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This paper focuses on the possibility to improve the performances of the photovoltaic (PV) 

modules through the passive cooling of photovoltaic cells, using phase change materials 

(PCMs.) In particular, the use of two organic PCM to reduce the temperature rise in PV 

module has been investigated by numerical simulations. A two-dimensional fluid dynamic 

simplified model has been developed in Ansys Fluent software to characterize the thermal 

behavior of the PV module where the PCM is incorporated (PV-PCM), as well as for a 

benchmark PV module. The results show that PCMs allow to achieve better performance if 

compared to PV modules without PCM, with an increase in terms of peak electric power 

even higher than 9% and in terms of daily energy of about 5% all year round, except for 

winter. Moreover, the dynamic analysis performed for several days allows to evaluate the 

effective performance of the PV-PCM, taking into account the real degree of solidification 

achieved during the night. This analysis shows that the use of PCM with low melting 

temperature does not guarantee complete solidification during the night and this limits its 

effectiveness during the day. 
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1. INTRODUCTION

As the rise in the temperature of photovoltaic (PV) cells 

leads to a decrease in the solar to electricity conversion 

efficiency, many methods have been planned to cool the PV 

cells [1, 2], as well as for increasing their efficiency [3].  

They may be differenced into two major categories, active 

cooling and passive cooling. The active cooling techniques 

requires energy to operate, while passive cooling techniques 

are preferable because they do not require energy supply to 

operate and less maintenance. 

One of the main passive cooling techniques is the use of 

phase change materials (PCM). 

PCMs may enable the PV module to operate with good solar 

electrical conversion efficiency as they absorb energy as latent 

heat at a constant phase transition temperature. So, the use of 

PCM creates a temporary shift in temperature rise [4].  

PCM can temporarily store renewable or cheap heat or cold 

respectively and make it available again later when it is needed, 

so they may be used in combination with electrical storage [5, 

6]. 

The numerical model and experimental tests developed in 

[7] has highlighted that a tank of 40 mm of PCM attached to

the rear of the PV panel allows controlling the temperature of

PV for about 150 min under a solar 2 insolation of 750 W m−2.

Usually, for PV-PCM systems, the melting temperature is 

about 20–40 °C. Using a transitory one-dimensional energy 

balance model, Kibria et al. [8] studied the effect of the 

variation of the melting point, obtaining an increase in the 

performance of the PV-PCM of 5% compared to the standard 

PV. 

It is a fact that the energy flow due to convection inside the 

melted PCM affects the system’s performance significantly [9]. 

A CFD analysis performed keeping the air temperatures and 

solar radiation constant, showing that the greatest electrical 

producibility is obtained with PCMs that have fusion 

temperatures close to the air temperatures [10]. Several PCMs 

analyzed in the paper [11] shown that the increase in latent 

heat capacity improves the PV performance. 

The optimum depth of PCM container to keep the PV cool 

has been calculated under various daily solar radiation levels 

in the paper [12]. This study highlights that PCM having a 

lower melting temperature (near to ambient) can maintain the 

PV at a lower temperature. Larger quantity PCM of is 

necessary as ambient temperature increases the optimum depth 

of PCM container increases and, as wind velocity increases the 

optimum depth decreases. A very important topic is the study 

of a PV-PCM performance under real irradiance and 

environment temperature. 

A numerical study using CFD simulation was developed in 

COMSOL to compare the PV temperature with different 

PCMs varying solar irradiation and ambient temperature, for 

two summer days [13]. The results of that study show that the 

PCM works differently over the two days, even if the working 

conditions do not change as the PCM does not complete the 

solidification process overnight due to its low melting 

temperature. This phenomenon highlights that neglect of the 

solidification process will lead to inaccurate simulation results, 

which is an aspect that is not yet deeply considered in the 

literature. 

However, there is a scarcity of both theoretical and 

experimental studies on PV-PCM system in the Mediterranean 

area, where more important is the importance to maintain cool 

the temperature of the PV cells. 

To cover this lack of knowledge, this study proposes an 

unsteady CFD study on a PV module equipped with two 

different types of PCM installed in Catania (IT). 

