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Abstract

The external wall of the building has always been discussed and investigated as one of the effective parameters
for heat exchange and energy consumption. This study was conducted with the aim of investigating the
energy consumption and the effect of phase change materials as insulation on the thermal behavior of the
external walls of a residential building and determining the optimal melting temperature in the cold climate
of Tabriz. To this end, three different melting temperatures of 18, 24 and 28 °C were selected. The research
method employed was quantitative with a positivist approach. A five-story residential building in Tabriz was
selected because of its availability. Analyzes and simulations were conducted with Grasshopper, Honeybee
and Ladybug plugins. The results of the research showed that melting temperatures of 24 and 28 degrees
in hot months reduced energy consumption by 31.93 and 20.48%, respectively. The reduction in energy
consumption in cold months for melting temperatures of 24 and 28 degrees respectively was equal to 36.08
and 15%. The biggest reduction in energy consumption in all months of the year was related to the southern
front. Thus, at a melting temperature of 18°C this decrease was 61.65% and 61.80% in hot and cold months
respectively, at a temperature of 24°C it was 65.83% and 74.5% and at a temperature of 28 °C it was 62.53%
and 61.94% compared to the base state. Therefore, considering the cold climate of Tabriz, the use of PCM
with a melting temperature of 24°C is appropriate and economically viable.
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Introduction

Among the various energy storage technologies, thermal energy storage utilizing phase change materials
(PCMs) has gained increasing attention due to its role in promoting energy conservation in buildings with
thermal comfort (Li and Chen, 2019). Systematic reviews on latent heat storage in building components
indicate that PCMs can not only ensure indoor comfort but also contribute to reducing thermal loads
and achieving energy savings in buildings (Mavrigiannaki and Ampatzi, 2016). Research has shown that the
placement of PCMs within building walls and the orientation of these walls significantly impact their
thermal performance (IKim, Mae, and Choi, 2017; Jin et al., 2017; Saikia, Azad, and Rakshit, 2018).

This study examines the effect of phase change materials on energy consumption in various orientations
of a residential building situated in a cold climate with three different melting temperatures over the course
of the entire year.

Methodology

The present study, employs a quantitative methodology and follows a positivist approach. The statistical
population consists of residential buildings located in Tabriz. The selected case study is a typical five-story
residential building, randomly selected based on available resources. In the present study, the documents and
maps of the studied building were analyzed and modeled using Rhino and Grasshopper software. In these
simulations, the climatic data of Tabriz city were utilized, and the process of analyzing and evaluating energy
consumption was conducted through Honeybee and Ladybug plugins.

The research process is as follows: initially, a thermal analysis of the building was conducted in its base state.
Subsequently, analyses were conducted by considering PCMs with different melting temperatures of 18, 24,
and 28°C in the building’s exterior walls. Finally, a comparison and analysis were performed between two
scenarios: the presence and absence of PCM, as well as the different melting temperatures. The geometric
and thermal characteristics of the studied building, along with the details of its exterior envelope, are

sequentially illustrated in Figures 1 to 3.

1,2-Living Room (South, East)
3-Kitchen

4-Toilet

5-Master Bedroom
6-Childrens Bedroom
7-Bathroom

8-Staircase

Fig 1: Right: The fifth floor plan and features of the spaces under study, Left: the building facade.
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Materials Thermal conductivity (W/m°K) Density (Kg/m?) Specific heat (1/Kg°K)
Brick 1 1900 840
Cement 0.29 1442 840
Brick 0.8 1600 840
PCM 0.21 760 1200
Brick 0.8 1600 840
Mortar (Gypsum soil) 1.15 1000 840
Gypsum 0.7 1300 1000

Fig 2: Thermal specifications of the external wall layers.

thickness (meters)

Materials Base PCM

Brick 0.03 0.03
Cement 0.03 0.03

Brick - 0.1

PCM - 0.05

Brick 0.2 0.1
Maortar (Gypsum soil) 0.025 0.025
Gypsum 0.015 0.015

Fig 3: The thickness of the wall layers in the basic state and with PCM.

Results

Based on Figure 4, which illustrates the energy consumption during warm and cold months of the year for
both the base and PCM scenarios with different melting temperatures, it was observed that PCM with a
melting temperature of 18°C, despite its negative performance during the cold months (increasing energy
consumption by 1.44% compared to the base), reduced energy consumption by 23.16% during the warm
months. This finding indicates that its use in this climate is not economically viable. PCM with a melting
temperature of 24°C performed better in both warm and cold months, reducing energy consumption
by 31.93% in warm months and 36.08% in cold months. Although PCM with a melting temperature of
28°C performed better than the 18°C PCM during cold months, reducing energy consumption by 15%
compared to the base, the reduction during warm months was only 20.48%. Therefore, PCM with a melting
temperature of 24°C demonstrated the most favorable petrformance compared to PCMs with melting
tempetatures of 18°C and 28°C.

