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Solar energy is renewable energy with infinite amounts and low emissions. The work of 

the solar panel is affected by the increase in its working temperatures. In this study, 50 Wp 

polycrystalline solar panel with and without soybean wax placed on backplate solar panels 

using PCM container as a passive cooling system were simulated on the solar simulator 

with variations in light intensity of 400 W/m2, 600 W/m2, 900 W/m2, 1000 W/m2, and 1100 

W/m2. The blower was simulated the ambient wind in the surrounding area constantly. The 

PV panel temperature simulation approach was carried out to determine the error in the 

experimental results. The simulation obtained the average temperature at 1100 W/m2 

intensity of PV panels with and without soybean wax PCM 56.8℃ and 48.6℃, 

respectively. The experiment show that PV applied with soybean wax as a passive cooling 

system can reduce the maximum PV temperature at 1100 W/m2 intensity from 60.7℃ to 

54.7℃ and increase its maximum efficiency by 0.42% at 900 W/m2 intensity. Soybean 

wax cooling system has proven to be effective in reducing PV temperature. The error 

values from the simulation and experimental results of PV panels with and without PCM 

are 6.9% and 12.61%, respectively. 
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1. INTRODUCTION

The world population is increasing every year, which is 

2050 predicted that the world population will increase by 9.6 

billion [1]. This population size affects the increase in energy 

sources, especially on a large scale. Issues of non-renewable 

resources are getting less encouraging researchers to develop 

renewable energy sources. Various experts have conducted 

renewable energy research, such as solar energy [2, 3]. Solar 

energy is a renewable energy source with an unlimited supply 

and produces few emissions. A photovoltaic (PV) solar panel 

may convert solar energy into electrical energy [4]. This PV 

system utilizes solar cell technology to convert photon energy 

from sunlight into electrical energy. However, the efficiency 

of the common PV modules on the market is around 15%. In 

this situation, solar energy that can be converted into 

electricity accounts for just 15% of total incoming energy 

since PV modules have flaws, one of which is that the 

efficiency of the PV module decreases by 0.04% for every 1°C 

increase in temperature on the PV module’s surface [5]. 

In general, the work of the solar panel is affected by the 

increase in its working temperatures, where at high 

temperatures, the performance of PV decreases [6]. It is 

because most of the solar energy is transferred to waste heat in 

PV panels. Waste heat on the surface of this PV panel can 

cause the panel temperature to increase, and this high 

temperature can reduce the efficiency of the panel [7]. It means 

that a PV cooling system is needed to minimize the increase in 

PV working temperature to maximize its work. In this case, 

the passive cooling method is one method that can be used to 

reduce the working temperature and increase the efficiency of 

the PV panels [7-9]. The passive cooling method utilizes 

natural convection, so it does not require additional energy to 

operate. Therefore, passive cooling tends to be a little slower 

and less effective in the cooling process. However, with the 

innovation and variety of devices for passive cooling of solar 

panels, the performance and efficiency of PV panels can 

increase [10]. 

One of the simplest passive cooling methods is to apply 

Phase Change Material (PCM). PCM can absorb latent heat, 

and then it can be discharged into the environment where it 

can be used to a cooling system in PV to reduce its temperature 

[11]. PCM can generally be classified into two major groups, 

namely organic and inorganic [12]. One type of organic PCM 

is solid paraffin (wax). High latent heat storage capacity with 

a small temperature range can be obtained, and this type of 

PCM is environmentally friendly, harmless, and non-toxic. 

Solid paraffin is relatively inexpensive and has the properties 

of an average thermal energy storage density but low thermal 

conductivity. Therefore, it requires a large surface area [13]. 

Several studies have proven that PCM can minimize the 

increase in PV temperature so that PCM can be used as a 

passive PV cooling system. The result of the study by Singh et 

al. where the results obtained are that calcium chloride 

hexahydrate (CaCl2.6H2O) reduced the average maximum 

temperature of the solar panel at 12:40 local time from 64.4℃ 

to 46.4℃ (28%) under the same conditions and time [14, 15]. 

Another study by Roslan & Razak is that PCM can reduce the 

average temperature of solar panels by 9.5℃ by applying 

paraffin behind the solar panel as a passive cooling device [16]. 

