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Abstract:A significant fraction of the solar radiation falling on photovoltaic (PV) panels gets 

converted into heat thus reducing the efficiency of photovoltaic power plants. Depending on 

the type of solar cell performance of PV panels falls by 0.5% for every degree rise of 

temperature.The temperature regulation of PV power systems therefore becomes important 

especially for areas experiencing consistently high temperatures to improve PV efficiency. 

The goal of our research work is to emphasize the Phase Change Material (PCM) cooling 

capability also figure out the feasibility of third generation solar cell.The heat stored into the 

PCM can bedischarged into the working fluid when the solar radiation is less intensive or 

unavailable; this can extend its service time to the targeted building.This kind of material is 

known for its high storing capacity of the temperature which will enhance the cycle lifetime 

of any device, in this research work we have used capric acid as PCM. Experimental setup 

consists a direct application on a PV panel was carried out, capric acid is tested in order to 

study its properties and capacity of absorption. The results shows that around 13% of the 

energy can be saved.Exergy of PV-PCM is higher than compered PV.To determine the 

temperature of a photovoltaic panel numerical validation of the modeling is being used and 

making and economic study for the future scope and feasibility for long run.

sdrowyeK : Latent heat, phase change material, photovoltaic cooling, exergy, economic 

study, capric acid 

Introduction 

Solar energy has shown tremendous results and favorability among residential users; due to 

their lightweight, low-emission nature and availability of the sun across the globe, every day 

[12]. Latent heat storage is one of the most attractive domains because large amounts of 
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energy can be stored in a small volume with a small temperature change in the media. 

Although research into latent heat storage for solar heating systems continues, it is 

increasingly being considered for waste heat recovery and load leveling for power generation. 

The power generation of PV module is highly influenced by the temperature. Typical 

commercial silicon based cells convert only 10–20% of the incident light into electricity; the 

rest is transformed into heat, which causes a rise in temperature of the PV module. Such 

elevated operating temperatures are known to reduce the solar to electrical conversion 

efficiency making temperature a significant factor of consideration. To enhance the efficiency 

of the PV module it is important to keep the operating temperature as low as possible, 

preferably at the level of so-called standard test conditions (STC) or 25
0
 C temperature with 

1000 W/m2 irradiation [2]. So, the efficient temperature regulation of PV modules can 

increase its efficiency by a significant level. Typically at high irradiance a PV temperature 

reduction of about 20ל C is reported, which leads to a 9–12% increase in electrical yield 

depending on stratification [2]. Two types of cooling PV panel can be distinguished: active 

cooling, which consumes energy (pump, fan, etc.,) and passive cooling, which uses natural 

convection/conduction (air, PCM.) to enable heat extraction. When it comes to passive 

cooling techniques, they can be divided into three main groups: air passive cooling, water 

passive cooling, and conductive cooling. A special type of passive conductive cooling is 

PCM cooling. Although this can’t be viewed as cooling in the strict sense, it has the result of 

maintaining the same temperature [11]. It can still be counted as a passive technique mainly 

because of the fact that no additional work is needed to take away the heat - it is dissipated 

mostly conductively. 

Hence, the application of phase change materials (PCM) can be a better solution for this 

purpose, because phase change materials have a high heat of fusion; they can absorb a lot of 

energy before melting or solidifying and the temperature remains constant during this phase 

transition. As a result when PCM is integrated with PV module due to the heat absorption 

property the temperature of the module remains at a constant level for this transition period. 

A number of works have been carried out throughout the few years related to this topic, but 

most of these are based on highly complicated numerical platform such as CFD, 

Metaphysics, and Energy plus [2]. But for this work a comprehensive and simple numerical 

analysis has been carried out with MATLAB. 

Phase Change Materials  

Phase Change Material (PCM) is a substance with a high heat of fusion which, melting and 

solidifying at a certain temperature (melting point), is capable of storing and releasing 
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energy. Heat is absorbed or released when the material changes from solid to liquid and vice 

versa [3]. 

Figure 1 shows these two processes during heating and cooling of PCM. In each process, 

PCM undergoes three stages. During heating, the PCM absorbs sensible heat in its solid state 

as itstemperature increases from ambient temperature to reach its melting temperature in the 

first stage. 

 

 

 

 

 

 

 

Figure 1: Schematic temperature change during heating (melting) and cooling 

(solidification) of a PCM with sub-cooling [4] 

In the second stage, during melting, latent heat is absorbed by the PCM at a constant 

temperature (Tpc). After the PCM is totally melted, the temperature starts to increase as the 

PCM absorbs sensible heat in its liquid state in the last stage. 