The daily variation of the cell temperatures, as well as the 
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electrical performance of the PV-PCM module, are compared 

with that one of a conventional PV module considering the 

winter solstice, autumn equinox and summer solstice. 

To simulate non-steady state conditions a novel CFD model 

has been built that allows taking into account of real weather 

conditions, such as the hourly daily solar irradiation 

environment temperature, and wind velocity. 

The simulations are extended for two days, so in this way, 

it is possible to verify the actual degree of PCM 

solidification/melting that occurs during such period. 

 

 

2. PHASE CHANGE MATERIAL 
 

In the last 15 years, scientists are using PCMs in many and 

varied applications, the interest in these materials is born 

because of the possibility to store a remarkable amount of 

energy maintaining the temperature at a constant value.  

Ideal PCMs must have a large latent heat of fusion, usually, 

it is good to have it greater than 150 J/g, because the greater 

the latent heat the less the quantity of material needed to store 

a certain amount of energy high thermal conductivity, the 

melting temperature must be in the practical range of 

operations, low cost, non-toxic and non-corrosive. 

Consequently, it is convenient to have PCM as dense as 

possible [14]. Another important parameter is the thermal 

conductivity which represents the ability of a substance to 

transmit heat, therefore the higher the thermal conductivity the 

faster the heat transfer. Besides, the solidification and melting 

temperature must be the same or in any case with small 

differences, many PCMs freeze or melt in an interval of 

different degrees and therefore will present thermal hysteresis, 

which therefore leads to a loss of energy in a system. 

Furthermore, the latent heaters of the PCM cannot be exploited 

if the thermal hysteresis exceeds the operating temperature 

range. Finally, PCMs must be chemically stable, as they are 

subject to different melting/freezing cycles and this could 

affect melting and freezing points and their latent heat. 

PCMs applications are based on the principle that during 

solidification PCM emits energy avoiding a sharp reduction in 

temperature, on the other hand, if the PCM is in solid form, it 

can subtract a certain amount of heat avoiding overheating. In 

the case of constant specific heat capacities for each phase, the 

temperature field, which during the phase change is constant, 

can be defined as: 

 

𝑇 = {  
  𝐸𝑐𝑠     𝑇 < 𝑇𝑚          (solid phase)          𝑇𝑚   𝑇 > 𝑇𝑚 𝑎𝑛𝑑  0 < 𝐸 < 𝐻  (melt zone)   𝑇𝑚 + (𝐸 − 𝐻)𝑐𝑙   𝑇 > 𝑇𝑚 𝑎𝑛𝑑 𝐸 > 𝐻 (liquid ph. ) (1) 

 

The use of PCM gives better results in those places where 

there is a good difference in temperature between day and 

night, in fact in this way it is possible to guarantee a complete 

solidification of the PCM overnight and the following day its 

latent heat can be fully exploited. Obviously, to achieve this, 

it is necessary to carefully choose the type of PCM to be used 

and therefore its melting temperature. 

Paraffins and in general organic PCMs are more applicable 

to PV system cooling, as they have excellent thermal stability 

with regards to cycling, which is important in a system that 

heats up and cools down daily [15]. 

 

3. METHODOLOGY 
 

This study compares the thermal behaviour and the 

electrical yields of a conventional photovoltaic module (PV) 

with that one of the same PV module equipped with Phase 

Change Material (PV-PCM). 

The efficiency of PV cells is strongly influenced by the 

temperature of the cells themselves, temperatures increasing 

cause the decrease of the efficiency. Furthermore, the layers 

that make up the panel have a very small thickness and 

therefore small masses and low thermal inertia. Thus, as soon 

as the solar irradiation grows, they heat up quickly, making 

production efficiency decline [16]. 

