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Abstract: This study investigates the impact of
incorporating phase change materials (PCMs) on the
performance enhancement of ceiling cooling systems (chilled
ceilings) and on the reduction in energy consumption in
residential buildings. Considering the hot and dry climate of
Yazd, Iran, a representative residential space was modeled
using Design Builder software (based on Energy Plus), and
the thermal behavior of five PCMs with different melting
temperatures (ranging from 21°C to 29°C) was analyzed at
various thicknesses. The results indicated that the PCM with
a melting point of 25°C and a thickness of 74.2 mm
(Q25M182) achieved the highest energy savings. Moreover,
under free-running conditions with night ventilation, this
PCM significantly improved indoor temperature distribution
and reduced the dependence on active cooling systems.
Subsequently, using ANSYS software, the thermal
performance of a chilled ceiling panel integrated with PCM
was compared to that of a conventional polyurethane
insulation layer. The findings showed despite the fact that the
PCM slightly reduced the panel’s instantaneous cooling
capacity, it led to a considerable reduction in the overall
cooling load, chiller power demand, and electricity
consumption. Therefore, PCMs can be recommended as an
effective alternative to the conventional insulation materials
in hot climate zones.

How to cite this article: Alafzadeh, M., Rabani, M., "Numerical Analysis of the Impact of Phase Change Materials on the
Optimization of Building Cooling Load", Energy Engineering and Management, Vol. 14, No. 4, PP. 52-65, 2025.

https://doi.org/10.22052/EEM.2025.257317.1135

© 2023 University of Kashan Press.

This is an open access article under the CC BY license.(http://creativecommons.org/licenses/by/4.0/)


mailto:m.rabani@ardakan.ac.ir
https://doi.org/????
https://doi.org/????

53 M. Alafzadeh, M. Rabani / Energy Engineering and Management, VVol. 14, No. 4, PP. 52-65, 2025

Extended Abstract

Introduction

In recent years, the growing demand for building
construction and an increase in the reliance on fossil
fuels have significantly highlighted the importance of
energy conservation. Among the various strategies to
minimize energy losses in buildings, thermal
insulation has proven to be highly effective.
Insulation materials are widely used in heating
systems to reduce heat loss, prevent moisture
infiltration, and limit sound transmission. Although
the integration of insulation systems may increase
initial construction costs, they result in long-term
energy efficiency and economic benefits. One
promising class of the materials used in building
insulation is phase change materials (PCMs), which
store and release latent heat during phase transitions.
PCMs absorb solar energy during the day through
melting and release it at night during solidification,
helping stabilize indoor temperatures. Compared to
the conventional materials with high thermal mass,
PCMs function at nearly constant temperatures,
storing from 5 to 14 times more energy. Their
effectiveness depends heavily on their melting point,
making them suitable for various applications such as
thermal regulation, fire protection, or solar energy
storage. The proper selection of PCM type, according
to the climate and operational temperature range, is
crucial for maximizing the performance. PCMs can be
integrated into construction materials like gypsum
boards, concrete, or wall coatings even in lightweight
structures to enhance effective thermal mass and
reduce thermal fluctuations. Experimental and
numerical studies demonstrate that PCMs contribute
significantly to energy savings, thermal comfort, and
load shifting in cooling systems. For example, the
application of PCMs in radiant cooling ceilings has
shown potential in reducing peak indoor temperatures
and energy consumption, while economic assessments
reveal favorable payback periods. The combination of
PCMs with radiant cooling systems, particularly in
hot and dry climates, has emerged as an innovative
and low-energy solution to meet increasing cooling
demands.  Furthermore, recent studies have
emphasized the role of intelligent control strategies
and optimized design in improving the performance
of the PCM system and market adoption. Given the
ongoing global warming trend and the need for
sustainable cooling solutions, this study aims to
model and compare the cooling performance of
different PCMs in radiant ceiling systems against
conventional insulation materials, offering insights
into energy-saving potential and thermal efficiency in
modern buildings.

