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ABSTRACT 

The paper discusses temperature and solar radiation's effects on the photovoltaic model (PV) with changeable 

values. Matlab-Simulink is using to modeling the mathematical equations of the PV model to predict the behavior 

of the output current and voltage of the PV model. Simulation depends on the constant temperature on the PV 

model with different solar radiation values and vice versa. Thus, a comparison of the simulation results with the 

PV model datasheet under standard test condition STC. The results indicate the affected of the current and the 

output voltage by the decrease of solar radiation even with constant temperatures, which was evident in I-V and 

P-V curves' values. The performance of the PV panel affected at high temperature even with a constant value of 

solar irradiation, while decreasing the temperature contributes to an increase in the PV model output power. 
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INTRODUCTION 

Global energy supply sources face many problems due to the increase of global energy demand due to the 

industrial revolution, the fluctuation of oil prices, and environmental impact. Increasing the consumer's energy 

demand has aroused many researcher's interests in the use of renewable energy as alternative sources [1, 2]. The 

applications of PV are one of the popular in the field of power generation, where depends on the different factors 

such as the PV model design and climatic conditions [3]. In general, the power output of the PV model is affected 

by various factors such as fluctuating solar radiation and the temperature that leads to reduce efficiency convert 

of solar cells [4]. To achieving optimum operating with produce a specific value of output voltage and power of 

the PV model,  it requires perfect PV modules that connect in series to the intention of performing a high power 

by linking the PV strings in parallel to create a PV array. Enhancing the voltage and current of the PV model with 

high power produce under different conditions during the radiance condition. Nevertheless, the PV model's 

different types of mathematical models were simulated with many parameters by Matlab-Simulink of equivalent 

circuits with a comparison between current-voltage and power-voltage curves of the PV cell under various 

conditions.  

The  P-V characteristics appear as the P-V curve, representing a typical P-V  curve peak of the PV string, where 

both temperature and solar radiation will affect the PV model [5]. Different sorts of PV modules were developed 

by Matlab/Simulink to study the current-voltage I-V and power- voltage P-V. Thus, the characteristics of PV 

models with various insolation values, shading, and with a single or double diode for PV cell depending on 

nonlinear equations. Matlab/ Simulink has suitable features to deal with a different mathematical model of PV 

cell to appears the extraordinary output power. Thus, understanding of I-V with P-V to operating the PV cells 

with a maximum power point (MPP) at a different value of irradiance and temperature [6]. A photovoltaic model 

has built by the Matlab/Simulink as an alternative of a double-diode PV cell that simulates the internal structure 

by half cells of the PV model, which divided the output current for two-part with six sections of the structure of 

the module. Partial shading and temperatures were the parameters that simulation has considered. The results of 

the simulation show that temperature represents important parameters for the accuracy of the PV model, and 

partial shading has an effect negatively on the value of current in the range of voltage measuring [7]. Another 

photovoltaic model proposed, which has a single diode to study the effects of the solar irradiance, the temperature 

on the behavior of I-V, and P-V of the PV model that simulated by using  MATLAB software. The simulation 
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refers to a robust agreement between the experimental data and the values of the PV datasheet. Reducing solar 

radiation to 985 W/m2 contributes to obtaining the same power under standard test conditions [8]. 

Moreover, mathematical modeling of the PV model has developed using MATLAB for single-diode of the  PV 

model to study the I-V, P-V characteristic of the PV model related to current and voltage, and the change of solar 

insolation levels. The results revealed the level of insolation changes with a series resistance change of the single 

diode model and generation current of the PV model. The developed model can work as a prediction tool for the 

responses that include a solar PV cell [9]. A study was done on the proposed model with a single diode of an 

equivalent circuit of the PV model and simulation using Matlab/Simulink [10]. The proposed model-derived is a 

single of the V-I characteristics after that will extend for all the string/array of the PV cell depending on the five 

parameters model and based on the manufacturer datasheet. The derived PV model shows the ability to Prediction 

of the P-V, V-I of the PV cell characteristics at different values of temperature and solar radiation conditions. 

Thus, the model proposed gives 99.5% accuracy of the maximum output power productivity, similar to 

manufacturers datasheet. 