One way to keep the module temperature low for longer is 

to use Phase Change Materials (PCM). In a PV-PCM module, 

the variation of the temperature of the cells is determined by 

the behaviour of the PCM, which during the melting process 

absorb heat without changing its temperature. Figure 1 shows 

the main thermal fluxes for the PV-PCM, which can be 

summarized as follows: 

- convection and thermal radiation between the front of the 

PV module (glass) and the outdoor environment; 

- reflection of part of the incident solar irradiation on the 

glass 

- transmission and absorption of the incident solar 

irradiation through the glass 

- absorption of the remaining part of the incident solar on the 

PV cells with the conversion of a part of it into electricity; 

- conduction through the different layers; 

- heat transfer between the tank wall and the PCM 

- storage or disposal of energy during the phase change by 

the PCM; 

- convection and thermal radiation between the back surface 

of the PV module and the outdoor environment. 

 

 
 

Figure 1. Energy fluxes in PV-PCM module 

 

The container filled with the PCM is constituted by a tank 

constituted by aluminium sheets. 

 

3.1 CFD simulation 

 

The study of the PV-PCM module through an unsteady state 

Computational Fluid Dynamics (CFD) analysis allows 
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evaluating the heat fluxes which occur into the PV module 

taking into account of the effective thermal inertia of the 

system, as well as of the melting process.  

In this research, the ANSYS Fluent software [17] has been 

used for simulating the thermal behaviour of both a PV-PCM 

and a conventional PV module, under dynamic conditions.  

The PV panels are simulated considering a bi-dimensional 

geometry being a length of 1.0 m, which allows to include all 

the layers that compose the PV module. The mesh is of 

structured type, composed of only quadrangular elements, 

where the smallest has size 10-4 x 3∙10-4 m and the largest has 

size 7∙10-4 m x 8∙10-4 m.  

To check the quality of the mesh the report orthogonally 

quality and the ortho skew have been detected finding values 

of 1.0 and 0.0, which indicates that the mesh has a high quality. 

The weather conditions (air temperature, solar irradiance 

and wind velocity) are implemented through User Defined 

Functions (UDFs), which are assembled for the specific case. 

The incident solar irradiation used for defining the equations 

of thermal balance (Geff) is calculated using Eq. (2). 

 𝐺𝑒𝑓𝑓 = 𝐺 ∙ 𝜏𝑔 ∙ 𝛼𝑃𝑉 ∙ (1 − 𝜂𝑒𝑙) (2) 

 

where, G is the total irradiance on the plane of the module, τg 
is the transmission coefficient of irradiation through the glass 

cover, αPV represents the absorption coefficient of PV cells and 

ηel is the electrical efficiency of the module, calculated using 

Eq. (3). 

 𝜂𝑒𝑙 = 𝜂𝑆𝑇𝐶[1 − 𝛾(𝑇𝑃𝑉 − 𝑇𝑆𝑇𝐶)] (3) 

 

where, ηSTC and TSTC are respectively the efficiencies and the 

temperature at Standard Test Condition and γ is the thermal 

coefficient of the PV panel. 

The radiative exchanges between the front of the PV module 

and the sky-dome have been implemented with a specific UDF 

and are calculated using the Stefan-Boltzmann law [18]: 

 �̇�𝑟𝑎𝑑,𝑔−𝑠𝑘𝑦 = 𝜎0 ∙ 𝜀 ∙ 𝐹(𝑇𝑔4 − 𝑇𝑠𝑘𝑦4) (4) 

 

where, σ0 is the Stefan-Boltzmann constant, ε represent the 

emissivity of the glass and F is the view factor calculated with 

Eq. (5), where β is the tilt angle of the PV module. 

 𝐹 = 1 + cos 𝛽2  (5) 

 

The radiative exchanges between the rear part of the panel 

and the ground are calculated once again through Eq (4), 

where the glass is replaced with the back of the panel and the 

sky with the ground. 

According to the paper [19], the coefficient of convective 

flux with the air is calculated using Eq. (6), where w represents 

the wind velocity expressed in m/s. 

 ℎ = 5.7 + 3.8 ∙ 𝑤 (6) 

 

3.2 Energy performance 

 

The electrical efficiency of the photovoltaic panel 

calculated by Eq. (3), is a function of the temperature of the 

cells, which in turns is calculated through the CFD simulation. 

