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GUIDELINESON SUPPLEMENTARY LIGHTING
RELATED TO THE TOTAL DAYLIGHT INDEX (TDI)
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Summary

Spatial daylight illuminance in building interiors a function of daylight transmission,
distribution and utilisation. All the factors memtied above, decide on the amount of
daylight entering from the outside and migratingtgiven point in the room. This amount
is determined by glazing/opaque ratio, glazing props, interior shapes, finishing
materials, etc. Proposed indicator — Total Daylightlex (TDI) is a function of
transmission (T) and distribution (D) and changesaveen 0 and 1 depending on the
different distance from the daylight source (e.ghdew). The values of TDI determined
the required level of illuminance (Ix) at workindgape in a distance (m) from the light
source.

The main purpose of our study was to developed mBthodology and find the
amount of supplementary light essential for prawidrequired level of illuminance for
assumed TDI value. The analyses were done usingnadd numerical techniques based
on Backward Ray Tracing Method, for Overcast skyditions. Obtained results show the
energy efficient of supporting system and elegbogver of luminaries. On the other hand
the final results will be guidelines for designengio would like to estimate the visual
comfort and energy efficient aspects of the buddin
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1 Introduction

Daylight utilization in a sustainable building dgsiis a crucial point, not only from the
point of view of indoor environment quality but egg as well. Present recommendations
mainly depend on a building type, function, occigratetc. They are based on visual
criteria and three of the main parameters are]fld&light factor, horizontal illuminance
on the working plane, luminance ratio (contrast).

A great amount of daylight coming into the buildings determined mainly by
architectural ideas and vision. Usually, the fpatt of a design process is oriented towards
esthetic requirements and deprived of technicalyarsa It is almost impossible to apply
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advanced engineering techniques at such an eaigrdievel. Any simulation tools based

on split-flux method,radiosity or ray tracing methods required detailed descriptions of
the building (geometry, construction and materials) the system (shading, light leading
and transport devices). Therefore, at this stagetechnical adjustments using accurate
methods are difficult to obtain, laborious and stly approximated. The second part of
the project is more often supported by advancedenigal techniques to estimate precisely
the features of the project and apply final coroexs. However, first estimation at the

initial design step can often determine further rabgeristics of a building and its

components. It must be done as precisely as pesbill in a relatively easy way. The

initial guidelines (at the conceptual design phadeuld be formulated clearly, explicitly

and comprehensively. They should be based on atinti@e only the main features of

the building (e.g. geometry, material propertieRing into consideration the character of
external environment, localization, obstructions. dthey should be functionally diverse

according to the type of the building and its oatign.

A friendly, general and initial methodology for digit utilization in buildings is
proposed in the paper. It is based on the totaluatnof daylight getting to the working
plane inside the rooms. Daylight illuminance indide building is changeable and depends
on external conditions (weather, time, season abdrudevelopment) and internal factors
(surface properties — transmission and reflectlwaracteristics, architectural design).

On the other the obtained results should give thentitative information to the
designers about possibly energy saving by daylighérefore, it is essential to developed
TDI methodology for indicator representing addiagnsupplementary illuminance from
artificial lighting.

2 Total Daylight Index (TDI)

Total Daylight Index (TDI) is the first step indica for architects and engineers at the
conceptual design phase to consciously create uhdirfgs and building interiors at an
early design stage. TDI is a dimensionless prodctaylight transferring (T) and
distribution (D) on the way from the sky to the moon the working plane and it ranges
from O to 1. TDI should be individually estimatea fone localization, standard climatic
parameters (weather, time and season) but withowt arban and architectural
obstructions. Further particularities are realizgdthe correction factor (C) taking into
account remaining external and internal conditions.

The methodology required only general informatidrowt the building, usually
available at this leg. It is based on the concémixterior envelope, building function and
basic dimensions.

2.1 Transferringfactor

First part of the information concerns the promstiof exterior envelope. This
characteristic is described by the daylight tramsfg factor (T). It is defined as an amount
of daylight entering the building interior spacett® amount of daylight falling on the
building envelope. The T factor is a glazing dayligransmission. Boundary partial
coefficient G (p.2.3) takes into account the glazing/opaqueoré@tindow area) and
window position. For a single indoor space, bounoled external, transparent daylighting
openings it is estimated according to the equdtipn
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o] is the total daylight transmission of surface
Ai is the area of transparent surface
A is the total area of external transparent surfacesding the analysed space
T  factor changes from 0 to 1 and in extreme casemibe:
T =1 for a fully glazed external facade and ddyliglazing transmission
equals 1 (only in theory);
T = 0 for a fully opaque fagade or daylight glaztrensmission equals 0

2.2 Distribution factor

The second part of the information concerns thegntges of interiors. This characteristic
is described by the daylight distribution factor).(Id is defined as an amount of daylight
coming from the window to the assumed working pl&e the other hand, the distribution
factor also determines the weakness of the dayingide the building space. The D factor
is always described by the average reflectancéefstirfaces in the room. For a single
indoor space, bounded byinternal surfaces it is estimated according toeitpeation (2):

N A

D= Z SxR x— (2)
= A

is the area of surfagen the analysed space ;

is the total area of the surface in the analysddor space;

is the daylight reflection of surface

is the surface coefficient [3];

ranges from 0 to 1 and in extreme cases it can be

D = 1 for ideally reflected surfaces and no otimeernal obstructions (only in

theory);

