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Foreword

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

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

© IS0 2014 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 10916:2014(E)

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

1 Scope

This International Standard defines the calculation methodology for determining the monthly and

ann
roof
can |

This
powq
meth

ights and the impact thereof on the energy demand for electric lighting. This Internatio
e used for existing buildings and the design of new and renovated buildings.

International Standard provides the overall lighting energy balance equation relating 1

facades and
al Standard

he installed

r density of the electriclighting system with daylight supply and lighting eentrols (proof calculation

od).

The

relating, for instance, to occupancy detection. Provided the determination of the installed pc
and ¢ontrol parameters using external sources, the internal loads by lighting and the ligh
demand itself can be calculated. The energy demand for lighting and internal loads by light
be taken into account in the overall building energy balance calculations:

\

q

lheating the domestic hot-water supply 6fbuildings.

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

eating;
rentilation;

limate regulation and control (including cooling and humidification);

For ¢
a si

building into zones as required fer\daylight illumination-engineering purposes, as well as co
on the way in which daylight(supplied by vertical facade systems and rooflights is utiliZ

dayli
optid
of fa
stati
for d
prov

For
spec

stimating the daylight supply and'rating daylight-dependent artificial lighting cont
ple table-based calculation approeach is provided. The simple method describes the

ght-dependent lighting\.control systems effect energy demand. Dynamic vertical f
nal shading and light pedirection properties are considered, i.e. allowing a separate ¢
fade solutions undéer/direct insolation and under diffuse skies. For rooflighting systen
C solutions like-shed rooflights and continuous rooflights are considered. The method

are controls
wer density
iting energy
ing can then

rol systems,
livision of a
nsiderations
ed and how
hcades with
ptimization
s standard,
s applicable

ifferent latitudes and climates. For standard building zones (utilizations), operation times are

ded.

detailed computer-based analysis (comprehensive calculation), minimum requif
fieds

ements are

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

2 Normative references

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

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

31

ballast

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

3.2
control sysgem
various typ¢s of electrical and electronic systems including the following:

— systemg used to control and regulate;

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

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

3.3
daylight fa¢tor
D
ratio of the jlluminance at a point on a given plane due to the light seceived directly and indirectly ffrom
a sky of assiimed or known luminance distribution to the illumihance on a horizontal plane due fo an
unobstructgd hemisphere of this sky, where the contributien of direct sunlight to both illuminanges is
excluded

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

Note 1 to entfy: CIE S 017/E:2011 defines the unit as\xl..However, daylight factor is in practice, usually presgnted
in percent vajues.

3.4
electrical plower of artificial lighting system
p
the total elertrical power consumption of the lighting system in the considered space

3.5
illuminance
E
quotient of fhe lumineus flux d® incident on an element of the surface containing the point, by the|area
dA of that element

[SOURCE: CIES. 017/E:2011 ILV, modified]

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

3.6
lamp
source made to produce optical radiation, usually visible

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

Note 1 to entry: Unit: 1.

2 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=c9b49568833892266087939745b7a9b9

3.8

IS0 10916:2014(E)

light transmittance

ratio

of the transmitted luminous flux to the incident luminous flux in the given conditions

Note 1 to entry: Unit: 1.

3.9

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

Supppy

[SOU
3.10

luminous exposure

quot
dura

Note

3.11

luminous flux

P
quan
CIE §

Note

3.12

maintained illuminance

Em
valug

Note

3.13
obst
anyt

3.14
roof

daylight opering on the roof or on a horizontal surface of a building

3.15

Lion, by the area d4 of that element

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

RCE: CIE S 017/E:2011 ILV]

ent of quantity of light dQy incident on an element of the surface containing the point oy

rer the given

tity derived from the radiant flux, @, by evaluatingthe radiation according to its action upon the

tandard photometric observer

1 to entry: Unit: Im.

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

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

ruction
hing outside the wiriddow which prevents the direct view of part of the sky

light

task

darea

partial'area1n the Work plane In which the visual taSK 1S carried out

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

3.16

visual task
visual elements of the work being done

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

4 Symbols, indices, and abbreviated terms

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

Quantity Unit
T light transmittance —
P light reflectance —
@ luminous flux Im
n efficiency —
Q energy kWh
¥ th]ﬁ’ gnngr:\phir‘:\] latitude °
) declination of the sun ° ,\b‘
a depth M (]9
A area m2 Ay\Q) :
b |width M \QUJ
bf occupancy factor )
c correction factor ) \%—
D daylight factor O\ —
D daylight fact —
D mean daylight factor QQ
E illuminance N 1x
Em maintained illuminance R\ Ix
N
fF factors Q\' —
)
g g-value ‘\\® —
Y
H luminous exposure \(') Ixh
h height N (Sjr m
I index C)\ —
k space index ‘i‘\ . —
k correction fa,c@ —
] counter f?'l\p\u{nber of areas being evaluated —
4
N coun"g.@.ﬁar number of zones —
p azg;gecific power W/m?2
t e H
b .
UAQ U-value of glazing system W/m2K
£ ?) distribution key —
C'wi |light-well index —

© ISO 2014 - All rights reserved
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4.2 Indices
A absence ND no daylight
At atrium Night  night-time
c control 0 occupancy
Ca carcass opening R room
D daylight rel relative
Day day-time Rd room depth, space depth
ir direct S transparent or translucent surfface of the
daylight aperture
D65 standard lightsource D65 S supply
energic quantity SA sun-shading activated
ff effective, root-mean-square Sh shading, obstruction
t external, outdoors SNA sun-shading not activated
GPF glazed curtain wall, glazed double facade start  start
glob global sunrise sunrise
f horizontal fin or projection t building use (operating) time
ij,n serial counter indices Ta task area
In internal courtyard Tr transparency
i lintel u lower
1sh linear shading usage  usage
nmax maximum \ visual quantity
nlth monthly vf vertical fin or projection

5 Proof calculation method

5.1

Energy demand fordighting as function of daylight

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

Q

N J
1=, 2@y

n=ty=1

ilding zones

M)

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

Qunj=p; Fe; LAD, j (teff,Day,D, j T tefiNight,j ) +AnD, j (teff,Day,ND, j T teftNight,j )J

where

applies to the total area of the respective evaluation area,

© IS0 2014 - All rights reserved
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and where

Qif is the final energy demand for lighting;

N is the number of zones;

] is the number of areas;

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

pj is the specific electrical evaluation power of area j;

Aj is the floor area of area j;

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

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

teff,Day,1,j is the effective operating time of the lighting system, during day*time, in area j which
is lit by daylight;

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

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

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

teff,Day,D}j = Day,n FDJ FOJ @

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

tefDay,ND,i = EDay,n Fo,j (5)
where

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

Fpj s the partutilization factor to account for the illumination by daylight in the evaluatiop
grea j as'defined in 5.6;

Fo;j  Isthepart-utilization factor to account for the presence of persons (occupancy) in the
evaduation areajas definedin 5.7

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

teffNightj = ENight,n Fo ©

where

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

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

6 © ISO 2014 - All rights reserved
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Electrical specific power

Pi
Area being evaluated, Area being evaluated,
with daylight without daylight
AD,j AND,]
I____|____I :_ ______ _: I____|____I [ ——— —1
I Night-time I | | Day-time | | I Night-time I I Day-time I
| | operation I I operation I | | operation I | | operation I
I INightn | I bay.n I I Inightn | I INightn |
I I | I | I
| | l l | | | |
I o o . |
I Presence I I Presence I I Presence I I Presence I
fLSCIINR | - S T O TR
| | I I | | | |
L teff,Night,j | | L———H teff,Night,j L teff,Day,ND,j
I Daylight I
R eff,Day,D,j

Energy demand:fo¥ lighting of For all areas

area j being evaluated: Qlfnj

Energy demand for lighting of For all zones

zone n: Q¢ ,
Energy demand for lighting,
total: Qny
Figure 1 — Flowchart showing calculation of the energy demand for lighting
5.2 [ Suhdivision of 3 building into zones

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

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

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

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

5.3 Operating time

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

5.4 Artifilcial lighting

The specifiq electrical power of the artificial light installation p; can be obtained by, for instance, yising
standard lighting design software, as provided by luminaire manufacturers. Simplifieddmethods as
defined in DJIN V 18599-4[2] can as well be employed.

5.5 Constant illuminance control

When const]
will be lowe

ant illuminance control is in operation in the zone or evaluatipirarea, the installed p
red by a factor F¢.

pwer

5.6 Daylight

In zones w}
exposure re
artificial lig

nous
y the

lich have windows or rooflights, daylight can contribute to the amount of the lumi
quired. Therefore, this proportion of the requiréd light does not need to be provided b
hting system.

The daylighf available in the outdoor environment depends on the geographical location, the clifnatic

boundary cq
also depend
technical sp

nditions, the time of day, and the seasonh.Furthermore, the daylight availability in a bui
5 on the external building structureiand surrounding buildings, spatial orientation, an
ecifications of the facades and ifternal spaces (rooms). Since the available daylight v

ding
d the
aries

bfore
f the

with the tim
has a dynar
building.

e of day and the season, the lighting energy substitution potential is dynamic and ther
hic effect on the overall energy balance (for heating, cooling, and air-conditioning) d

The dayligh S

(7)

- dependency factor-Kp); used to account for lighting of an area j by daylight is defined 4

Fp;=1qFps i Fp.;

where

Fp,s; igthedaylight supply factor;

the factor rpprncpnfing the effect of the day]ighf—rncpnncivp control system

FD,c,j i

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

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

5.7

Occupancy dependency factor Fo ,

The occupancy dependency factor Fo,, foraroom orzone correlates the time whenaspaceis occupied with
the efficiency to benefit from this potential by either manual or automatic switching. Parametrizations

of Fo

nmight, for instance, be found in DIN V 18599-4([2] and EN 15193.[¢]

6

To ju
build
defir]

Daylight Performance Indicator

dge the overall daylight performance of a building or a building design and to-comps

itions and explains their application.

ire different

ings or building designs, integral daylight performance indicators are helpful. Annex C gives
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Annex A
(informative)

Simple calculation method

A.1 General

This Annex

demand on monthly and annual bases. The method involves the following stages to obtain, accoy

to Clause 5,

depicted in Figure A.1:

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

the daylight dependent quantities Fp pnj, tpay,n,j and as a function thereof teffpayn,j as

ergy

rding

also

it by

it by

7 the

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

— A.3 spefifies a procedure on how to determine the daylight supply factor Fp s ; for spaces
vertical|facades;

— A.4 spefifies a procedure on how to determine the daylight supply factor Fp s n,j for spaces
rooflights;

— A.5 sperifies a procedure on how to rate daylight responsive control systems described b
paramefer Fpcn,

— A.6des
— A.7 proy

— A.8 pro
building

'ribes how to convert annual values into monthly values of Fp n j;
ides a procedure to determine day- and-night-time hours;

vides a list of precalculated day~and night-time hours for 41 different utilization typ
F spaces.

es of

10
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A2:
Subdivide Zone
No Daylight Yes
Penetration? j
Transparent ' .
Rooflight
Vertical Facade "1\ pe of 9
Facade?
A3: A4
Determine Determine
Daylight Factor D DaylightyFactor D
Determine Determine
Daylight Supply Daylight Supply
Factor Fi g Factor F ¢
Ab:
Fpg=0 Determine Im-
pact of Daylight
reponsive
Control System
Fpc
Fp=1 Fp=1-Fp ¢Fp ¢
Monthly
Evaluation?
A6: Monthly
Evaluation
Method
FD,mth

Figure A.1 — Flowchart illustrating the simplified approach

© 1SO 2014 - All rights reserved
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As for the determination of the daylight supply factor Fp s, as well for vertical facade (A.3) as for
rooflights (A.4), Figure A.2 shows the applied three-stage approach:

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

tools.

