acknowledged
roeess. Especially pj(t;) can - based on the chosen time basis - be made time dependent

trol, i.e.
2 or can
h area of

to A.3.1
d on the
section
in B.3.4
areas lit
p B.3.1.1

) has to

b control
aluation
lly. The
manual
hall also

rices OE
may be

lighting
By this

ClL _LCCIN

the vari

Josl i £l b a b £l Vil ol h I R e £ 3
dUIIILY UL LHHT PUWLUT CUILILSUIITPUUIT STTIT T STALT UL LT dI't 0oL (Vo L) HIGIHUITS TIATULTS d5 1uul,t101'1 e.g.

of selected colour temperatures (“tunable white”) or non-linearities of dimming curves can be regarded.
Specification of these functional dependencies are not part of this standard but can be included in the
calculation procedure by reference to external functions or tabulated values.

1) The segmentation according to A.2 has proven to work well in different worldwide software implementations of this

method (.

standard). This applies for vertical facades and rooflights.
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B.3 Daylight supply and come along solar gain calculation

B.3.1 Algebraic calculation of daylight supply (“3 Phase Method”)

B.3.1.1 Algebraic calculation of photometric quantities: E, o, nay(6n)) Lroom,pay(tr)

The daylight contribution at the control point(s) in the room is calculated by a light flux transfer calculation
broken into the following three phases (“3-Phase-Method”).

— 1stphase: Modelling the light flux from the sky to the exterior of the fenestration unit/rooflight.

Figure H
a) Ind

Indoor il

For more ¢ha : al facad ] .. ] g
control/sensor point the illuminance levels according to B.5 are to be superimposed.

phase: Modelling the light flux from the interior of the fenestration unit/rooflightto’ the
t(s) in the respective evaluation area.

.2 provides a systematic overview.
or illuminance for general vertical facades, inclined fenestration systems,@nd rooflights

luminance for general vertical facades, inclined fenestration systemsfand rooflights is detert

m, Day (ti):Vv,E TOEs, (ti)

m,Day(ti )

is the n-dim illuminance by daylight ¥ector at the control (reference) points.

without

control

hined by
(B.5)

k-dim vector of fluxes from sky pateh luminances of the hemisphere above the[building

for a given time.

is the outside environment’ - k matrix containing the coefficients between|[incident

luminous flux from the ksky patches and the outer environment as seen by th
on [ patches.

is the m - I visual Bidirectional Scattering Distribution Function (BSDF) mati

e facade

ix of the

fenestrationwnit. The visual BSDF describes the light scattering properties of amaterial
(here a facade system, e.g. fenestration with or without glare protection or sunfhading)
by specifying the amount of light from an incident direction that is reflectedl and/or
trapsmitted in an exiting direction. BSDFs can be represented as analytical formulae
or ~ds used here - based on tabulated data for given angular supports, i.e. asam - [
mdtrix of values for l incident and m exiting directions (patches). For sunshading not

activated it shall be indexed SNA, i.e. T, s\, for sunshading activated T, s,.

is the view point connection n - m matrix connecting the m emitting directiom
inside of the facade with the illuminance at the n sensor points in the conside

b) Indoor luminance for general vertical facades, inclined fenestration systems, and rooflights
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For certain controls rather the luminance L2 is relevant, which can be derived with

LRoom, Day (ti ) :VV,L TOEs, (ti)

(B.6)

where V, | is the view point connection n - m matrix connecting the m emitting directions on the inside of
the facade with the luminance at with the k sensor points in the considered area.

For more than one vertical facade, inclined fenestration system, and rooflights contributing light to a

control/

sensor point the luminance levels according to B.6 are to be superimposed.

¢) Indoor illuminance for rooflights with diffuse glazing/sunshading

For the (
daylight]

Er

(0]

The OEh
gives th
the full

For mor
illumina

d) Out

For the

E Fad

where |

This dod

ase of diffuse transmitting rooflights (as for A.4) the hourly calculation can be performed.b
factor according to Formula (A.18) following

m, Day (ti ) = Dj I OEhorizontal,unobstructed Sy (ti ) (1

rizontal,unobstructed Matrix shall be determined for horizontal incline and withoutshading. Ey,
e average value of the illuminance in the considered evaluation area. For‘ther than diffusg
/-Matrix based calculation according to (B.5) has to be performed.

nce levels according to Formula B.7 are to be superimposed.
bide illuminance

ontrol of facade systems the outside illuminance can be obtained by:

hde, Day (¢;)=10Es, (¢;) (1

s an all one [-dim vector.

ument comes with numerous example matrices (see B.3.5).

ased the

8.7)

)m,day(ti)
glazing

e than one rooflight with diffuse glazing /sunshading contributing light to a control/sensor point the

3.8)

