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ABSTRACT

Incorporating phase change materials (PCM) into building structures as passive latent heat
thermal energy storage technologies offers a potential solution for reducing energy demand and
regulating thermal comfort in occupied buildings. Integrating PCM into lightweight walls can
improve their thermal performance by increasing building heat capacity and decreasing energy
consumption. The effects of phase change materials (PCMs) added to the thermal envelope of
lightweight residential containers on building thermal comfort are investigated in this study. The
simulations were run for the summer period because it is difficult to achieve thermal comfort
without using a lot of energy at that time. Thermal comfort is highly dependent on both, climatic
conditions and the materials used to construct the building's thermal envelope, and the simulation
was performed for weather conditions in five different geographic locations using TRNSYS
simulation software. The paper examines the effects of PCM on indoor air temperature,
specifically on reduction of maximum air temperature and temperature fluctuations.

Keywords: Building, PCM, Phase-change material, Thermal comfort, TRNSYS.

INTRODUCTION

Trends in the construction of residential spaces all over the world change every day. The
construction of massive buildings is increasingly being pushed out by the construction of cheap,
lightweight structures designed to withstand extreme weather conditions such as heavy rains,
strong winds and powerful earthquakes. Also, these are objects that can be quickly and easily
assembled and, if necessary, dismantled and moved to another location, and their modularity
allows that, by combining the stacking of containers, light objects can be adapted to all needs.
Thus, apart from housing workers on construction sites, for offices, tobacconists, markets or
smaller catering facilities, containers also began to be used as facilities for occasional stays during
the weekend or annual vacation. The two largest student cities in the Netherlands and England are
built from containers and a large number of students live in them every day. An increasingly
popular trend is, of course, choosing a residential container for everyday life. More and more
families in the world are deciding to choose a residential container for their permanent living space
(Varmus, 2023).

Aside from the installation of insulating materials in the container's outer shell, one of the
main disadvantages is that lightweight buildings do not have a large thermal capacity, which has a
significant impact on the thermal comfort for people who live in them. Incorporating phase-
changing materials (PCM) into the thermal envelope is one method for improving the thermal
capacity of lightweight construction buildings (Roth et al., 2017).

PCMs are primarily used to increase the building envelope's capacity for heat storage and to
reduce both internal temperature changes and energy demand. Thermal energy absorption, storage,
and release are the three steps of the PCM principle. PCMs can store a significant amount of
thermal energy by switching from one phase to another over a very narrow temperature range. The
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transformation from solid to liquid state is frequently used in building construction where the
phase transition occurs at constant temperature.

A significant number of works about PCM use in buildings have recently been published. It is
important to remember that research must be conducted for each climate to determine which phase-
changeable material or combination of materials will have the greatest impact on reducing energy
consumption and payback time (Panayiotou et al., 2016; Jayalath et al., 2016).

The researchers (Al-Absi et al., 2022) investigated the thermal performance of PCM-based
panels created for exterior wall finishes by fusing microencapsulated PCM with cement render and
foamed concrete using experimental methods. The panels were subjected to repeated heating and
cooling cycles in order to determine how well they performed thermally when compared to panels
without PCM. During the PCM melting process, the internal surface temperature of the PCM-
based panels decreased by up to 7.35°C.

A dynamic energy simulation program was used in the study (Wi et al., 2020) to apply an
analysis of the enthalpy-temperature function based on the thermal properties of 22 different types
of shape-stabilized phase change materials (SSPCM). The SSPCM was used to improve the energy
efficiency of buildings while also improving the low heat storage performance of wooden
structures. The indoor temperature behavior during heating and cooling periods was investigated to
confirm the improvement in building heat storage performance. By maintaining the thermal inertia
of SSPCM, the peak summer temperature was reduced by 4.1 °C.

In paper (Li et al., 2015), researchers investigated lightweight buildings integrated with phase
change material (PCM) in order to improve the thermal performance of lightweight buildings.
EnergyPlus software with a building model validated by experiment data is used to investigate the
improvement of the indoor thermal environment with PCM under typical weather conditions in
China's five climate zones. The findings show that PCM can effectively control indoor temperature
rises and fluctuations. In temperate regions, the PCM can improve the indoor thermal environment
of lightweight buildings for the majority of the year.

Because thermal comfort is highly dependent on both climatic conditions and the materials
used to construct the building's thermal envelope, this study investigates the effects of phase
change materials (PCMs) added to the thermal envelope of lightweight residential containers on
indoor air temperature. The simulations were run for seven days during the hottest summer period
using a typical meteorological weather file. Geometry of lightweight object, built-in materials and
weather conditions in five different geographic locations were simulated using TRNSYS
simulation software. The study looks into how PCM affects indoor air temperature, specifically
how it reduces maximum air temperature and temperature fluctuations.