A. Classification of Properties  

In general, PCMs with solid-liquid phase transformations can be classified into organic 

(OPCM), inorganic (IPCM), or eutectics. Figure 2 shows a more detailed classification of 

PCM 

 

 

  

 

 

 

 

 

 

 

Figure 2: Classification of latent heat storage materials [5]. 
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The important properties of PCM can be summarized as follows: [6] 

 

a) Melting temperature in the desired operating temperature range. 

b)  High specific heat capacity to provide for additional significant sensible heat storage. 

c) Low thermal conductivity of both solid and liquid phases to assist the charging and 

discharging of energy of the storage systems. 

d) High latent of fusion by unit volume.  

 

A. Cooling PV Panel Using PCM 

The energy conversion efficiency for silicon based PV cells will decrease with cell 

temperature, at the approximate rate of 0.4-0.5% per C [5]. The main objective of this 

project is to emphasize (PCM) cooling technique. In this project, an organic PCM will be 

tested in order to study its properties and its capacity of absorption. A direct application 

on a small scale polycrystalline solar PV panel (30*36 cm
2
) will be carried out in order to 

make numerical validation. 

 

Modeling  

A. Heat Exchange in PV Panel  

 

The PV temperature is dependent on a range of variables like PV module material, 

weather conditions, and the surrounding environment. A simple representation for the 

energy transfer in a PV panel model is shown in Figure 3. 

 

 

 

 

 

 

 

 

Figure 3: Input & Output Energy of a PV Panel 

 

The complete heat diffusion and thermal energy balance of the PV system can be 

represented by: 
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Qin= Qelc +Qlost-PV+ Qstored-PV   (1) 

 

Where Qin , Qelc, Q lost-PV  and Q stored-PVrespectively the input energy falling on the PV 

panel, the electrical energy output from the PV panel, the thermal energy lost from the PV 

panel, and the thermal energy stored in the PV panel. 

 

GAαT= CFF

GAPVLn (KLGAPV)

𝑇PV

+ huAPV TPV − Tamb          

+ σεAPV (T
4

PV-T
4

amb)+ mPVCPV

𝑑𝑇PV

𝑑𝑡
(2)

After deriving the above equation, we obtain the temperature of the PV panel as a function of 

time, TPV(t) as follows: 

 

𝑑𝑇PV

𝑑𝑡
=

𝐺𝐴PV𝜁𝛼 − ℎu𝐴PV 𝑇PV − 𝑇amb − 𝜎𝐴PV 𝑇
4
PV − 𝑇4

amb − 𝐶FF
𝐺𝐴PV ln 𝐾L𝐺𝐴PV 

𝐴PV

𝑚PV𝐶PV
(3)

Where G is the global solar irradiation intensity incident on the panel (W/m
2
), Apv is the area 

of the panel (m
2
), τ is the transmissivity of the glass layer, and α is the absorptivity of the 

silicon cell. CFF is a fill factor model constant (1.22 K.m
2
) and KL (10

6
 m.W

-1
) is also a 

constant.

Tamband TPV are the ambient temperature (K) and PV panel surface temperature (K) 

respectively, hu is the natural convective heat coefficient with the upper surface, σ is the 

Stefan-Boltzmann’s constant (ı = 5.67 x 10
-8

 Wm
-2

 K
-4

), and İ is the emissivity of the PV 

panel. [7] 

 

B. Heat Exchange in PV-PCM System 

The PCM is attached at the back of the PV module and acts as latent heat storage to absorb 

the excess heat that is generated in the PV module as a result of solar irradiation. Figure 4 

shows the external heat transfer present in an experimental PV/PCM system set-up. 

 

 

 

 

 

Figure 4: PV-T/PCM System 
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𝑄stored-PV = Qin - QElc-QPCM(4) 

 

Where, Q PCM represents the heat absorbed by the PCM at the back of the panel. 

Solid Phase: In this phase PCM absorbs sensible energybefore reaching melting point. The 

following two equations are needed to obtain the temperature variation of PV panel and 

PCM. Equation 5 is obtained by the derivation of energy balance equation (equation 4). 

Equation 6 represents the conduction through PCM. 

 

𝑚PV𝐶PV

𝑑𝑇PV

𝑑𝑡
+ 𝑚PCMCs

𝑑𝑇PCM

𝑑𝑡
= 𝐺𝛼𝜏𝐴PV - CFF

𝐺𝐴PV ln 𝐾s𝐺𝐴PV 

𝑇PV
(5) 

𝑚PCM 𝐶S

𝑑𝑇PCM

𝑑𝑡
=

𝐾S𝐴PV

∆𝑥
 𝑇PV − 𝑇PCM (6) 

 

Where 𝐶S and 𝐾sare the specific heat capacity and thermal conductivity of the PCM in its 

solid state respectively. 

