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1. Introduction

Energy saving in the building sector has received wide
attention due to its share of 40% in global energy
consumption. Therefore, the use of prefabricated buildings
has been expanded. The lightness of these buildings, along
with advantages such as easy movement, leads to problems
such as high thermal conductivity and low thermal inertia
of the building shell. Phase Change Materials (PCM) are a
suitable option for solving these problems due to their high
latent heat capacity.

2. Method

To investigate the effects of using phase change materials
in prefabricated road relief buildings, a sample relief unit
was considered in Kermanshah city, Iran, and its annual
energy consumption was simulated with DesignBuilder
software. The case study is a prefabricated building with
an area of 18 square meters and a height of 2.5 meters
(Figure 1). Natural ventilation and air infiltration are
ignored and the inside air temperature is adjusted by a split
conditioner in the range of 18 to 24 degrees Celsius.

Figure 1. The view and the plan of the building

3. Validation

To validate the numerical process, a building similar to the
one studied by Wang et al. [23] was simulated and their
temperature response was compared. The mean absolute
error of the obtained results with the results of Wang et al.
is 3.6 °C, which shows a good agreement. Moreover, the
Pearson correlation coefficient in this comparison is 0.75,
indicating a strong correlation between the results.

4. Results and discussion

In this study, the inorganic phase change material
InfinittRPCM21C was used, which has hysteresis
behavior with a melting point of 21°C. Seven distinct
modes were considered for the implementation of the
phase change material in the external shell of the building:
the use of the PCM on the north wall (N), east wall (E),
south wall (S), west wall (W), all four walls (NEWS),
ceiling (C) and finally on four walls and ceiling (NEWSC).
Figure 2 shows the annual energy consumption of the
building in the reference mode as well as the seven modes
of implementation of the phase change material.
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Figure 2. Annual energy consumption of the
building with PCM on different walls of outer
shell

The least energy saving is related to the implementation
of PCM on the west wall, which has led to a 7.72%
reduction in annual energy consumption. The southern
wall has the best performance among the four directions
with a 12.14% reduction in energy consumption. If the
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phase change material is applied on the entire surface of
the outer shell, the energy saving reaches 37.2%, which
shows the impressive potential of the PCM in reducing the
energy consumption of buildings.

For the purpose of economic analysis, according to
Figure 3, it is possible to check the energy savings per unit
mass of used PCM. Based on this, the implementation of
the phase change material on the south wall causes the
greatest energy savings per unit mass of the PCM, while
its implementation on the entire shell of the building is not
economically justified.

By examining the effect of applying the phase change
material in different layers of the wall as is shown in Figure
4, it was found that the implementation on the inner surface
of the wall leads to the greatest energy savings.
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Figure 3. Energy saving per unit mass of PCM for different
outer shell elements

In Type 1, the PCM is implemented as the most inner
layer of the wall while in the Type 5 it is the most outer
layer.
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Figure 4. The effect of the position of the PCM layer on energy
savings

Moreover, the effect of the thickness of the phase change
material in the range of 5 to 25 mm was investigated.
Figure 5 shows the results.
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Figure 5. The effect of the PCM thickness on saving
energy

According to this figure, with the increase of thickness,
the rate of energy saving improvement decreases, so that
in thicknesses over 20 mm, energy saving changes become
insignificant. Furthermore, Figure 5 shows that with
increase in thickness, the energy saving achieved per unit
mass of PCM also decreases rapidly.

Finally, by implementing phase change materials with
different melting temperatures in the range of 18 to 29
degrees Celsius, it was found that the maximum energy
saving is achieved at the melting point of 21 °C (Figure 6).
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Figure 6. Effect of the PCM melting point
temperature on energy saving

5. Conclusion

The implementation of phase change materials in the
building shell reduces the energy consumption of the
building. Among the four cardinal directions, the southern
wall has the most energy savings with a 12.14% reduction
in consumption. If the phase change material is
implemented on the entire building shell, the amount of
energy saving increases to 37.2%. From the economic
point of view, the southern wall has the best performance
among all the examined cases, saving 2.08 kWh per
kilogram of PCM.

The phase change material should be implemented on an
inner layer relative to the thermal insulation of the
building. Otherwise, up to 90% of achievable energy
saving will be lost. Although the energy consumption of
buildings decreases with the increase of PCM thickness,
smaller thicknesses are more suitable economically. For
example, by increasing the thickness from 5 to 25 mm, the
amount of energy saving per kilogram of PCM decreases
from 3.08 t0 0.97 kWh. In any case, by increasing the PCM
thickness beyond 20 mm, no significant change in energy
saving is observed.

The PCM melting point should be chosen according to
the weather conditions. Compared to thermal insulation, if
the phase change material is implemented as the inner
layer of the wall, its melting point should be within the
comfort temperature range. For the conditions applied in
this research, the highest annual energy savings were
obtained for PCM with a melting point of 21°C.
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Investigating the Effect of Phase Change Materials on Energy Consumption in Lightweight
Prefabricated Relief Buildings

Ali Amiri-Jaghargh Amir Yarinezhad

Abstract In this research, the role of Phase Change Materials (PCM) in energy saving in lightweight prefabricated
buildings is studied. For this purpose, a typical building in Kermanshah, Iran is simulated in DesignBuilder software. A
split unit is used as air conditioning system. The annual energy consumption of the building in the reference state is
2577.27 kWh. The implementation of the PCM was investigated in all directions including each individual wall, ceiling,
four walls simultaneously and the entire building envelope. The southern wall is the best option among the walls with
12.14% energy saving. From an economic point of view, this wall has the best performance as well by saving 2.08
kWh/kgPCM. Implementation on the entire envelope increases savings up to 37.2%. Although this is not an economical
case, but it reduces the need for energy to almost zero in four months of the year. By examining the PCM in different
layers of the wall, it was found that in all directions, the inner surface of the wall leads to the greatest energy savings.
Also, taking account the PCM thickness in the range of 5 to 25 mm showed that the smaller the thickness, the greater the
savings per unit mass of the PCM. Therefore, thicknesses more than 20 mm are not recommended. Finally, the effect of
the PCM melting point in the range of 18 to 29 degrees Celsius was investigated and it was found that the maximum
energy saving is obtained at the melting point of 21 degrees Celsius.

Key Words Phase change materials, PCM, Energy saving, Thermal comfort, Prefabricated building, DesignBuilder.
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