
INTERACTION OF DAYLIGHT DISTRIBUTION AND THERMAL COMFORT IN 
ATTIC SPACES DURING SUMMER PERIOD 

 
Kristian Kondas1, Martin Kamensky2, Martin Lopusniak3 

1,2,3Faculty of Civil Engineering, Technical University of Kosice, Kosice, Slovakia 
 
 
 
 
 

ABSTRACT 
Attic spaces belong among the most popular forms of 
housing or working. The most common reasons why 
people prefer this form of living are for example the 
efficient utilization of the land, lower costs of utility 
connection, better contact with environment and that 
it has a very positive impact on the human well-being. 
Thanks to the sloped window plane the daylight 
distribution inside of these spaces is very specific. In 
addition, they are critical regarding to overheating 
during summer period, so it is also necessary to 
analyse them in terms of thermal comfort. In our case, 
a daylight distribution on the working plane of a 
simple attic office room with different roof slope was 
determined. The thermal comfort was analysed by 
means of simulation program Design Builder, where 
the exact virtual model of the above-mentioned room 
was created. The aim of this contribution is to compare 
the results of daylight distribution above the working 
plane at different roof slope and orientation and to 
evaluate the effect of the window plane slope on the 
thermal comfort inside of the room during summer 
period. 

INTRODUCTION 
According to the Slovak standard (STN, 2005) a loft 
is defined as interior space of a house allowable from 
the last storey, which is embosomed by the structure 
of the roof and other building structures and is 
intended to purposeful use. To loft can be considered 
only that storey, which has sloped roof structure above 
the 1/3 of its floor area and the “roof-walls” are not 
higher than the half of the height of a common storey. 
These spaces in past, without heating and lighting, 
were considered for a less lucrative parts of the 
building, while at present, their utilization is becoming 
a popular and often the necessary form of housing or 
working. There are a lot of reasons to live under 
pitched roof because of efficient utilization of the land, 
lower costs of utility connection, better contact with 
environment and, which has a very positive impact on 
the human well-being (Duboisová et al., 2005). 
According to the currently applicable Slovak 
standards (STN, 1987), (STN, 2000) , all kinds of 
spaces with permanent occupancy (i.e. work-, school, 
residential spaces) have to be illuminated by daylight. 
Daylight in buildings is assessed according to light 

conditions represented by overcast sky conditions, 
respecting the CIE overcast sky model. In recently 
several models of the sky luminance distribution were 
developed, which allow simulating also conditions of 
clear and cloudy daylight situations (Perez et al., 
1993), (Kittler et al., 1997), (Igawa et al.. 2004), (ISO, 
2004). 
Daylighting and thermal comfort have contradictory 
requirements on window apertures and glazing 
system. This is due to the fact that daylighting of the 
room is need to be assessed at the worst exterior 
daylight conditions (i.e. at overcast sky), when the risk 
of overheating is on the minimum, while in case of 
thermal comfort the opposite is true. This is why these 
two evaluation criteria should not be assessed without 
each other. 

DESCRIPTION OF THE ROOM 
For the test calculations a sample office room with 
dimensions 4 m width and 6 m depth of the room was 
chosen (i.e. width corresponds to the windows wall). 
A room is located in a two-storey office building on 
the second floor. The maximum depth of 6 m is for the 
side-lit room and the height 2.6 m of the room was 
chosen in all cases. The height of the point of 
inclination is 0.6 m above the floor while the sloped 
roof with angles 30°,  45° and 60° has thickness 0.4 m, 
as is shown in Figure 1. 
 

 
Figure 1 Section of the room (45° slope) 

 

ENVELOPE STRUCTURES 
The external wall (EXW) is formed by 0.25 m thick 
porous concrete blocks and 0.15 m thermal insulation. 
Roof deck (RD) and the ceiling of the room (CE) are 
insulated by 0.22 m thick thermal insulation. 

Proceedings of BS2015: 
14th Conference of International Building Performance Simulation Association, Hyderabad, India, Dec. 7-9, 2015.