A study conducted by Stropnik & Stritih shows that PV used 

RT28HC as a cooling system can reduce the temperature of 
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PV without a cooling system by 35.6℃ [17]. Various 

explanations and previous research show that PCM has 

reliability as a passive cooling medium in PV panels. 

Soybean wax can be categorized as PCM because it has the 

properties shown in Table 2 as possessed by each PCM, so 

soybean wax is capable of 3 steps of energy storage work: 

charging, storing, and discharging [18]. The thermal 

conductivity of soybean wax is relatively high compared to 

other PCM, so the heat transfer rate is high enough [19]. The 

price of soybean candles is IDR 70,000/Kg which is relatively 

cheap because the raw materials for making soybean wax can 

be found easily. The use of soybean wax is only once and can 

be used many times without reducing its thermal properties, so 

soybean wax is environmentally friendly and economically 

feasible. Therefore, this study aimed to prove that PCM can 

reduce the PV temperature. The variation used in this 

experiment were PV panels without cooling system and PV 

panels with soybean wax as a passive cooling system. 

 

 

2. MATERIALS AND METHODS 
 

2.1 Numerical setup 

 

The layer arrangement on the cooling system PV panels is 

shown in Figure 1. An aluminum container containing PCM is 

mounted to the back of the PV panel. There is no air gap 

between the PCM and the back of the PV panel for maximum 

heat absorption. A single composite layer is assumed in the 

modeling program for the solar panel [8, 20, 21]. The 

parameters of each layer of the solar module are listed in Table 

1. 
 

 
 

Figure 1. PV panel cooling system layering 
 

Table 1. The properties of each layer in the PV panel [8] 

 

Properties 
Tempered 

Glass 
EVA 

PV 

Cell 
EVA PVF 

Density (kg/m3) 2450 960 2330 960 1200 

Specific heat 

capacity (kJ/kg K) 
0.79 2.09 0.667 2.09 1.25 

Thermal 

conductivity 

(W/m K) 

0.7 0.311 130 0.311 0.15 

Thickness (mm) 3.2 0.5 0.21 0.5 0.3 

 

The simulation was carried out using Ansys 18.2 steady-

state thermal software. The radiation intensity is applied to the 

surface of the PV panel with a heat flux of 1100 W/m2. 

However, another treatment assumes there is only a 

convection loss of 8 W/m2. ℃, where the meshing is done by 

default. The fluid-solid interface is given to get the 

temperature after the simulation. In general, the electrical 

efficiency of polycrystalline silicon lies in the range of 11% to 

20% as long as the tempered glass reflects 3% to 10% of solar 

radiation into the environment [8, 22]. 

 

2.2 Experimental setup 

 

The experiment took place at Mechanical Engineering 

Laboratory, University of Sebelas Maret, Surakarta, Indonesia. 

Twenty halogen lamps of 500 Watts respectively with a 

distance between lamps of 37.5 cm were needed to simulate 

the sun with variations in light intensity of 400 W/m2, 600 

W/m2, 900 W/m2, 1000/m2, and 1100 W/m2, as shown in 

Figure 3. The first 15 minutes to stabilize the intensity of the 

solar simulator in the PV state covered with aluminum foil, 

then the aluminum foil was opened and exposed to the light of 

the solar simulator for 40 minutes. The total height of the solar 

simulator is 2.5 m with the halogen lamp perpendicular to the 

PV [23, 24]. The distance between the halogen lamp and PV 

is 75 cm, with a non-uniformity below 5% [25]. Nine blowers’ 

fans arranged in a 3×3 configuration was used to simulate the 

mean wind speed in Surakarta of 2.5 m/s. The distance 

between each blower is set at equal intervals of 0.55 m, 

covering a cross-section of 1.1 m×1.1 m [26]. PCM is used as 

a passive cooling system of photovoltaic solar panels. PCM 

will absorb latent heat by changing its phase and dissipating 

the heat to the environment. The type of PCM used in this 

study is soybean wax, and its specifications from several 

references are shown in Table 2. 