2) Foruse of luminances in certain lighting control schemes the angular resolution is of crucial importance. A discussion
can be found in 1.
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Light/radiation flux
Result Room Facade O.Uts'de Sun and sky
environment
Tysna [m,1] or Tysa [m,]]
/
Lamellen- ;
winkel o OE [1K] su(t) [K]
ERroom,pay(ti) [n] Vi[n,m] 0° £ .:::L;‘:f.‘ i
w I
i
illuminance, | SEEEENRS
genefal . I
45° - t
b) Ingloor '
lumigpance, Lroom,pay(ti) [n] = Vi[n,m] * 90° ji
general
c) Indoor
illumlinance, i _ B Q
diffuse ERuom,Day(tl) [Il] = D] [nv m] * l[mr l] Q
roofljghts Q
>
d) Oytdoor : _
illumfinance Eracadepay(t)[n] = 1 (%)
O
®$ se(t) [K]
ielzssi((;ear gam Iroom pay(t3) [1] = I[]* Tesna [m]] + gisna Oﬁhl] * Tesa [m]] + qisna
a \
f) Outd ‘\C)v
utdoor _
R S Ioompay(8)[n] = 1[1] C)\
m, D , t;
g) SHIGC SHGC(t) = parbay (£1)

Figure

Figure B

>
O
B.2 — Systemat%&:rview of algebraic calculation of daylight and irradiance supply
Q@ on the flux transfer method

ta structures Par_Outside, Par_Facade, Par_Room specify the emulations ang

Figure B.3 h?\@aphical representations following the emulation concept as introduced in
1. T

paramet

1
ri@o lowing the parameter set in chapter B.3.5.
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I_ Emulator _I Lgoom,pay (8

I_ Emulator _I Egpompay &) /7
k E ) i daylight luminance

daylight illuminance

| in room | | inroom |
i Par_Outside | | Par_Outside |
— » Par_Facade : — » Par_Facade :
Iflr_Room J Ijir_Room J
a) Representation of Formulae (B.5), (B.7) b) Representation of Formula (B.6)
l_ Emulator _I Eracagepay (0) B
| HIUMmiInance omnracade | \7 /

— Par_Outside

c) Representation of Formula (B.8)

Ty

jgure B.3 — Graphical representation of emulators for lighting as.input to sensors in .

B.3.1.2 | Algebraic calculation of solar gains inside and exterior on'facade
Confornjity between the physical light and solar radiation flux modelling shall be assured.
a) Indgor irradiance for general vertical facades, inclined fenestration systems, and rooflights.

The trarnsmitted irradiance for general vertical facades ahd rooflights is described by

Ee,RDom,Day (ti ) :ITeOE Se (ti )+qi (ti ) ( 3-9)

where

Ee,rbom,pay(t?) is the n-dim irradidnce vector at the control (reference) points.

et k-dim vecter-of fluxes from sky patch radiances of the hemisphere above the puilding
for a given time.

T, is thieym - [ optical BSDF matrix of the fenestration unit. The BSDF describes fhe scat-
tering properties of a material (here a facade system, e.g. fenestration withfor with-
out glare protection or sunshading) by specifying the amount of radiation|from an
incident direction that is reflected and/or transmitted in an exiting directioh. BSDFs
can be represented as analytical formulae or - as used here - based on tabulqted data
for given angular supports, i.e. as a m -  matrix of values for | incident and m exiting
directions (patches). For sunshading not activated it can be indexed SNA, i.p. T, gy,
for sunshading activated T, gp.

q,(t) the convective part g,, i.e. the thermal heat transfer through the fenestration unit.

For example, data for angular dependent BSDF, see B.3.5. g; can be determined following[10l,
b) Outside irradiance.

For the control of facade systems, the outside irradiance can be obtained by:

Ee,Facade,Day (¢;)=10E Se (¢)

¢) Solar heat gain coefficient (SHGC).
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The angular dependent solar heat gain coefficient SHGC(t;) can be obtained by

Ee,Room,Day (ti )

SHGC(t; )= (B.11)

e,Facade,Day (ti )

Figure B.4 holds graphical representations following the emulation concept as introduced in B.1, see
Figure B.1. The data structures Par_Outside, Par_Facade, Par_Room specify the emulations and can be
parametrized following the parameter set in chapter B.3.5.

Emulator B IFacade,Day (ti)

irradiance on facade

Es‘ 4>| Par_Outside |

! B EELil-at;‘ B ! Ee,Room,Day (ti)

| irradiance | e :
in room ! L
| Par_Outside ' — B
—'l Par:Facade | ,_ Emulator _l E, Fyeadenay (1) EE
|____| | irradiance on facade . ‘9
47! Par_Outside |
a) Representation of Formula (B.9 b) Representation of Formula (B.10

Figure B.4 — Graphical representation of emulator for jrradiance as input to sensors in|0.

B.3.1.3 | Angular basis (Data resolution)

The angplar basis determines the resolution and accuracy of the algebraic calculation of daylight supply (the
“3 Phas¢ method”). It generally is built around the basis of the T, (T,) matrices, i.e. the data resolutipn of the
BSDF of|the fenestration unit. For energy calculatien purposes two angular basis schemes, the “Klgms” and
“Tregenta” scheme are practically establishedl21211], Measurement facilities and calculation schgmes are
generally following these conventionsl?l. Figure B.5 specifies both schemes of angular discretization into
altitudeland azimuth angle pairs [6, @] of the incident and exiting hemispheres. Other (higher) redolutions
can be ujsed accordingly, if correspondingdata are available.