- 1745 -



The room is illuminated from one side by four plastic 
roof windows VELUX GGL with dimensions 0.78 × 
1.18 m in case of 60°, 0.78 × 1.4 m in case of 45° and 
0.78 × 1.6 m in case of 30° slope. Their thermal and 
technical properties are: Ug = 0.8 (W/(m2.K)), Uf = 
0.814 (W.m-2.K-1) and g = 0.85, Table 1. 
 

Table 1 
Properties of the envelope structures 

Type of 
construction 

Heat transfer 
coefficient 

U (W.m-2.K-1) 

Solar factor 
g 

(-) 
EXW 0.164  
RD 0.123  
CE 0.159  
Window frame 0.814  
Window glazing 0.8 0.85 

 

HVAC 
The whole building including the assessed office room 
is heated and ventilated by air handling unit with heat 
recovery efficiency 75%. 

INPUTS 
Thermal comfort 
Boundary condition data for the simulation were 
considered from IWEC’s database for the site in 
Košice. The location is characterized by an outside air 
temperature difference Δθe = 53.95 K, the maximum 
value θe,max = 31.05°C and the minimum value θe,min = 
- 22.9°C. 
In terms of global radiation, the following 
characteristic values Ig,m = 165 W/m2, Ig,max = 1004 
W/m2 are presented. 
Daylighting 
For daylight calculations, the following reflectances of 
the interior surfaces were chosen: the floor 30 %, the 
ceiling, the linings of the windows 80 % and the walls 
60 %. The value of the factor of light transmission in 
normal direction, for the doubled glazed window was 
set to 0.79. The calculation grid of the working plane 
is created by the group of 15 points (3 points along the 
window wall and 5 points along the side walls), while 
the distance between the points and also between the 
working plane perimeter and the walls is 1.0 m. The 
height of the working plane was set to the level 0,85 
m above the floor. 
To calculate the required values of illuminance under 
clear sky condition, the information about the location 
of the investigated room is also needed. For this 
purpose, the city of Košice, with the geographical 
coordination: latitude 48°43´ N, longitude 21°15´ E 
was chosen. The best study of orientation influence on 
the interior diffuse illuminance levels is at the time, 
when the sun is in the highest position, therefore the 
time 12 a.m. on 21st June (in time of maximum 
declination) was chosen.  

DESCRIPTION OF THE ALTERNATIVES 
Thermal comfort 
During the simulation, several alternatives of the roof 
slope and room orientation were tested, Table 2. By 
means of these alternatives, the influence of the 
selected factors on the overheating of the room during 
summer period (July, August) was studied. A 
mechanical ventilation of the room in two modes was 
expected. In the first case it was a standard mode of 
ventilation, while the second mode was mixed. 
For the analysis of overheating of the office room, the 
internal air temperature θai = 26°C was determined as 
a limit value, (STN, 2012). Subsequently, the number 
of hours (during occupancy), when the internal air 
temperature has exceeded this limit value, was 
monitored. 
 

Table 2 
The legend of alternatives for the combination of the 

selected factors – thermal comfort 

 Slope of the roof 
30° 45° 60° 

Orientation 
to the 
cardinal 
points 

South A1 B1 C1 
East A2 B2 C2 
West A3 B3 C3 
North A4 B4 C4 

 

To analyse if the office room is overheated, a 
simulation software DesignBuilder was used. 
DesignBuilder is a user-friendly modeling 
environment where you can work with virtual building 
models. It provides a range of environmental 
performance data such as: energy consumption, 
carbon emissions, comfort conditions, daylight 
illuminance, maximum summertime temperatures and 
HVAC component sizes. DesignBuilder uses the 
EnergyPlus dynamic simulation engine to generate 
performance data. 
The assessed room was designed as a one-zone model. 
 
 

Figure 2 Standard 
mode of ventilation 

Figure 3 Mixed mode of 
ventilation 

 

The specified building operating mode corresponds to 
the real operation of the building. The office room is 

Proceedings of BS2015: 
14th Conference of International Building Performance Simulation Association, Hyderabad, India, Dec. 7-9, 2015.