S 2 D ool £ pa | Lo i rada
— tage oesere e racacte crraracteristics:

— Stage 3| Determine the annual amount of daylight available on the basis of the daylight sifply
classifidation of the building zone and the facade characteristics as a function of location'and cli

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

Classification of daylight
availability by means of
calculating the daylight factor I
for building carcass opening |

.|
|
|
|
|

Stage P

Description of the facade
characteristics.

Stage B

Daylight supply factor £ sj

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

A.2 Building segmentation:(Spaces benefiting from daylight

ate.

A.3.1 for vertical facades
A.4.1 for roof skylights

A.3.2 for vertical facades
A.4.2 for roof skylights

Evaluation Jones which are illutrinated by daylight entering via facades or rooflights shall be subdiyided
into a daylight-lit area Ap jaridan area Anp,j which is notilluminated by daylight. For simplified estimate
calculations, the more favourable respective lighting conditions can be assumed to apply in ¢ases
where one grea is illumihated by daylight entering via several facades or via a facade and rooflights.
Alternativelly, it is also)possible in these areas to determine the daylight factor according to A.3 and A.4
by superpodition. This can nevertheless only be applied for areas being lit by only one type of daylight
aperture (eithef.vertical facade or rooflight).

Depth and widtiTof thie areadaytight by verticat facades

12
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In th
extefnal wall and at right angles to the reference facade. If the real depth of the.area beiy
is leds than the calculated maximum depth of the daylight area, then the totalarea depth is
to bg the depth of the daylight area ap. ap can also be assumed to be equal to‘the real dept
being evaluated if the real area depth is less than 1,25 times the calculated maximum d
depth.

wherte

IS0 10916:2014(E)

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

aD,max = 2'Sx(hLi _hTa)

where

apmax 1S the maximum depth of the daylight area;

s calculated

(A1)

hyi is the height of the window lintel above the floor;
Ta is the height of the task area above the floor.
is case, the maximum depth ap max of the daylight area is calculated from the innier syrface of the

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

/D,_]:anD

¢p is the depth of the daylight area;

bp is the width of the daylight area.

vidth bp of the daylight area nprmally corresponds to the facade width on the inng

the Quilding zone or the area being evaluated. Internal walls can be overmeasured (i. e. the
ignored) to keep the equations simple. If windows only constitute a part of the facade, the
of the daylight area associated with this facade is equal to the width of the section which h
plus half the depth of the daylight area.

Depth of the daylight ar'ea [it by rooflights

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

S

D & 2% (hg j=hr, ;)

g evaluated
considered
h of the area
aylight area

(A2)

r surface of
ir thickness
n the width
hs windows,

s deemed to
which have

(A.3)

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

where

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

Distinction between vertical facades and rooflights

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

© IS0 2014 - All rights reserved
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Figure A.3 — Impact of facade opening on daylight area for vertical facades
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Figure A.4 — Impact of roof opening on daylight area for rooflights
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Daylight areas of the different vertical |Approach 1: Superposition of |Approach 2: The more favourable
facades (1 - 5) and the rooflight (6) daylight factors in the overlap- |lighting condition is taken for the
ping daylight areas respective daylight area: Fp 51 > Fp s,
6>Fp,s,5=Fp,s3>Fps2>Fpsy
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Figure A.5 — Superposition and penetration‘of daylight areas for vertical facades and rooflights

A.3 | Daylight supply factor for vertical facades

A.3.1 Daylight factor classification

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

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

Transparency index Ity

Formuld (A A.) isused to calculate the transparency index

— ACa

Iy = (A.4)
D

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

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

All areas below the work plane (e. g. 0,8 m above floor level in office spaces) are ignored. The height of
the work plane is given for individual utilization profiles in DIN V 18599-10.[3]

© IS0 2014 - All rights reserved 15


https://standardsiso.com/api/?name=c9b49568833892266087939745b7a9b9

ISO 10916

:2014(E)

Space depth index Irp,

Formula (A.5) is used to calculate the space depth index Irp,.

Ippj =

ap

hy;—hr,

Obstruction index /s ;

(A.5)

The shading index Isp,j accounts for all effects which restrict the amount of daylight striking the facade.
This includes shading by parts of the building itself, such as might occur due to horizontal and vertical

projections,
reduction of
index sy j is

Ish,j = Is}

where
Ish,j

Ish,Ish

Ish,hA

I Sh,vA

ISh,In,At

Ish,GDF

To facilitate
used as the ]
affect the ar

Ish,1sh, Ish hf,

Linear shad

lght wells courtvards and atrium areancomoente I aleg fales intg consideration
incident light by the glazed double facades (GDF — also glazed curtain walls). The shg
calculated using Formula (A.6).

1shIsh,helshyvelsh,in,At/Sh,GDF

is the obstruction index of the area j under evaluation;

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

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

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

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

is the correction factor for glazed double facades of the area being evaluated, calculaf
using Formula (A.12).

the calculations, a window located at the centre of the facade area being evaluated c3
reference point for which the shading is calculated. If different forms and degrees of sh{
ea being evaluated;the mean value of the respective factors shall be calculated.

Ishyf, Ish,In Av@nid Isnh,GpF can be determined using the following methods:

ling, correction factor Isy ish

any
1ding

(A.6)

d

sing

ed

in be
1ding

T

us\ us

—

4 v

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

Ish,ish = €0s(1,5 % ysh1sh)  for ysh,1sh < 60°
(A7)

Ish,1sh =0 for ysh,ish = 60°

where

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

Horizontal projections, correction factor Isp hf

X Sh,hf/?/

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

The horizontal shading angle ysh hf due to a-horizontal projection is measured from the dentre of the
facade section being evaluated for lightifigaspects (on the plane of the external wall surfage) as shown
in Figure A.6. Formula (A.8) is used fojcalculate the correction factor which accounts for §hading by a
horizontal projection.

Igh,hf = c0s(1,33 - ysh htj) ~ fOr Yshhf < 67,5°
(A.8)

~

bh,hf = 0 for ysnhf = 67,5°

where

9%
>
()

¥sh,hf 1S the horizontal shading angle due to a horizontal projection as shown in Figur

| A I A

Vertical projections, correction factor Isy yf

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

The vertical shading angle yshyr due to a vertical projection is measured from the centre of the facade
section being evaluated for lighting aspects (on the plane of the external wall surface) as shown in

© ISO 2014 - All rights reserved 17
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Figure A.7. Formula (A.9) is used to calculate the correction factor which accounts for shading by a

vertical projection.

Vsh,vtj

Ighye=1- 200°

where

Yshyf is the vertical shading angle due to a vertical projection as shown

(A9)

in Figure A.7.

| dezas Lol £, ) ) £ 'y L
Courtyard anmaatria(grazea 1orecourtsy, Correctron 1actor 1Sh, In, At

There are yery 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 avgilability can be expected if only three or two sides (linear courtyards) of.the courtyard
are bordereld by the building. This can be calculated and proved using separate, detdiled calculption

methods.

The geometry of an internal courtyard is characterized by a geometrical indexwvalue, the so-called well

index wi:

hip e (@in a¢ +Din,ac)

wi = it
2Xam ¢ bin At

(h.10)

When determining the well index wi for an area being evaluated,the height measured from the flqor of

the respective area is considered to be the height of the courtyard or atrium.

A

where

A n At

D
v
N

/’EEM

am,at  Is€he'depth of the courtyard or atrium;

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

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

ated;

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

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

Ish,inAt=1-0,85 wi for internal courtyards
(A.11)
ISh,In,At = TSh,In,At,D65KSh,In,At,1KSh, In,At,2KSh,In,At,3 (1 - 0,85 wi) for atria
Ish,In,At =0 for wi > 1,18
where
Tsh,In,At,D65 1S the transmittance of the atrium glazing for vertical light incidence;
ksh,in,At1 is the framing factor for frames in the atrium facade;
ksh,in,At,2 is the dirt on glazing factor of the atrium glazing;
ksnh,in,At,3 is the reduction factor for diffuse light incidence on the atrium glazing (usually, 0,85

is considered to be adequate).

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

The ¢orrection factor for glazed double facades or curtain'walls bounding on the space being evaluated
is digectly deduced from the parameters of the additignal glazing layer:

I$h,GDF = TSh,GDF,D65KSh,GDF,1Ksh,GDF,2ksh,GDF,3 (A.12)

wherte

Tsh,GDE,D65 1S the transmittance bf the external layer of glazing of the facade, for vertjical light

incidence;
ksn,Gpr1 is the reduction factor for frames in the double-glazed facade;
ksn,GDF,2 is the réduction factor for pollution of the glazing of the double-glazed fa¢ade;
ksh,GDE,3 is the reduction factor for non-vertical light incidence on the facade glazihg (usually,

0,85 is considered to be adequate).

The effectssof vertical and horizontal subdivisions in the space between the two facade lgyers can be
apprpximated by treating these as vertical and horizontal projections with the index valups Isyya and
Ishnp-9n glazed double facades, it is assumed that pollution of the space between the outerglazing and
the space wall is negligible, so that it is usually adequate to take only the dirt deposited on the actual
facade surface into consideration [also refer to Formula (A.21)]. In this case, ksh,gpr,2 = 1. The correction
factor for frames and subdivisions is calculated as follows:

area of structural components _ transparent area

ksh,Gpr1,j =1- (A.13)

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

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

Daylight factor of the raw building carcass opening

© ISO 2014 - All rights reserved 19
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The index values Ity,j, Irp,j, and Ish,j can be used to calculate an approximate value for the daylight factor

of the area being evaluated on the basis of the raw opening dimensions:

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

For combinations of a larger space depth index value Irp; and low transparency index values Ity

Formula (A.14) might produce negative Dca,j values. In such cases, Dca j shall be assumed to be ze
shall be calculated by a more detailed method. For simple estimates, daylight availability can be gro
into four classes as shown in Table A.1.

ro or
uped

Table A.1—Daylightavailability-elassifieation-as-afunetion-of the-daylight facter brzefthe
raw building carcass opening
Daylight factor Classification of daylight
Dca,j availability
Dcajz26% Strong
6% >Dcajz4% Medium
4%>Dcaj 22% Low
Dcaj <2% None
If a daylight| factor which has been calculated using another validatedumethod is known, then thif can
be used instead of the value calculated by Formula (A.14) when:classifying the daylight availability
according t¢ Table A.1. In this case, the daylight factor shall have been determined on the basis (f the
mean value pf the daylight measured on the axis running parallel to the respective facade section ajnd at
a distance of half the space depth from the facade.