Numbef of incident directions
145
Incident/exiting directions
01°] ¢ [°]
0 02
10 0% 'to 315°, 45° increments
20 0°to 337,5° 22,5° increments
30 0°to 342° 18° increments
40 0° to 345° 15° increments
50 0° to 345° 15° increments
60 0° to 345°, 15° increments
70 0°to 337,5° 22,5° increments
82,5 0° to 330°, 30° increments

a) Klems[2.11]
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Number of incident directions
145

Incident/exiting directions

61°] ¢ [°]

0 0°

12 0°to 300°, 60° increments

24 0°to 330° 30° increments

36 0°to 340°, 20° increments

48 0°to 345° 15° increments

60 0° to 345° 15° increments

72 0°to 348° 12° increments

84 0°to 348° 12° increments

b) Tregenzalll12]
Figure B.5 — Two BSDF angular basis

B.3.2 Requirements for climate data, i.e. sky vector s, (n) and outside environment (OE)
B.3.2.1 | Sky vector s (n)
Accordipg to the selected angular basis sky vectors s,(t;) \s.(t;)) are to be calculated as function of
astronomic and local climate. As within an hourly interval the'biggest dynamics between real sky conditions

are gene
probabi

ssp(t)) s

The rela
overcasf
data der

The lun
describe

For timd

Sv,l—

For timsd

hall be considered.

ived from the diffuse and direct (ndrmal) insolation contained in standard weather data fil

linances for different sky conditions are then superimposed following a mean sky co
d inl29] [21] weighing overcastand clear sky conditions as function of the sunshine probabil

interval t;_gqp:

E d
Lssp (t; )(QKP)=(1—55P)—E0c'measure Leig_typets (£1)(0.9)
CIE_Typel6 "

E
+SSPWLCIE_Type13 (¢)(0,0)
CIE, Typel3

interval tggp:

rally between sunshine and no sunshine, the dynamic is assumed to be a function of the Junshine
ity. For the two intervals tggp and ¢ gsp separate'sky vectors s, ¢sp(t;) and s, 1 gsp(t) (Se ssp(t)and s, ;-

tive luminance distributions of two parametrizations of the CIE standard general skyl[lf14] the
sky: type 16 and the standard clear.sky, some pollution: type 13, and direct insolation are dcaled by

LS.

lcept as
ty.

12)

Sv,ss

with

Ldire

E d
P (ti )(9’(p) :(1_SSP)E?C—mﬂ LCIE_Type16 (ti )(9,(0)4—
CIE_Typel6
E (B
1 d
SSPEC_mﬂLCIE—TYP""13 (ti )(0'¢)+Ldirect_sun (ti )(9'(0)
CIE_Typel3

Edirect sun,measured
ct_sun (ti )(esun »@Psun ) = 0 (9_ COS(esun )

sun '¢sun )
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where

0, are angle of sky patch according to Klems or Tregenza scheme;

Leie_Typets is the luminance of the CIE standard general sky, type 16, traditional CIE overcast
sky [cd/m?2];

Leig_Type13 is the luminance of CIE standard general sky, type 13, standard clear sky [cd/m?Z];

Liirect_sun is the luminance of the associated sun patch of direct insolation;

Ecig Typets is horizontal illuminance of the CIE standard general sky, type 16, traditional CIE
overcast sky [Ix];

Ecig_Type13 is horizontal illuminance of CIE standard general sky, type 13, standard-clear sky [1x];

Eoc Ineasured is horizontal illuminance for overcast sky conditions from weather'data files [1x];

Eq heasured is horizontal illuminance for clear sky conditions from weather data files []x];

Egirbet_sun_measure is horizontal illuminance by direct sun light from weather data files [1x];

SSP is sunshine probability from weather data files;

Osunl» Psun are angle of sun patch according to Klems or Trégenza schemes;

Q

The req]uiired parameters horizontal illuminance for overcastE

and by

different

Compar

is solid angle of sun patch according to Klems or Tregenza schemes.

bc_measured » €léar sky conditions E

irect sunlight Egjrect sun_measured @Nd SSP arecavailable as data sets (see B.3.5) for the
locations and climates according to A.3.2.2 (Table A.2).

facade action, these should allow to break dowai-hourly intervals into subintervals with and witho

insolatic

B.3.2.2

The out
sky patd
of refled
betweer]
example

B.3.3

BSDF dg
transmi

n.

Outside environment (OE)

bide environment / - k matrix OE describes the relation between incident luminous flux fr
hes and the outer envirohment as seen by the facade on m patches. It therefore holds th
tions by the ground, shading of light by obstructions of the facade, as well as of interre
the building containing the room to be evaluated itself and outside obstructions of the fag
OE matrix data-sets refer to chapter B.3.5.

Requirements for T,, T,, i.e. BSDF data

ta for>F, and T, from multiple sources can be used. For standard transparent or strongly

_|measured

selected

hble other dynamic sky models or real data:(sky scanner) can be used alternatively. For appropriate

it direct

m the k
e impact
lections
ade. For

r diffuse
uations,

Lambert

tmg 1ntegrated glazmg umts (IGUs) they can be determmed analytlcally (e g Fresnel eq

elements,

or IGUs in combmatlon w1th dynamlc sunshadmg or glare protectlon unlts elther measured or numerlcally
determined BSDF data shall be used. The integrated units can be measured or numerically determined as a
whole or can be numerically combined via algebraic calculation1911] from single components to IGUs[10.1115],
The angular basis of the data have to follow the specifications of B.3.1.3.
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The measurement based or numerical (e.g. via forward raytracing algorithms) goniophotometric assessment
procedure has to be quality assured[212]. BSDF datasets for lighting (T,) and solar gains (T,) calculation
ideally should be determined in the same measurement device or with the same numerical procedure.3)

For dynamic systems, like venetian blinds, different datasets for the different incline angles of lamellas may
be used. This incline angular scheme has to match the control schemes (e.g. cut-off compare to B.5.4, here
“Slat Tracking”).

