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2.2 Phase Change Materials  (PCMs) 
 
2.2.1 Definition of Phase Change Materials  
 
During melting and freezing, PCMs can absorb and release significant latent 
heat thermal energy (Frigione et al., 2019). PCMs exhibit an isothermal be-
haviour  during the phase transition, meaning their temperature remains 
constant while absorbing and releasing heat. The mode of behaviour of PCMs 
utili ses the alteration of their state when the temperature changes: With ris-
ing temperatures above their melting point, PCM s effectively absorb and 
store energy and pass from the solid state to the liquid  state. However, when 
the temperature drops beneath the melting point, PCM s release this energy 
and pass from liquid to solid (Souayfane et al., 2016).  
 
PCMs can help reduce energy consumption by minimi sing the peak of heat-
ing and cooling loads, which causes peak load shifting. This can lead to a 
more consistent and thermally comfortable indoor environment  due to less 
temperature variation  (Souayfane et al., 2016). It is essential to highlight that 
Solid-liquid  PCMs show reduced volume fluctuations during the phase-
changing process. This property  makes them compatible with  TES applica-
tions and utili sation in building sectors (Osterman et al., 2012). The behav-
iour  of PCMs is explained in Figure 3.  

 

Figure 3 Phase transition process (Frigione et al., 2019) 
 
2.2.2 Classification  of Phase Change Materials  
 
Based on the phase-changing mode, PCMs are grouped into solid-solid, 
solid-liquid, and solid -gas. Solid-liquid PCMs are generally organic, inor-
ganic, and eutectic materials. For each type, a melting temperature range and 
a melting enthalpy can be determined (Souayfane et al., 2016). 
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2.2.5 Phase Change Materials in Double Skin Façades  
 
When PCMs are incorporated  into the building envelope, it can enhance the 
thermal inertia of this envelope. Building envelopes, specifically facades, 
serve more than just a structural role. These components act as a protection 
barrier against external weather conditions and are heavily influenced by cli-
mate demands. Due to their ability to heat transfer and their contribution to 
the total energy efficiency of the building, building facades are extensively 
studied in the construction field. PCMs can be integrated into the cavity of 
DSFs either through compacted storage modules or panels that incorporate 
PCMs or by embedding PCMs into the structure of blinds or louvres, as 
shown in Figure 6. This can be done, for example, by casting the mixture of 
PCMs and adhesive materials on an aluminium  substrate (Li et al., 2019b).  
 

 
Figure 6 PCM-blind system configuration (Li et al., 2017) 
 
In this study, a PCM panel is installed into the cavity of the DSF, and the 
system potential is studied. The temperature of the space between the double 
facade can be controlled by choosing the right type of PCM material. For ex-
ample, the heat flow through the inner jacket to the outside can be reduced 
when the outside temperature drops below the temperature of the indoor air 
and the other way around, i.e., it reduces the need to lower the indoor tem-
perature when the sun heats the facade, slowing down the temperature rise 
and limiting the temperature spike.  
 
Usually, the phenomenon of hysteresis of PCMs is taken into account. In the 
context of phase change materials, hysteresis is the phenomenon where the 
thermal behaviour during melting differs from that during solidification. In 
other words, the phase transition does not occur at the same temperature for 
charging and discharging, leading to what is known as hysteresis (Soares et 
al., 2013). Capturing the physical phenomenon of hysteresis is essential to 
understanding  the behaviour of PCMs in real conditions . 
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2.3 Analysis of Prior Research Studies  
 
Integrating  phase change materials into DSF systems represents a significant 
area of interest for researchers for its promising potential  within building 
technology and sustainable design. A comprehensive analysis of the out-
comes of previous studies that have already investigated the integration of 
PCMs into DSFs allows for a thorough understanding of this system's bene-
fits, challenges, and future improvements. An experimental study of a venti-
lated DSF integrated with macro -encapsulated PCM panels in its air cavity in  
a Mediterranean climate (Puigverd de Lleida - Spain) was conducted by De 
Gracia et al. (2013). The study aimed to evaluate this system's effect on reg-
ulating the building's inside temperature  during the heating months of severe 
and mild winters . The ventilated façade operated under mechanical and nat-
ural ventilation. Three tests were conducted to gather data and analyse re-
sults: the free-floating , the controlled temperature , and the demand profile 
conditions.  Findings showed that the ventilated façade - PCM system led to 
more stable thermal performance in the building, utili sing the HVAC system 
was unnecessary during the mild w inter period, and the electric energy con-
sumption of installed HVAC was reduced during severe winter. More reduc-
tion could have been obtained if a thermal control system was used. The me-
chanical ventilation for the adopted system was unjustified unless a quick 
heating solution  was required (De Gracia et al., 2013). The choice of PCM SP-
22 showed reduced thermal benefits for the used system due to the low phase 
transition  temperature during the discharging process. So, the right  choice 
of the phase-changing temperature of PCM, along with the ventilation strat-
egy, under the climate conditions are all essential factors to ensure the effi-
cient performance of the PCM-DSF system. 
 