- 1746 -



characterized by the presence of 2 people from 8:00 to 
17:00 during work days. The room was without 
cooling. 
Hygienic air exchange in the room was protected by 
mechanical ventilation in different modes. Standard 
mode of ventilation was used when the air exchange 
rate was the same during 24 hours n = 2.0 ac/h. Mixed 
mode of ventilation was used when the intensity of 
ventilation during night was greater than during the 
presence of people, (Figure 2 and Figure 3). 
For simulation has been conceived air-tightness of the 
building n50 = 0.6 ac/h. 
Daylighting 
As it was mentioned, the presented study provides a 
discussion about the differences and the effects of the 
building’s orientation and roof slope on interior 
daylight conditions during summer period at overcast 
and also clear sky situations. For this purpose, the 
internal illuminance without the direct component was 
calculated by means of the computer program Velux 
Daylight Visulaizer, (Labayrade et al., 2009). The 
used alternatives for daylighting calculations are 
shown in Table 3. 
 

Table 3 
The legend of alternatives for the combination of the 

selected factors - daylighting 

Sky type Orientation Slope of the roof 
30° 45° 60° 

Overcast S, E, W, N A0 B0 C0 

Clear 

South A1 B1 C1 
East A2 B2 C2 
West A3 B3 C3 
North A4 B4 C4 

 

In all cases, the interior diffuse illuminance 
distribution was calculated. The sizes of the working 
planes, bordered by the adequate (300 lx) and 
minimum (100 lx) illuminance level were compared 
and were used as an evaluation criterion. 

RESULTS 
Thermal comfort 
The first part presents the influence of the roof slope 
on the thermal comfort inside of the room, with use of 
the standard ventilation mode. 
If the room was oriented to South, there was a 34% 
decrease in the number of hours when the internal air 
temperature exceeded the limit θai = 26°C at the time 
of occupancy (NTTL) between A1 and C1. 
If the room was oriented to East, there was a 38% 
decrease in NTTL between A2 and C2. 
If the room was oriented to West, there was a 48% 
decrease in NTTL between A3 and C3 and if the room 
was oriented to North there was a 69% decrease in 
NTTL between A4 and C4, Figure 4. 

The second part presents the influence of the roof 
slope on the thermal comfort inside of the room, with 
use of the mixed ventilation mode. 
In this case, if the room was oriented to South, there 
was a 38% decrease in NTTL between A1 and C1. 
If the room was oriented to East, there was a 39% 
decrease in NTTL between A2 and C2. 
If the room was oriented to West, there was a 49% 
decrease in NTTL between A3 and C3 and if the room 
was oriented to North, there was a 74% decrease in 
NTTL between A4 and C4, Figure 4. 
 

 
Figure 4 The number of hours when the internal air 

temperature exceeded the limit θai = 26°C at the time 
of occupancy. 

 

Due to the mixed ventilation mode, a decrease in 
NTTL in each of the alternative compared to the 
alternatives with standard ventilation mode occurred. 
If the room was oriented to South or East, there was a 
14% average decrease in NTTL. If the room was 
oriented to West, there was a 19% average decrease 
and if the room was oriented to North, there was a 23% 
average decrease in NTTL, Figure 4. 
The sum of the hours, when the room was occupied in 
the months of July and August was 450. The Table 4 
presents percentage of NTTL of alternatives at 
standard mode of ventilation and the Table 5 at the 
mixed mode of ventilation. 
 

Table 4 
Percentage of NTTL of alternatives at the standard 

mode of ventilation 

 A B C 
1 76% 65% 50% 
2 72% 58% 47% 
3 66% 50% 34% 
4 53% 27% 16% 

 

Table 5 
Percentage of NTTL of alternatives at the mixed 

mode of ventilation 

 A B C 
1 68% 55% 42% 
2 62% 50% 38% 
3 55% 40% 28% 
4 44% 21% 12% 
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Daylighting 
As to show all the alternatives by means of figures in 
case of daylight distribution simulation would be 
space consuming, there is shown only one alternative 
for the 60° slope, as an example. 
   

 
Figure 5 The levels of interior diffuse illuminance 
(left) and the size of the working plane (right) at 

overcast sky condition 
 

As is shown in Figure 5, in case of overcast sky 
condition, the daylight distribution on the working 
plane is orientation independent. It means that the size 
of the working plane will be the same, no matter if it 
is oriented to Sout, East, West or North. 
 