 

Table 2. The properties of soybean wax 

 

Properties Soybean Wax 

Heat Latent (kJ/kg) 100.90 [27, 28] 

Thermal Conductivity (W/m K) 0.25 [28] 

Density (Kg/m3) 900 [29] 

Specific Heat Capacity (kJ/kg K) 0.496 [28] 

Thickness (mm) 40 [30] 

 

Table 3. Specification of Yingli JS 50 Wp polycrystalline 

solar panel 

 
Variation Soybean Wax 

Cell (material/dimension) 
Polycrystalline silicon/156 × 

52 mm 

Open-circuit voltage (VOC) 22,9 V 

Short-circuit current (ISC) 2,87 A 

Maximum power (PMPP) 50 Wp 

Efficiency 14% 

Operating module temperature ̵ 40°C  ̶85℃ 

Dimension 660 × 540 × 25 mm 

Temperature coefficient of 

power 
̵ 0,45% per ℃ 

 

The data collection process requires several instruments in 

this study. Figure 2 shows the experimental scheme for this 

study. The Yingli JS 50 Wp polycrystalline solar panel is the 

main component in this study. It is used to excite electrons and 

convert them into electrical energy, with specifications shown 

in Table 3. The aluminum container is the place of PCM and 

as the place for the solar panel bracket as a Figure 4. The 

container is designed to have no air gap between the PCM and 

the back of the solar panel by equating the maximum thickness 

of the PCM used with the height of the container so that heat 

absorption can be maximized. Variable resistor produces 

variations of current (I) and voltage (V) by varying the 

resistance (Ω) and will get the I-V curve. The multimeter is 
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used to measure the current (I) and voltage (V) which will 

produce the values of the I-V curve where the resistance (Ω) 

has been varied with a variable resistor. The solar power meter 

is used to measure the amount of light intensity on the surface 

of solar panels emitted by the solar simulator. K-type 

thermocouples mounted on the top and bottom of the PV 

surface to read the solar panel’s temperature. Anemometer is 

needed to measure the wind speed given by the blower. 

 

 
 

Figure 2. Schematic configuration of the PV with PCM 

soybean wax 

 

 
 

Figure 3. Experimental setup 

 

 
 

Figure 4. Dimensions and geometry PCM container 

 

PCM refers to substances that absorb and release thermal 

energy when they melt and solidify, as the chemical reaction 

shown in Figure 5. A PCM absorbs a lot of heat (energy) from 

the surroundings as it melts. When a PCM solidifies, however, 

it releases a lot of energy in the form of latent heat. PCM goes 

through this process indefinitely, making them excellent for a 

wide range of common applications that require temperature 

control. PCM decreases temperature fluctuations and can 

maintain a constant temperature for long periods. 

 

 
(a) The physical mechanism 

 

(b) The chemical mechanism 

Figure 5. Phase change mechanism of PCM [31] 

 

Measurement of heat transmission between the solar cell 

module and the environment can be used to measure the 

surface temperature of the photovoltaic module. Conduction, 

convection, and radiation are the three methods of heat transfer 

in solar cell modules. 

The convection heat transfer that occurs in PV is formulated 

by: 

 

𝑞𝑐𝑜𝑛𝑣 =  ℎ𝑐 ∙ 𝐴 ∙ (𝑇𝑚𝑜𝑑𝑢𝑙𝑒 − 𝑇𝑠𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔) (1) 

 

where, Tmodule displays the temperature on the PV module’s 

surface, while Tsurrounding displays the temperature in the 

surrounding area. The PV module’s physical conditions 

influence the convective heat transfer coefficient, h. For the 

PV module, the value for h can be written as follow, where v 

is ambient air velocity: 

 

ℎ = 6,91𝑣 + 3,9 (2) 

 

The general form of the radiation heat transfer equation is 

as follows: 

 

𝑞𝑟𝑎𝑑 = 𝜀𝜎𝐴 (𝑇𝑠
4 − 𝑇𝑚𝑜𝑑𝑢𝑙𝑒

4 ) (3) 

 

where, qrad represents solar irradiation on the PV module’s 

surface, ε represents the material’s emissivity,  represents the 

Boltzmann constant (5.6710-8 W/m2.K4), A represents the 

active module area, and Ts represents the temperature of the 

radiation source. The heat flux of conduction can be calculated 

as follows: 
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𝑞𝑐𝑜𝑛𝑑 = −𝑘𝐴
∆𝑇

∆𝑥
 (4) 

 

The material has a thermal conductivity of k, a distance 

between sides with different temperatures of ∆x, and a 

temperature difference of ∆T between the two sides calculated 

in Eq. (4). 