Another exploration of this area performed by Elarga et al. (2016) demon-
strated the thermal and electric behaviour of a DSF integrated with a photo-
voltaic (PV) layer and PCM in three diverse climates, including Venice, Hel-
sinki, and Abu Dhabi.  Results indicated that incorporating PCMs with pho-
tovoltaic modules within a DSF can effectively decrease the indoor environ-
ment's cooling demand and improve solar energy conversion efficiency. The 
analysis of the three case studies showed a higher performance for the PV-
PCM than the PV module. However, the effect on the heating demand was 
limited due to the possibility of the adopted ventilation strategy. So, th is 
study emphasises the importance of  choosing the right phase-change tem-
perature of the PCM and the convenient ventilation strategy, which are the 
essential indicators of the efficiency of this solution. Moreover, to enhance 
the efficiency of the solidification process to benefit from the heat released 
during this phase, an advanced control approach for the façade ventilation is 
required (Elarga et al., 2016). 
 
Another simulation study of the DSF incorporated  with a PCM blind system 
to overcome the problem of overheating was conducted by Li et al. (2017). 
This study aimed to test the ability of this system to absorb excess solar heat, 
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ability of the glazing to resist changes in the temperature by storing and re-
leasing heat is considered during the simulation. 
 
Regarding DSFs, for example, at the Standard level, there are four possible 
air paths: An opening area at the bottom  level and top level of the air space, 
which connects the air space with ambient air, leakage between the zone and 
the air cavity set at a certain level with a defined area, and a specified CAV 
flow from the air space to the exhaust. Additionally, a t this level, the air inlet 
and outlet of the DSF are constantly open (Lucchino et al., 2022).  As for the 
advanced level, complete control can occur over the openings, and integra-
tion with the HVAC system is achievable with a defined schedule (Lucchino 
et al., 2022). 
 
Regarding PCMs, IDA ICE includes a module designed to calculate the latent 
heat charged and discharged during the phase transition using the enthalpy 
method (Castell et al., 2018). The PCM layer is usually integrated as a com-
ponent within the walls and floors at the Standard level . However, for this 
study, the advanced level is required, as the PCM layer is introduced within 
the cavity of the DSF. By default, the type of PCM included in IDA ICE is 
SP21E (Rubitherm). Multiple research studies have validated the IDA ICE 
tool for simulating PCMs, and the highest accuracy was achieved when a test 
box environment with PCM was used (Norouziasas et al., 2023; Mazzeo et 
al., 2020). The PCM layer properties such as the thickness, area, solid den-
sity, solid and liquid specif ic heat capacity, solid and liquid heat conductivity, 
specific heat during reversing, temperatures at which melting/solidifying en-
thalpies are computed, and partial enthalpies at temperature coordinates are 
defined. In IDA ICE, a series of equations and codes are formulated based on 
the input parameters to calculate the PCM layer's heat capacity, enthalpy, 
and temperature. Some of these equations taken directly from IDA ICE are 
represented below: 
 

1) Computation of temperature based on the enthalpy and mode of the 
PCM layer: 

 
When the PCM layer is in the solid phase, its temperature is presented in 
Equation  (1): 
 

�6L
�:�Á���?���Á�¾�>�5�?�;

�¼�ã�Ä�Ú�×
E���6�Á���>�s�?�â������������������(1) 
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When the PCM layer is in the liquid phase, its temperature is presented in 
Equation (3): 
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Table 1 Glazing thermophysical properties 

 
Note:  The internal glass's U-value, g-value, and Tv are for the entire com-
bined panel (DGU1 + DGU2).  
 

 
Figure 8 Local weather data (March 2024) 
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Location  

Layers from  
Exterior  

to I nterior  

U-value 
(W/m 2K)  

Total Solar 
Transmittance  

g-value  

Light  
Transmittance 

Tv (%)  
External 

Glass 
SGU: 

12mm Clear Single 
Glass 

 
5.63 

 
0.868  

 
89 

 
 
 
 

Internal 
Glass 

DGU1: 
6mm Stopray Vision-
52T pos.2 - 14mm Ar-

gon 90% - 6mm  
Planibel Clear 

 
 
 

 
0.47 

 
 
 

 
0.22 
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DGU2: 
6mm iplus  

1.0T pos.6 - 18mm 
Argon 90% -  

Stratobel Clear 55.2 
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Figure 9 Air handling unit definition 
 

 
Figure 10 Thermal bridges definition 
 
 
































































