Subclause B.3.5 holds a selection of typical IGUs combined with typical sunshading and glare protection

systems.

B.3.4 Requirements for view point connection matrix

View pd
configuf
has to
(e.g. sur
Subclau

int connection matrices V,p and V,; can be determined for specific spaces, specifi¢
ations, i.e. positioning of dayllght openings, and reference or control points. Theig-deterr
pke into account the relevant boundary conditions, i.e. space geometry and material pr
face reflectance). Different lighting simulation programs nowadays offer thiscealculation
e B.3.5 holds a selection of view point connection matrices for typical room configurations

B.3.5

For the
via an I§
Formulg

Parametrization of typical daylight scenarios

fwo given angular basis schemes, “Klems” and “Tregenza” following.B.3.1.3 the data sets [
O serverl8] contain exemplarily parametrizations for typical daylight scenarios which parg
e (B.5), (B.6), (B.7), (B.8), (B.9), (B.10). Table B.1 gives an overview of the data files.

Table B.1 — Data files accessible via ISO for parametrization of typical daylight scenario

facade
hination
operties
[process.

rovided
metrize

s8]

Filename Description

1 IS

[Mluminancesand sunshine probabilities for the locations ad

010916 Weatherdata.xml to Table A.2.'derived from TRY weather data sets.

cording

2 IS

Coefficients OE between incident luminous flux from the sk
0_10916_Matrices_OE.xml patchesand the outer environment as seen by the facade fo1
oufside shading scenarios.

y
typical

3 IS

T, and T, (BSDF) of integrated glazing units with and witho

0_10916_Matrices_Tv_Te.xml shading//glare protection.

1t sun-

I
r

View point connection matrices V, ;. Parametrization of spq
0_10916_Matrices_Vv_h_wwrarfl_rw_ |files according to Table B.4. The flle naming convention is h
. xml height, wwr: window wall ratio, rfl: pgjoop TW: Pyane TC: Pee
files each contain the variation of the room width and room

cific
room
ing The

depth.

Formall

represemtation of the emulator according to B.3.1. parametrize the daylight scenarios of the d

specifie

U, the parameter structures Par Outside, Par_Facade and Par_Room following the g

1 in Table B.2:

raphical
pta files

3) For spectrally neutral (“grey”), i.e. generally independent of wavelength, components of shading devices the same
BSDF may be taken. This nevertheless does not hold true for the combination with todays coated glazing components,
which spectrally highly selective. These can numerically be combined for instance in WINDOW 7.
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Table B.2 — Parameter structures for parametrization of typical daylight scenarios for data files on

ISO server

Structure Name Parameter

Site

1 |Par_Outside Albedo [%]

Linear_Shading_Angle [°]

2 |Par_Facade

Albedo [%]

Glazing_Type [-]

Sunshading_Type [-]

Sunshading_Position [-]

Width [m]

Depth [m]

hr_Room Height [m]

Window_Wall_Ratio [%]

Reflection_Coefficients (g0 Pwalls Pcbiting) [%0,%,%]

— [lluminances and sunshine probabilities for selected locations

The file
accordir

The file
and the

reflectig

provide

The file
without

alone an
and glaft

slat wid

steps (f1]

light tra
outside

1SO_10916_Weather.xml contains illuminances and sunshine probabilities on an houry
g to the locations listed in Table A.2 for parametrizing thésky vector s,(n) according to B.3|

Duter environment (OE)

[SO_10916_Matrices_OE.xml holds coefficients betwéen incident luminous flux from the sky
outer environment as seen by vertical facades*for linear shading of 0° 15° 30° 45° for
ns (Albedo) of 10 %, 20 %, 30 %, 40 %. A set of coefficients for unobstructed horizontal fz
1 as well.

hlazing and sunshading T, and T,

1SO_10916_Matrices_Tv_Te.xml Holds T, and T, (BSDF) datasets of integrated glazing unif
and with sunshading/glare.protection. The datasets are provided for the five IGUs in T
d each in combination with'the sunshading and glare protection systems. As combined sur

ly basis
2.1.

patches
outside
cades is

s (IGUs)
able B.3
shading

e protection systems asvenetian blind system with opaque grey 0,08 m wide slats with a
om closed to fully dpen) and a textile blind system (grey, densely woven with a direct hemi

hsmission of 5 %)-are provided. Their position is varied between inside, in the gap of the p
pf the IGU, see¥igure B.6.

Table B.3 — Data of typical low € glazing, solar glazing (double and triple)

ratio of

pherical
nes, and

th to distance between slats of 0,072 m; diffuse reflection of slats: 80 %, slat angles Varyiﬁg in 10°

T,D65 T2 Ra g-Value Selectivity S

Glazi
azing Type [%] [%] [ [ [ (W

m-Z.K-l]

Low ¢ glazing, double 82 57 98 0,65 1,26

1,1

Low ¢ glazing, triple 74 45 96 0,53 1,4

0,7

Moderate Solar glazing, triple 66 34 94 0,39 1,69

0,7

Blw (N~

Stronger Solar glazing, triple 46 21 91 0,25 1,84

0,7

a  (Calculated for wavelength: 300 nm to 2 500 nm following definition in EN 410[22]
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a) b) c)
/ / 7
/ / 7
1 / /| /
/ / 7
/ / 7
/ / 7

Figure¢ B.6 — Sunshading type (glare protection type) and position: Venetian blinds and textile in
relation to the panes of a two pane IGU.