A.3.2 Daylight supply factor

The following section first explains how the facade characteristics are to be described and then hoy the
daylight avdilability is determined on the basis of the correlation of the daylight availability (daylight

factor) of the building area as defined in A.3.4 with the facade characteristics. The light passing thrj

ough
boral

distribution| of the external illuminanc¢e:conditions in relation to the facade element and the spatial
distribution| of the light by the facade'system (i. e. its optical and control-technological characteridtics).

solar light shading systems andj/or'glare-protection systems.
— solar arld/or glare protection system not activated, i. e. the sun is not shining on the facade;
— solar and/or glare protection system is activated, i. e. the sun is shining on the facade.

The daylight supply-factor Fp s jshall be determined using Formula (A.15) to achieve temporal weig
of the orientation*dependent occurrence of two different facade states, i. e. either with activated
and/or glarg¢ ptotection or with de-activated solar and/or glare protection. The protection against

ting-engineering aspect, two facade states shall be distinguished for facades with varfiable

hting
solar
solar

radiation and/or glare is activated as soon as direct sunlight shines on the facade.
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Formula (A.15) is used to calculate the daylight availability factor Fps .

Fps,j =trelD,sNa,j FDissNa,j T ErelDsaj Fpssa,j (A.15)
where
trel,D,SNA,j Is the relative portion of the total operating time during which the solar and/or glare
protection system is not activated as given in Table A.3. It is a function of the latitude y
of the considered site, Hgir/Hglob representing the climate and facade orientation;
g
trelD,sA,j is the relative portion of the total operating time during which the solar and/or glare
protection system 1s activated. tre] p,sA can be obtained by tre] p,sa = 1 - trellD,SNA;
Ip,;s,;sna,j  is the daylight availability factor of the area j being evaluated at tim@\;\the h the solar
and/or glare protection system is not activated, as given in Table 65 tis g function
of the latitude y of the considered site, Hgir/Hglob representing %BC imate, the facade
orientation, daylight availability (daylight factor), and the n}a\@ ined illuminance;
Ip,s,sA,j is the daylight availability factor of the areaj being eva @d at times when the solar
and/or glare protection system is activated, as givensi\I\M.
O
A set] of ratios Hgir/Hglob for representative locations worldwi ivenin A.3.2.1.
g p g
: : : : N\ :
A.3.2.1 Luminous exposure ratios at different sites ( ates and latitudes)
: : : < : : :
Figure A.9 shows the segmentation of locations worl@ﬁde according to 15° latitude corridgrs. For each
of the latitude corridors, Table A.2 contains a re entative cloudy and sunny location wijth the ratio
Hgir/|Hglob- For other specific locations of interest’the ratio Hgir/Hglob can be obtained by gvaluation of
the dorresponding weather data sets (e.g. TRY - weather data sets). The direct and globdl horizontal

illum

[inances are summed up daily from Qﬁ& 0 17:00 h over the whole year.
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Table A.2 — Representative locations on the northern and southern hemispheres with the

corresponding luminous exposure ratios Hgir/Hglob

Geographical location Luminous
Latitude Longitude Representative site exposure ratio
Corridor v ’ Climate Hdir/Hglob
60° to 67,3° 14,4° Cloudy Bodg, N 0,40
75° 66,9° -151,5° Sunny Bettles, USA 0,49
51,2° -0,2° Cloudy London, GB 0,39
45°to 50 Q° g 70 Cloudy Erankfurt D 042
507 : y y ; .
45,7° -118,9° Sunny Pendleton, USA 0,58
Northern o o .
hemisphere 30° fo 39,7 145,0 Cloudy Miyako, | 0,45
45 36,1° -115,2° Sunny Las Vegas, USA 0,71
15° to 31,2° 121,4° Cloudy Shanghai, VRC 0,36
30° 24,4° 54,5° Sunny Abu Dhabi, AE 0,58
0° to 5,7° -76,6° Cloudy El Caraiio, CO 0,34
15° 13,6° 25,3° Sunny El FasherSUD 0,66
0°to -1,3° 116,9° Cloudy Balikpapan, RI 0,38
15° -15,8° -479° Sunny Brasilia, BR 0,53
15° to -26,8° -65,2° Cloudy Tucumén, RA 0,54
southern | 39 -23,8° 133,9° Sunny Alice Springs, AUS 0,67
hemisphere | , . | _34,8° -58,5° Cloudy Buenos Aires, RA 0,55
45° -30,0° 26,3° Sunny Bloemfontein, SA 0,68
45° to -53,0° -70,9° Cloudy Punta Arenas, RCH 0,39
60° -44,7° 167,9° Sunny Milford Sound, NZ 0,50
A.3.2.2 Rdlative times, shading activated;-shading not activated for vertical facades
Table A.3 ho|ds the relative times tre], np;SNa,j as a function of the latitude y of the considered site, Hgir/[Hglob
representing the climate and facade orientation.
The relativeftimes trel, p,sNA jareprovided for unobstructed facades. For shading indices Ish jof obstructed
facades of lefss than 0,5, especially for higher latitudes y = 45°, itis recommended to set tre] p,sna = 1{ This
neverthelesy shall not givé reason to assume that glare protection for the facade is unnecessary.|Such
protection dan be necessary due to individual types of usage.
If the shadirlg indexJsy)j of a shaded facade is less than 0,5, then the relative times trel p,sNa,j and trelfp,sa,j
for a north-facing\facade should be used. Depending on the operating times of the area being evalujated,
even north{facing facades can receive direct sunlight for limited periods. However, for simplified
calculations; trel,D,SNA,j tsassumedtobe O butthisshallnotgive reasontoassumethatglareprotection

for north-facing facades is unnecessary. Such protection can be necessary due to individual types of

usage.[2]

trel,p,sNA has been calculated for office conditions but can be used for other user profiles generally with

sufficient ac

22

curacy as well.
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Table A.3 — Relative times ty¢| p,sna j for not activated solar radiation and/or glare protection
systems, as a function of the facade orientation, the geographic latitude y, and the ratio

Hdir/Hglob
tsna Southa
Hgir/ 14
Hglob 0° 10° 20° 30° 40° 50° 60° 70° 80°
0,0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
0,1 0,99 0,97 0,94 0,93 0,96 0,98 0,98 0,93 0,88
02 6,94 6,9t 6;86 6,84 6,86 ;87 6;86 6,8 0,72
03 0,89 0,86 0,79 0,75 0,75 0,76 0,75 0,69 0,61
04 0,83 0,80 0,71 0,65 0,64 0,65 0,65 0,60 0,53
0J5 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 — — —
0P — 0,42 0,32 0,24 0,23 0,26 — — —
tsna East/West
Hgjr/ )4
Hglob 0° 10° 20° 30° 40° 50° 60° 70° 80°
0,)0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
o1 0,99 0,98 0,97 0,97 1,00 1,00 0,99 0,95 0,92
0J2 0,95 0,94 0,92 0,92 0,94 0,94 0,93 0,88 0,85
0,3 091 0,89 0,87 0,86 0,88 0,88 0,87 0,83 0,79
04 0,84 0,83 0,80 0,79 0,81 0,82 0,82 0,80 0,78
05 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
0J7 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  (Jorresponds toanerth facade in the southern hemisphere.
b (orresponds.te’d north facade in the northern hemisphere.
¢ (orresponds’to a south facade in the southern hemisphere.
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Table A.3 — (continued)

tsna Northb/Southe

Hair/ 14

Hglob 0° 10° 20° 30° 40° 50° 60° 70° 80°
0,0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
0,1 0,99 0,99 0,99 1,00 1,00 1,00 1,00 1,00 1,00
0,2 0,97 0,97 0,98 1,00 1,00 1,00 1,00 1,00 1,00
0,3 92 0,92 0,94 0,96 1,00 1,00 1,00 1,00 ,p0
0,4 D,84 0,85 0,89 0,94 1,00 1,00 1,00 1,00 1,00
0,5 0,77 0,79 0,83 091 0,98 1,00 1,00 1,00 1,00
0,6 0,73 0,75 0,80 0,89 0,98 1,00 1,00 1,00 1,00
0,7 0,71 0,73 0,79 0,88 0,98 1,00 — — -+

0,8 — 0,73 0,79 0,88 0,98 1,00 == — -+

0,9 — 0,73 0,79 0,88 0,98 1,00 — — -+

a  Correspohds to a north facade in the southern hemisphere.

b Correspohds to a north facade in the northern hemisphere.

¢ Corresponds to a south facade in the southern hemisphere.

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

Formula (A{16) is used to calculate an approximate valie of the effective transmittance for pefriods
during whidh the solar and/or glare protection system is not activated:

Teff, SNA,j|= TD65,5NAK1k2K3 (h.16)

where

Tpe5,sN4  is the transmittanceofthe facade glazing for vertical light incidence;

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

ko is the reduction factor for pollution of the glazing;

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

0,85s considered to be adequate).

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

building components

Type U gl Te TD65,5NA
Single glazing 5,8 0,87 0,85 0,90
Double glazing 2,9 0,78 0,73 0,82
Triple glazing 2,0 0,70 0,63 0,75
low-e glazing, double glazed 1,7 0,72 0,60 0,74
low-e glazing, double glazed 1,4 0,67 0,58 0,78
low-¢ glazing, double glazed 1,2 0,65 0,54 0,78
low-¢ glazing, triple glazed 0,8 0,50 0,39 0,69
low-¢ glazing, triple glazed 0,6 0,50 0,39 0,69
Solar protection glazing, double 1,3 0,48 0,44 0,59
Solar protection glazing, double 1,2 0,37 0,34 0,67
Solay protection glazing, double 1,2 0,25 0,21 0,40
T_he dlaylight supply factor Fp s sna,jis a function of the daylight availability, the maintained|illuminance
E ., the effective transmittance of the facade 7eff,snaj With deyactivated solar and/or glarg protection
syst¢m and of the facade orientation. Estimated values can‘ge taken from Table A.4. For| maintained
illunfinances E ofless than 100 1x, the Fp s sna,j values for £y =100 1x should be used. Corr¢spondingly,
for maintained illuminances Em of more than 1 000 Ix,¢he Fp s sna,j values for Em =1 000(lx should be
used
The flaylight availability factor Fp s sna can beiobtained from Table A.5, Table A.6, and Tdble A.7 as a
function of
— the daylight factor D,
— the geographic location, i. e. latitude y,
— the climate, characterized/by-the ratio Hqir/Hglob,
— the maintained illuminance F?m, and
— the facade orientation.
Figure A.10 provides'an exemplarily parametrization for climates with mainly cloudy sky c¢nditions for
diffefent locations.
Y 1 Y 2
100 / 2- 100 — /1
90 — T 3 90 — 41
80 I~ I — — Y 80 T 3]
60 7 60 / — —
50 50 7
40 40
30 30 I/
20 20 [
10 10 7
0 0
0% 2% 4% 6% 8% 12% 16% | 20% 0% 2% 4% 6% 8% 12% 16% %
10%  14%  18% X 10%  14%  18% X

