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ABSTRACT 

Daylighting is an efficient strategy to reduce energy 

consumption in buildings. To indicate daylight 

availability in interior spaces, a number of metrics 

have been proposed and applied in practice. Most 

standards and codes recommend the use of daylight 

factor due to its simplicity; however, it is insensitive 

with regard to façade orientations and local climates. 

As an alternative, the use of ‘dynamic’ or climate-

based daylight metrics has been recently proposed. 

The validation concept of dynamic daylight metrics, 

has been proposed by Reinhart et al. based on a 

number of students assessments and computer 

simulations, mostly done in high lattitude regions. In 

this paper, the concept of predicting the daylight 

areas was tested in five daylit spaces in Bandung, 

Indonesia. 30 engineering physics students assessed 

each space by drawing the daylight boundary lines. 

Modelling and simulations were conducted in 

Radiance and Daysim to predict the daylight factor, 

daylight autonomy, and useful daylight illuminance. 

Results show that the daylit areas drawn by the 

students can be partly captured with the areas 

constructed with the line of 1/3 depth of the space, 

which is mentioned as reference line for daylight 

evaluation in Indonesian national standard, and the 

line of 1.5 times window-height. Among the dynamic 

daylight metrics, the daylight autonomy of 50% with 

target illuminance of 150 lx yields the least 

difference to the mean daylight areas according to the 

students.  

 

INTRODUCTION 

Daylighting is an efficient strategy to reduce energy 

consumption in buildings. To indicate daylight 

availability in interior spaces, a number of metrics 

have been proposed and applied in practice. Most 

standards and codes recommend the use of daylight 

factor (Moon and Spencer, 1947) and/or sky 

component due to their simplicity. However, it is 

insensitive (static) with regard to façade orientations 

and local climates.  

To address the limitation of static metrics, since 

2001, investigations in daylight availability metrics 

have gone in the direction of the so-called climate-

based daylighting metrics, mostly obtained by 

performing computer simulation. These metrics are 

based on illuminance on the horizontal points under 

multiple sky conditions, which appear throughout the 

working hours of a typical year in the particular local 

climate. An example of climate-based metric is the 

daylight autonomy (DA), promoted by the 

Illuminating Engineering Society (IES, 2013). It is a 

defined as the percentage of occupied times in the 

year during which minimum, task-specific 

illuminance can be met by daylight alone. The IES 

suggests that typical offices, classrooms, and library 

to achieve a target illuminance of 300 lx in 50% of 

the occupied times of the year, commonly notated as 

DA300lx 50%. 

Another well-known climate-based metric is the 

useful daylight illuminance (UDI), introduced by 

Nabil and Mardaljevic (2005; 2006). UDI uses the 

concept of lower and upper illuminance thresholds of 

100 lx and 2000 lx for ‘useful’ daylight at a point. 

Each point then has three UDI values, corresponding 

to the percentage of the occupied time when the 

illuminance is below 100 lx, between 100~2000 lx, 

and above 2000 lx. 

While the metrics for indicating daylight in space are 

still developing and emerging, Reinhart and 

Weismann (2012) pointed out that there were very 

few literatures describing a study in which a group of 

building occupants was asked to intuitively locate the 

boundary of the daylit area within real spaces. In 

their pilot study, Reinhart and Weismann explored 

how architecture students intuitively divided a sidelit 

studio  space in Cambridge, USA (42.37° N, 71.12° 

W), into a daylit and a non-daylit area. Their results 

showed some correlations between the mean daylight 

boundary lines drawn by the students and the contour 

lines of some daylight availability metrics, in 

particular DA300lx 50%. The pilot study was followed 

by the main one (Reinhart et al., 2014), in which 11 

architecture departments at 11 universities, mostly in 

the USA and other high lattitude regions, have 

participated in conducting similar studies, providing 
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a comprehensive set of student evaluations against 

simulation-based results. 