Photons are emitted and reach the surface of an object can 

be absorbed, reflected, and transmitted through the object’s 

surface. Absorptivity (α) (the entering radiation and then 

absorbed), reflectivity (ρ) (the receiving radiation and then 

reflected), and transmissivity (τ) (the arriving radiation and 

then advanced) are three surface qualities that can take photons. 

 

𝛼 + 𝜌 + 𝜏 = 1 (5) 

 

Solar radiation energy (IT) is absorbed by PV at a given 

point in time, and the majority of the received energy is 

transformed to heat. Heat will also be transported to the PCM, 

which is found at the bottom of the PV. If the PV temperature 

is assumed to be the same as the PCM temperature, the front 

and back heat transfer coefficients are h1 and h2, and the 

ambient temperature is Tamb, the PV active surface area is A, 

and the ambient temperature is Tamb. At a particular point, the 

PCM temperature changes from the initial state (Tpv) to 

(Tpv,t+∆t), with no heat loss from the adiabatic system’s limit. 

Equation 6 is utilized to construct an energy balance when the 

calculation temperature is lower than the PCM melting point 

(Tm). 

 

𝐴𝑙𝑇∆𝑡 = 𝐴(ℎ1 + ℎ2)(𝑇𝑝𝑣,𝑡 − 𝑇𝑎𝑚𝑏)∆𝑡 + (𝑇𝑝𝑣,𝑡+∆𝑡

− 𝑇𝑝𝑣,𝑡)𝜌𝐶𝑝∆𝑥𝐴 
(6) 

 

When the temperature Tpv,t+∆t is larger than the melting 

point of the PCM, the energy spent by the PCM to change the 

phase and temperature remains constant until the material 

transforms completely. The PCM’s latent heat is set to H, its 

volume is set to ∆xA, and the total time for the material to 

change phase is set to ∆t. Equation 7 is the energy balance 

equation for the phase transition. 

 

𝐴𝑙𝑇Σ∆𝑡 = 𝐴(ℎ1 + ℎ2)(𝑇𝑚 − 𝑇𝑎𝑚𝑏)Σ∆𝑡 + 𝐻∆𝑥𝐴 (7) 

 

The heat transfer process occurs when a solar panel is paired 

with a PCM. It can be illustrated as in Figure 6. 

 

 
 

Figure 6. Dimensions and geometry PCM container 

3. RESULT AND DISCUSSION 

 

The data obtained from this experiment compares the 

temperature of the PV using a PCM passive cooling system 

and the temperature of the PV without using any cooling 

system with the light intensity of the solar simulator, blower 

wind speed, and data collection time under the same 

conditions. Data collection is supported by Computational 

Fluid Dynamics (CFD) analysis to prove that PCM soybean 

wax affects PV’s working temperature and efficiency. 

 

3.1 CFD analysis 

 

The simulation was performed in a steady-state 

environment. The meshing simulation yields node and element 

values of 120834 and 19126, respectively. The average value 

of the standard mesh with matrix skewness is 3.6795 10-3, 

indicating that the mesh quality is very good and that the 

chance of error is negligible. 

The temperature contour of the PV panel at steady-state 

with a heat flow of 1100 W/m2 with and without PCM soybean 

wax is depicted in Figure 7. PV panels without PCM soybean 

wax averaged 56.8℃, while PV panels with PCM soybean 

wax averaged 48.6℃. After adding PCM soybean wax, the 

temperature dropped to 8.2℃, and heat transfer from the panel 

to the air improved considerably. 

 

 

(a) Without PCM soybean wax 

 

(b) With PCM soybean wax 

 

Figure 7. The thermal contour of PV panels  

 

3.2 Experimental result 

 

The purpose of the experiment was to determine the effect 

of soy wax on the performance of photovoltaic solar panels in 

the room using a solar simulator system and then the results 

will be compared with the simulation results to find out how 

big the error is in the experiment.  