© ISO

2014 - All rights reserved

25


https://standardsiso.com/api/?name=c9b49568833892266087939745b7a9b9

IS0 10916:2014(E)

Key

X-axis daylight factor (%)
Y-axis daylight factor, Fpssna, (%)

1 0°to 15°
2 15°to 30°
3 30° to 45°
4 45° to 60°
5 60° to 75°
Figyre A.11 — Example of a set of functions used to determine the daylight supply
factor Fp s dnajand Fpssa jas a function of D and y according to Table (A.5) for E, =500,Ix4nd a
south-facing facade
The relevant D for interpolation in Table A.5, Table A.6, and Table A.7 is obtained frem)D = Teff X Dda.
Table A.5 —+ Daylight supply factor Fp s sna, for sun shading not activated-parameterized by| D, y,
E ., climate (Hgir/Hglob), facade orientation, and geographic locationfor orientation South
Fp,s,SNAj
%
South facadea
Geo-_ _ D
gramtic | Fon- | b
Y 0,125 0,5 1,0 1,5 2,0 3,0 5,0 8,0 12,0 18,0
0,34 3,9 | 956 | 979 | 994 | 997 | 999 | 999 | 100,0 | 100,0 | 10,0
100 0,66 28,1 84,3 94,0 98,2 98,1 99,3 99,3 100,0 | 100,0 | 1P0,0
0,34 251 | 752 |83 | 91,9 | 940 | 96,8 | 98,0 | 992 | 996 | 996
300 0,66 19,9 59,8 67,7 78,3 82,5 88,4 90,5 95,5 98,2 98,3
. . 0,34 18,5 55;6 68,2 82,2 85,7 91,6 94,8 97,2 98,5 98,5
0715 500 0,66 14,7 (| 44,0 | 54,3 | 657 | 693 | 764 | 80,1 | 856 | 91,5 | 92,0
0,34 12,9 38,6 52,6 70,2 75,0 84,4 90,0 94,4 96,6 96,8
750 0,66 10,3 | 309 | 424 | 554 | 588 | 66,6 | 70,6 | 76,2 | 83,1 4,2
0,34 9,7 29,1 41,0 59,2 64,7 77,2 85,0 91,4 94,6 4,9
000 0566 7,8 23,3 33,4 47,2 50,7 59,7 64,2 70,0 76,3 [7,9
0,36 30,8 | 92,4 | 959 | 978 | 978 | 98,7 | 990 | 994 | 996 9,6
100 0,58 29,4 88,1 96,6 99,2 98,6 99,6 99,6 100,0 | 100,0 | 1P0,0
0,36 24,3 73,0 83,1 91,1 92,0 95,3 96,7 98,2 98,7 98,8
o 0,58 20,6 61,7 76,8 87,8 88,4 94,3 95,9 98,5 99,5 99,5
150300 500 0,36 179 53,7 69,0 82,7 84,8 90,8 93,8 96,6 97,7 97,8
0,58 14,8 | 443 | 61,0 | 754 | 770 | 859 | 89,8 | 94,6 | 972 97,3
750 0,36 12,3 36,9 53,5 71,4 75,1 84,5 89,6 94,2 96,2 96,4
0,58 10,3 30,8 46,9 62,7 65,0 76,3 819 89,2 93,6 94,0
0,36 9,2 27,7 | 41,7 | 60,5 | 651 779 | 851 | 91,5 | 945 | 949
1000 0,58 7,7 23,2 37,0 52,6 55,4 67,9 74,9 83,8 89,7 90,4

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

South facadea

Geo-_ _ D

A x
Y 0,125 0,5 1,0 1,5 2,0 3,0 5,0 8,0 12,0 18,0
100 0,45 26,9 80,6 88,7 92,1 90,7 93,0 93,1 94,5 94,7 95,1
0,71 17,8 53,3 70,1 80,0 78,4 84,6 85,6 89,5 90,3 90,9
0,45 20,8 62,5 75,4 84,2 83,2 88,4 89,6 92,4 bé 3,3 93,8
300 0,71 10,8 32,3 46,6 571 56,8 66,4 70,0 7&@ 42,4 83,6
300 L 4z 500 0,45 15,4 46,3 62,5 76,0 76,2 83,4 86,1 \ \@0,% 91,8 92,4
0,71 7,6 22,8 36,4 46,6 46,2 55,3 59‘,® 67,8 13,6 75,4
250 0,45 10,8 32,3 48,2 65,3 67,1 77,1 _\é}s\j 87,2 49,7 90,4
0,71 5,3 16,0 27,8 38,2 38,2 47: k)51,3 59,6 45,9 68,2
1000 0,45 8,3 24,9 37,7 55,4 58,3 ’&} 77,2 84,6 47,8 88,6
0,71 4,1 12,4 21,9 32,0 32,5‘ b 5{1,5 46,0 54,2 40,3 63,0
100 0,39 25,3 75,8 83,2 88,4 @i%) 90,9 92,0 93,4 94,1 94,5
0,58 24,3 72,8 84,2 90,0’ &88,2 91,8 92,0 94,1 94,4 94,8
0,39 17,2 51,7 64,0 75(§.)QJ 76,7 83,7 87,5 91,4 93,1 93,5
300 0,58 16,7 50,2 66,5 ,‘0’ 77,5 85,0 87,7 92,3 94,0 94,4
asel 600 500 0,39 12,0 36,0 4?,?27‘9 63,7 66,4 75,3 81,1 87,6 90,7 91,3
0,58 11,5 34,6 Aﬂ§ 66,0 66,6 76,4 80,7 87,1 90,1 90,8
250 0,39 8,1 24‘\3[ \%6,9 51,7 54,5 65,6 73,0 81,6 46,2 87,1
0,58 8,0 ﬁ\{@ 38,9 54,5 56,0 68,3 74,8 83,0 47,0 879
1000 0,39 6,1 | i é,3 28,4 42,4 45,4 57,9 66,5 76,3 g42,2 83,3
0,58 A@ 179 30,2 45,1 46,9 60,4 68,5 78,6 43,4 84,5
100 0,40 (;%.7-6,‘6 61,7 68,3 72,9 73,0 75,7 76,9 78,3 18,9 80,3
0,4‘5}0 17,8 53,4 60,0 64,2 64,2 66,8 68,1 69,7 70,5 72,5
200 8{@ 132 | 397 | 513 | 615 | 625 | 683 | 71,5 | 753 | 171 | 787
/‘00,)48 11,9 35,7 46,1 54,4 54,6 59,9 62,6 66,3 48,0 70,2
cool e ?‘:f"' 0,40 86 | 257 | 381 | 514 | 536 | 619 | 667 | 721 | 749 | 765
A@ 0,48 7,9 23,8 35,6 46,3 47,2 54,1 57,9 62,9 45,4 67,6
,Q?)750 0,40 57 17,1 26,7 39,8 42,6 53,5 60,1 67,3 70,9 72,6
% 0,48 54 16,1 25,7 37,5 39,3 47,8 52,7 58,9 42,2 64,5
1000 0,40 4,3 12,8 20,1 31,4 33,8 46,0 54,3 63,1 67,7 69,5
0,48 4,0 12,1 19,5 30,1 32,1 42,2 48,2 55,4 59,4 61,8

a  Corresponds to a north facade in the southern hemisphere.
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Table A.6 — Daylight supply factor Fp s sna,; for sun shading not activated parameterized by D, y,
E ., climate (Hqir/Hglob), facade orientation, and geographic location for orientations East/ West

Fp,s,SNAj
%
East/West facade
Geo- _ D
graphic E _ %
location lr; Hair/Hgiob
v 0125 | 05 | 1,0 | 1,5 | 20 | 30 | 50 | 80 | 120 | 180
0,34 31,7 | 951 | 974 | 989 | 992 | 994 | 994 | 995 | 995 | 995
1UU
0,66 266 | 799 | 891 | 931 | 929 | 941 | 942 | oa8 | 948 [ 9438
N
200 0,34 246 | 739 | 81,8 | 902 | 923 | 950 | 962 | 973 | 978)| 979
0,66 151 | 452 | 511 | 592 | 623 | 668 | 684 | 721 [g2 | 159
0,34 180 | 539 | 661 | 797 | 831 | 889 | 919 | 9amy[ 955 | 9538
0°-15° | |500
0,66 117 | 352 | 435 | 526 | 555 | 61,1 | 641 | 685 | 732 | 150
0,34 125 | 375 | 51,0 | 681 | 727 | 81,8 | 873-YJo15 | 936 | 940
750 >
0,66 61 | 184 | 253 | 331 | 351 | 397 | 4217| 454 | 495 | §30
000 |03 94 | 281 | 397 | 573 | 625 | 7464] 822 | 884 | 915 | 920
0,66 45 | 134 | 192 | 271 | 292 | 348)] 369 | 403 | 439 | W17
o 0,36 30,6 | 91,8 | 953 | 972 | 972 [N981 | 984 | 987 | 989 | 99,0
0,58 289 | 866 | 950 | 975 | 9695 979 | 979 | 983 | 983 | 984
J
200 0,36 234 | 703 | 801 | 878 |8B6 | 91,8 | 932 | 946 | 951 | 954
0,58 177 | 531 | 662 | 756:1' 762 | 81,2 | 826 | 848 | 857 | 46,6
"4
0,36 168 | 505 | 649 | 727 | 797 | 853 | 882 | 908 | 918 | 92,3
15°-30° | |500
0,58 124 | 372 | 51245634 | 647 | 722 | 754 | 794 | 816 | 428
=
e 0,36 114 | 341 | 498 | 660 | 695 | 782 | 828 | 871 | 890 | $97
0,58 74 | 221 [\337 | 450 | 467 | 548 | 588 | 640 | 672 | 494
000 | 036 84 | 253 | 380 | 551 | 594 | 710 | 776 | 834 | 861 | 71
0,58 53 flass | 252 | 359 | 377 | 463 | 510 | 571 | 611 | 438
N
100 0,45 2621 786 | 865 | 899 | 885 | 907 | 909 | 922 | 924 | 929
071 |\164 | 493 | 649 | 741 | 726 | 784 | 792 | 828 | 836 | $47
k>
200 045 187 | 561 | 676 | 755 | 746 | 792 | 803 | 829 | 837 | 48
A
07K | 70 | 211 | 304 | 372 | 370 | 433 | 456 | 502 | 537 | §e9
{o4s 13,6 | 407 | 550 | 669 | 671 | 734 | 757 | 795 | 80,8 | $21
30°-45° | [500 |
> 0,71 58 | 173 | 276 | 354 | 351 | 42,0 | 452 | 51,5 | 559 | 389
7%?\ 0,45 89 | 267 | 397 | 539 | 553 | 636 | 671 | 720 | 740 | 157
0,71 22 | 67 | 116 | 159 | 150 | 196 | 21,4 | 248 | 275 | 324
oo |05 67 | 201 | 303 | 446 | 470 | 572 | 622 | 682 | 708 | 728
0,71 15 | 46 | 81 | 119 | 121 | 154 | 171 | 202 | 224 | 277
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Table A.6 (continued)
Fp,s,sNA,j
%
East/West facade
Geo- _ D
raphic E %
l%cal:ion lm Hdir/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 25,0 75,0 82,3 87,4 87,5 89,9 91,0 92,4 93,0 93,5
0,58 23,9 71,6 82,8 88,5 86,8 90,3 90,5 92,5 92,9 93,3
200 0,39 16,2 | 48,7 | 60,2 70,9 72,2 78,8 | 824 | 86,1,|)476 88,4
0,58 14,8 445 58,9 69,2 68,7 75,4 77,8 8&@ 43,3 84,5
0,39 11,0 33,1 45,8 58,6 61,1 69,2 74,6 | @0% 43,4 84,5
45° 1 60° 500 T
0,58 9,8 294 | 436 | 561 | 566 | 650 | 6860 741 | 7166 | 782
250 0,39 7,3 219 33,1 46,4 49,0 59,0 _\5&%’ 73,3 17,5 79,0
0,58 6,4 19,2 31,4 | 439 451 55, ‘J60,2 66,8 10,1 72,1
1000 0,39 54 16,2 25,1 37,6 40,3 ’5\1‘}‘ 58,9 67,7 12,8 74,7
0,58 47 14,1 23,7 35,4 36,9‘ b Y7,5 53,8 61,8 45,6 679
100 0,40 20,9 62,8 | 695 74,3 @3) 771 78,3 79,7 40,3 | 81,6
N
0,48 16,8 50,3 56,5 60,5’ &60,5 62,9 64,2 65,7 46,4 68,7
300 0,40 12,5 37,6 48,6 SSAQJ 59,3 64,8 67,8 71,4 13,2 74,7
0,48 99 | 297 | 384 |*45)3 | 455 | 498 | 521 | 552 | 96,6 | 593
0,40 7,9 23,7 35,(27\\A 47,3 49,3 57,0 61,3 66,3 48,9 70,9
60°f 75° 500 N
0,48 71 21,4 Aﬂ}) 41,7 | 42,5 | 487 52,1 56,6 | 98,8 | 61,6
250 0,40 5,1 15‘\3[ "&3,8 35,5 38,0 47,7 53,6 60,0 43,2 65,5
0,48 42 | 15| 200 | 291 | 305 | 371 | 409 | 457 | 483 | 515
0,40 3,7 . 1,2 17,6 27,5 29,6 40,3 47,6 55,3 q9,3 62,0
1000 -
0,48 AZ@ 9,3 15,0 23,2 24,7 32,4 37,1 42,6 45,7 49,3
4
&°
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Table A.7 — Daylight supply factor Fp s sna,j for sun shading not activated, parameterized by D, y,
E ., climate (Hqir/Hglob), facade orientation, and geographic location for orientation North