For typig¢al rooflight systems, generally, the diffuse light transmission can be assumed (see (B.7)). Foy diffuse
light trapsmission, the luminance coefficients in matrix T, can be assumed constaiit/A normalized T}, matrix
is provided in the file. The IGUs according to Table B.3 can be employed for rooflights use as well.

Table B.4 — Data of typical rooflight components

M Polycarbonate sheets T,D65 T2 Ra g-Value Selectivity S U,
[%] [%] [-] [-] [-] [WimZK1]
1 |5flayers, 20 mm, transparent 59 52 100 0,57 1,1 1,7
2 |5tlayers, 20 mm, diffuse 47 43 99 0,47 1,0 1,7
3 |7{layers, 16 mm, clear 55 51 99 0,53 1,0 1,7
4 |7{layers, 16 mm, diffuse 38 33 96 0,38 1,0 1,7
a  (Calcylated for wavelength: 300 nm to 2 500 nm.

— Yiew point connection matrices V

The file|ISO_10916_Matrices_Vv_h_wwricfl_rw_rc.xml holds view point connection matrices V, for each
of the parameter combinations according to Table B.5 for vertical facades. These cover differept room
dimensipns, window wall ratios @nd reflection coefficients. Values are provided for different reference/
control points.

— Follpwing the control @eint allocation, as described in B.2.3, referring to the building segmgentation
progedure accordingt¢-A.3.1.

— For|more specifi¢positioning of sensors and following spatial daylight autonomy concepts, vdlues are
proyided onstandardized grids over the area benefitting from daylight.

For the lpter grid cells, approximating to a square is preferred. The ratio of length to width of a grid ¢ell shall
be kept between 0,5 and 2. The maximum grid size shall be:

p=0,5><5]°g1°(d) (B.14)

where

p <10 m,

d is the longer dimension of the calculation area (m), however if the ratio of the longer to the shorter
side is 2 or more then d becomes the shorter dimension of the area, and

p is the maximum grid cell size (m).
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The number of points in the relevant dimension is given by the nearest whole number that is equal to or
greater than d/p.

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

In addition, values in the geometric centre of the rooms are provided.

At each reference point the horizontal illuminance is determined at a height above floor of 0,85 m and
the vertical illuminances in the four directions perpendicular and parallel at a height above floor of 1,2 m
(eyeheight of a seated observer). The placement of windows in the vertical walls (facade) is specified in
the corresponding VMX files. Window sizing and positioning as function of the Window Wall_Ratio will be
provided in the technical report. Windows are horizontally centred in the walls.

Table(B.5 — Room parameters Par_Room for which V, ; matrices in ISO_10916_Matrices_v.cpv are

provided
# Parameter Parameter setting
1 [Width 2m;3m;4m;5m;6m;7m; 8m;9m; 10/m
2 |Dlepth 3m;4m;5m;6m;7m; 8m
3 |Height 2,5m;3m;3,5m;4m
25 %; 40 %; 60 %; 100 %
4 |Window Wall Ratio (description of window placement: balustrade and lintel for|25 %;
40 %; 60 %: ..)
. o "Dark“: 10 %, 30 %,38.%
5 /I:?flécglon coefficients (Pppor Pwallss "Standard": 20 %50 %, 70 %
e "Standard": 2086, 50 %, 70 %

B.4 User Model: Occupancy, lighting requirements and system interaction

B.4.1 General

User’s imfluence on the lighting energyldemand depends on their presence in the evaluation ar¢a/space
(occupancy), their lighting requirements and their interaction with the electric lighting system|and the
daylight{system (i.e. sun/glare protection).

B.4.2 Qccupancy patterns

Occuparjcy patterns represent presence of individuals or group of individuals in an evaluation ar¢a in the
considerted time interyal The occupancy signal can be assigned as input to:

— autgmated systems, i.e. occupancy sensors;

— asnjasking/windowing function for the time interval in which occupants can manually interactwith the
lighting'and shading system (ref. to B.4.4).

Occupancy spatially can be assigned to an evaluation area or also to individual workplaces. Individual
control points/areas have to be specified. Practically these are in accordance with reference points (view
matrix) for daylight sensing (B.3), as often integrated daylight and occupancy sensors are employed.

B.4.5 provides a selection of representative hourly schedules. Linkage to stochastic modelling of occupancy
is possible as wellll6l, Also, especially for judging the impact/influence of subhour effects of occupancy
sensing like subhour delays in switching off — requesting then higher sampled user occupancy patterns as
for instance to be obtained byll6l, sub hour simulations for these effects may be run. In order to be aligned
with the hourly by climatic data driven daylight calculations, these then have to aggregated to hourly values,

Figure B.7 holds a graphical representation following the emulation concept as introduced in B.1, see
Figure B.1. The data structures Par_User specifies the emulation and can exemplarily be parametrized
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following B.4.4. Occupancy patterns serve as input P to presence detection sensors (see B.5.1) or as masking/

windowing function to the manual light switch models/emulators (see B.4.3).

! Emulator

i user occupancy

—— = Par_Usertype

Figure B.7 — Graphical representation of emulator for occupancy as input to sensors in

0.

