
Solar heat transfer in architectural 
glass facade in Semarang Indonesia

Abstract
Semarang is a city in Indonesia with humid tropical climate. It stays hot and 

humid all year round. Ironically, many office buildings in Indonesia, including in 
Semarang, are beginning to use International Style or Glass Architecture. The sun 
can penetrate such glass facades, raising the room temperature in the building and 
thus the energy consumption for air conditioning. With the help of the Simulation 
Program WUFI-2D, this research provides insights on the amount of solar heat 
transfer that occurs on glass facades. The result shows that the heat transfer in 
various types of glass facades significantly increases the room temperature inside 
the building.

Keywords
Glass architecture, Solar heat transfer.

L.M.F. PURWANTO1, Karsten TICHELMANN2 
1 lmf_purwanto@unika.ac.id • Department of Architecture, Faculty of 
Architecture and Design, Soegijapranata Catholic University, Indonesia
2 k.tichelmann@twe.tu-darmstadt.de • Department of Architecture, Structural 
Engineering & Building Physics, Technische Universität Darmstadt, Germany

Received: September 2017 • Final Acceptance: May 2018

ITU A|Z • Vol 15 No 2 • July 2018 • 147-152
do

i: 
10

.5
50

5/
itu

jfa
.2

01
8.

50
46

5



ITU A|Z • Vol 15 No 2 • July 2018 • L.M.F. Purwanto, K. Tichelmann

148

1. Introduction
In countries with humid tropical cli-

mate such as Indonesia, is necessary to 
decrease sunlight penetration in build-
ings. Sun shading installed on windows 
functions to limit sunlight penetration 
and heat increase inside the buildings. 
Anwari Dananjaya, 2013, examined 
the tropical architecture facades of 
office buildings in Jakarta. High rise 
buildings built between 1970-1990 
have relatively good forms of sun shad-
ing (see. Figure 1). Santoso, A.K., & I 
Gusti Ngurah Antaryatama, 2005, ana-
lyzed the effect that glass facade in high 
rise buildings in humid tropics have 
on energy consumption. They showed 
that the increase in sunlight, because of 
missing shading on the facade creates 
a higher heat transfer and therefore a 
higher energy demand for cooling. The 
energy needed to cool the building’s 
rooms far exceeds the energy needed 
to light the rooms in buildings that use 
sun shading.

In the study of Gratia E. and De 
Herde A., 2007, the factors that influ-
ence the greenhouse effect in a Double 
Skin Facade (with glass facade) were 
identified using a one-dimensional ap-
proach under various operative scenar-
ios. By analyzing the global behavior of 
a building with a Double Skin Facade, 
they found that the greenhouse effect 
is quite beneficial to the building en-

Figure 1. Wisma Dharmala Jakarta, one of 
the buildings in 1982 with a good forms of 
sun shading.

Figure 2. Yearly monthly averages of the outdoor air temperature 
in Semarang in the period from 2000 to 2015.

Figure 3. Hour by hour daily curve of the air temperature in 
Semarang in the period from 2000 to 2015.

Figure 4. The monthly means of solar radiation in Semarang in 
the period from 2000 to 2015.
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ergy balance. Double Skin Facade is of 
course applicable to subtropical coun-
tries that have four seasons. Research 
on the effect of glass facades on heat 
transfer and the thermal comfort in the 
room, has yet to be conducted for the 
humid tropics.

A humid tropical climate is char-
acterized by humid and hot weather 
all year round including both dry and 
wet seasons. The temperature data in 
Semarang, Indonesia as the object of 
observation, is shown in Figure 2 and 
3. (Purwanto, L.M.F., 2016)

The Meteorology Climatology and 
Geophysics Council in Semarang pro-
posed the solar irradiance measure-
ment as shown in Figure 4. The solar 
radiation in Semarang is considerably 
high.

The Simulation Program WUFI-2D 
was used in this research. It required 
data sources about glass to provide ac-
curate calculation input on the differ-

ences between two types of glass used 
as the objects of observation in Sema-
rang buildings. Table 1 presents the 
Physical and Mechanical Properties of 
Glass, while Table 2 shows the Techni-
cal Characteristics of Glasses.

2. Research materials and methods
Two buildings with different types 

of glass were examined in this research 
(see Figure 5 and 6). The first is clear 
glass, the second is heat and solar-re-
sistant glass. The clear glass has opti-
mum transmission without shadow 
effect, also providing optimum natural 
light gain. The second type of glass is 
floating glass with heat and solar resis-
tance. It is colored during manufactur-
ing by adding coloring metals such as 
cobalt, iron and selenium to the raw 
glass. With the both buildings, the 
temperature of the outside air, the out-
er glass surface, the glass surface inside 
the building and the room temperature 
were measured.