In Indonesia, the national standard SNI 03-2396-

2001 (BSN, 2001) proposes a number of criteria to 

design and evaluate daylighting condition, as well as 

to indicate daylight availability in indoor spaces. The 

standard applies the concept of split-flux method 

(Hopkinson et al., 1966; Tregenza, 1989), in which 

DF is assumed to consist of three components, i.e. 

sky, externally reflected, and internally reflected 

components (SC, ERC, IRC). This relation can be 

expressed as: 
 

                        DF = SC + ERC + IRC                    (1) 
 

Furthermore, the SNI states that daylight availability 

in buildings should be evaluated by calculating the 

sky component (SC), i.e. the proportion of daylight 

factor contributed from the visible sky only 

(Longmore, 1968; Tregenza, 1989), rather than 

calculating the DF itself. The SC can be determined 

by measuring the relative width and height of the 

effective daylight aperture as seen from the 

measuring (or view) point, i.e. the total area of the 

glazing that is entirely unobstructed by external 

obstructions and/or opaque parts of the fenestration. 

In the simplest case of an effective daylight aperture 

which one of its vertices is directly opposite of the 

measuring point, the sky component at that point can 

be determined analytically: 
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where D is the projected distance between the 

daylight aperture and the measuring point, H is the 

height of the effective daylight aperture above the 

measuring point, and L is the lateral length of the 

effective daylight aperture as projected to the 

measuring point. 

To calculate the SC value, SNI 03-2396-2001 

suggests using the technique of summation and 

subtraction the effective daylight aperture. For cases 

in which there is more than one effective daylight 

aperture, the SC at a measuring point due to each 

effective daylight aperture should be summed to give 

the total SC at that particular point. 

It is also mentioned that for a typical, rectangular 

room with an effective depth d [in m] from the 

window to the opposite wall, design evaluation 

should be performed for at least three measuring 

points on the workplane at a distance of 
1
/3 d from the 

window; one in the centre, and two at a lateral 

distance of 0.5 m from the side wall (Figure 1). For 

rooms with effective depth d < 6 m, the distance D is 

taken as 2 m. The ‘main’ measuring point in the 

centre should receive at least a certain value of SC 

[in %], expressed as a factor of the effective depth d 

[in m], while the two ‘side’ measuring points should 

receive at least another certain value of SC that is 

less than the former (BSN, 2001).  

 

 

Figure 1 Illustration of the main measuring point 

(TUU) and the side measuring points (TUS) in a 

rectangular room, taken from SNI 03-2396-2001 

(BSN, 2001) 

 

Even though SNI 03-2396-2001 has existed from 

some time, it is generally unknown whether the 

existing and new buildings in Indonesia are in 

compliance with the standard. Therefore, this work is 

intended to find whether similar results with the 

earlier research can be found by conducting student 

assessments and computer simulation in a tropical 

region such as Indonesia. In this paper, the concept of 

predicting the daylight areas was tested in five daylit 

spaces in a university in Bandung, Indonesia. 

METHODS 

Students assessment 

To conduct the assessment in this study, five spaces 

were taken as objects, where 30 bachelor students 

(ages range between 19 and 22 yrs old) of 

Engineering Physics in Institut Teknologi Bandung 

were asked to intuitively draw the daylight boundary 

line on the given floor plan of each space. The 

observed spaces were classroom 9301, classroom 

9308, meeting-1 room, laboratory workroom, and 

seminar-2 room. The rooms 9301, 9308, and 

meeting-1 have windows on the north façade; 

whereas the rooms of laboratory work and seminar-2 

have them on the south façade.  