D = 0 for no reflected surfaces (100 % of daylightbsorbed).

oOwD> P

2.3 Correction factor

The values of Total Daylight Index calculated adoog to the procedure presented in
paragraph 3 are valid only in some particular caBestly, the daylight that reaches the
building is not disturbed by the elements of exaéranvironment. It means that the
analysed building and the glazing elements areg feposed. The second assumption is
that the daylight spreads out symmetrically to iterior space (the window is placed
centrally in the external surface). It means timat daylight is distributed symmetrically
from the outdoors to the building space. Finallye third limitation concerns building
interiors. It is assumed that the daylight is retiel in the same way by the floor, the
ceiling and the walls except the wall opposite Wiedow. This assumption does not
delimit the depth of the room, but in reality theeytight reflected on the surface at the rear
of the room changes the illuminance level in thepdst areas. Also, individual surfaces
have different properties, reflect dissimilar amooindaylight inside the building space.

The correction factor C should be used in ordergemeralize the proposed
methodology. It is a product of three partial cmeéhts: exterior Ce), interior C;) and
boundary C,) factors.
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C=C,xC, xC, (3)

The exterior correction factdZ. includes the mitigation of the daylight causeduolgan
development, building geometry and any other obstns around the transparent parts at
building envelopes. The boundary correction fa€@gtakes into account the size and the
position of the window in relation to the refererzase, when the facade is fully glazed
and placed centrally in the external surface. Aastivgal movement of the sill above the
level of the working plane changes the daylightritigtion inside the building. The third
component of the correction fact@?; () concerns the influence of the light reflectedtty
opposite (to the window) wall. It can cause variontensity of light transfer through
reflectance by the ceiling, the walls or the floAs it is well known, the amount of light
reflected by the ceiling is crucial for the illunaimce at the upper side of the horizontal
plane.
The correction factor ranges from 0 to 1 and:
C =1 is for ideal conditions: no external obstimts, centrally fixed window and
identical properties of all internal surfaces;
C = 0 when one of the factors (outside, insidetdroaindary layer) presents total
barrier for daylight transportation (only in thepry

24 Supplementary lighting

Proposed methodology bases on two parameters ldedcabove: transferringl’( and
distribution D). Additional two, devoted to supplementary artdldighting: power input
(P) and general efficiencyrj was also considered. The final form of TDI is qmeted
below:

TDI Y (P,
is distance from light source in meters;

is required level of illuminance in Ix;

is the power input of supplementary light in watts

n s the general efficiency of supplementary light;

o< X

The utilization of artificial light is determinedylgeneral efficiencyy but also depends on
distribution factorD. The relation between illuminance at the levelmofrking plane and
distribution factor is presented iRig. 1. The assumed power output was 150 W and
general efficiency 100 %. The presented resultswstite greatest impact of surface
properties on spatial artificial lighting distrilbon. Finally, the daylight utilisation depends
on both: transferring and distribution factors y&jile the amount of supplementary light
depends only on distribution factor.

Fig. 2 represents illuminance distribution for ideallyieetive surfaces (D = 100 %)
and luminairies located at each meter from theidhikource (at 0 m). Decreasing values
of supplementary lighting intensity close to theyldgnting surface results due to low
reflectance of the glass. In the middle of the rotah about 4 m) the artificial light
utilisation is determined by two walls and ceilinghile in the end of the room (at 8 m)
there is additional third wall opposite to the womdface. InFig. 3 the illuminance level
achieved from luminaires with different power insipresented.
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Fig. 3 llluminance distribution at"8meter for selected efficiency of luminaires, fraéto 100 %.

Power input for supplementary lighting with 100%@éncy at the depth of 8 m.

Required power input [W] Distribution D [-]
10 09 08 0,7 06 0% 04 03 02 (1
1000 105 120 135 150 165 165 180 180 195 [95
900 90| 105 120 135 150 150 165 165 180 |80
> 800 90| 90| 105 120 13b 135 150 150 150 165
gx 700 75| 90| 90| 1085 12p 120 135 1B5 135 135
S = 600 60| 75| 90| 90] 105 105 105 1P0 120 120
E = 500 60| 60| 75| 75 90 9( 90 105 105 105
S 2 400 45| 45| 60| 60 75 75 7 75 75 90
@ 300 30| 45| 45| 45 60 6( 60 60 60 @0
200 30| 30| 30| 30| 45 44 45 45 45 45
100 15| 15| 15| 30] 30 3( 30 30 30 30
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The exemplar results were obtained for single lamimounted at deepest part of the
room (at 8 m from the window). Based on relationos [iminaries located at different
depth required power input was estimated due twoilgigion factor D (sed ab. 1). The
power requirement is necessary to provide suppleangen(to daylight) lighting
illuminance. The whole procedure how to find theeleof supplementary illuminance was
presented in [3].

3 Conclusions

The required TDI index relates to the illuminaneed inside the building was proposed
and can be easily used as the first guideline duitie architectural design process. The
index give information about illuminance distribanidue to construction solution and also
energy saving by daylight can be easily determined.

The initial results show that the Transferring ¢aidthe amount of daylight entering
the building space) determined the daylight illuamoe distribution in the whole room
space. On the other hand Distribution factor (im@wants of light reflected and transfer to
the surroundings) determines efficiency of suppletaug, artificial lighting.

Research work financed from the state budget funds in 2005-2007 as a research project.
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