Materials and Methods

In this study, to investigate the effect of phase change
materials (PCMSs) on building cooling performance, a
residential room located in Yazd, Iran (32.10°N,
54.43°E) was modeled using Design Builder software.

The software, based on Energy Plus and compliant
with ANSI/ASHRAE 140 standards, enabled dynamic
simulation of heating and cooling loads throughout
the year. The building geometry was drawn within the
software environment, with defined wall materials (U-
value: 1.4 W/m2K), indoor thermal and ventilation
settings, and occupancy and equipment schedules. A
PCM layer was added to the roof to evaluate its
thermal impact. The simulation employed an
enthalpy-based model to represent PCM behavior,
using energy balance equations that account for
convective, conductive, radiative, and internal heat
gains. The software calculated the cooling load based
on heat flux interactions with the PCM and its stored
thermal energy. Thermal capacity during phase
transition was derived from the latent heat and
temperature range. For a more detailed analysis of
ceiling cooling systems, ANSYS was used to simulate
a copper radiant panel (12 mm inner diameter, 1 mm
thickness, 150 mm pipe spacing) covered with a 20
mm PCM insulation layer. With inlet and outlet water
temperatures of 15°C and 17°C respectively and an
inlet velocity of 0.2 m/s, the model evaluated panel
cooling capacity under realistic boundary conditions.

Results

In order to identify the most efficient phase change
material (PCM) for reducing cooling loads in
buildings, a comparative simulation using Energy
Plus was conducted without active cooling systems.
Five PCMs with different melting temperatures (Q21-
Q29) and four different thicknesses were applied to
the roof, while polyurethane insulation was used on
the walls. Results showed that PCM Q25 with a
thickness of 74.2 mm (M182) provided the highest
energy-saving potential (2.3%) due to its ability to
store more enthalpy near indoor comfort
temperatures. Q25 had favorable thermo-physical
properties, including a melting point of 25 °C, latent
heat of 210-250 J/g, and organic components. In the
passive scenarios without mechanical cooling, the
incorporation of Q25 along with nighttime natural
ventilation significantly reduced indoor temperatures
compared to polyurethane insulation, especially
during hot summer periods. When implemented in a
radiant ceiling cooling system, Q25 further enhanced
energy efficiency by reducing the required cooling
power from 80 W/m? (polyurethane) to 62 W/m?, and
consequently decreasing chiller energy consumption.
Smart control strategies enabled Q25 to store energy
during days and to release it at nights, further
minimizing electricity usage. Additionally, Q25
improved indoor thermal comfort, lowering the
average operative temperature and reducing the
predicted percentage of dissatisfied occupants (PPD)
from 50.3% (polyurethane) to 35.44%. These benefits
were also reflected in the reduced CO, emissions
associated with the lower electricity demand.
Altogether, the application of Q25 not only optimized
energy consumption but also contributed to
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environmental ~ sustainability — while  improving
occupant satisfaction during peak summer conditions.

Discussion and Conclusion

In this study, the thermal performance of various
PCMs with different melting points and thicknesses
was analyzed for building roofs. Simulations using
Energy Plus revealed that PCM Q25, with a melting
temperature of 25°C and thickness of 74.2 mm,
offered the most effective cooling load reduction due
to its high thermal capacity near comfort temperatures
and its capability to store and release heat across day-
night cycles. When applied without mechanical
cooling, Q25 became combined with nighttime
natural ventilation, effectively moderating indoor
temperature fluctuations and maintaining thermal

comfort, unlike conventional insulations such as
polyurethane. In radiant ceiling cooling systems,
despite the slightly reduced instantaneous cooling
power of Q25, it significantly decreased chiller
energy consumption by acting as a thermal buffer.
Comparative  analysis under Yazd’s summer
conditions confirmed that Q25 reduced electricity
usage, lowered indoor temperatures, and improved
occupant satisfaction with a 15% decrease in
predicted  thermal  dissatisfaction.  Moreover,
electricity savings translated into notable CO,
emission reductions, highlighting the environmental
benefits. Overall, Q25 demonstrates strong potential
as a sustainable energy optimization solution for hot
and arid climates.
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