The interior views of the five observed spaces are 

given in Figure 2. 
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(a) 

 

(b) 

 

(c) 

 

(d) 
 

 

(e) 
 

Figure 2 Interior view of the rooms: (a) 9301, (b) 

9302, (c) meeting-1, (d) laboratory work, (e) 

seminar-2 

 

The total floor and window areas at each space are 

listed in Table 1 as follows: 

Table 1 

Total floor and window areas at each space 

Space 

Floor 

area 

[m
2
] 

Window

area 

[m
2
] 

Window-

to-floor 

ratio [%] 

9301 78.3 17.4 22.3 

9308 78.0 17.4 22.4 

Meeting-1 60.9 12.8 21.0 

Lab. work 74.9 15.3 20.5 

Seminar-2 85.1 15.3 18.0 

 

The participating students were asked to visit the 

observed space in a given day at sometime between 

February and March 2014, in the morning between 

10.00 and 11.30 hrs. The sky condition was mostly 

overcast with no rain. Each student conducted the 

assessment individually. Before starting, the 

researcher explained to each student that he/she had 

to draw a daylight boundary line on the given floor 

plan of the observed space, based on his/her 

subjective judgment. The student also had to measure 

the illuminance on the given points on the workplane 

height, and indicate the values on the given floor 

plan. To monitor the exterior condition, another 

illuminance reading was taken at an open field 

outside the building, at the start of each student’s 

assessment session.  

 

Simulation 

To obtain the climate-based daylight availability 

metrics, geometry models of the five daylit spaces 

were generated in Radiance (Ward and Shakespeare, 

1998), and was exported into Daysim simulation 

programme (Reinhart, 2006). The description of 

interior material surfaces was given based on field 

measurement using illuminance meter.  

Daylight factor, daylight autonomy, and useful 

daylight illuminance distributions on the workplane 

height at each space were calculated in Daysim using 

a grid resolution of 0.5 m and a time step of 1 hr. The 

local weather data of Bandung (6.93° S, 107.61° E), 

obtained from the Institute of Research and 

Development for Dwellings, the Ministry of Public 

Work of the Republic of Indonesia, was incorporated. 

Daylight simulation was run for each actual working 

hour of 07.00~17.00 hrs, without considering 

daylight saving time. Target illuminance values of 

150 and 300 lx were used as input for calculating the 

daylight autonomy. 

The simulation parameters in Daysim are listed in 

Table 2 as follows: 
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Table 2 

Simulation parameters in Daysim 

Parameter  Value 

Ambient bounces (ab) 4 

Ambient divisions (ad) 1024 

Ambient super samples (as) 0 

Ambient resolution (ar) 128 

Ambient accuracy (aa) 0.2 

Limit reflection (lr) 6 

Specular threshold (st) 0.15 

Specular jitter (sj) 1 

Limit weight (lw) 0.004 

Direct jitter (dj) 0 

Direct sampling (ds) 0.2 

Direct relay (dr) 2 

Direct pretest density (dp) 512 

 

RESULTS 

Submitted drawings from the students were scanned 

and the daylit area boundary lines were traced and 

compiled using MS Excel. From every daylight 

boundary line at a given space, a mean line over the 

total number of students was obtained by averaging 

the distance to the window façade. The individual (in 

grey) and mean (in black, bold) boundary lines at the 

five spaces are displayed in Figure 3. 

 

 

(a) 

 

 
 

(b) 

 

  

(c)                                 

Figure 3 The individual and mean daylight boundary 

lines (over the total number of students) in the five 

spaces: (a) 9301, (b) 9308, (c) meeting-1, (d) 

laboratory work, (e) seminar-2 
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 (d) 
 

 

(e) 

Figure 3 (continued) 
 

To observe the uncertainty of the data distribution at 

each space, the relative distances between the 

crossing of each boundary line and the longitudinal 

axis at each space were measured, and are plotted in 

Figure 4. The distributions at 9308 and laboratory 

workroom are wider, relative to the other spaces. 

