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Abstract This study tries to verify how the integration
of solar panels as a shading device can reduce indoor air
temperature. Two stages of the experiment have been
conducted, the first experiment compared the shadowing
performance of the solar panels placed parallel in front of
the window, while the second experiment compared the
shadowing performance of the solar panels placed 45
degrees on the top edge of the window with the panels
aligned in front of the window. Two models of similar
buildings have been built; to see how much influence the
location of solar panels as a shading device, the surface
temperature of the glass and indoor air temperature were
measured using temperature and humidity data loggers.
The measurement results of the first experiment showed
that compared to a model without solar panels, especially
from 7 a.m. to 5 p.m., significantly decreased by an average
of 2.5°C and 0.6°C consecutively to the glass surface
temperatures and the indoor air temperatures. In the second
experiment, the comparison of shadowing performance
between solar panels placed parallel in front of the window
with panels placed tilted 45 degrees indicates that
especially for windows on the East side the use of solar
panels placed parallel in front of the window is more
potential. This result also has the potential to become a
renewable energy source, but further research is still
needed, especially regarding solar panel -electricity
production capacity.

Keywords Solar Panel, Shading Devices, Indoor Air
Temperature, Thermal Comfort

1. Introduction

Hot air and high humidity are the main problems faced
by buildings in humid tropical climates. This condition is
the main cause of discomfort in the occupancy space in
the building. Increasing the average air temperature due to
climate change must be anticipated more seriously, which
causes excessive heating in the space in a building. The
greater the increase in air temperature in the room the
greater the energy needed for cooling. This problem is
exacerbated by the increasingly limited sources of
non-renewable energy from fossils and the price is
increasingly expensive. Therefore, using this energy
efficiently and economically becomes a central issue of
the world today, and seeks to find other energy
alternatives and efforts to economize energy; including of
course in the building construction sector [1].

About 40% of energy is consumed to be used as indoor
air cooling in office buildings and housing. Especially
when a building is designed regardless of the site and
environmental conditions of the surrounding location,
using inappropriate building materials, not using shading
to avoid direct sunlight, all this will increase energy
consumption. Understandably, the average building in a
humid tropical climate is faced with the problem of how
to achieve and maintain comfortable indoor conditions
where air temperature and humidity can be controlled.

Passive cooling is one strategy for energy-efficient
buildings that are needed for cooling buildings in humid
tropical climates. Several passive cooling strategies can be
applied in our climate in Indonesia, the most popular and
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widely known are comfort ventilation. This technique will
be better applied with shading techniques in areas of walls
and windows that are exposed to direct sunlight. The use
of shading functions as a "barrier" against direct heating
of the walls or windows of the building. The application
of shading devices can be an enhancer of the aesthetic
facade of the building.

Indonesia's astronomical location located on the equator
affects the magnitude and intensity of solar radiation in
the building as a whole, especially in openings or
transparent fields such as windows. Thus, the application
of shading devices on windows or other wall surfaces is
interesting to study, especially the integration of solar
panels as shading devices and their effect on decreasing
internal room temperature; also a system for producing
renewable energy is an important object. This is because
the benefits of integrating solar panels into shading device
systems and renewable energy sources that can be used
for housing needs will provide many benefits. Solar
panels can produce electricity that can be used for
household needs. The solar panel will function as an
element of the shading device that protects and
overshadows the window from direct solar radiation so
that it can be called direct sunlight protection on windows
or other openings. The position and dimensions of panel
construction require in-depth research, especially the
effect on decreasing indoor temperature.

Research on solar heating control and shading devices
is very important when architects and designers want to
build homes that are both energy efficient and thermally
comfortable. There are several studies of shading devices
such as those by Ahmed et al. [2] who concluded that the
use of permanent shading devices can improve thermal
performance in office space. Whereas Barbara Matusiak
[3] has conducted a study of permanent shading devices
and proposed a design method for permanent exterior
shading devices, Dubois [4] explained the results of her
research that a method determines imaging devices. These
studies are carried out in temperate climates and certainly
different if applied in a humid tropical climate. Whereas
Chia-Peng [5] reported that imaging devices in
architectural design can control the level of lighting with
natural lighting, while Carmody [6] researched with
commercial building objects.