B.4.3 Lighting requirements for automatic controls

Lighting requirements serve as set values for automatic operation by lighting controls. This'applies j
the appropriate and corresponding design of the electric lighting system (e.g. translation into ¢
levels, if|the lighting system has that max. power/can provide the required output) afidalso dayligh
glare prptection).

The set yalues can encompass visual (e.g. E,, CCT) as well as non-visual parameters (e.g. E,, . at e}
These cdn be specified on an hourly basis. They can be defined as function-of age, gender, (individu
sensitivity, availability (cost) of electric power, if adequate data are available (rf. also to the conc
called “qontext modifiers”[7]). Formally lighting requirements are represented by an application
“Lighting Requirements” as specified in B.5.5 or as direct parameté€rs for application functions like *
Dependé¢nt Lighting” as also specified in B.5.5.

Corresppnding models to describe electric power demand of the luminaires as function of the dimm
or selectfed colour temperature are to be assumed (B.2.4.an/d B.5.2).

B.4.4 Interaction of user with lighting system

Interactjon of users with electric lighting and.sun/glare protection is either manual or automatio
differenf combinations thereof:

a) botl fully manual;

b) electric lighting manual, sun/glare protection automatic;
c) electric lighting automatic sun/glare protection control manual;

d) fully automatic.

rovided
[imming
fing (e.g.

e level).
pl) glare
ept of so
function
Daylight

ng state

or in in

For autgmatic lightingcontrols the lighting requirements define the set values (see B.4.3). For ayitomatic

sunshading activatien, often irradiance values (set points) are used.

— Simple manual switching model electric lighting

hodelled

For electriclighting, the input to a manual on/offlight switch Lg, (B.5.3

‘Manual Light Switch) can be n
as et orlarea-tortheoee Hratter+

1if ERoom Day < ESetpoint
Set ={ (B.15)

0if ERoom,Day 2 ESetpoint
with Egetpoint = 150 1x as recommended valuell8, depicted in Figure B.8.
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Lighting domain
occupied?

Is daylight Yes
E,

Room,Day (ti) < ESetpoint
?

Other mpdels/assumptions e.g. based on vertical illuminances can be used to-define L, as function o

No Switch lights on
Switch lights off Loy =1
LSet =0

Figure B.8 — Flow chart of model for simple manual switching of el€ctric lighting.

Fmanual

swifching as well. Figure B.9 holds a graphical representation of manual switching as input to § manual
light switch (see B.5.3) sending Lg,, to an actor following the intréduced emulation concept inf B.1, see
Figyre B.1.
 Emulator
! manual switching
| electric lighting
binary :
2 | 'BoN
ERoom‘Day (ti) :
4—! Par_ESETPT
Figure B.9 — Graphical represefitation of emulator for manual switching of electric lighting as input

— Sim

Manual
the
the

to operator functions in B.5.3.

ble manual sun/glare protection model

pperation of(suti/glare protection can be modelled such that with occupation of an evaluat
sun/glare-protection is assumed to be open, then as function of the possible solar penetra
Epace andvirradiance on the facade it will be closed when the condition

0

ion area
fion into

(B.16)

SSet ={

If SolarPenetration # 1and E¢ pacade = E ¢ Setpoint

with a recommended Igepoine = 233 W/m?2 181 is fulfilled and will remain in this state until the end of that
occupation interval/period.

The variable SolarPenetration is 1 if direct sunlight hits the reference point/control point. This signal can be
derived either by evaluating the geometric relation of the window and the control point position or by
evaluating a threshold illuminance level at the control point. (See Figure B.10)
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First hour o
occupancy of the day

tn = tday,o H

Blinds closed for
> Par_THysSetp

Yes

Yes

Open blinds
St = 0y

Are blinds
closed

Yes

Solar penetration ==

IsE

e,Facade

> Par_EeSetp

Close blinds

SSet =1

Figure B.10 — Flow chart of a simple model for manual switching sunshading/glare control

Other models/assumptions can be used to.define Sg,. as well. Figure B.11 holds a graphical representation
of manufal switching as input to a manualshading switch (see B.5.3) sending Sg,, to an actor folloying the
introduged emulation concept as introduced in B.1, see Figure B.1.

Emulator
manual switching
sun-/glare protection
binary .

4»] B_ON
SolarPenetration |
—_—
Ee,Facade (t)

4—| Par_EeSETPT

4—Lpar_THysSETPT J

Figure B.11 — Graphical representation of emulator for manual switching of sunshading/glare
control as input to operator functions in B.5.3

— Combinations of manual electric lighting switching and sun/glare protection activation

The manual modes can be combined with automatic modes each (refer to 0). In any case sun/glare protection
have to be evaluated first to assess the proper daylight supply for the electric lighting to act upon.
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B.4.5 Parametrization of typical occupancy patterns and user requirements

Following the specifications in B.4.2 and B.4.3, the ISO serverl8] contains exemplarily parametrizations for
typical occupancy patterns and lighting requirements scenarios. Table B.7 gives an overview of the data files.

Table B.6 — Data files on ISO server for parametrization of typical user requirements and

occupancy patterns (Personas)

Filename Description

1 1SO_10916_0OccupancyPatterns.xml

lowing space types as in ISO/CIE 20086

Hourly occupancy patterns for the schedule of interior (areas) fol-

2 140_10916_Requirements.xml activities of ISO/CIE 8995-1.