Thus, the electrical power (Pel) produced by the PV panel is 

calculated from the irradiance on the collector plane G, the 

surface of the PV cells and the electrical efficiency: 

 𝑃𝑒𝑙 = 𝜂𝑒𝑙 ∙ 𝐴𝑃𝑉 ∙ 𝐺 (7) 

 

Finally, the electric energy product is evaluated as:  

 𝐸𝑒𝑙 = ∫𝑃𝑒𝑙 ∙ 𝑑𝑡 (8) 

 

 

4. CASE STUDY 

 

The scenarios analyzed refer to a PV module with and 

without PCM container attached at its rear.  

The reference PV module has an STC efficiency (ηSTC) of 

17% and the thermal coefficient (γ) of 0.4%/K. 

The features of the layers that compose the PV module are 

specified in Table 1. 
 

Table 1. Properties of the layers that make up the PV and 

PV-PCM modules 

 

 
C 

J/kgK 

k 

W/mK 

ρ 

kg/m3 

Thickness 

mm 

Glass 500 1.8 3000 4.0 

EVA 2090 0.35 960 0.5 

Silicon 677 148 2330 0.3 

Tedlar 1250 0.2 1200 0.1 

Aluminium 903 211 2675 4.0 

 

The PCM’s container, composed of two aluminium sheet, 
has a thickness of 6.0 cm. Such thickness is suggested by Ma 

et al. [11] when the solar radiations and outdoor temperatures 

are high, and the wind velocities are low. 

Two different types of PCM are investigated in this study: 

Rubitherm 28 HC and Rubitherm 35 HC. These PCMs have 

chosen since they have good stability and high capacity to 

accumulate energy during the solidification/melting 

transformation. Table 2 shows the main properties of the 

PCMs used. 

 

Table 2. Properties of the used PCM materials 

 
  Rubitherm28 HC Rubitherm 35 HC 

Tmelting °C 27-29 34-36 

Tcongeling °C 29-27 36-34 

H1 kJ/kg 250 240 

CP kJ/kgK 2.00 2.00 

ρsolid kg/l 0.88 0.88 

ρliquid kg/l 0.77 0.77 

k W/mK 0.20 0.20 
Notes: 1 Combination of latent and sensible heat in a temperature range, 

respectively for Rubitherm 28 HC and 35 HC from 21°C to 36°C and from 
27°C to 42. 

 

The simulations are carried out considering the two 

investigated PV modules, with and without the addition of the 

PCM, located in Catania (IT) (37° 30' 0" N - 15° 6' 0" E). It 

was assumed that the modules facing south, with a tilt angle of 

30 degrees. The weather data, solar irradiation and air 

temperature were derived from the PV-GIS database [20] 

considering clear days. 

All the analyses are developed considering three annual 

“representative” days: the winter solstice, autumn equinox and 
summer solstice. 

Figure 2 shows the outdoor temperature (continuous line) 
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and the incident solar irradiation (dashed line) during those 

three days. 

 

 
 

Figure 2. Weather data on the summer solstice, autumn 

equinox and winter solstice 

 

As regards the wind speed it is assumed constant and equal 

to 1.0 m/s. 

 

 

5. RESULTS 

 

This section compares the thermodynamic behaviours and 

the energy performance of the conventional PV module with 

the two PV-PCM modules, equipped one with Rubitherm RT 

28 HC (PV-RT28) and the other with Rubitherm RT 35 HC 

(PV-RT35). 

To properly evaluate the effective performances of a PV-

PCM module it is mandatory taking into account the degree of 

solidification achieved by the PCM during the night. Thus, the 

analysis is conducted for a simulation time of 48 h.  

In the following, the results showed are referred to the 

second day of simulation.  

Figure 3 shows the comparisons of the temperature of the 

photovoltaic cells obtained for the three PV-configurations 

analyzed during the summer solstice.  

 

 
 

Figure 3. PV cells temperature during the summer solstice 

 

It is evident that the attachment of the PCMs in the PV-

module allow decreasing of the cell temperatures. It can be 

noted that the PV-RT35 leads to attaining a reduction of the 

cell temperature during the whole day, up to a maximum of 

20°C at midday. PV-RT28 shows the same or even higher 

reduction of temperature in the first half of the day, then about 

at noon the temperature raises abruptly as the RT28 loses its 

capacity to store the heat, the liquefaction process is completed. 