 
Figure 6 The levels of interior diffuse illuminance 
(left) and the size of the working plane (right) at 

clear sky condition (South orientation) 
 

In case of clear sky condition at South orientation the 
diffuse illuminance levels are higher, naturally, Figure 
6. The size of the working plane with adequate 
illuminance (300 lx) is about a 70% larger than in case 
of overcast sky, while this ratio is also valid for the 
area with minimum illuminance (100 lx). 
In case of East and West orientation, the illuminance 
levels and the working plane sizes are roughly the 
same. In these cases, the size of the working plane with 
adequate illuminance (300 lx) is about a 42% larger 
than in case of overcast  sky, while this number in case 
of the area with minimum illuminance (100 lx) is 61%, 
Figure 7 and Figure 8.  

 
Figure 7 The levels of interior diffuse illuminance 
(left) and the size of the working plane (right) at 

clear sky condition (East orientation) 
 

 
Figure 8 The levels of interior diffuse illuminance 
(left) and the size of the working plane (right) at 

clear sky condition (West orientation) 
 

It is interesting that in case of North orientation, the 
illuminance levels of the first two rows of the 
calculation grid are lower than in case of overcast sky, 
while the illuminance level at the other points are 
slightly higher, Figure 9. 
 

 
Figure 9 The levels of interior diffuse illuminance 
(left) and the size of the working plane (right) at 

clear sky condition (North orientation) 
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The resulting sizes of the working plane for the other 
alternatives are summarized in Table 6 below. 
 

Table 6 
The sizes of the working plane with adequate (300 lx) 

and minimum (100 lx) illuminance in m2 

 A B C 
 300 lx 100 lx 300 lx 100 lx 300 lx 100 lx 

0 3.01 5.15 2.74 5.22 1.84 4.18 
1 4.08 7.90 4.05 8.00 3.12 7.12 
2 3.60 7.54 3.53 7.94 2.61 6.74 
3 3.60 7.54 3.53 7.94 2.61 6.74 
4 2.70 5.84 2.51 6.88 1.39 5.02 

 

According to the results, listed in Table 6, the largest 
size of the working plane with adequate illuminance is 
ensured at South oriented office room with 30° roof 
slope (4.08 m2), while in term of the minimum 
illuminance of 100 lx, as the best choice shown the 
South oriented room with 45° roof slope (8.00 m2). In 
this case (45°/South), the illuminance of 300 lx is 
ensured across the 4.05 m2 of the working plane, so its 
size is roughly the same than in case of 30°/South. 
 

 
Figure 10 Sizes of the working plane with adequate 

and minimum illuminance for each alternative 
 

CONCLUSION 
The aim of this study was to compare the results of 
daylight distribution above the working plane at 
different roof slope and orientation and to evaluate the 
effect of the window plane slope and orientation on 
the thermal comfort inside of the room during summer 
period. 
In case of thermal comfort analysis, the aim was to 
ensure suitable interior air temperature (during the 
occupied hours), without the use of cooling 
equipment. In accordance to the analysis results can be 
concluded that the office room will be most 
overheated at 30° roof slope, while in case of 60° slope 
the interior air temperature is more acceptable. As 
expected, if the room is oriented to North, the values 
are lower than in case of other alternatives. 
Due to the mixed ventilation mode about an 18% of 
average decrease occurred in NTTL in comparison 
with standard ventilation mode. 
The risk of overheating was not reduced, neither if 
other, more effective ventilation mode was used. 

The analysis showed that in attic spaces, using the 
actual boundary conditions, cooling equipment should 
be used, however this choice can be reflected in 
overall energy consumption. 
In terms of daylight distribution above the working 
plane the 45° roof slope shown as the best alternative. 
In this case, the minimum illuminance level is ensured 
across the largest area in comparison with the 60° or 
even the 30° roof slope, while the size of the working 
plane with adequate illuminance level is also high 
enough. 
Based on the findings described above can be 
concluded that design of attic spaces sometimes 
require to make some compromises. However, in 
terms of thermal comfort a North oriented room with 
60° seems to be a logical choice, the daylight 
distribution in this case represents the worst scenario. 
Therefore, if we take into account all the aspects, the 
West oriented 45° slope seems to be the only logical 
alternative, where the increase of the energy 
consumption for cooling and artificial lighting is in 
balance.  
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