Hourty tighting TequiTemnents for

— The constant illuminance levels E,, of interior (areas) t

— Integrative lighting schemes with over the day-time
requirements (E,,, CCT)

hsks and

variable

Formall
and the

U, the parameter structures Par_User employed by the occupancy em@lator according
application function "Lighting Requirement” in B.5.4 refers to occupation patterns and

to B.4.2
lighting

requirements of the data files specified in Table B.6. The Par_User structure can be extended, if needled.

Tabl¢ B.7 — User parameters Par_User for parametrizing occupancy and lighting requirements
# Structure Name Parameter
Occupancy_Pattern
1 Ppr_User — -
Lighting_Requiréments

B.5 Building automation and control systems (BACS): daylighting control elem

B.5.1

Sensor,

building automation and control systéms (BACS) specifications as inlZl. Real operational conj

generall
this ene

transitign from this design specifieation into an operational installation the element definitions
be exter

The fol

specification nevertheless can be combined with other, e.g. network BACS functions. This can for
be wind|velocity=based protection of external solar shading units to refine the rating of daylight s
function solatshading activation. In part it relies on functional implementations from other standg
calculatjon-of sun position).

Feneral

actor, operator, application, and-general network function elements definitions follow

[y have a bigger set of configuration parameters (PAR_xxx), which are not required in the
Fgy demand calculation (e.gonly relevant for sub hourly controls like short term hysteres

s used in the following symbolic, graphical representations with “translation tables”.

wing specifieation describes essential elements relevant for lighting installations o

Pnts

general
ponents
scope of
s). For a
fan then

ded, relying on the here-already defined basic structure and parametrization. Symbols andl indices
follow on the emulation side-the naming convention in this document and may be transformed
notation

to BACS

nly. The
nstance
Lpply as
rds (e.g.

This document comprises the following set of elements.

— Sensors (B.5.2):

Brightness sensor outside,
Irradiance sensor outside,

Brightness sensor inside,
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— Presence detection.
— Actors (B.5.3):
— Lighting actuator,
— Sunshade actuator.
— Operator functions (B.5.4):
— Manual light switch,

— Manual blind/shading operation.

— Application functions (B.5.5):

— |Lighting Requirements

— [Daylight Dependent Lighting,

— |Automatic Solar Control,

— [Slat tracking (complex sunshading).
— Selected network application and processing functions (B.5.6):

— |Time signals,

— |Solar altitude calculation,

— [References to additional functions like “automatic thermal control”, “wind speed”.
In additjon, a generic scheme to define function extensions'is provided (B.5.7).

Sensors) actors, operator functions, application functions, selected network application and prpcessing
functions provide and process sensor signals instantaneously at time step n.

B.5.2 S$ensors
— Brightness and irradiance sensor outsSide

The “brightness sensor outside” @nd “irradiance sensor outside”, shown in Figure B.12, read the outside
illuminance Ep,c,qe day(t), FesSpectively irradiance Eg g,caqeday(t) ON a facade according to emnulation
follgwing Formulae (]g 8] and (B.10). Output E_FACADE [lx]|/Ee_FACADE [W/m?] will serve as|input to
the hpplication functien-automatic “solar control” (LSS)

¢ S

Facade
Bilightness measurement Irradiation measurement
L \Y
E_FACADE |——» Ee_FACADE |/ » I
AN
W/m?
Facade
a) b) c)

Figure B.12 — SENSOR: “brightness measurement outside”respectively “irradiation measurement
outside” on facade and corresponding simple graphic representation
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— Brightness sensor inside

The “brightness sensor inside” , shown in Figure B.13, provides the illuminance (respectively irradiation) in a
room Ep ., 4ay(t;) according to emulation following Formula (B.5) at the reference/control point. Output
E_ROOM in Ix will serve as input to the application function “daylight dependent lighting” (B.5.4)).%

9 ®

Brightness measurement
Lx \\

E_ROOM ——

Figy

— Pre;s

The “pr¢
P A
dep
or tj
mer]
mar

Figul

B.5.3 |
— Ligh
The "Lig

RUUM

a) b)

representation

ence detection

bsence detection” sensor, shown in Figure B.14, provides the o€cupancy P in a room/area
JTO as binary signal [Yes/No] can serve as direct input tae_the application functions as °

» o«

endent lighting”, “automatic solar control” (see B.5.4) (e.gfnasking the control of the lighting

oing automatic, sensor based presence detection withythe operator function “Signal Prese
ual light switch in B.5.3.

© ®

Presence detection
P_AUTO | "w )
P_AUTO
a) b)
‘e B.14 — SENSOR: “Presence detection” and corresponding simple graphic represent
Actuators
ting Actuator

ire B.13 — SENSOR: “brightness measurement inside” and corresponding-simple graphic

. Output
daylight
system,

[iggering movement of solar shading) or as input to the-application function “Occupancy evalluation”,

hce” of a

htion

hting actuator, shown in Figure B.15, switches or dims a luminaire or luminaire group accd

rding to

the provided switching/dimming value L_SET provided by an operator function "Manual Light Switch“
or application function "Daylight Dependent Lighting“. The physical output L is directly proportional
to the power demand of the luminaire/luminaire group, i.e. pj(tn) =L Djmax and is used in the balance

Formula (B.2).