MODEL AND SIMULATION

The basic type of housing container shown in the Figure 1 was chosen for the analysis of the
impact of incorporating phase-changing materials into the thermal envelope. The floor of this
container consists of plasticized sandwich panels. On both sides of panels are metal sheets 3mm
thick, inside is PU filling 50mm (conductivity 0.13 kJ/hmK, heat capacity 2.09 kJ/kgK, density
40kg/m?), finish cement chipboard 20mm thick with thermal conductivity 0.26 W/mK, heat
capacity 1.15 kJ/kgK and density 1250-1400 kg/m®. Ceiling/Roof panel is made of galvanized
metal sheet RAL9002 on sides with 100mm thick mineral wool filling (conductivity 0.18 kJ/hmK,
heat capacity 0.9 kJ/kgK, density 80 kg/m3). Walls consists of galvanized sandwich panel with
60mm mineral wool filling (conductivity 0.18 kJ/hmK, heat capacity 0.9 kJ/kgK, density 80kg/m3)
and windows are with glass type 4/16/4 with Ar (u-value 1.27 W/m?K).
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Google SketchUp software was used to create the geometry of the observed house required
for thermal behavior modelling (Figure 2). TRNSYS3d for Google SketchUpTM was used as a
plug-in to enter the geometric data into the building model. The thermal performance of an
lightweight object with one thermal zone is modeled by the TRNSYS module Type56.

Figure 2. SketchUp model of a lightweight construction object.

With the aim of comparing the internal temperature in the container without PCM and in the
container with embedded PCM material, simulations of the thermal behavior of the object without
and with PCM (Figure 3) were performed in the Simulation Studio of the TRNSYS software
package. To simulate the behavior of a PCM completely placed inside the envelope, a specially
developed TRNSYS module Typel270 was used, which means the PCM is not directly adjacent to
the zone air. This module is intended to interact with Type56 and can model a PCM located
anywhere along a Type56 wall's thickness.

The phase change material is placed in the ceiling and in the south wall panels of the
container. The commercial phase change material ENRG BlanketTM-Q25 from Phase Change
Energy Solutions producer was chosen for this purpose. Its latent heat of fusion is 255 J/g and its
phase change temperature is 25 °C.

The simulation was run for the summer period of July the 1"-8" (for a period from 4344 to
5088™" hour observed since the year's beginning), with a simulation step of 5 minutes based on
typical meteorological year's weather file.
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Figure 3. Simulation studio component scheme.
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RESULTS AND DISCUSSION

The simulation was done for five different locations: Banjaluka, Beograd, Kopaonik,
Podgorica and Split. The simulation results of the model of lightweight object without and with
added PCM are shown at graphs in Figures 4-8. Each graph represents three air temperatures,
namely: ambiental temperature (red), zone indoor temperature of the basic model without PCM
(blue) and the zone indoor temperature of the model containing PCM (black). The basic model and
the model with PCM clearly have different air temperatures in the observed zone. As the
temperature outside changes, so does the temperature difference. The difference between the air
temperatures in zones of the observed models increases as the outside temperature rises and
decereses as the outside temperature is declining.

The temperature differences range from 8.8 °C to 11 °C, as shown in Table 1. Since
Kopaonik mountain has the lowest external air temperature in relation to the chosen PCM material,
the difference was as expected, the smallest. The biggest difference was found in Banjaluka, which
doesn't have the highest outside temperatures, like Podgorica for instance, but has cooler nighttime
temperatures that favorably influence the cooling of PCM material and thus enhance the conditions
for PCM application.

Banjaluka

Figure 4. Indoor temperature difference in lightweight object without and with PCM placed in Banjluka.

Beograd

Figure 5. Indoor temperature difference in lightweight object without and with PCM placed in Beograd.

Kopaonik

Figure 6. Indoor temperature difference in lightweight object without and with PCM placed at mountain
Kopaonik.
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Podgorica

Split

Temperatura

Figure 8. Indoor temperature difference in lightweight object without and with PCM placed in Split.

Table 1. Indoor temperature difference.

Temperatures

Locations  ambiental temperature, ~ Zone temp. (without Zone temp. Temperature

°C PCM), °C (with PCM), °C difference, °C
Banjaluka 335 30 21 11
Beograd 35 314 215 9.9
Kopaonik 24.3 23.9 151 8.8
Podgorica 36.1 33 23.8 9.2
Split 36.2 33 23.7 9.3

CONCLUSIONS

This study examines how the thermal envelope of lightweight residential containers with
added phase change materials (PCMs) affects the temperature of the interior air. The simulations
for five different locations were run by using of TRNSYS simulation software and typical
meteorological weather file for seven days during the hottest part of the summer between July the
1" and 8™. It specifically looks at how chosen commercial PCM material ENRG BlanketTM-Q25
reduces the maximum air temperature and temperature variations in relation to indoor air
temperature.

It‘s found that the air temperature in the building of light construction decreased from 8.8°C
at Kopaonik to 11°C in Banjaluka as a result of the installation of PCM in the ceiling and in the
south-facing exterior wall in all 5 locations.
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There is a weaker nighttime cooling of the PCM in the envelope in cities with high daytime
temperatures and relatively high nighttime temperatures, and the temperature differences between
the cases with and without PCM are a little less pronounced.

Therefore, the best results of PCM application are found in places with high daytime, but also
relatively low nighttime outdoor air temperatures with the selection of the appropriate PCM
material for that geographical area.
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