This is possibly due to the presence of large external 

obstruction outside 9308 and large amount of 

equipment in the laboratory, which might reduce the 

contrast appearance, as will be discussed later on. 
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(e) 

Figure 4 Distribution of the relative distance of each 

boundary line to the window at room: (a) 9301, (b) 

9308, (c) meeting-1, (d) laboratory work, (e) 

seminar-2 

 

The percentage of daylit area relative to total floor 

area at each space, as obtained from the students 

assessments, rules of thumb (including the window-

height (h) rule (Reinhart, 2005)), and computer 

simulations, are displayed in Table 3.  
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Table 3 

Percentage [%] of daylit area relative to total floor 

area at each space  

  9301 9308 Meet-1 Lab Sem-2 

Students 

(mean) 
54.6 42.1 44.9 44.8 58.7 

Students 

(minimum) 
31.5 16.1 16.4 15.4 32.3 

Students 

(maximum) 
76.5 72.6 63.1 82.7 77.1 

R. of thumb: 

2.5h 
93.7 94.3 82.2 87.8 87.4 

R. of thumb: 

2h 
74.5 75.0 65.8 70.2 69.7 

R. of thumb: 

1.5h 
55.2 55.6 49.3 52.7 52.1 

R. of thumb: 

1/3 d 
33.3 33.3 33.3 33.3 33.3 

DF 2% n/a n/a 20.5 7.1 6.0 

DF 1% 29.3 11.4 37.5 27.7 20.7 

DA (300lx) 

50% 
12.6 6.8 34.6 22.2 20.1 

DA (150lx) 

50% 
85.6 56.8 50.8 51.6 41.5 

UDI (100-

2000lx) 50% 
96.3 83.5 63.2 80.1 56.4 

 

Figure 5 displays a box plot showing the minimum, 

lower quartile, median, upper quartile, and maximum 

values of percentage daylit areas based on the 

students assessments at the five observed spaces. For 

comparison, the percentage daylit areas based on the 

rules of thumb of 1.5 times window height (h) and 
1
/3 

d distance, as well as according to the simulated 

DA50% with target illuminance of 300 and 150 lx, 

are also shown on the same chart.  

 

 

 

 

 

 

 

 

 

 
 

Figure 5 Box plot showing the minimum, lower 

quartile, median, upper quartile, and maximum 

percentage of daylit areas based on the students 

assessments, and the percentage of daylit areas 

based on rules of thumb of 1.5h and 
1
/3 d, and the 

simulated DA300lx and DA150lx 50% 

 

 

DISCUSSION 

The overall result gives ideas on how students in the 

tropical region such as Indonesia perceive daylight in 

real space, and how they compare to simulation-

based daylight availability metrics, as well as the 

national standard and rules of thumb. Table 3 

suggests that among the window-height rules of 

thumb, the rule of 1.5h yields the nearest percentage 

of daylit area to, and therefore partly capture, the 

mean values obtained from the students assessment at 

spaces 9301, laboratory workroom, and seminar-2. 

At 9308 and meeting-1 room, the daylit areas formed 

by the line of 1.5h are closer to the maximum 

perceived daylit area according to the students. 

Figure 5 also shows that the daylit areas formed by 

the line of 1.5h are always inside the boxes, i.e. the 

values are always somewhere between the lower and 

upper quartiles. 

The Indonesian national standard recommends design 

evaluation of sky component values at a distance of 
1
/3 d, i.e. suggesting a daylit area of 33.3% relative to 

the total floor area. While it is not yet clear about the 

rationale of this number, it can also be seen as 

another rule of thumb of predicting the daylight 

boundary line. At 9308, meeting-1, and laboratory 

workroom, the suggested distance of 
1
/3 d is arguably 

close to resemble the lower quartile of the perceived 

daylit area (Figure 5); whereas in other spaces, it is 

closer to the minimum perceived daylit area.  

From simulations, it is found that the line of daylight 

factor of 1% yields daylit areas that are significantly 

smaller than the average drawn by the students. 

Consequently, increasing the DF target into 2% 

yields even smaller areas; in rooms 9301 and 9308, 

the 2% DF line does not even exist. The mean 

daylight boundary lines at the five spaces mostly 

overlapped with the daylight factor lines of 0.4 ~ 

0.8%. 