METHODOLOGY  

The PV model and setup 

The main principle of the solar cell is to convert solar irradiation into electrical energy. A specified number of 

solar cells connected in series and parallel represent the unit build of the solar PV model. The study used Matlab-

Simulink to modeling mathematical equations of the PV model depending on the variable values of temperatures 

and solar radiation. The PV model used type AS-6P30 Polycrystalline 250W, with parameters that accurate that 

widely used for the analytical characterization of the PV model. The datasheet of the PV model adopts as a 

reference for comparison with the simulation values. The equivalent electric circuit of the PV model is 

representing in figure 1, which consists of a shunt resistor parallel Rsh with a higher value than a series resistor 

Rs with a single diode. 

 

Figure 1. Equivalent electric circuit of the PV module with single-diode 

The simulation has depended on the meteorological data of Miskolc city-Hungary. The annual total of global 

irradiation equals 1.224.03 kWh/m², and the average high temperature is 24 °C, as shown in figure 2. The study 

assumes that the slope and orientation angles of the PV model are constant for the entire year, where the slope 

angle is (37º) and azimuth (0º) without a shadow on the PV panel. 
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Figure 2. Meteorological data adopted of Miskolc city 

Mathematical modeling of PV model 

The electrical characteristics of the PV model and atmospheric conditions determined the power production of the 

PV model. Matlab-Simulink will model the mathematical equation as subsystems for each equation of the PV 

model, as shown in figure (3, 4, and 5), depending on the parameters each equation. Thus, all the PV model 

mathematical equations will simulate as a photovoltaic model to study the behavior of I-V and P-V of the PV 

model, where equation 1 represents the I-V characteristic of the PV model. 

𝐼 = 𝐼𝑝ℎ − 𝐼𝑂 [𝑒𝑥𝑝
(

𝑞·(𝑉+𝐼·𝑅𝑠)

𝑛d·𝑁𝑐𝑠·𝐵𝑐·𝑇𝑂
)
−1] −Ish                                                                                                              (1) 

Where Iph is photovoltaic current, which depends on the irradiation level, Io is the saturation current obtained from 

equation (2). q represents the electron charge (1.60217646 × 10-19 C), I, V, representing both the output current 

and the  PV model voltage. Rs is a series resistance (0.02 Ω) of the equivalent electric circuit, as shown in figure 

1. While nd is (1.2) with representing the diode's ideality factor (a number between 1 and 2 that typically increases 

as the current decreases) and Ncs is the number of cells connected in parallel. Bc is Boltzmann's constant 

(1.3806503 ×10-23 J/K). Thus, both To and Ish represents an operating temperature of 24 K and the current 

resistor through the shunt. 

 𝐼𝑠ℎ = 
𝑉+𝐼.𝑅𝑠

𝑅𝑠ℎ
                                                                                                                                                         (2) 

 

Figure 3. The output current of the PV model 
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Solar radiation and temperatures are the main parameters that defined the value of the PV model current. Rsh is 

shunt resistance (485.5 Ω). Iph could determine by the equation below, and V represents the voltage across the 

diode. 

𝐼𝑝ℎ = [𝐼𝑠𝑐 + 𝐼𝑠(𝑇𝑜 − 𝑇𝑠)]
𝐺

1000
                                                                                                                                (3) 

Where Is represents the short-circuit current of the cell at standard test conditions (STC) 25 °C and 1000 W/m2, 

Isc is the short circuit current (A). Ts represents a solar cell absolute reference temperature at STC (298). G is the 

solar irradiation (W/m2). The difference between the cell saturation current 𝐼0 and cell temperature described in 

equation 4. 

  𝐼0 = 𝐼𝑅𝑆 · (
𝑇𝑜

𝑇𝑁
)
3

· exp[
𝑞𝐵𝑔

𝑛𝑑·𝐵𝑔
(
1

𝑇𝑁
−

1

𝑇𝑜
)]                                                                                                                (4) 

 

Figure 4. Saturation current 

The reverse saturation current, as seen in equation (5), and Bg is the band-gap energy of the semiconductor with 

value (1.1 eV). TN is the average temperature of 25 °C, and Voc is open-circuit voltage (V). 