Solid-liquid Phase:  TPCM = Tmelt ,the latent heat energy absorbed by PCM during this phase 

is mpcm* H(j). Assuming that all the input energy at this stage is divided as follows; a small 

part of energy is transformed into electric energy and rest is absorbed by latent heat by PCM. 

Then the energy balance at this stage will be as follows: 

𝑄in = 𝑄PCM + 𝑄Elc(7)

𝐺𝛼𝜏𝐴PV △ 𝑡 = 𝑚PCM𝐻 + 𝐶FF

𝐺𝐴PV𝑙𝑛 𝐾L𝐺𝐴PV 

𝑇PV

 ∆𝑡(8)

So the time taken by PCM to completely melt at constant temperature is:

  ∆𝑡 =
𝑚PCM 𝐻

𝐺𝛼𝜏𝐴PV - 𝐶FF
𝐺𝐴PV𝑙𝑛  𝐾L𝐺𝐴PV 

𝑇PV

(9)

Liquid Phase: After the PCM is totally melted, it completesabsorbing sensible heat in liquid 

state. Equations 10 and 11 are same as equations 5 and 6 in solid phase respectively but with 

liquid phase properties. 

 

𝑚PV𝐶PV

𝑑𝑇PV

𝑑𝑡
+ 𝑚PCMCL

𝑑𝑇PCM

𝑑𝑡
= 𝐺𝛼𝜏𝐴PV - CFF

𝐺𝐴PV ln 𝐾L𝐺𝐴PV 

𝑇PV
(10)

𝑚PCM 𝐶L

𝑑𝑇PCM

𝑑𝑡
=

𝐾L𝐴PV

∆𝑥
 𝑇PV − 𝑇PCM (11) 
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Where 𝐶L and 𝐾Lare the specific heat capacity and thermal conductivity of the PCM in its 

liquid state respectively. 

 

C. PCM Used 

Decanoic or Capric Acid is an organic fatty acid PCM; it was used at the back side of a 

PV panel. 

Table 1: Thermo-physical Properties of Decanoic acid. 

 Decanoic Acid (CH3(CH2)8COOH) 

 

Melting Point 

ºC[8] 

Specific Heat 

Capacity 

(KJ/Kg.K)[9] 

Thermal Conductivity 

(W/m.K) 

 

Latent Heat 

(KJ/Kg)[1] 

Solid Liquid Solid [10] Liquid [1] 

27-32 2.22 2.339 0.372 0.153 152.7 

 

 

D. Experimental Setup 

Figure 5 shows the experimental setup used. The PV panelis fixed upside down, the PCM 

container is at the back of PVpanel, and a fiberboard of low conductivity is used 

forinsulation. All measuring devices were connected as shown,ammeter in series with the 

circuit and the voltmeter in parallelin order to detect the output power. Figure 5-b shows 

theplacement of thermometers; first one at the outer surface ofthe PV panel facing the 

irradiance to measure PV temperature,and the other thermometer is placed inside the 

PCM containerin order to measure the PCM temperature. 

 

 

 

 

 

 

 

Figure 5: Experimental setup scheme 

E. Results  

We have taken several results analysis from this experimental work. First we will explain 

experimental outcomes then temperature analysis with outcome powervariationsafter that 

economic studies.  

A. Experimental Outcomes 
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1. Maximum Power Point (MPP): In order to know the load and temperature which 

gives the maximum power, different resistors were used at different temperature to 

draw (I-V) and (P-V) curves shown in Figures 6 and 7, respectively. 

 

Figure 6: Current-Voltage curve at different temperatures showing MPP 

 

Figure 7: Variation of power of different loads as function of voltage at different 

temperatures 

 

The P–V characteristic is the relation between the electrical power output P of the solar cell 

and the output voltage, V, while the solar irradiance, E, and module temperature, Tm, are 

kept constant. The above two curves shows that as the temperature increases from 25
0
C to 

65
0
C, maximum power point decreases from 6.2 W to 4.9 W. Also shows that MPP is at a 

load of 22 ohms and at the lowest temperature 25
0
C. 