The high working temperature of photovoltaic directly 

impacts PV performances [32]. The function of PCM is to 

minimize the very high rise in PV temperature, thereby 

improving PV performance. Previous studies have shown that 

the application of PCM in PV as a passive cooling system has 

better performance than PV without a cooling system [16, 14, 

30]. Figure 8 shows the effect of intensity on PV temperature. 

PV panels without a cooling system and PV panels with 

soybean wax were employed in this experiment. 
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Figure 8. The relation between the intensity of the solar 

simulator and PV temperature 

 

Based on Figure 8, the working temperature of the 

photovoltaic shows an increase as the intensity value increases. 

Prove that the light intensity is proportional to the temperature 

PV. The maximum temperature is obtained at a light intensity 

of 1100 W/m2 in PV without a cooling system. The maximum 

temperature of PV at 1100 W/m2 without a cooling system and 

PV with soybean wax is 60.7℃ and 54.7℃, respectively. The 

thermal properties of soybean wax will cause the temperature 

of PV to decrease. 

Latent heat enables PCM to absorb and store thermal energy 

without changing its temperature [33-35]. The higher latent 

heat, the higher ability to absorb and store thermal energy. 

Thermal conductivity determines the heat transfer rate in the 

process of heat absorption or release [34, 35]. Therefore, the 

smaller the thermal conductivity, the longer the freeze-thaw 

process of the material will take. Soybean wax has latent heat 

and thermal conductivity, so it is the best in the heat absorption 

process of PV and has been proven to reduce the maximum 

PV temperature by 6.0℃. 

 

 
 

Figure 9. The relation between voltage and current of PV 

 

Voltage and current graphs are obtained from experiments 

that have been carried out with PV at an intensity of 1100 

W/m², as shown in Figure 9 above. The area under the current 

and voltage curve at an intensity of 1100 W/m2 shows that the 

output power increases. PV without a cooling system with an 

intensity of 1100 W/m2 produces a VOC of 19.30 V, an ISC of 

1.76 A. PV using PCM soybean wax passive cooling with an 

intensity of 1100 W/m2 produces a VOC of 19.30 V and an ISC 

of 1.78 A. 

 

Table 4. PV characteristics without cooling system and using 

PCM soybean wax passive cooling 

 

No. 
Cooling 

system 

Intensity 

(W/m2) 

Temperature 

(℃) 

Efficiency 

(%) 

1. Without PCM 

400 

600 

900 

1000 

1100 

45.6 

49.5 

55.4 

58.2 

60.7 

4.58 

4.93 

6.18 

5.76 

5.85 

2. 
PCM Soybean 

Wax 

400 

600 

900 

1000 

1100 

43.9 

46.4 

51.9 

53.8 

57.7 

4.86 

5.29 

6.60 

6.09 

5.98 

 

The efficiency is obtained by calculating equation 2. Based 

on Table 4, PV without a cooling system and PV applying 

soybean wax have a maximum efficiency of 6.18% and 6.60%, 

respectively, at an intensity of 900 W/m2. The best variation in 

increasing PV efficiency is soybean wax by 0.42%. The PV 

efficiency will increase to the optimal point, and then the 

efficiency will drop because at a certain intensity, the photon 

light will be excessive, resulting in the PV material (silicon) 

not accommodating it so that the photon becomes residual heat. 

Based on the results of simulations and experiments, the error 

values obtained from the average temperature of PV panels 

with and without PCM soybean wax are 6.9% and 12.61%, 

respectively. 

 

 

4. CONCLUSIONS 

 

This simulation and experiment use one variation of PCM 

soybean wax and PV without a cooling system as a 

comparison variation to determine which PCM can reduce PV 

temperature. This study concludes that the variation of PV 

applied by soybean wax is the lowest in reducing the PV 

temperature than PV without a cooling system. The results 

show that PV used by soybean wax as passive cooling can 

reduce the maximum PV temperature by 6.0℃ and increase 

its maximum efficiency by 0.42%. According to simulation 

and experimental results, the error values of the average 

temperature of photovoltaic panels with and without PCM 

soybean wax are 6.9% and 12.61%, respectively. 
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