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Abstract: This paper performs a review on the simulation 

modules for photovoltaic cells and their recent application. 

Mathematical modulation is used to simulate the photovoltaic cell 

and to perform both series and parallel connections. Simulation 

analysis of photovoltaic modules is done under different weather 

conditions by varying the irradiance and temperature. The 

simulation model calculates the output power efficiency of 

photovoltaic cells. For future application purpose, this research 

output can be used to predict the desired output power and also to 

suggest on suitable photovoltaic cells connection for different 

weather conditions in Malaysia.  
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I.INTRODUCTION 

Today, Malaysia is driving the focus towards renewable 

energy. Currently, the country is only utilizing 2 % of 

renewable energy. The Energy, Science, Technology, 

Environment and Climate Change Ministry (MESTECC) 

have revised the target to achieve 20 % of renewable energy 

by 2030. Hence, the challenge is to look in depth for the 

possible improvement and advancement in photovoltaic 

(PV) technology in Malaysia [1]. Research and studies focus 

on the development of a large scale PV installation towards 

a clean city [2]. Recent studies focus on the thermal 

performance of photovoltaic system for the composite 

climate in Malaysia, the performance of different types of 

photovoltaic arrays such as Poly-Crystalline; Mono-

Crystalline and Thin-Film modules were evaluated [3]. 

Results show that the performance is affected by the solar 

irradiance and weather condition as well as surrounding 

environment. In addition, grid-connected PV in Malaysia 

under tropical climate conditions were also evaluated, it is 

therefore important to perform the assessment of PV 

systems for different weather conditions [4].  

Prior to PV cells installation, it is important to have a 

modeling tool that can precisely model the PV cells 

performance. This is to ensure the efficiency of PV cells 

vary based on installation location as well as the 

arrangement structure [5]. It is important to evaluate the 

performance parameter of large-scale PV cells such as short-  
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circuit current, ISC and open circuit voltage, VOC. This will 

therefore optimize the cell performance to achieve a high 

efficiency performance PV cells. Recent study developed a 

mathematical model to simulate isolation and non-isolation 

PV array for different weather conditions [6]. Also, Chaibi 

et al. has developed a novel mathematical model to extract 

the unknown parameters of PV cells for different weather 

conditions [7]. 

This paper gives a detail overview on the different types 

of simulation tools used to model PV modules. On top of 

that, this paper simulates the series and parallel connection 

of PV cells using Matlab simulation to identify on the 

change in I-V and P-V output for variation in irradiance and 

temperature. 

II.SIMULATION TOOLS 

This section discussed the available PV simulation tools 

which include RET Screen, TRNSYS, HOMER, INSEL, PV 

F-Chart, NREL Solar Advisor Model (SAM), PVsyst, Solar 

Pro, PV Design, Pro-G, PV*SOL Expert, and MATLAB. 

Renewable energy technology screen (RET Screen) is an 

Excel based renewable energy software tool that is used for 

its technical and financial visibility of renewable potential, 

energy efficiency and cogeneration projects. It measures the 

energy efficiency, power and other performance parameter 

which is applicable for photovoltaic and other renewable 

energy [8]. Recent study used RET Screen to analyze the PV 

system in Pakistan area [9]. RET Screen is also 

implemented to evaluate PV cells on apartment [10]. 

Transient Systems Simulation (TRNSYS) applies 

numerical models to generate and alter the majority of non-

geometrical data [11]. TRNSYS has recently being used to 

simulate the energy consumption and costing evaluation for 

power plant PV evaluation in Spain [12]. Hybrid 

Optimization Model for Electric Renewable (HOMER) is 

another simulation tool which is suitable for both on and 

off-grid PV systems. HOMER’s calculation is used for the 

variety in innovation expenses and asset accessibility, using 

renewable energy as the input parameter [13]. Deshmukh et 

al. used HOMER for PV simulation in India [14].  Singh et 

al. has also performed simulation on PV cells and other 

renewable energy using HOMER [15].  

Integrated Simulation Environment Language (INSEL) is 

the simulation block for programming applications. INSEL 

offers interface in programming such as Fortran and C/C++. 