Fp,s,SNAj
%
North facadea
Geo- _ D
graphic E _ %
location lr; Hair/Hglob
v 0125 | 05 | 1,0 | 1,5 | 20 | 30 | 50 | 80 | 120 | 180
0,34 31,8 | 954 | 977 | 993 | 995 | 99,7 | 997 | 998 | 998 | 998
1UU
0,66 272 | 816 | 910 | 951 | 949 | 961 | 962 | 968 | 968 [1d68
N
200 0,34 245 | 735 | 814 | 897 | 91,8 | 946 | 958 | 969 | 978)] 975
0,66 145 | 435 | 492 | 569 | 599 | 642 | 658 | 694 [c71%4 | 133
0,34 178 | 534 | 654 | 789 | 822 | 880 | 910 | 93.3 945 | ¢49
0°-15° 500 —
0,66 106 | 31,7 | 391 | 473 | 499 | 550 | 576 | 607 | 658 | 482
0,34 122 | 365 | 497 | 664 | 709 | 798 | 851-UJso2 | 913 | 918
750 2
0,66 53 | 159 | 219 | 286 | 303 | 343 | 3627 | 393 | 428 | 467
oo |03 92 | 275 | 388 | 560 | 611 | 729¢] 803 | 863 | 894 | 901
0,66 40 | 120 | 172 | 243 | 262 | 368)] 331 | 361 | 393 | 435
o0 0,36 304 | 91,2 | 947 | 966 | 966 [N974 | 978 | 981 | 983 | 984
N
0,58 288 | 864 | 948 | 973 | 967~ 977 | 977 | 981 | 981 | 4982
J
- 0,36 228 | 684 | 779 | 854 |<862 | 893 | 907 | 920 | 925 | 930
0,58 168 | 505 | 629 | 71,93 725 | 772 | 786 | 807 | 815 | §27
\"4
0,36 161 | 483 | 621 | 744 | 763 | 81,7 | 844 | 869 | 879 | 887
15°-30° | |500
0,58 115 | 346 | 47645588 | 601 | 670 | 700 | 738 | 758 | 174
<o 0,36 107 | 320 | 464 | 620 | 652 | 734 | 778 | 818 | 835 | 446
N\
0,58 67 | 200 [\305 | 407 | 423 | 496 | 532 | 580 | 608 | 435
oo | 036 78 | 238 ] 350 | 508 | 548 | 655 | 716 | 769 | 795 | $09
0,58 47 Aho | 223 | 317 | 334 | 409 | 451 | 505 | 541 | $72
N/
00 0,45 25 { 76,3 | 839 | 872 | 859 | 880 | 882 | 895 | 897 | 436
071|486 | 499 | 656 | 749 | 734 | 792 | 801 | 837 | 845 | 455
k>
- 045 172 | 517 | 623 | 696 | 688 | 730 | 740 | 764 | 771 | 187
v
07K | 69 | 207 | 298 | 365 | 363 | 425 | 448 | 493 | 527 | §59
<ods | 117 | 352 | 475 | 578 | 579 | 634 | 654 | 687 | 698 | 118
30°-45° | |500 \~\-
0,71 58 | 173 | 276 | 354 | 351 | 420 | 452 | 515 | 559 | 389
7%?\ 0,45 77 | 232 | 346 | 469 | 482 | 553 | 584 | 626 | 644 | 468
0,71 20 | 61 | 105 | 145 | 144 | 178 | 194 | 225 | 249 | 300
o000 0,45 57 | 171 | 259 | 380 | 401 | 488 | 530 | 581 | 603 | 630
0,71 14 | 41 | 72 | 105 | 107 | 136 | 151 | 178 | 198 | 253

a  Corresponds to a south facade in the southern hemisphere.
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Table A.7 (continued)
Fp,s,sNA,j
%
North facadea
Geo-_ _ D
grantic | Fu | gy /i %
Y 0,125 0,5 1,0 1,5 2,0 3,0 5,0 8,0 12,0 18,0
0,39 24,7 74,2 81,4 86,4 86,5 88,9 89,9 91,3 92,0 92,5
100 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 | 575 677 | 689 | 753 | 786 | 822, |>d3.6 | 847
300 0,58 13,9 41,6 55,1 64,7 64,2 70,4 72,7 76,4 17,9 79,4
asol 600 500 0,39 10,3 31,0 42,8 54,8 57,1 64,7 69,8 75,4 78,0 79,4
0,58 8,4 25,3 37,5 48,1 48,6 55,8 58,9 63,6 45,8 68,1
250 0,39 6,7 20,1 30,4 42,6 44,9 54,1 60,2 67,2 11,0 73,0
0,58 5,5 16,6 | 271 | 380 | 390 | 476-4-52,1 | 578 | 40,6 | 63,3
0,39 49 14,6 22,7 33,9 36,3 46,3 53,1 61,0 45,7 68,0
1000 0,58 4,0 11,9 20,1 30,0 31,2 40,2 45,5 52,3 35,5 58,5
0,40 21,0 | 631 | 699 | 746 | 74%/| 775 | 787 | 80,1 | 40,7 | 82,0
100 0,48 17,1 51,3 57,6 61,7 61,7 64,2 65,4 67,0 47,7 69,9
0,40 11,9 | 358 | 46,3 | 556 Y 56,5 | 61,7 | 645 | 680 | 49,7 | 71,5
300 0,48 9,4 28,1 36,3 42,8 43,0 471 49,3 52,2 93,6 56,5
0oL 750 500 0,40 7,3 219 32,4 43,7 45,5 52,6 56,7 61,3 43,7 66,0
0,48 6,5 19,5 | 292 | 380 | 387 | 444 | 475 | 51,5 | 93,6 | 56,7
0,40 4,6 13,8 21,4 32,1 34,3 43,0 48,4 54,1 371 59,7
750 0,48 3,7 1450 177 | 257 | 270 | 32,8 | 36,2 | 40,5 | 42,7 | 464
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 27 8,1 13,0 20,0 21,3 28,0 32,0 36,9 39,5 43,5
a  (lorresponds to a south facadein-the southern hemisphere.
A.3.2.4 Determinatiomwof daylight supply factor for sunshading activated Fpssa
Facafle system solitions with an activated solar and/or glare protection can be classified fccording to
Tablé¢ A.8 in a simplified way:.
Table A.8 — System solutions (values to be applied for the period tre|p,sa,j]
Fp,s,saj
System solution (to be used for the period tre|,p,s4 /) Classification of daylight availability

None | Low | Medium | Strong

Glare protection only: Systems which provide glare protection in

compliance with the regulations applying to the respective utiliza-

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

This includes manually operated Venetian blindsa.

a  Venetian blinds and internal or external louvres are also dealt with in DIN V 18599-2.[1]
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Table A.8 (continued)
Fp,s,sa,j
System solution (to be used for the period tre|,p,sa ) Classification of daylight availability
None | Low | Medium | Strong
Automatically-operated protection against solar radiation and
glare: Devices to protect against solar radiation and/or glare and
2 which can be moved in relation to the amount of daylight avail- . 02 043 055
able. Venetian blinds which are automatically opened slightly after ’ ’ ’
being lowered, so that transmittance is greater than that of the fully
closed hlinds
3 Light-gllliding systems — 0,3 0,65 0,8
No protection against solar radiation and shades.
4 |NOTE Qnly applicable for areas being evaluated to which no special | _ 0,6 075 a8
regulatjons or provisions such as the regulations for computer ter-
minal workplaces apply.

a

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

Light-guidin

additional lifht—guiding functions:

Venetia
are dire
from pa
visual d
systemf
The sun
perpeng

Light-g|
incident
(measuy
not moit
prevent]
radiatio
area. Hq
compory

Dayligh
and low
higher t
with co

Dayligh

g system solutions, line 3 of Table A.8, can be assumed to include solutions of type 1

with

blinds in cut-off operating mode: In the so-called “cut-off” mode, the louvres of the bflinds

cted in relation to the incident sunlight in such a waythat direct sunlight is just prevs
ssing through, but diffuse daylight can enter. Furtherimore, these systems generally p¢

which move the louvres in relation to the solar'radiation profile angle shall be inst3
profile angle is the projection of the altitude’angle of the sun onto a vertical plane wh
licular to the plane of the facade surface.

iding glass: Facade systems using glass components which transmit at least 30 % o

red from the normal of the facade/plane) at a sun facade azimuth of zero. As a general
e than 1/3 of the transparent facade openings should be equipped with such syster
overheating of the respectiye space. Light-guiding glass shall be combined with other
n protection and/or glare protection systems installed in the lower section of the f3
wever, no solar and/or)glare protection devices can be installed in front of the light-gu
ents described below.

er sections-of the blinds are at different angles. The upper section of the blind shall n|
han 1/3<%nd not lower than 1/4 of the total blind length and the system shall be equi
htrol devices.