Regarding the simulation-based daylight availability 

metrics, the closest one to the student assessments is 

apparently the DA150lx 50%, giving a root mean 

square difference 34% relative to the mean students 

assessment results in all spaces. The target 

illuminance of 150 lx, instead of 300 lx, is interesting 

because while the space seems to have insufficient 

daylight throughout the year, the students still found 

it necessary to put a cut-off in the illuminance 

propagation based on the contrast appearance, which 

was also found in the later study of Reinhart et al. 

(2014). In other words, the students might presume 

that in a relatively low-illuminated space, any part of 

it that is not too dark can be considered as a daylit 

area, even though that particular area may not 

actually receive enough illuminance from daylight 

throughout the year. There are also chances that 

given the relatively small depth of the space, as 

compared to the length, the students might feel that 

the boundary line should then be located close 
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enough to the room’s façade, and could not be too far 

away. Nevertheless, Figure 6 does not indicate a 

clear preference between DA150lx and DA300lx, as 

none of them consistently has values that are close to 

the minimum, mean, or maximum perceived daylit 

area based on the students assessment. 

The particular results from this study, though still 

limited to the observed spaces, seem to favour the 

use of rules of thumb to predict daylight availability 

in interior spaces, since the occupants tend to use 

relative measures rather than the absolute ones. The 

preference of using rules of thumb may also be 

explained by the fact that the seasonal variation of 

the weather in the tropics is relatively small, and the 

sky conditions are mostly overcast or partly cloudy. 

It should be noted that the results are drawn from 

subjective perceptions with possibly large variation; 

introducing uncertainty in the interpretation. Rules of 

thumb can be seen as a way to actually partly capture 

the mean values of those perceptions. 

If the dynamic metrics are still to be incorporated, it 

seems that for the observed spaces, low illuminance 

value of 150 lx may be applied and acceptable. 

Consequently, buildings may benefit from the 

reduction of wall-to-window ratio and artificial 

lighting use to supplement the penetrated daylight. 

Despite the limitations, this study has demonstrated a 

possibility to reproduce the simple and inexpensive 

experiment of intuitively determining the daylight 

boundary in a given real space, particularly in a 

region with tropical climate type. For educational 

purpose, the experiment also provides an insight on 

how engineering students interpret the concept of 

daylighting inside space, and how it correlates to the 

local standard. 

In view of the national standard, it is hoped that the 

results of this study can be used as the first milestone 

for larger studies, in the approach to update the 

current Indonesian national standard of daylighting in 

buildings, by pairing the simulation-based results to 

the human perception in reality. 

CONCLUSION 

This study has given a prediction of daylight areas 

based on students assessments and simulation for 

special case of buildings in a university in Bandung, 

Indonesia, which lie on the tropics. Results of the 

students assessment show that the mean daylight 

boundary lines drawn by the students are partly in 

accordance with the rule-of-thumb line of 1.5 times 

window-height. The suggested distance of 
1
/3 room’s 

depth (in Indonesian national standard SNI 03-2396-

2001) closely resembles the mean or minimum 

perceived daylit areas according to the students.  

Among the dynamic daylight metrics, daylight 

autonomy of 50% with target illuminance of 150 lx 

yields the nearest daylight areas to the mean values 

according to the students in the observed spaces. It is 

concluded that for the case of the observed spaces, 

applying lower workplane illuminance of 150 lx may 

be acceptable. The buildings may therefore benefit 

from the reduction of wall-to-window ratio and 

artificial lighting use to supplement the daylight. 

NOMENCLATURE 

DA     =  daylight autonomy [%] 

DF      =  daylight factor [%] 

ERC   =  externally reflected component [%] 

IRC    =  internally reflected component [%] 

SC      =  sky component [%] 

UDI    =  useful daylight illuminance [%] 

d     = effective depth from the window to the 

opposite wall [m] 

h        =  height of the window head from the floor 

[m] 
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