One main advantage of INSEL is that it can run with 

MATLAB® which offers collection of model segments for 

an assortment of reproduction applications [16]. In addition, 

Photovoltaic F-Chart (PV F-Chart) is an extensive 

photovoltaic framework investigation and configuration  

program. PV F-Chart is able to include more than 300 

locations at the user end 

level,  
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where the battery system andstand-alone PV system can be 

utilized [17]. PV F-Chart can study the change in energy 

production and performance based on load varieties [18]. 

Brugahan et al. has used PV F-Chart to perform a 

comparison between solar cell performance and nuclear 

power [19]. 

Another type of available simulation software is the 

National Renewable Energy Laboratory Solar Advisor 

Model (NREL SAM). It is an outstanding simulation model 

which is commonly used in the renewable energy business 

to execute different types of renewable power sources 

together with the financial investigation [20]. The 

improvement of the solar advisor model was also reported 

recently [21]. Photo Voltaic systems (PVsyst) are extremely 

accommodating educative applications which perform rapid 

characterization of PV framework. Variations reproduction 

can be done to achieve advancement and parameter 

examinations with respect of irradiance and cell 

temperatures. Most often, PVsyst is used in project 

financing and energy yield prediction [22]. Kumar et al. [23] 

and [24] have used PVsyst in investigating the string and 

arrays of PV cells.  

Solar Pro is another type of advanced simulation 

program for PV framework which investigates the power 

performance under various environment conditions. Solar 

Pro is able to simulate the shadow influence from the 

surrounding building. This gives an optimal setting to the 

users for PV installation based on the accurate electrical 

characteristics which takes into consideration both the 

environment condition and climate parameters [25]. Thula et 

al. has recently perform simulation for 100 kWp solar power 

using SolarPro [26]. Photovoltaic Design Program – Grid 

connected Systems (PV-Designer) is software to simulate 

the photovoltaic energy based on climate change [27].  PV-

Design Pro is best use to provide an in-depth of financial 

analysis and operating system on power output and optimum 

load consumption for PV module. 

Another type of simulation tool is the PV*SOL Expert 

which is a 3D software for PV design, this software has a 

few outstanding key performances such as wiring design, 

analysis on partial shading as well as overall full component 

selection [28]. Khatib has also reviewed on the functionality 

of PV*SOL Expert in solving PV for partial shading 

condition [18]. However, further research work is needed to 

improve the accuracy of simulation tool.  

Lastly, MATLAB simulation is commonly used for 

PV simulation [29].  This is because MATLAB’s Simulink 

block library Graphic User Interface (GUI) is very user 

friendly to design PV modules and to determine the P-V and 

I-V output. This paper models the photovoltaic (PV) module 

using the MATLAB/Simulink software. The P-V and I-V 

output characteristics are studied under different 

temperature and solar irradiation conditions [30]. For future 

application purpose, the accurate simulation tool can be used 

to design suitable types of PV installation for different 

weather conditions. 

 

 

III.SIMULATION METHODOLOGY 

Solar cells are interconnected to shape a module of certain 

voltage/current dimension. These modules can be 

interconnected to design the voltage and current level. PV 

array is a gathering of interconnected PV modules by having 

the solar cells in both series and parallel connection. The 

proportionate circuit of rearranged PV cell involves a 

present source, two diodes, series and parallel of resistor 

over the load as in Fig. 1 [15].  

 

Fig. 1 Equivalent circuit of PV cell 

Simulation model of the subsystem for one PV module is 

created by utilizing conditions in MATLAB/Simulink. The 

connection between yield present and terminal voltage is 

given as pursues: 

𝐼 =  𝐼𝑝ℎ − 𝐼𝑂 (𝑒𝑞(
𝑉+1.𝑅𝑠

𝑛𝐾𝑇
)

− 1) − (
𝑉+𝐼.𝑅𝑠

𝑅𝑝
)                    (1)                                    

For series connected PV modules, a PV string comprising 

of three PV modules are associated in series have been 

simulated by building up the simulation display as shown in 

Fig. 2. For parallel connected PV modules, a PV array 

comprises of six number of PV modules associated in series 

and parallel have been simulated by making the simulation 

model as in Fig. 3. All the simulation model is produced by 

utilizing standard appraisals as given in Table 1.  