𝐼𝑅𝑆 =
𝐼𝑠𝑐

𝑒𝑥𝑝
(

𝑞·𝑉𝑜𝑐
𝑛𝑑·𝐵𝑐·𝑁𝑐𝑠·𝑇𝑜

)
−1

                                                                                                                                             (5) 

 

Figure 5.  Reverse saturation current 
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Simulation of the mathematic model 

The Matlab-Simulink illustrates the PV model building with an investigation by characteristics of the V-I and P-

V output. The experiment has conducted using Matlab-Simulink for mathematic equations of the PV model with 

electrical characteristics that simulated as a subsystem, as shown in figure 6, with the use of variable and constant 

parameters. In general, the experiment has conducted under STC 25 °C, 1000W/m2, as the first step after that used 

various values of solar irradiation and temperature. 

 

Figure 6. A subsystem of the PV model 

Different values could change it several times in the PV model as input variable parameters, as shown in figure 7. 

Therefore, depending on the PV model equations, many subsystems have been created by using Matlab-Simulink 

for each equation of the PV model (Saturation current, Reveres saturation current, Shunt current, Photo-current, 

and PV current) represented as a subsystem of the PV model. Thus, all the subsystems are simulating together 

after the PV model is linked, as seen in figure 6. 

 

Figure 7. Photovoltaic module 

RESULTS AND DISCUSSION 

The results of simulations of the PV model depended on the variable values of solar radiation and temperatures 

Miskolc climate conditions.  The datasheet of the PV model under (STC) to recognize the behavior of the PV 
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module of the I-V and P-V values. The PV model current has been affected and slightly effect by power output 

due to rising temperatures even with solar radiation drop, as shown in figure 8.  In this study, two cases have 

considered when the values of solar irradiation are constant with various temperatures and vice versa. 

 

Figure 8. Characteristics of PV model under STC and 35 Co, 820W/m2 

4.1. The first case, when the values of solar radiation lower than 1000 W/m2 and the temperature is constant 25 

°C. The output current of the PV model dropped from 8.75 to ~7.2 A, with little change has occurred with the PV 

modules output power of 250W to ~220 W compared with stander case STC at 25 °C, 820 W/m2. Whereas notice 

the reduction in both output current and power of the PV model from 8.75A to ~ 4.8 A,  the output power value 

decreased 250W to ~140W when the temperature and solar radiation were 25°C, 535 W/m2. The continuous 

reduction in the solar irradiation value at 25 C°, 185 W/m2 causes a significant drop in the output current of the 

PV panel of 8.75A to ~1.7A. While the output voltage of the PV model dropped from 250W to ~ 45 W compared 

with the datasheet of the PV model under STC, as shown in figure 9. 

 

Figure 9. Characteristics of the PV model at 25 °C with various radiations 

B- The second case, when the value of solar irradiation is constant at 1000W/m2 with various values of temperature 

at 35 °C, 24 °C, 18 °C. The high temperatures cause to rise of PV cells, thus effected on the performance of the 

model. It's noticed at 35 °C, 1000W/m2, a slight dropped by the output current of the PV model (8.75 - 7.75) A, 
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and the output power also decreased up to ~ 210 W compared with the datasheet of the PV model under STC. 

Increasing the output current and power of the PV model, at 24 C°, 1000 W/m2, as shown in figure 6. Due to the 

closer temperature and radiation values of the stander datasheet of operation PV model parameters. The output 

current and power of the PV model continuously increase with a reduction of temperature at 10 °C even with  

1000W/m2 of solar radiation, compared with the values when the temperature was high, as shown in figure 10.  

 

Figure 10. P-V characteristics PV model at various temperature and constant radiation 

CONCLUSION 

The PV model simulated depending on the PV model datasheet under STC as a reference point and the variable 

values of solar radiation and temperature that were selected. The output energy yield of the PV model was 

significantly affected by solar radiation and temperature, and that was evident in the values of I-V and P-V curves. 

The output current of the PV model and the output voltage decreased when lower values of solar radiation even 

with a constant temperature. The constant value of solar irradiation with high temperature leads to an increase in 

the heat of the PV model, which affects the performance of the PV panel. Thus, decrease the temperature value 

contributes to a noticeable increase in the output power of the PV model even with constant solar radiation. 
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