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Abstract

Windows include a significant part of waste in buildings
as they are transparent to solar heat and radiation. The use
of shading devices is evaluated as a suitable strategy in
order to improve the energy performance of the building.
In this article, physical specifications of an office building
in Kerman are modeled in Sketch Up software. Then, by
assigning materials to the building components in Open
Studio software, the building is simulated. Finally, the
building energy consumption in the presence of fixed
external shading devices, internal movable shading
devices and simultaneous use of these two shadings, is
calculated in Energy Plus software. Results show that the
use of external fixed shading devices has better
performance in reducing energy consumption compared to
internal movable shading devices. In this regard, the
external fixed shade with a depth of 150 (cm) has recorded
the best result with reduction of 18.92% in annual energy
consumption compared to the base state. The simultaneous
use of external fixed shading with depth of 100 (cm) and
internal movable shade with 63.57 (GJ) saving, shows the
most reduction in building annual energy consumption.
Keywords: Building energy consumption, Office Building,
Energy plus, internal shading device, External overhang.

1-Introduction

Nowadays, 40% of the total energy consumption and 35%
of the total carbon dioxide production in Iran is allocated
to the building sector. windows account for a significant
part of waste in this sector. The most important factor in
this loss is the heat absorbed due to penetration of sunlight
through the windows. The use of shading devices and
sunlight control methods is a smart choice in order to
optimize the use of sunlight in different seasons. This

approach can be introduced as an effective solution to
reduce waste through windows and translucent walls.

Many studies have been conducted on the effect of
shading devices on energy consumption, which evaluated
their use as favorable. Among these studies, in the study of
Alhuwayil et al. the evaluation of external shading devices
on four fronts of a hotel against the use of polyurethane
and fiberglass insulation from the viewpoint of energy
consumption has been investigated. Igbal Shah et al.
compared the effect of shading devices on opaque facade.
Subsequently, a simulation study was conducted to
quantify the effects of shading systems on opaque facades
with different thermal transmittance values. Park et al.
analyzed the energy performance and thermal comfort of
an educational building with shadings in South Korea.
When PCMs were applied to the shading, the cooling
energy consumption decreased by 44%, and the number of
thermal comfort hours improved by 34%. In research of
shahdan et al. the use of external fixed shade has been
introduced as a passive solar strategy. In this study, Revit
software was used to model a three-story school in
Malaysian climate, vertical, horizontal and egg-crate
shading devices have been compared. The simulation
clearly shows that the egg-crate shading devices is the best
solution for hot-humid climate area.

In this research, the effect of using internal and external
shading devices in climate of Kerman, has been studied.
Therefore, overhangs in 3 depths and movable shading
devices in 3 types have been simulated. The combined use
of both types of shadings and its effect on energy
consumption has also been investigated. in this study, a
comprehensive comparison between different
combinations of the external and internal shading devices
has been carried out. The results would be conclusive in
order to choose the desirable combination of shading
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devices for an office building in climatic condition of
Kerman.

2- Methodology

In order to evaluate the effect of shading devices on energy
consumption, a six story office building is designed. The
modeling of this building is based on a real building and
considered standards are according to the rules and
regulations of the Ministry of Housing and Urban
Development of Iran in the design and construction of the
building. The main facade of the building faces south and
includes 17 windows. It is open five days a week from 7:30
am to 4:00 pm and closed on weekends. Overhangs are
created on 17 windows of south facade. Figure (1)
illustrates the overhangs on the south facade of the
building at three depths of 50, 100 and 150 (cm).

Figure 1 Simulated overhang in three depths.

Kerman meteorological file, the HVAC system and its
schedule, the movable shade devices and its schedule are
also among the settings made in the Energy Plus software.
In this research, three different types of movable shading

devices; interior roller shade, blind and exterior screen are
used to cover the south facade windows (Figure 2).

Exterior screen Blind Roller shade

Figure2 Selected movable shading devices

Calculations of energy consumption of the office building
are in one year and the assumptions considered for the
simulation are as follows.

1. The cooling and heating setpoints are considered 26
and 22 degrees Celsius, respectively.

2. The average ground temperature during the year is 18
degrees Celsius.

3. The algorithm of heat transfer calculation is selected
based on sensible heat. Therefore, the humidity and the
lack of integrity of the surfaces and materials have been
ignored.

3- Results and discussion
The obtained results are presented in three sections.
* The results of the effect of external overhangs
* The results of the effect of movable shading devices
» The results of the effect of simultaneous use of
overhangs and movable shading devices

Effect of external overhangs

In this section, the effect of external overhangs with three
depths of 50 cm, 100 cm and 150 c¢cm are studied. The
results of three depths overhang demonstrate a positive
effect to reduce the annual energy consumption of the
office building. It is obvious that the 150 cm overhang has
a better performance than other two, to reduce energy
consumption and shows 49.41(GJ) reduction in annual
energy consumption.

Effect of internal movable shading devices

Movable shading devices include three types of interior
roller shade, blind and exterior screen that cover the
window frame. The results show that interior roller shade
has the most impact compared to its counterparts and
illustrates  34.94(GJ) reduction in annual energy
consumption. Although movable shading devices have a
favorable effect in reducing energy consumption, they are
less effective compared to overhangs.




93 Journal of Applied and Computational Sciences in Mechanics, 37, 1, 2025.

Annual Energy
Consumption(GJ)

mheating ®Total mcooling

Figure 3 Annual energy consumption of building for
heating and cooling in presence of shading devices

The effect of simultaneous use of overhangs and movable
shading devices

In order to evaluate the amount of energy saving due to the
use of both external and internal shading devices,
overhangs and movable shading devices have been
simulated simultaneously for the building in 9 different
modes. Based on results, the overhang with a depth of 100
cm and interior roller shade shows the greatest reduction
in this section with an amount equal to 24.34% compared
to the base case. Figure 3 shows the effect of the selected
shading devices in each section on the cooling and heating
load of the building.

4- Conclusion

In this research, the effect of using movable shading
devices and overhangs in a typical office building in
Kerman city has been studied, using Energy Plus software.
In general, the use of shading devices in hot seasons is
effective to reduce the energy consumption for cooling
applications, due to restriction of direct sunlight
penetration into the building. This amount of reduction is
different by considering the conditions of the equipment
needed for shading, location and the ability of the
equipment used to control the sunlight. overhangs have a
better performance, compared to movable shading devices.
The highest amount of reduction in energy consumption is
shown by the building equipped with interior roller shade
& overhang 100 (CM) with a reduction of 24.34% per
year.
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