WUFI-2D analysis is generally con-
ducted when the object of research 
requires different heat and humidity 
responses. It is specifically required for 
complicated geometry, such as building 
corners, window locations and founda-
tion connections, and when there are 
non-uniform sources/sinks of heat and 
moisture. In the study with WUFI-2D, 
Guimarãesa. S., et.all., 2016, revealed 
that the moisture transfer in the inner 
parts of the materials and construction 
building elements and components is 
of great importance for its behaviours 
characterization, especially for its du-
rability, pathology, waterproofing, deg-

Table 1. Physical & mechanical properties of 
glass (P.T. Asahimas Flat Glass, 2008).

Table 2. Technical characteristics of glasses (P.T. Asahimas Flat Glass, 2008).
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radation appearance and thermal be-
haviour, causing changes with difficult 
performance prediction.

Arregi, B. & Joseph Little, 2016, used 
WUFI Pro and 2D to analyze the Hy-
grothermal Risk Evaluation for the Ret-
rofit of a Typical Solid-walled Dwell-
ing. There have not been many studies 
conducted on glass using WUFI-2D.

3. Results and discussion
During the measurement of research 

object, it can be seen that sunlight pen-
etration into buildings with clear glass 
affected the room temperature signifi-
cantly. At 11.00 to 15.00, the tempera-
ture of glass surface inside the build-
ing was higher than that outside the 
building, the glass absorbed the heat 
and transferred it into the building. It 
can be seen too that sunlight penetra-
tion into buildings with heat and solar 

resistant glass facades, the influence of 
solar heat can be slightly retained by 
the use of glass. At 11:00 to 15.00, the 
solar heat can be slightly retained by 
the heat and solar resistant glass. As a 
result, the room temperature as shown 
in Figure 7 and 8 was affected.

During the observation of WU-
FI-2D Simulation, data input on glass 
materials was determined by the score 
differences on Specific Heat Capaci-
ty, thermal conductivity and porosity 
(Givoni, B., 1998). The results of data 
processing indicate a degree of density 
on temperature chart in Figure 9 and 
10. Heat and solar-resistant glass has a 
higher density than clear glass. The heat 
transfer rate was affected as a result.

The results of the WUFI-2D Simula-
tion regarding glass heat transfer show 
differences as can be seen below in Fig-
ure 11 & 12. With clear glass, the tem-
perature of the glass surface outside the 
building ranges from 29.4°C to 39.2°C, 
while that inside the building reaches 
39.2°C to 44.1°C. With heat and so-
lar-resistant glass, the temperature of the 
glass surface outside the building ranges 
from 33.5°C to 39.2°C, while that inside 
the building reaches 39.2°C to 44.8°C.

The results of the above measure-
ments, showed the same results as Ji-

Figure 6. Building with heat and solar-
resistant glass facades as research object.

Figure 5. Building with clear glass facades 
as  research object.

Figure 7. Building with clear glass facades.

Figure 8. Building with heat and solar-resistant glass facades.



Solar heat transfer in architectural glass facade in Semarang Indonesia

151

Figure 9. WUFI-2D temperature chart with 
clear glass.

Figure 10. WUFI-2D temperature chart 
with heat and solar-resistant glass.

Figure 12. Result WUFI-2D with heat and 
solar resistant glass.

Figure 11. Result WUFI-2D with clear glass.
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ru’s research. Jiru,T.E., Yong-X. Tao 
and Fariborz Haghighat, 2011 study in 
heat transfer experiment on two dif-
ferent types of glass yields significantly 
contrasting results. To minimize heat 
transfer, glass facade can be treated 
differently. In his study, Jiru placed a 
ventilated air cavity between two glass 
facades, thus conserving energy for 
cooling.

The findings of this study support 
those of Manz. H., 2004. Factors in-
fluencing the heat transfer process in 
glass are as follows:
• the absorption value of clear glass 

(22 to 35 percent) is lower than that 
of heat and solar-resistant glass (60 
to 75 percent);

• thermal transmittance (U-value) of 
insulating glazing unit is low.

Clear glass has a low absorption val-
ue; thus it cannot prevent heat transfer. 
This leads to an increased temperature 
on the inside glass surface and on over-
all temperature inside the building.

4. Conclusions
Sunlight penetration into buildings 

affects the room temperature signifi-
cantly despite the use of heat and so-
lar-resistant glass. The increase of heat 
in a building is directly proportional 
to the level of transmission, reflection 
and absorption of glass with absorp-
tion being the most important factor 
to decelerate the heat transfer into the 
building. The higher the absorption 
level, the less heat can transfer through 
the glass into the building.
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