Research by Lee et al. [7] and Yao et al. [8] concluded
that shading device systems, especially from the economic
aspects of buildings and their operational systems, can
save energy significantly. The European Commission [9]
in the Thermie program published a shading system for
climate in Europe; thus, references that are suitable for the
Southeast Asian climate are still very limited and even
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similar studies have not been published to date. Research
on materials, typology, and orientation of shading devices
have been carried out by Gutierez [10] who concluded
that experimental studies conducted were very useful for
building shading design databases. External shade devices
to maximize visual appearance and performance in terms
of natural lighting have been carried out by Kim et al. [11].
Similarly, the results of research from Hien et al. [12] and
Corrado et al. [13] reported an analysis of several
important influences of shading tools outside of natural
lighting and ventilation. Rosencrantz [14] in his doctoral
thesis study reported that evaluating through measuring
and simulating the performance of windows and shading
devices contributed significantly to energy efficiency.

Research on shading devices was carried out by
researcher Lu et al. [15] which used a simple light sensor
to obtain a smart shading device system. Pablo la Roche
[16] proposed a smart passive system to achieve
carbon-neutral buildings or zero-emission buildings. He
also researched in 2005 on the effects of a combination of
smart shading devices and ventilation for thermal comfort.
One of the researchers who produced many publications
in intelligent control was Selkowitz [17-19] especially in
the automation of shading devices and smart glass for
natural lighting control. Buhagiar et al. [20] strengthened
the results of Selkowitz's research primarily for
application to the Mediterranean climate.

Gaur et al. [21] and MacKay [22] reported their
research on the performance of solar panels and informed
that in locations with full sunlight, the benefits of solar
panels are 10 W/m?; where [21] more broadly examined
several different solar cells. The use of solar panels in
Indonesia has great potential because it is more efficient
and more affordable by taking advantage of economic and
environmental benefits, as studied by [23] who used solar
panels to power water pumps for daily needs.

So far and rarely have there been references to the
thermal performance of shading devices using solar panels
applied to windows in general as described above. In
connection with these limitations, the initiator formulated
the main problem of this study to examine the effect of
shading from integrated solar panels on the windows of a
house building.

2. Materials and Methods

This study was conducted in Manado in the North
Sulawesi province of Indonesia, which is located at
1.4583° North Latitude and 124.8260° East Longitude, as
shown in Fig. 1.
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Figure 2. The climatic condition of Manado

The city of Manado is influenced by a humid tropical
climate with an average temperature of 29.10°C in
October and the coldest month is January with an average
temperature of 26.90°C. In general, the temperature
difference between the warmest and coldest months is not
very large. November-March is the rainy season period
with the largest average rainfall occurring in January (465
mm). Daily and monthly temperature amplitude is small.
Average high relative humidity ranges from 64% in
October and 81% in January and March, as shown in Fig.
2.

Two similar test cells were constructed with a length of

1.00 m, a width of 1.00 m, and a height of 1.85 m. The
walls of the two test cells were made of the unpainted
wood multiplex. The roof is made of corrugated
galvanized zinc sheet with a surface area of 2.60 m”. Each
test cell has two windows measuring 25 X 50 cm with a
window sill 70 cm above ground level, located on the
right and left (East and West sides). One of the windows
on the Eastside was fitted with 2 mm glass panes while
the window on the Westside had no panes and was left
open.

For this purpose, two stages of experimentation have
been carried out. In the first experiment, a comparison
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was made between a model that has solar panels and a
model without solar panels. One of the windows of both
models is fitted with glass resembling a transparent glass
window.

In the East window, solar panels are installed as
shading devices with a distance of 10 cm parallel to the
glass field. The test cell has an attic that has ventilation
holes for 20% of the attic area. The two test cells were
placed in a courtyard that allowed as much direct sunlight
as possible in the morning, as illustrated in Fig. 3.