 

2. Temperature Variations  

In Figure 8, the temperature of PCM increases sensibly from 20 ºC to reach the melting 

point at 24.2ºC  during 7 minutes,then it increases slightly from 24.2 ºC to 28.4 ºC for 18 

minutes, then it continues to increase sensibly from 28.4 ºC to reach 66.4 ºC after 65 

minutes. 
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Figure 8: Variation of temperature of PCM and PV panel with and withoutPCM 

 

The temperature of the PV panel without using PCM increases from 19.5 ºC to reach steady 

state at 80 ºC during 45 minutes. While using PCM, the temperature of PV increases rapidly 

from 19.5 ºC to 55.6 ºC after 7 minutes, then it continues increasing at a very slow rate that is 

lower than the temperature without PCM.Note that repetitive experiments were done to 

ensure these results. 

 

3. Power Variations  

 

 

Figure 9: PV panel maximum power variation with and without PCM. 

 

As shown in Figure 9, during the first quarter, the powerobtained by the PV panel without 

using PCM decreases sharply from 6.2 W to 5.1 W, then it remains constant at approximately 

5.02 W for 65 minutes. While by using PCM, the power decreases slowly at different stages, 

entering a stageof constant power. During the first quarter, PCM prevents the power from 
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decreasing sharply, and it conserves the power at a higher value of 5.92 W instead of 5.1 W, 

so it saves approximately 16 % of the power at this time. After 65 minutes, the power with 

PCM is still above the minimumpower reached by the panel without PCM. 

 

B. Numerical and Experimental Temperature  

First using this equations,  

𝑑𝑇PV

𝑑𝑡
=

𝐺𝐴PV𝜁𝛼 − ℎu𝐴PV 𝑇PV − 𝑇amb − 𝜎𝐴PV 𝑇
4
PV − 𝑇4

amb − 𝐶FF
𝐺𝐴PV ln 𝐾L𝐺𝐴PV 

𝐴PV

𝑚PV𝐶PV

 

 

 

Figure 10: Numerical and experimental temperature variations for PCM and PV panel with 

and without PCM. 

 

(3), (5), (6), (9), (10), and (11) in MATLAB, the following three temperature variations at 

irradiation 1000W/m
2
 are obtained in Figure 10. 

 

The experimental data in Figure 10 shows that the temperature of PCM increases at a rate that 

is slowing down as time goes on (before melting) which is different from the corresponding 

numerical results. This can be attributed to the higher heat loss as the temperature rises since 

in the analysis itwas assumed that there is a perfect insulation boundary condition at the back 

of the panel container.

A sensible difference is obtained between the experimental and numerical curves of the 

temperature variation of the PV panel using PCM. This difference can be related to the 

assumption taken since the conductivity of the panel is neglected, so the panel is considered 

as one layer, to decrease the error, a more detailed discussion about the heat transfer through 

the panel must be done. 
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C. Exergy Analysis of PV-PCM  

Exergy is the maximum useful work obtainable from a system during a process when the 

system is brought to an equilibrium with a heat reservoir. In other words, exergyis defined 

as the maximum amount of work that can be produced from a flow of mass or energy as it 

comes into an equilibrium with a reference environment.  

In this experimental work PV-PCM exergy is significantly higher than PV (no PCM) 

since from the Figure 9, the PV-PCM stored 16% power more than PV (no PCM) so 

when PV-PCM comes to equilibrium situation it has higher output power than PV (no 

PCM.  

 

D. Economic Analysis   

Using PCM in PV module we get 16% higher power output, if we consider a general 

PV module which has power efficiency maximum 32% when we will use our capric 

acid phase change materials then the power efficiency will be approximately 48%. 

Now for draft calculations if we take 1% as 1 unit then it will be 48 unit or 

0.048KW/h. Now taking US electricity price 43 cents [10] KW/h then for PV-PCM it 

will be $0.0206. Now if we consider it for next five years then it will be 

approximately $2.472. Besides we need to change the PCM after a certain time so 

there will be a cost. On the whole, economic study gives us the feasibility and realty 

of the third generation of pv module.  

 

Conclusion   

This study presented an investigation of the way to improve the PV power generation using 

the PCM passive cooling approach. A PV panel was used in the experimental assessment of 

the research with and without using PCM. The results showed that the PCM used in this 

experiment was able to lower the operating temperature of the panel and save 16% of the 

power after 15 minutes at a constant irradiance of 1000 W/m
2
 compared to the naturally-

cooled PV panel. As a result, the PCM has proven to be capable of limiting the PV cell 

temperature under constant solar irradiation and absorbing excessive heat from the PV panel, 

thus preventing it fromoverheating.Exergy of PV-PCM is also higher then general PC 

module. Also, the numerical validation that was done can help to determine the temperature 

variation of different PCMs with different properties in order to choose the best PCM in our 
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application.From the economic study we have a get transparent view of the future of PV-

PCM and overall PV-PCM system costing. 
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