4) A real indoor brightness sensor detects the illuminance by day- and electric lighting as part of a feedback control

loop.
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j,max

Pj max
L )

Light actuator ®

—= LSET L SET

Figure B.15 — ACTUATOR: “Light Actuator”

— $unshade Actuator

The "Sunshade actuator®, shown in Figure B16, controls the state S_SET of the shadingdevice. For Ihstance,
in cgse of a venetian blind system this can be the position and angular tilt, in case-of textile blind§ just the
position. The physical output M is the control state of the motor control relay) Within the data sfructure
S_SKT, relative positions (relative to the window/glazed facade height) dre assumed and relative angles
(relqtive between 0, e.g. for horizontal slat incline, and 1 for closed blinds).

Y

Sunshade actuator @
Jal
—— S_SET

a) b)

Figure B.16 — ACTUATOR: “Sunshade Actuator”

B.5.4 Qperator functions
— Manual Light Switch

The “Manual Light Switch” operator function, shown in Figure B.17, connects the manual syitching
probability emulatien with a light actuator [on/off, no dimming].

Y

Manual light switch

i /N
L_SET —— u

a) b)
Figure B.17 — Operator function: “Manual Light Switch” in Room

— Manual blind/shading operation
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The “Manual blind / shading” operator function, shown in Figure B.18, provide the functionality:
— Up/down

— And tilt angle

Y

Manual sunshade switch

]al A v

S SET ——>

a) b)

Figure B.18 — Operator function: “Manual Blind/shading operation™in Room

B.5.5 Application functions

— Lighting Requirements

The “Lighting Requirement” application function, shown in Figure B19, processes the PAR_Room, PAR_User
with redpect to relevant lighting requirements as specified in B.4.2: 'and the binary “B_ON" signal|as from
“TIME_{ignal” and derives E, (t;) and CCT (t,) as dynamic set\points for other application functiogs as e.g.

Daylight-dependent-lighting. The application function may be-extended to other set point quantities as for

instancd luminances or contrast ratios.

Lighting requirements _
Binary Em (t) 1
—— B.ON E_M_SETPT ——— .
CCT (4 -
CCT_SETPT o) Em
Light cCcT
—— Par_Room
—— Par_User
a) b)

Figure-B.19 — APPLICATION FUNCTION: “Lighting Requirements”

— Paylight Dependent Lighting

The “Daylight.Dependent Lighting” application function, shown in Figure B.20, processes the E_ROOM
reading ps.from Sensor “Brightness Measurement Inside” and derives L_SET from the difference of E_ROOM

and PAR_SETPT which represents the maintained illuminance. The function is masked by P_Act.

0 if E ROOM >PAR_SEPT

LsgT = PAR_SEPT—E_ROOM

if E ROOM <PAR_SEPT
PAR_SEPT
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Pres Daylight-dependent lighting Light @
— P_ACT L SET —
lX—— E_ROOM R
®
—— PAR_SETPT Room
a) b)

Figure B.20 — APPLICATION FUNCTION: “Daylight dependent lighting actor”

— ‘Lutomatic Solar Control

The “Au
as from
ACT and

S Aut

q

The “Slat tracking” application’ function, shown in Figure B.22 and B.23, processes the E_FACADE

as from
ACT and
control”
venetiar

PRO

$lat tracking

omatic solar control” application function, shown in Figure B.21, processes the ECFACADE
Sensor “Brightness Measurement Outside” and derives S_AUTO based on activation limif
deactivation limit PAR_E_DEA. The function is masked by B_ON.

0

0 if E_FACADE>PAR _E_ACT s
" |1 ifE_FACADE<PAR _E_DEA

Automatic solar control
Binary JAL
——— B_ON S_AUTO —

Ix
——— E_FACADE @
—— = PAR_E_ACT @

——— PAR_E_DEA

Facade

a) b)

Figure B.21 — APPLICATION FUNCTION: “Automatic solar control”

Sensor “Brightness Measurement Outside” and derives S_AUTO based on activation limif
deactivation limit PAR_E_DEA. The function is masked by B_ON. In addition to the “Automa

reading
PAR_E_

18)

reading
PAR_E_
tic solar
ingles of

19)

cos(AZ_SUN_EL)xcos(AZ_SUN_AZ)

application function, it offers sun angle (A_SUN_AZ, AZ_SUN_EL) dependent control of slat
blinds. Here a commonly used strategy is the “cut-off” control. As function of the profile angle:
sin(AZ_SUN_EL)
FILE. 'ANGLE =atan (B

the slats incline is controlled such that direct light is just blocked, but the blinds remain opened to the
biggest extend, still allowing a diffuse illumination. A typical functional relation of S_AUTO_SLAT_ANGLE =
f(PROFILE_ANGLE) is:
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. Slat tracking
Binary JAL
—— B_ON S_AUTO ———

— E_FACADE
A_SUN_AZ

A_SUN_EL

——— PAR_E_ACT
——— PAR_E_DEA

— PAR XXX

a)

Network application and processing functions

Time program

a3 liaa

X

p B.22 — APPLICATION FUNCTION: “Slat-tracking” - angular relation between slat ang

b)

Figure B.23 — APPLICATION FUNCTION: “Slat tracking”

hesignal” network application and processing function, shown in Figure B.24, gives the cury

le and

ent time

via netw

e it haod P
O vy o SCITC oo Ss
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