L

Figure 3. In the first experiment, two models have been built which one
installed solar panels parallel to the window and the other not

Figure 4. In the second experiment, two models were built, one fitted
with a window-aligned solar panel and the other fitted with a solar panel
with a 45° slope

In the second experiment, a comparison of the position
of solar panels on the windows was placed on both
models. One model is fitted with parallel solar panels
while the other model is fitted with solar panels on top of
the window with a slope of 45 degrees, as shown in Fig. 4.
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A polycrystalline 20 WP solar panel was used, it
weighs 2.3 kg, has a dimension of 485 x 360 x 25 mm,
has a production tolerance of 0-3%, a maximum power
current of 1.08 A, and a maximum power voltage of 18.5
V, and loads mechanically tested 2,400 Psi. Measurements
were made to examine the effect of solar panel placement
as a shading device using data loggers RC4-HC which
measures the air temperature and relative humidity of the
room and glass surface of the model that is not fitted with
solar panels or models with solar panels. For each model,
a thermohygrometer data logger was placed in the test cell
to record the temperature and relative humidity of the
indoor air, and another data logger was placed and
mounted on the glass surface to measure and record the
surface temperature of the glass windows. Measurements
were taken for 2 weeks each in August and October
during sunny weather. Because the amplitude of daily and
monthly temperatures for a year is small; it can be
assumed that the measurements at that time are acceptable
and representative.

The use of flexible solar panels will provide flexibility
in designing various forms of shading devices. This will
be very favored by architects and designs in integrating
aesthetic shading devices as well as useful as an
alternative energy source, as shown in Fig. 5.
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Figure 5. The flexible solar panels are easier to apply as any form of
shading devices

3. Results and Discussion

Measurements carried out sequentially for two weeks
showed that the indoor air temperature in the glass
window was protected by solar panels, from 7 a.m. to 5
p.m., always lower than the indoor air temperature on
models without solar panels, as shown in Fig. 6.
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Figure 6. Comparison of the indoor air temperatures and its relative humidity between a model with solar panels and without solar panel for two
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50
45
40
[$)
S
&
2
2
® 35
S
<
g
]
[
30
25
20
0w 00 oo 0o 00w 0o 0w 0o o
83 3 /Y 3R ’RR XA ] 3R ]
P=%=1 S35 P=g=1 SS [=%=%=] P=y=%=1 p=%=1 SS =)
S &% So <& N & & & & Ss =
28 3T ee p=to} =g 8ee i e2e =
oo oo T 010 © ©o© ~r~ o~ © P o
pp gy Gy ] g N qo ] <
b ob o eb & b o od & b ch b ob ob & b o od &
88 88 88 88 888 888 88 88 8
b b b b &b b b Db d bbb b b b b &
SS SS SS SS S5 S SS S SS S S
[ QR KK [ KRR QKR KK [ &
Time
——Glass surface with parallel solar panel Temperature°C —— Glass surface without solar panel Temperature°C

Figure 7. Comparison of glass surface temperatures between a model with a solar panel and without solar panel for two weeks

Indoor air temperature is very dependent on many This is also the case with Figure 7, which shows the
parameters such as weather conditions at the same time; comparison of the glass surface temperature between the
so that the curve of indoor air temperature always window model covered by the solar panel and not. In
fluctuates according to weather conditions. While relative  general, the surface temperature of the window glass
humidity fluctuates according to air temperature. The covered by the panel is always lower than the temperature
lowest room air temperature is 24.8°C, and the highest is of the glass surface that is not covered. During the
38.1°C; with the relative humidity respectively of 84.8% measurement time, the lowest temperature of the glass
and 47.8%. surface is 21.6°C, and the highest is 48.7°C.
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effective to withstand heat from direct sunlight when the
morning. At the same time, this also applies to the
comparison of the surface temperature of the glass
between the models on which the windows are fitted with
solar panels and those that don't; the temperature

above, as shown in Fig. 8 and 9.
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models occurred at 7.40 a.m. at 3.1°C and gradually difference is around 17.6°C at the same time as mentioned

the glass surface is 0.6°C and 2.5°C respectively, where
indoor air temperature from a window with a solar panel
is always lower than without a solar panel. The biggest
difference in indoor air temperature between the two
declined until 11 a.m., indicating that the position of the
solar panels placed in the east window will always be