-guiding internal Venetian blinds between glazing layers or in the air-space (gap) of g

nted
brmit

ontact to the surroundings for a large part ofcthe operating time. Appropriate copntrol

nlled.
chis

f the

direct sunlight into the upper-qudrter of the space when lit under an altitude of 35°

rule,
ns to
solar
cade
ding

-guiding exterxngl Venetian blinds: These have diffuse surfaces and the louvres of the ypper

ot be
pped

azed

double fi

acades: I'nese have nighly reriective or mirror-rinished surraces and the louvres oI the upper

and lower sections of the blinds are at different angles. The upper section of the blind shall not be
higher than 1/3 and not lower than 1/4 of the total blind length and the system shall be equipped
with control devices.

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

A.4 Daylight supply factor for rooflights

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

A.4.1 Daylight availability factor

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

— A
Dj=DaTes ki ko ks = 1R in%
D

(A.17)

whertte

Aca isthe area of the rooflights (raw roof opening dimensions);

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

D65 is the transmittance of the diffusive rooflight glazing;

k1 isthereduction factor for frames and subdivisions'of the glazing;

| ¢) is the reduction factor for pollution of the glazing;

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

R is the value of utilance as listed in(Table A.11 and Table A.12.

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

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

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

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

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

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

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

AMMA, single-shell clear 5,4 0 8§\Q)\ 002

Sky dome

HMMA, single-shell opal 5,4 ‘(in 0[79

HAMMA, single-shell coated 54 CbO 38 0[51

HMMA, double-shell clear/clear 2,8‘ '\\ 0,77 0/84

HMMA, double-shell opal/clear é&) 0,68 0[71

HMMA, double-shell opal/opal 28 0,64 o[59

HMMA, double-shell coated/clear 4» o 2,8 0,32 0|47

AMMA, triple-shell clear/clear/cke}@ 1,7 0,70 0{79
Holycarbonate multiwall double-wall sheet, 6 mm clear \\\\ 3,6 0,86 0/82
Holycarbonate multiwall double-wall sheet, 6 mm opal 3,6 0,78 0|64
Holycarbonate multiwall double-wall sheet, 8 mm cle{f'\\v 3,3 0,81 0]81
Holycarbonate multiwall double-wall sheet, 8 mm X {.;@al 3,3 0,70 0[62
Holycarbonate multiwall double-wall sheet, 10 me\vclear 31 0,85 0[80
Holycarbonate multiwall double-wall sheet, 19 ﬁ\(ﬁ? opal 3,1 0,70 0[50
Holycarbonate multiwall triple-wall sheg_t:\@Em clear 3,0 0,69 0[73
Holycarbonate multiwall triple-wall s}}eg.r)\lo mm opal 3,0 0,62 0]52

Strip sky- Holycarbonate multiwall four-wai@ee’t, 10 mm opal 2,5 0,59 0[50
light Holycarbonate multiwall trip}c—@f sheet, 16 mm clear 2,4 0,69 0|72
Holycarbonate multiwall r(l],l:-/wall sheet, 16 mm opal 2,4 0,55 0}48
Holycarbonate multi\ﬂa@‘v;-wall sheet, 16 mm opal 1,9 0,52 0]45
Holycarbonate m‘WI six-wall sheet, 16 mm opal 1,85 0,47 0f42
Folycarbonat@ﬁ?wall five-wall sheet, 20 mm clear 1,8 0,70 0l64
Folycarbo;@ multiwall five-wall sheet, 20 mm opal 1,8 0,46 0l44
Folyg‘arvéxate multiwall four-wall sheet, 25 mm clear 1,7 0,62 0]68
Foﬁfryrbonate multiwall four-wall sheet, 25 mm opal 1,7 0,53 045
Polycarbonate multiwall six-wall sheet, 25 mm clear 1,45 0,67 0,62
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Table A.9 (continued)
Type Construction Colour W u . gl D65
/(m2 - K)

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

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

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

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

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

PMMA multiwall double-wall sheet, 16 mm clear, C-reljef 2.5 0.8 0,85

PMMA multiwall double-wall sheet, 16 mm opal 2,5 0,7% 0,74

Strliilzg'l;y- PMMA multiwall double-wall sheet, 16 mm coated 2,5 0,4 0,50
PMMA multiwall double-wall sheet, 16 mm coated 2,5 0,82 0,91

PMMA multiwall double-wall sheet, 16 mm coated, brown 255 0,6 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 0,6 0,64

PMMA multiwall four-wall sheet, 32 mm coated, opal 1,6 0,3 0,40

PMMA multiwall four-wall sheet, 32 mm coatéd, ‘elear 1,6 0,5 0,45
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Table A.9 — (continued “A”, individual roof windows, glazed, “B” continuous rooflight, glazed)

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

Er

a

D in %

a

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

E
X

isthe horizontal external illuminance from an overcast sk
J

The

strud
Afs 5
othe
show|

rorrection factor kopl,1 for frames and subdivisions can be determined using Formulg
tural parts of dome skylights include the annular supports. Thus, kop),1 is‘the ratig
as - bs through which light can pass, i. e. the top opening of the annular support, minu
- opaque parts of the domes or strip skylights, to the area Arp = aryp, - brp.0f the raw rog

n in Figure A.11.

pposed to this, the raw roof opening area of shed rooflights does net correspond to th
roof jplane occupied by the shed structure, as shown in Figure A.12. For these, the raw 1
arealis Aca = hg * brp, Where hg is the height of the skylight openihg and bry, is the width of
openfing. The correction factor kopj,1 for frames and subdivisiohs’accounts for the other op3
the skylight structure within the opening defined in this way

As o]

Tabld
of th

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

floor reflectance pg‘of 0,2 (without building shading)

Slope.ys Dy = Ep/Ea
degrees %

0 100

30 92

45 83

60 72

90 50

The yitilance ppis calculated on the basis of the space index as determined using Formula (A
type|of rooflight involved. In the calculation of ng, h'r is the difference between the ceilin
the work plahe height. The height of the work plane is given for individual utilization prof

6:2014(E)

(A.18)

(A.13). The
of the area
5 the area of
f opening as

b area of the
oof opening
the skylight
que parts of

slope angles

Table A.10 — External daylight factor D, as a function of the facade slope yr for a

.19) and the
b height and
lesin A.8. A

distihetion is made between the dome skylights show Figure A.11 and the shed rooflig
FigU' iv-skytghtsaretreatedasaspeciatdome—s vHehtdesten—Torstrip-skyth
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ratio as/bs of more than 5, the utilance stated for ratio as/bs = 5 should be assumed. The room index is
defined as

_aj by
hy -(bg +ag)

where

(A.19)

ar isthe room depth;

br is the room width;

h'R is tllle height difference of ceiling and task area height.

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

=
£

| <
i
T

a
/
b
/

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

Figure A

Rigure A.13 — Dimensions used to describe the geometry of shed rooflights
Table A.11] — Donge skylight utilances 1R, expressed as a percentage, as a function of the space
index k and the geometry parameters of the annular support design
as/bs 1 2 5 1 2 5
hs/bs 0,25 0,25 0,25 0,5 0,5 0,5
yw | 30° | 60° | 90° | 30° |60° 90° | 30° | 60° | 90° | 30° | 60° | 90° | 30° | 60° | 90° | 30° | 60° | 90°
R
k %
06 | 040 | 041|038 |040 |040| 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 |053 054 |050]0,53]|054| 0,51 |0,54|0,55|0,52|0,53|0,55|0,46(0,53|0,55|0,49|0,55|0,57|0,51
1,0 | 0,59 | 0,60 | 0,56 | 0,59 |0,60| 0,57 |0,60]|0,61|0,59|0,60|0,61|0,51{0,60|0,61|0,54|0,62|0,66|0,56
1,25 | 0,68 | 0,69 | 0,64 | 0,68 |0,69| 0,66 | 0,69|0,70|0,67|0,69|0,69|0,58|0,69(0,70 0,62 |0,71|0,72|0,64
1,5 0751075069 | 075|075/ 0,71 | 0,76 0,76 0,72 0,76 | 0,75 | 0,63 | 0,76 | 0,76 | 0,67 | 0,78 | 0,78 | 0,69
2,0 {083|083]077 0831083 079 |{0,84{0,84|0,80(0,84|0,82|0,69|0,84|0,83|0,73(0,87|0,85]|0,75
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Table A.11 (continued)

as/bs 1 2 5 1 2 5

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

Yw | 30° | 60° | 90° | 30° [60°| 90° | 30° | 60° | 90° | 30° | 60° | 90° | 30° | 60° | 90° | 30° | 60° | 90°
2,5 10,89 |0,88|081089 088 0,84 |090|0,89|0,85|0,90|0,87|0,73|0,90|0,88|0,77|0,92|0,90 | 0,79
3,0 | 093 | 092085093 (092 0,87 |094[093|0,88[0,94(0,900,76|0,94 (0,91 |0,81|0,96|0,93 0,86
4,0 | 098|096 | 090 | 0,98 |097| 092 | 0,99 |098(093|099|095]|0,80(0,98]|0,96|0,85|1,00]|0,98]0,87
50 | 1,02 | 1,00 | 0,92 | 1,02 {1,00| 0,95 | 1,03 [1,01[0,96 |1,02[0,97 |0,82 1,02 (0,99 |0,87 | 1,04 1,01 |0,89
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Daylight availability is classified according to the criteria shown in Table A.14.

The daylight availability factor Fpssna,; can be calculated using computer-based tools or using the
regression-based compound method in 4.2.

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

Classification criterion D j Classification of daylight availability
7< Bja Good
4< Bj <7% Average
2< Bj <4% Boor
0<Dj<2% None
a  [haccordance with DIN 5034-6,[5] values of 5}- > 10 % should be avoided due:tothie danger of overheatifg.