 

Table. 1 Parameters on PV modules 

 

No. Parameters Value 

1. Temperature (Te) 25 °C 

2. Irradiance (Sun) 1000 

3. Series Resistance (Rs) 0.008 Ω 

4. Shunt Resistance (Rsh) 1000 Ω 
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Fig. 2 Series connected PV modules 

Fig. 3 Series and parallel connected PV modules 

IV.RESULTS AND DISCUSSIONS 

Under non-uniform isolation level, the Current-Voltage 

(I-V) and Power-Voltage (P-V) characteristic of PV 

modules are presented in Fig. 4 and Fig. 5 for series 

connection while Fig. 8 and Fig. 9 are for parallel 

connection. The PV modules are developed with constant 

temperature of 25 °C and different level of irradiance at 200, 

400, 600, 800, 1000 𝑊/𝑚2. The Current-Voltage (I-V) and 

Power-Voltage (P-V) characteristic of PV modules are 

presented in Fig. 6 and Fig. 7 for series connection while 

Fig. 10 and Fig. 11 are for parallel connection. The PV 

modules are developed with constant irradiance of 1000 

𝑊/𝑚2 and different level of operating temperatures at 20, 

25, 30, 35, 40 °C. Fig. 4, Fig. 5, Fig. 8 and Fig. 9 show the 

characteristic with the constant operating temperature of 25 

°C and different levels of irradiance. It is to be noticed that 

however the results were obtained with different level of 

irradiance, but each time every module gets a similar curve 

of insolation. The output power that obtained in parallel 

connection is greater than the series connection. In each of 

the case introduced, Power-Voltage (P-V) characteristic 

shows only a single maximum power point (MPP). 

Fig. 6, Fig. 7, Fig. 10 and Fig. 11 show the characteristic 

with constant irradiance values and different level of 

operating temperatures. For both series and parallel 

connections, the results show that the higher temperature 

will produce more output power for the PV modules. The 

impact of fractional shading in photovoltaic strings, through 

various parameters and arrangements has been examined  
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tentatively by utilizing MATLAB/Simulink programming. 

The simulation model is dependent on mathematical 

conditions from a circuit of photovoltaic cell. The 

simulation model is sensible to study the solar cells 

performance working under different environmental 

conditions. An outline table of the recreation results for 

different conditions is listed in Table 2. It is therefore crucial 

to study the cell performance with respect for weather 

conditions, suitable PV cell arrangement can then be later 

introduced for different weather conditions. In such case, 

optimum power can be harvested based on different weather 

conditions. 

 

Fig. 4 I-V for series connection with various irradiance 

 

Fig. 5: P-V for series connection with various irradiance 

 

 

Fig. 6 I-V for series connection with various temperature 

 

Fig. 7 P-V for series connection with various 

temperature 
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Table. 2 Simulation Results of Series and Parallel Connection 

V.CONCLUSIONS 

The result of partial shading conditions in photovoltaic 

strings using various configurations and values have been 

simulated using MATLAB/Simulink software. The 

simulation model is produced based on mathematical 

equations derived from a circuit of photovoltaic cell. The 

equations then are carefully converted into block parameters 

inside MATLAB/Simulink simulation software. The 

electrical performance of series and parallel connected PV 

modules has been explored to discover a design which is 

more efficient during various weather conditions. 

Furthermore, the simulation model is also convenient to 

design for the most ideal configuration of the PV modules to 

extract the maximum power. For future usage, the 

simulation tool can be used to propose on suitable 

combination of PV cell structure for different location in 

Malaysia with different weather conditions. Such 

contribution would be significant to ensure an optimum 

power harvesting from solar energy.  
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 Series Parallel 

 

Current 

(A) 

Voltage 

(V) 

Power 

(W) 

Current 

(A) 

Voltage 

(V) 

Power 

(W) 

Under Uniform Insolation Level 3.80 64 185 7.50 128 760 

Under Non-

Uniform 

Insolation Level 

(Partially Shaded 

Condition) 

 

 

Temperature (°C) 

20 3.80 62 180 7.50 125 740 

25 3.80 64 185 7.50 128 760 

30 3.80 66 190 7.50 135 780 

35 3.80 68 195 7.50 140 785 

40 3.85 70 205 7.70 145 800 

 

 

Irradiance 

( 𝑊/𝑚2) 
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400 1.50 61 70 3.00 120 300 

200 0.80 58 30 1.20 115 100 
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