The highest temperature of the cells PV-RT28 is 8 °C lower 

than the maximum temperature touched by the conventional 

PV module. However, in the second part of the afternoon, after 

16:30 for the PV-RT35, and at least one hour before for the 

PV-RT28, the cell temperatures are higher than that one of the 

conventional PV module. 

Figure 4 shows the rate of liquefaction of the two PCMs at 

4:30 and 12:00. 

 

 
 

Figure 4. Liquid fraction on the summer solstice 

 

 
 

Figure 5. PV cells temperature profile on the autumn equinox 

 

 
 

Figure 6. PV cells temperature profile on the winter solstice 

 

It can be observed that at midnight the RT28 is completely 

melted otherwise, the RT35 has a liquid fraction of 49.3%. 
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Moreover, RT35 works all day, reaching the maximum liquid 

fraction of 93.8% at 16:30. Finally, is important to note, that 

RT28 does not solidify completely overnight, which reaches 

the lowest liquid fraction of 40.6% at 4:30, while RT35 

solidifies completely during the night. 

Figures 5 and 6 depict the temperature of the cells 

respectively for the autumn equinox and winter solstice. 

On the autumn equinox, the lower outdoor temperature and 

solar irradiation represent almost ideal conditions for the 

operation of PV-PCM equipped with RT28.  

The PV-RT28 module operates effectively for all the daily 

hours by keeping its temperatures lower than the other 

configurations. Otherwise, RT35 is less effective in cooling 

the panel, PV-RT35 reaches temperatures higher than PV- 

RT28PCM. This reversal of behaviour is due to the difficulty 

for RT35 in reaching the solid/liquid transition temperature for 

these weather conditions. Anyway, also in this period of the 

year, the conventional PV-module operates at temperatures 

higher than both PV-PCM modules. Actually, as in the 

summer, in the last part of the day, the conventional PV 

module has lower temperatures than both PV-PCM modules, 

but in that period of the day the solar radiation is very low and, 

consequently, such drawbacks have scarce relevance. 

 

 
 

Figure 7. Efficiency and electrical power on the summer 

solstice 

 

 
 

Figure 8. Efficiency and electrical power on the autumn 

equinox 

 

Results in Figure 6 highlights that on the winter solstice, 

there is no remarkable difference among the cell’s temperature 
of the three module configurations. Indeed, the PV cells of a 

conventional module are lower than 30°C, so the RT35 do not 

melt, while the PV-RT28 keeps its temperatures at about 28°C, 

which is the melting point of this PCM. In the last part of the 

day, it’s possible to notice again an increase in temperature of 

the PV-PCM modules, due to the increase of the thermal 

resistance of the PV-PCM modules that delayed the cooling of 

the PV cells. 

Figures 7 and 8 depict the electrical efficiency (continuous 

lines) and the electrical power (dashed lines) during the 

summer solstice and the autumn equinox. 

The results obtained on the winter solstice are not shown 

since the efficiency and electrical power are very similar for 

all the three scenarios due to the very similar cell temperatures. 

As shown in Figure 7 the conventional PV module has 

efficiency and power production lower than both PV-RT28 

and PV-RT35 modules. In particular, on the summer solstice 

in the first part of the day, the PV-RT28 has the highest 

efficiency, close to ηSTC, while after midday due to exhaustion 

of PCM work, the efficiency decreases quickly.  

Otherwise, the PV-RT35 maintains fairly high efficiency 

throughout the day, greater than 16%. This trend is repeated 

for electrical power production it depends on the available 

solar irradiation and electrical efficiency. Globally, the use of 

PCMs allows an increase in power production greater than 

10.00 W/m2, which is about 10%, during peak hours. 

On the autumn equinox, the conventional PV module once 

again attains the lowest efficiency and power production are 

the smallest using. In this case, the cell temperatures of the two 

PV-PCMs modules are very similar during the whole day. So, 

it is not repeated the decrease of efficiency for the PV- RT28, 

that was observed after midday on the summer solstice. On this 

day the presence of PCMs allows an increase in power 

production during the peak hours of approximately 9.1% and 

7.5% respectively using RT28 and RT35. On the winter 

solstice, as can be deduced from the temperature of the cell in 

figure 6, there are no remarkable differences between the three 

PV module, neither in electrical efficiency nor in electrical 

power. 