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

A.4.2 Daylight supply factor

Tabl¢ A.15 provides a set of values of Fp g for rooflights for different locations and climates. Movable
shadfng devices are not taken into consideration here. For maintained illuminances E[of less than

100 [x, daylight availability factor Fp; values for E,, = 100 Ix should be used, and for|maintained
illuminances E of greater than 1 000J%, the Fp s j values for E;; =1 000 Ix should be used
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Table A.14 — Daylight availability factor Fp s of spaces with skylights as a function of the
daylight availability classification, the maintained illuminance E ,, facade orientation and

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

Classification of daylight availability
Geo- — Poora Averagea Gooda
graphic | Hgj/ | Orien- E
location | Hgyy | tation 3001x | 5001x | 7501x | 3001x | 5001x | 7501x | 3001x | 5001x | 7501x
Y Surface Fp e
slope S
;I(?rf;al ge 8861878 86619951 989 1 983 007 | 004 90
30° 085 | 073 | 062 | 094 | 087 | 079 | 096 | 093} 0,88
South 45° 081 | 068 | 057 | 091 | 08 | 074 | 095 | 091 | 84
60° 075 | 061 | 051 | 088 | 077 | 0,67 | 093086 78
90° 056 | 044 | 035 | 072 | 059 | 049 | 0837 | 0,70 ,60
30° 084 | 071 | 058 | 093 | 086 | 077 (Y096 | 093 ,87
G34 East/ 45° 078 | 063 | 050 | 091 | 081 | 0,20~ 095 | 090 82
West 60° 070 | 0,553 | 041 | 087 | 0,74, ©60 | 093 | 085 75
90° 046 | 033 | 024 | 067 | 050%} 0,38 | 081 | 0,65 51
30° 082 | 069 | 055 | 093 [~085 | 075 | 095 | 092 86
North 45° 076 | 0,559 | 045 | 0904080 | 067 | 095 | 0,89 81
60° 066 | 045 | 031 | 085 | 071 | 054 | 092 | 0,83 72
o 150 90° 038 | 023 | 0,15 {\ 0,63 | 041 | 028 | 078 | 0,60 42
Sgﬂal 0° 088 | 078 | 0,66 | 095 | 089 | 082 | 097 | 094 90
30° 0,85 | 073.[°062 | 094 | 087 | 079 | 096 | 093 | 0,88
South 45° 081 |,068 | 057 | 091 | 083 | 074 | 095 | 091 | 084
60° 075 +| 0,61 | 051 | 088 | 077 | 0,67 | 093 | 0,86 78
90° 056" | 044 | 035 | 072 | 059 | 049 | 083 | 0,70 ,60
30° 0584 | 071 | 058 | 093 | 086 | 077 | 096 | 093 ,87
66 East/ 454 078 | 063 | 050 | 091 | 0,81 | 0,70 | 095 | 0,90 82
West 50° 070 | 053 | 041 | 087 | 074 | 060 | 093 | 085 75
90° 046 | 033 | 024 | 067 | 050 | 038 | 081 | 0,65 51
30° 082 | 069 | 055 | 093 | 0,85 | 0,75 | 095 | 0,92 86
= 45° 076 | 059 | 045 | 090 | 0,80 | 0,67 | 095 | 0,89 81
60° 066 | 045 | 031 | 085 | 0,71 | 054 | 092 | 0,83 72
90° 038 | 023 | 015 | 0,63 | 041 | 028 | 0,78 | 0,60 42

a  The following daylight factors Dgrp j of the raw carcass opening were used to calculate these values:
— poor: 3 %;
— average: 5,5 %;
— good: 8,5 %.
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Table A.14 (continued)
Classification of daylight availability
Geo- = Poora Averagea Gooda
graphic | Hgj/ | Orien- E.,
location | Hyyp | tation 3001x | 5001x | 7501x | 3001x | 5001x | 7501x | 3001x | 5001x | 7501x
Y Surface Fr o
slope D;s,j
Hori- °
0 0,88 0,78 0,66 0,95 0,89 0,82 0,97 0,94 0,90
zontal
30° 0,85 0,73 0,62 0,94 0,87 0,79 0,96 0,93 0,88
South 45° 0,81 0,68 0,57 0,91 0,83 0,74 0,95 N 91 0,84
out v
60° 0,75 0,61 0,51 0,88 0,77 0,67 OQQ\'\‘ (0,86 0,78
A
90° 0,56 0,44 0,35 0,72 0,59 0,49 (,Q,dg ,70 0,60
30° 0,84 0,71 0,58 0,93 0,86 0,7 '\\6,96 ,93 0,87
036 past/ 45 | 078 | 063 | 050 | 091 | 081 | 020] 095 | 490 | 082
West 60° | 070 | 053 | 041 | 087 | 074.(Do60 | 093 | 485 | 075
90° 0,46 0,33 0,24 0,67 Q(m 0,38 0,81 Q0,65 0,51
N\
30° 0,82 0,69 0,55 0,93 /| @,85 0,75 0,95 ,92 0,86
North 45° 0,76 0,59 0,45 0,26 )[" 0,80 0,67 0,95 0,89 0,81
ort
60° 0,66 0,45 0,31 \\@65 0,71 0,54 0,92 (0,83 0,72
150|300 90° 0,38 0,23 0,15‘\\ 0,63 0,41 0,28 0,78 9,60 0,42
_ ' <
Hori- 0° 088 | 078 |*d66 | 095 | 089 | 082 | 097 94 | 0,90
zontal \
\\
30° 0,85 O,Z@ 0,62 0,94 0,87 0,79 0,96 ,93 0,88
South 45° 0,81 (Q,?S 0,57 0,91 0,83 0,74 0,95 91 0,84
out
60° 0,7& 0,61 0,51 0,88 0,77 0,67 0,93 0,86 0,78
90° (-\6)&’ 044 | 035 | 072 | 059 | 049 | 083 | (70 | 0,60
30°, 7. 0,84 0,71 0,58 0,93 0,86 0,77 0,96 93 0,87
0,58 N
East/ (15\ 0,78 0,63 0,50 0,91 0,81 0,70 0,95 3,90 0,82
NS
West 0° 0,70 0,53 0,41 0,87 0,74 0,60 0,93 0,85 0,75
c_\( . 90° 0,46 0,33 0,24 0,67 0,50 0,38 0,81 Q0,65 0,51
o
7| 300 | 082 | 069 | 055 | 093 | 085 | 075 | 095 | 492 | 086
<%R)Q N 45° 0,76 0,59 0,45 0,90 0,80 0,67 0,95 0,89 0,81
rt
Q?' 60° 0,66 0,45 0,31 0,85 0,71 0,54 0,92 q,83 0,72
é 90° 0,38 0,23 0,15 0,63 0,41 0,28 0,78 (0,60 0,42
a 1 he@g\/\ving daylight factors Dgrpj of the raw carcass opening were used to calculate these values:
- poor: 3 %;
— average: 5,5 %;
— good: 8,5 %.
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Table A.14 (continued)

Classification of daylight availability

Geo- = Poor2 Averagea Gooda
graphic | Hgj/ | Orien- E,
location | Hayy | tation 3001x | 5001x | 7501x | 3001x | 5001x | 7501x | 3001x | 5001x | 7501x
14 Surface Fro o
slope Dsj
Hori- °
0 0,88 0,78 0,66 0,95 0,89 0,82 0,97 0,94 0,90
zontal

30° 0,85 0,73 0,62 0,94 0,87 0,79 0,96 0,93 0,88
45° 0,81 0,68 0,57 091 0,83 0,74 0,95 091 ‘\(h,84

South N
60° | 075 | 061 | 051 | 088 | 077 | 067 | 093 | 086} ¢78
90° | 056 | 044 | 035 | 072 | 059 | 049 | 083 |-070 | ¢.60
300 | 084 | 071 | 058 | 093 | 086 | 077 | 096093 | 987
9 lasty 45 | 078 | 063 | 050 | 091 | 081 | 070 | 099 | 090 | 9,82
West 60° | 070 | 053 | 041 | 087 | 074 | 060.(D093 | 085 | 975
90° | 046 | 033 | 024 | 067 | 050 | 0387 o081 | 065 | ¢51
30° | 082 | 069 | 055 | 093 | 085, O75 | 095 | 092 | .86
North 45 | 076 | 059 | 045 | 090 | 080)] 067 | 095 | 089 | §81
60° | 066 | 045 | 031 | 085 [5091 | 054 | 092 | 083 | 972
s gt 90° | 038 | 023 | 015 0,?2‘\‘5‘0,41 028 | 078 | 060 | 042
fort- 0° 088 | 078 | 0,66 Q\’@S 089 | 082 | 097 | 094 | 990

P

30° 0,85 0,73 0,6 7] 0,94 0,87 0,79 0,96 0,93 0,88
45° 0,81 0,68 (9,?7 091 0,83 0,74 0,95 091 (i),84-

South
60° | 075 | 061l] 051 | 088 | 077 | 067 | 093 | 086 | §78
90° | 0,56 C/q&f 035 | 072 | 059 | 049 | 083 | 070 | @60
300 | 084 071 | 058 | 093 | 086 | 077 | 096 | 093 | §87

N
P kasy 45° -@é 063 | 050 | 091 | 081 | 070 | 095 | 090 | 0,82
West 60° (070 | 053 | 041 | 087 | 074 | 060 | 093 | 085 | ¢75
9040 | 046 | 033 | 024 | 067 | 050 | 038 | 081 | 065 | 951
7

c30° | 082 | 069 | 055 | 093 | 085 [ 075 | 095 | 092 | ¢:86

None Qfs) as° | 076 | 059 | 045 | 090 | 080 | 067 | 095 | 089 | 81

I_V“ 60° 0,66 0,45 0,31 0,85 0,71 0,54 0,92 0,83 72

éo 90° 0,38 0,23 0,15 0,63 0,41 0,28 0,78 0,60 42

a  The followi%a‘&l\ight factors Drp,j of the raw carcass opening were used to calculate these values:
0,

— poor:

— average: 5,5 %;

— good: 8,5 %.
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Table A.14 (continued)
Classification of daylight availability
Geo- = Poora Averagea Gooda
graphic | Hgj/ | Orien- E.,
location | Hyyp | tation 3001x | 5001x | 7501x | 3001x | 5001x | 7501x | 3001x | 5001x | 7501x
Y Surface Fr o
slope D;s,j
Hori- °
0 0,88 0,78 0,66 0,95 0,89 0,82 0,97 0,94 0,90
zontal
30° 0,85 0,73 0,62 0,94 0,87 0,79 0,96 0,93 0,88
South 45° 0,81 0,68 0,57 0,91 0,83 0,74 0,95 N 91 0,84
out v
60° 0,75 0,61 0,51 0,88 0,77 0,67 OQQ\'\‘ (0,86 0,78
A
90° 0,56 0,44 0,35 0,72 0,59 0,49 CQ’dg ,70 0,60
30° 0,84 0,71 0,58 0,93 0,86 0,7 '\\6,96 ,93 0,87
039 pasty 45 | 078 | 063 | 050 | 091 | 081 | 020] 095 | 490 | 082
West 60° | 070 | 053 | 041 | 087 | 074.(Do60 | 093 | 485 | 075
90° 0,46 0,33 0,24 0,67 Q(m 0,38 0,81 Q0,65 0,51
N\
30° 0,82 0,69 0,55 0,93 /| @,85 0,75 0,95 ,92 0,86
North 45° 0,76 0,59 0,45 0,26 )[" 0,80 0,67 0,95 0,89 0,81
ort
60° 0,66 0,45 0,31 \\@,ﬁ5 0,71 0,54 0,92 (0,83 0,72
ase_lgoe 90° 0,38 0,23 0,15‘\‘ 0,63 0,41 0,28 0,78 9,60 0,42
_ ' <
Hori- 0° 088 | 078 |*d66 | 095 | 089 | 082 | 097 94 | 0,90
zontal \
\\
30° 0,85 O,Z@ 0,62 0,94 0,87 0,79 0,96 ,93 0,88
South 45° 0,81 (Q,?S 0,57 0,91 0,83 0,74 0,95 91 0,84
out
60° 0,7& 0,61 0,51 0,88 0,77 0,67 0,93 0,86 0,78
90° (-\6)&’ 044 | 035 | 072 | 059 | 049 | 083 | (70 | 0,60
30°, 7. 0,84 0,71 0,58 0,93 0,86 0,77 0,96 93 0,87
0,58 N
East/ (15\ 0,78 0,63 0,50 0,91 0,81 0,70 0,95 3,90 0,82
NS
West 0° 0,70 0,53 0,41 0,87 0,74 0,60 0,93 0,85 0,75
c_\( . 90° 0,46 0,33 0,24 0,67 0,50 0,38 0,81 Q0,65 0,51
o
7| 300 | 082 | 069 | 055 | 093 | 085 | 075 | 095 | 492 | 086
<%R)Q N 45° 0,76 0,59 0,45 0,90 0,80 0,67 0,95 0,89 0,81
rt
Q?' 60° 0,66 0,45 0,31 0,85 0,71 0,54 0,92 q,83 0,72
é 90° 0,38 0,23 0,15 0,63 0,41 0,28 0,78 (0,60 0,42
a 1 he@g\/\ving daylight factors Dgrpj of the raw carcass opening were used to calculate these values:
- poor: 3 %;
— average: 5,5 %;
— good: 8,5 %.
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Table A.14 (continued)

