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1. Introduction

Increasing energy consumption in educational spaces, as
one of the leading consumers of fossil fuels, is a critical
issue in the contemporary era. Research shows that
buildings that do not have optimal thermal comfort hurt
mental health and well-being. One of the effective passive
methods of energy-saving is using thermal energy storage
and thermal inertia to maintain optimal thermal comfort
inside the building and reduce the energy demand of the
building.

According to previous studies, favorable internal
environmental conditions have a direct impact on the
architectural features and executive details, which include
diverse parameters, such as plan, orientation,
configuration, building thermal cover features, window-
to-wall ratio, and external shading of buildings.

Fig. 1. A: The modeled view of the building in Design
Builder software; B: The current state of the Ehsan School
building

2. Methods

This study examined an existing primary school building
as a reference building to investigate the influence of using
passive solutions on boosting the building's energy
efficiency. The reference building was in Kermanshah
City, a region with moderate winters and very hot and dry
summers. Kermanshah City is at 34 degrees 30 minutes
north and 47 degrees 15 minutes east and has an altitude
of 1305 meters from the sea level. This study investigated
the thermal behavior and comfort condition in the
reference  building through  simulation in the
DesignBuilder software version 6.1 before and after using
the proposed passive solutions (Fig. 1). The passive
solutions consisted of adding insulation and using light-
transmitting walls in various configurations. The main
studied properties of the proposed insulation were their
type, thickness, and position in layering. Moreover, the
effect of using different types of light-transmitting walls
on boosting the energy efficiency of the building was
studied considering various thicknesses of the used glass,
gases in air gap, types of glass, and number of walls.

3- Results

This study examined the energy efficiency of the reference
building influenced by six different types of insulation:
expanded polystyrene, extruded polystyrene, glass wool,
stone wool, polyurethane, and natural materials (e.g., rice
husk on the north and south sides of outer walls). The
results indicated that the mentioned insulations had almost
the same performance. Moreover, as shown in Fig2. ,
adding polyurethane insulation to the exterior wall of the
north classroom reduced the building heating load and
discomfort time by about 14.07% (176.5 kwh) and 1.5%,
respectively.

In addition, our results indicated that using
polyurethane insulations of 5, 7, 10, 12, and 15 cm in the
southern classroom reduced the building heating load up
to 16.51%, 17.36%, 18.16%, 18.27%, and 18.65%,
respectively. Furthermore, this research investigated and
compared the effect of installing polyurethane insulation
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in four different configurations on building energy
consumption (Fig. 2). The results showed that mounting
10 cm thick polyurethane insulation in the layer behind the
joinery plaster (Fig. 2, layer 1) had the most significant
performance.

Insulatior

4- Conclusion:

This study concludes that the best solutions for optimizing
the energy consumption of the studied building were using
polyurethane insulation with a thickness of 10 c¢cm in
layering number 1 and installing window-type 5 in the
northern classroom and window-type 7 in the southern

manglassroom. As the findings indicated, using the proposed
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Figure 2. Insulation position in different layers of the outer
wall of the studied spaces

Heat transfer and heat loss through the transmitting wall
were more than the standard level. Therefore, this study
investigated and compared the influences of installing nine
transmitting wall configurations on mitigating the
mentioned variables. The results showed that in the
northern classroom, using 3x13x3 cm double-glazed
windows with low-emissivity glass and argon gas
decreased heat transfer and heat loss through the windows
by about 28.4%, compared to the reference building.

insulations increased the cooling load of the building,
known as the anti-insulation phenomenon. Therefore, this
study suggests conducting more extensive research to find
solutions to overcome this shortcoming.
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Investigating the Effect of Optimizing External Skins and Translucent Walls on Reducing Energy Consumption
and Investment Return Time of Educational Buildings in a Temperate Climate with Dry and Very Hot Summers

Amir Yarinezhad Abbas Mahravan

Abstract A comfortable indoor environment is essential for the health, performance, and academic efficiency of students
in schools. The high amount of energy consumption to provide environmental comfort in Iran's educational buildings has
placed these buildings among the biggest consumers of the energy sector with energy consumption of more than 160
kilowatt hours per square meter, and the need to reduce energy consumption in this sector through solutions It is
necessary to be compatible with the environment. The purpose of this research is to reduce energy consumption and
provide comfortable conditions in educational buildings by making changes in the layering of building shell elements
including walls and light-transmitting walls as a static combination solution. The research method in this study is
quantitative and its modeling through the use of Design Builder software; to examine the existing situation and optimize
the energy of the building with variables such as; The type of thermal insulation, the thickness of the thermal insulation
of the walls, the layering of the insulation, the type and thickness of the glass, the gases between the walls, the thickness
of the walls were discussed. The results showed that in the studied building, the use of polyurethane insulation in the
innermost layer (behind the carpentry plaster) of the south and north classrooms with a thickness of 10 cm had the most
optimal performance. In the northern classroom, a double-paned light-transmitting wall with low-emissivity glass with a
thickness of 3 mm and a middle wall of 13 mm argon gas with a 28.40% reduction in energy consumption, and in the
southern classroom with windows with a triple-paned light-transmitting wall and normal glass. 3mm and 13mm of air
have the best performance among other configurations with a 23.04% reduction in energy consumption. Also, in the
calculation of the investment return time, it was found that glass wool insulation with an investment return time of 27.92
years is the most appropriate insulation option in terms of investment return.

Key Words Energy consumption, Energy optimization, Thermal performance of schools, Thermal insulat.
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