Figure 9 reports the daily electrical yields on the three 

analyzed days for the three PV-module configurations. 

 

 
 

Figure 9. Daily electrical yields 

 

These results reflect what has been already highlighted 

examining the daily profile of electrical efficiency and power 

production. The daily electrical yields values, on the winter 

solstice, are almost the same for the three PV-module 

configurations, whereas on autumn equinox and summer 

solstice the lowest daily yields occur in the case of PV-module. 

The implementation of PCMs improves the performances of 

PV-modules both on the summer solstice and autumn equinox. 

On the summer solstice, the daily electrical yields rose by 
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4.6% using RT28 and by 5.6 % using RT35. Otherwise, on the 

autumn equinox, this PV- RT28 is the system which has the 

highest energy production with an increase of about 5.7%, 

respect to the conventional PV-module, whereas PV- RT35 

allows achieving an increase of the daily energy produced of 

about 4.4%. This finding highlights the importance to 

carefully choose the type of PCM looking to the climatic 

conditions of the site of interest. In particular, an important 

element that has to be observed is the liquefaction temperature 

of the PCM, and also its complete solidification during the 

night. 
 

 

6. CONCLUSIONS 
 

In this study, through CFD analysis, the thermal behavior 

and the electrical performance of PV-PCM module equipped 

with two different types of PCM have been evaluated and their 

performances are compared with that one of a conventional PV 

module under the same operative conditions. 

Using the Fluent simulation software, a model capable of 

simulating the transfer of heat, mass and momentum of a PCM 

connected behind a photovoltaic module was developed. 

The analyzes were carried out considering the weather 

conditions of the city of Catania (IT) for different periods of 

the year. 

The simulations were carried out for several consecutive 

days in such a way to not overlook the actual degree of 

solidification obtained during the night. 

The results of simulations highlight that the use of PCM 

allows an increase in electrical performance compared to the 

conventional PV module except on the winter solstice when 

the cell temperatures and therefore the photovoltaic efficiency 

are very similar for all the configurations studied.  

In detail, the adoption of PV-PCMs allows an increase in 

terms of peak electric power even higher than 9% compared to 

PV modules without PCM and an increase of the daily energy 

yield of about 5.5%. 

In general, the use of RT28, which has melting temperatures 

lower than RT-25 improves the efficiency thanks to its 

globally greater cooling effect.  

However, during the summer days, during very hot days the 

RT28 runs out of its functionality and the RT-35 perform 

better in particular after midday. This is also due to the 

difficulty of solidifying completely during the night for RT 28. 

Therefore, it is necessary to carefully choose the type of 

PCM to be used, observing the climatic conditions of the site 

of interest throughout the year. 
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NOMENCLATURE 

C specific heat, J. kg-1. K-1 

E energy, J 

F dimensionless view factor 

G solar irradiation, W. m-2 

H latent heat, J. kg-1 

H convection coefficient, W. m-2. K-1 

LF dimensionless liquid fraction 

K Thermal conductivity, W. m-1. K-1 

P power, W q̇ heat flux, W. m-2 

T temperature, °C 

w wind speed, m. s-1 

Greek symbols 

 dimensionless absorption coefficient  

 tilt angle, rad 

γ thermal coefficient, K-1 

ε dimensionless emessivity 

η dimensionless, efficiency 

ρ density, kg. m-3 

σ0 Stefan-Botzmann costant, W. m-2. K-4 

τ dimensionless transmission coefficient 

Subscripts 

eff effective, available 

el electrical 

g glass cover 

l liquid phase

m melting 

PV photovoltaic cells 

rad radiative flux 

s solid phase 

sky sky dome 

STC standard test conditions 
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