120

Figure 9. Comparison of glass surface temperature and humidity between the model with a solar panel and model without solar panel

—— Glass surface with parallel solar panel Temperature°C
—— Glass surface with parallel solar panel Humidity%RH
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The glass surface temperatures are very different, they
gradually decrease until 11 p.m. At night the glass surface
temperature difference is not too much even the same.
Overall it shows that the use of solar panels as an effective
shading device to reduce indoor air temperature as well as
an alternative energy source. Battery charging is effective
at these hours, from 7 to 11 a.m.

The second experiment where the comparison of solar
panel performance with parallel position and tilt position
of 45 degrees. It is observed that the surface temperature
of the glass from the model with solar panels that are
placed parallel windows is always hotter in the morning
while in the afternoon until the afternoon it is always
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colder. The position of the window facing east has a
significant influence on the temperature curve of the glass
surface. Thus this will greatly affect the indoor
temperature where the same pattern of models with
parallel solar panels will be hotter in the morning while in
the afternoon until the afternoon is colder. This can be
seen more clearly by taking one day only as shown in the
chart below.

Solar panels placed tilted in front of glass windows give
the effect of lower temperatures or less than the influence
of parallel panels, while parallel panels cause the surface
temperature of the glass to rise larger until 10 a.m.

2018-10-3013:09:04
2018-10-3013:29:04
2018-10-3013:49:04
2018-10-30 14:09:04
2018-10-3014:29:04
2018-10-30 14:49:04
2018-10-3015:09:04
2018-10-30 15:29:04
2018-10-3015:49:04
2018-10-30 16:09:04
2018-10-3016:29:04
2018-10-3016:49:04
2018-10-3017:09:04
2018-10-3017:29:04
2018-10-3017:49:04

(

c

~*

)
—

Glass surface Temp at parallel panel

Figure 10. Comparison of the temperature of the glass surface of the model with solar panels placed parallel and tilted on the front of the window on

the Eastside
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Figure 11.

Comparison of indoor temperature due to laying of parallel and tilted solar panels on windows on the Eastside
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The indoor air temperature on the model with solar
panels placed parallel in front of the windows on the
Eastside will have a better influence compared to the
model that use tilted solar panels. This can be seen in
figure 11 where the air temperature of the indoor increases
only in the morning i.e. at 7-10 in the remaining hours
lower or equal to the indoor air temperatures of the model
whose solar panels are placed tilted on the window face.
Thus we can conclude that the model of laying solar
panels on windows on the Eastside preferably in a parallel
position closes the surface of the window hole.

4. Conclusions

The use of solar panels placed in front of glass windows
as shading devices has shown their usefulness, where in
general, room air temperature is always lower than models
that do not use solar panels. Especially during the day, the
advantage of wusing double layers is that room
temperatures are lower at an average of 0.6 °C. This gives
confidence that this system can be applied to buildings in
North Sulawesi, even Indonesia.

Lowering the temperature of the glass surface, in turn,
allows a decrease in the indoor air temperature during the
day. The glass surface temperature of the model with solar
panels on the windows is always lower by an average of
2.5°C than on a model without it. The comparison
between the model and the parallel solar panel window
with the panel that tilts 45 degrees gives the conclusion
that for the position of the window located on the East
side put the solar panel parallel to the window is better
than the panel with the inclined position.

The use of solar panels installed on the glass window as
shading devices can be used as one of the passive cooling
strategies in buildings. In addition to these benefits, the
system can also be a source of renewable energy
production that can be utilized for internal needs. Further
research needed is the model and layout of solar panels as
the most optimal and appropriate shading device.
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