Ligure 5 provides a comparative analysis of energy consumption variations across the scenarios under
study. The results indicate that the most significant reduction in energy consumption occurred during the
cold months of the year. Therefore, considering the cold climate of Tabriz, the use of PCM with melting
temperatures of 24°C and 28°C can be both energy-efficient and economically viable. However, their
application during the warm months of the year, especially in May and September, is not economically
advantageous due to minimal changes in energy consumption compared to the base. Overall, it can be
concluded that in the examined climate, the impact of PCM is more pronounced during the cold months
than during the warm months.
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Fig 4: The amount of energy consumption in hot and cold months in both basic and PCM conditions in external
walls on an annual basis.

Fig 5: General comparison of energy consumption changes in the basic state and considering PCM with melting
temperatures of 18, 24 and 28°C during the year.

Figure 6 examines the impact of PCM on the external walls of the building across all spaces uniformly, with
the average energy consumption compared. It can be stated that PCM with a melting temperature of 24°C
emerged as the most favorable option among the melting temperatures analyzed in this study, aligning well
with the cold climate of this region.
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Fig 6: General comparison of the average energy consumption in all the investigated spaces.

Figures 7 and_8 respectively illustrate the energy consumption for both scenarios with different melting
temperatures throughout the year and broken down by spaces.

Fig 7: The amount of energy consumption by different spaces in the basic state during the year.

Fig 8: The amount of energy consumption by different spaces and considering PCM with different melting
temperatures during the year.
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Among the melting temperatures examined, the greatest reduction in energy consumption throughout the
year occurred on the southern facade. Even with a melting temperature of 18°C, the energy reduction
for this facade was 61.65% during the warm months and 61.8% during the cold months. For a melting
temperature of 24°C, the reduction was 65.83% during the warm months and 74.5% during the cold
months. With a melting temperature of 28°C, the reduction was 62.53% during the warm months and
61.94% during the cold months, compared to the base. Therefore, the findings suggest that using PCM on
the southern fagade can contribute to energy savings and promote a more sustainable built environment. In
Higure 9, the energy consumption for both the base and PCM scenarios is presented over the course of a
year, broken down by the analyzed orientations.

Fig 9: Comparison of energy consumption in the basic state and with PCM in the investigated directions during the
year.

Discussion

Results showed that PCM with a melting temperature of 18°C, despite a 23.16% reduction in energy
consumption during the warm months, led to a 1.44% increase in energy consumption during the cold
months compared to the base form. This part of the findings is consistent with the study by Xie and
colleagues, who highlighted the unfavorable thermal performance of PCM across different seasons.
Furthermore, the present study demonstrated that melting temperatures of 24°C and 28°C resulted in
energy consumption reductions of 31.93% and 20.48%, respectively, during the warm months, and 36.08%
and 15% during the cold months, which aligns with the studies by Sharma et al. and Jin et al. Considering the
findings in the Results section, from the perspective of building facade efficiency, this study is in agreement
with the research by Wang et al. and also with the study by Zhu et al. In support of these studies, the results
of the present research indicated that the greatest reduction in energy consumption across all months of the
year occurred on the southern fagade. Specifically, with a melting temperature of 18°C, the reduction was
61.65% in the warm months and 61.80% in the cold months. For 24°C, it was 65.83% and 74.5%, and for
28°C, it was 62.53% and 61.94% compared to the base form. Therefore, given the cold climate of Tabriz,
the use of PCM with a melting temperature of 24°C is appropriate and economically viable.
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Fig 1: Right: the plan of the fifth floor and the characteristics of the investigated spaces, Left: the main view of the
building
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Fig 2: Roof details of the fifth floor
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Fig 3: The amount of energy consumption in hot and cold months in both basic and PCM conditions in external
walls on an annual basis
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Fig 4: General comparison of energy consumption changes in the basic state and considering PCM with melting
temperatures of 18, 24 and 28°C during the year
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Fig 5: General comparison of the average energy consumption in all the investigated spaces
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1 - Phase Change Material

2 - Grasshopper

3 - Passive Solar and Energy Efficiency Design Strate-
gies(PSEEDS)

4 - shape-stabilized phase change material (SSPCM)
5 - Rhino

6 - Ladybug

7 - Honeybee

8 - EnergyPlus

9 - Radiance

10 - Daysim

11 - Openstudio
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