Classification of daylight availability
Geo- = Poor2 Averagea Gooda
graphic | Hgj/ | Orien- E,
location | Hayy | tation 3001x | 5001x | 7501x | 3001x | 5001x | 7501x | 3001x | 5001x | 7501x
14 Surface Fp o
slope S
[Z—lc;)rfti;ll 0° 0,88 0,78 0,66 0,95 0,89 0,82 0,97 0,94 0,90
30° 0,85 0,73 0,62 0,94 0,87 0,79 0,96 0,93 0,88
South 45° 0,81 0,68 0,57 0,91 0,83 0,74 0,95 0,91 (h,84
60° 0,75 0,61 0,51 0,88 0,77 0,67 0,93 0,86 ,78
90° 0,56 0,44 0,35 0,72 0,59 0,49 0,83 0,70 ,60
30° 0,84 0,71 0,58 0,93 0,86 0,77 0,96 0,93 ,87
30 gasty as> | 078 | 063 | 050 | 091 | 081 | 070 | 095 | 090 | 082
West 60° 0,70 0,53 0,41 0,87 0,74 0,60 0,93 0,85 ,75
90° 0,46 0,33 0,24 0,67 0,50 0,38 0,81 0,65 ,51
30° 0,82 0,69 0,55 0,93 0,85 0,75 0,95 0,92 ,86
45° 0,76 0,59 0,45 0,90 0,80 0,67 0,95 0,89 ,81
North 60° 0,66 0,45 0,31 0,85 0,71 0,54 0,92 0,83 72
60°_ 750 90° 0,38 0,23 0,15 0,63 0,41 0,28 0,78 0,60 42
I;;fti;] 0° 0,88 0,78 0,66 0,95 0,89 0,82 0,97 0,94 ,90
30° 0,85 0,73 0,62 0,94 0,87 0,79 0,96 093 0,88
South 45° 0,81 0,68 0,57 091 0,83 0,74 0,95 091 (i),84-
60° 0,75 0,61 0,51 0,88 0,77 0,67 0,93 0,86 ,78
90° 0,56 0,44 0,35 0,72 0,59 0,49 0,83 0,70 ,60
30° 0,84 0,71 0,58 0,93 0,86 0,77 0,96 0,93 ,87
8 gast/ ase | 078 | 063 | 050 | 091 | 081 | 070 | 095 | 090 | 082
West 60° 0,70 0,53 0,41 0,87 0,74 0,60 0,93 0,85 ,75
90° 0,46 0,33 0,24 0,67 0,50 0,38 0,81 0,65 ,51
30° 0,82 0,69 0,55 0,93 0,85 0,75 0,95 0,92 ,86
North 45° 0,76 0,59 0,45 0,90 0,80 0,67 0,95 0,89 ,81
60° 0,66 0,45 0,31 0,85 0,71 0,54 0,92 0,83 72
90° 0,38 0,23 0,15 0,63 0,41 0,28 0,78 0,60 42
a  The folloying'daylight factors Dgrpj of the raw carcass opening were used to calculate these values:
— poor: B %:;

— average: 5,5 %;

— good: 8,5 %.

A.5 Daylight Responsive Control Systems

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

a) the type of control involved and

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

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

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

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

Artifficial lighting control systems are distinguished according to
— hether they are controlled manually or

— ¢ontrolled automatically to adjust the artificial light intensity to achieve‘the specified/ maintained
illuminance.

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

+- systems which turn off the artificial lighting during operating times (if daylight ayailability is
adequate);

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

ii) Installation bus systems and building management systems.

Tablg¢ A.15 provides correction factors Fpy,; to rate daylight responsive control systems.

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

availability classification

Fp,cj as a function of daylight availability

Type of contrel Poor Average Goaqd
3001x | 5001x | 7501x | 300Ix | 5001x | 7501x | 3001x 500 |x 750 Ix
Manural 0,33 0,30 0,27 0,38 0,35 0,32 0,43 0,4 0,37
Nototal | o5 | 970 | 073 | 070 | 073 | 075 | 073 0,7% 0,76

Stand- switch-off

Automatic'| alone Total
switeh-off

0,71 0,74 0,76 0,77 0,78 0,79 0,81 0,81 0,81

Bus systems 0,76 0,81 0,83 0,83 0,85 0,86 0,87 0,87 0,87

A.6 Monthly evaluation method

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

which vMonat, Fp,s,j FD,c,j is less than 1. Where necessary, an iteration procedure shall be applied.

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

Month, i
1 2 3 4 5 6 7 8 9 10 11 12
Facade system
Jan | Feb | March | Apr | May | June | July | Aug | Sept | Oct | Nov | Dec
VMonth,i
Light-guiding-systems
according to|Table A.8, | 0,67 | 0,89 | 1,06 1,18 | 1,25 | 1,28 | 1,26 | 1,20 | 1,08 | 092 | 0,72 \x0,46
South-facing
Light-guiding systems
according to|Table A.8, | 0,74 | 092 | 1,06 1,16 | 1,22 | 1,24 | 1,22 | 1,16 | 1,06 | 0,93\ 70,75 | 0,54
facing East or West
Others 0,85 | 097 | 1,06 1,12 | 1,16 | 1,17 | 1,15 | 1,11 | 1,04 | 0,94 | 0,81 | 0,66
Table A.17 — Monthly distribution key factors vyonth,; forrooflights
Month, i
1 2 3 4 5 6 7. 8 9 10 11 12
Jan | Feb | March | Apr | May | June |¢uly | Aug | Sept | Oct | Nov | Pec
VMonth,i
Northern Hejmi-
0,74 | 092 1,06 1,16 | 1,22 |=124 | 1,22 | 1,16 | 1,06 | 093 | 0,75 | 0,54
sphere
Southern Hefni- 1,22 | 1,16 | 1,06 | 092 | 924 | 0,54 | 0,75 [ 093 | 1,06 | 1,16 | 1,22 | [,24
sphere
Monthly pantial-load daylight operation factors Fp,j; can be derived from the calculated annual daylight
availability factor.
Fe.. = 1_VMonth,i FD,s,j FD,c,j for VMonth,l FD,s,j FD,c,j <1 (A.ZO)
DL D otherwise
where
VMonth,i| is the monthly distribution key for weighting the value of Fp g ;.
A method tq obtain:the distribution key factors vmonth,i for vertical facades is provided in A.8.

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

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

The method described below can be used to determine the number of day-time hours tpay and night-
time hours tnjght on a monthly basis for a known latitude y and a specified beginning of usage tstart and
end of usage tend. The hours between sunrise and sunset are considered to be day-time hours.

48
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The times tpay,; and tNight,; for each month are calculated using Formulae (A.21) and (A.22).

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

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

where

(

{

The {

~

~

whel

The t

~

[we is the reduction factor to account for weekends (the value of Cy, to accaunt for al

- 4] 1 £l - 41 b 4=l
1 IS LT TTUITDTH UT'Udy S TIT LT TTSPTULIVE TTTUIIULL.

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

is 5/7; if no weekends are taken into consideration, Cye is equal to 1};
start 1S the time of the beginning of usage;

end 1S the time of the end of usage;

bs,i 1S the usage time before sunrise;

as,i 1S the usage time after sunset.

imes before sunrise tps ; and after sunset t,5 ; aredetermined using Formulae (A.23) a
bs i = tsunrise,i _tstart,i' if tsunrise,i > tstart,i
S0 otherwise

= tende,i _tsunset,i' if tende > tsunset,i
st 10 otherwise

e
sunset 1S the sunset time;

sunrise 1S the sunrise time.

ime of sunrise fsynrise and the time of sunset tgynset are calculated using Formulae (A.25

Lunrise x=(12 - w; /15°) - teq(J;)/60

(A.21)

(A.22)

1 weekends

hd (A.24).

(A.23)

(A.24)

and (A.26):

(A.25)

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

where

w; isthe hour angle;

teq is the formula of time, Formula (A.29).

© IS0 2014 - All rights reserved
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Formula (A.27) is used to calculate the hour angle, w;.

(A.27)

sin(q))sin[S(],-)]
(; =arccosq —
cos(¢) cos[5(]l-)]
where
¢ is the geographical latitude of the location;
Ji  isthe day of the month; in this case, the 15th day of each month is used as a reference:
Ji =ht15, 40, 74,105, 135, 166, 196, 227, 258, 2608, 519, 349];
6 isthe declination of the sun.
Formula (A.R8) is used to calculate the declination of the sun.
6(J)=0,894 8 - 23,2559 x cos(J + 9,1°) - 0,391 5 x cos(2 x J” + 5,4°) - 0,176 4 x cos(3 x J' + 26,0
(4
Formula (A.R9) is used to determine the formula of time.
teq(/) =10,006 6 + 7,352 5 x cos(J + 85,9°) + 9,935 9 x cos(2 x J + 108y9) + 0,338 7 x cos(3 x J+ 1
(4
with
J=]x3640°/365
The annual |[day-time and night-time hours are the*sum totals of the monthly values as expressg

Formulae (A

12
EDay =§
i=ft

tNight =]

Table A.18 1
latitude.

Table A.]

.30) and (A.31) respectively:

4
| EDay,i (4
12
ZtNight,i (
=1

olds for typical office operating hours precalculated times tpay and tnight as a functi

| 8 < tday and tyight as a function of latitude for typical operating hours from 8 am

°)
\.28)

5,2)
\.29)

d by

\.30)

\.31)

pn of

5 pm, weekends excluded

50

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

67,5° 1,881 465
75,0° 1,629 717
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