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 Abstract: 

Solar photovoltaic panels are a crucial component of generating power from renewable sources, 

providing a secure and sustainable source of energy to address power shortages in any nation. Prior 

to installing a solar photovoltaic (PV) generator in anywhere, it is crucial to approach, simulate, 

and analyse its performance. This process allows for a better understanding of the generation's 

behaviour and features under actual weather conditions at the particular spot. This study presents a 

simplified model of a solar PV module using a single diode comparable circuitry. The design is 

simulated in a step-by-step manner using Matlab/Simulink. The I-V and P-V graph of a solar PV 

module offer a comprehensive insight to researchers, producers, and social societies. The accuracy 

of the modelled outcome generated by the PV module is confirmed by comparing it with the 

manufacturer's data-sheet of the JAP6-72-320/4BB modules. The greatest relative error percentage 

is determined to be 1.65%, indicating a strong agreement with both the manufacturer's values and 

the simulated results. Furthermore, the PV module demonstrates favourable performances when 

exposed to actual meteorological conditions, including irradiance and temperature. Furthermore, it 

is regarded as a robust instrument for assessing the efficiency of solar photovoltaic cells. 

Keywords: Photovoltaic solar, Modeling of renewable power, Metrological information. 

1.0 Introduction  

Accessibility to inexpensive and reliable electricity is a key prerequisite for the prosperity, 

technological advancement, and societal advancement of each nation. India's requirement for 

electricity is steadily increasing as a result of industrialisation and urbanisation (Kanchan and 

Kumarankandath, 2015). India's total installed power capacity has grown from 1.362 GW in 1947 

to 326.849 GW as of March 31, 2017, according to the Central Electricity Authority (2017a). 

Undoubtedly, coal and lignite have been the primary sources of electricity for the nation since its 

independence. Conventional power generators cause significant human deaths due to the emission 

of massive quantities of toxic gases and heavy metals from their exhaust stacks (Shahzad Baig and 
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Yousaf, 2017; Geonka and Guttikunda, 2012). Figure 1 illustrates the distribution of electrical 

sources in India's total installed capacity, expressed as a percentage. As of October 31, 2017, India 

has a total operational power generation capacity of 331.117 GW. Out of this, thermal power 

accounts for 66.27%, renewable energy accounts for 18.17%, nuclear power accounts for 2.05%, 

and hydro energy accounts for 13.52% (Central Electricity Authority, 2017b). The primary source 

of energy for use in the Indian electrical system is coal-based authority, accounting for 58.42% of 

the total share. Coal has been the primary source of electricity since independence. 

The reliance on traditional energy sources can be diminished by the integration of numerous 

renewable energy sources as well as technologies for storing electricity, which are crucial in 

addressing power fluctuations (Hemmati and Saboori, 2016). Currently, the power distribution 

system of any country regards energy storage as a crucial component (Saboori et al., 2017). The 

reason for this is that it can strengthen the stability of the grid, improve the efficiency of the 

system, boost the penetration of renewable energy, and aid to reduce environmental and health 

implications by conserving fossil fuels (Amrouche et al., 2016; Aneke and Wang, 2016). 

Furthermore, the implementation of battery energy storage system technology might lead to a 

decrease in the operational expenses of the power distribution network (Hemmati, 2018). 

Therefore, the combination of solar energy and energy storage technology enhances rural energy 

availability, leading to increased economic growth in every nation (Kim and Jung, 2018). 

 

Figure 1 depicts the total installed capacity for electricity in the nation of India, organised by 

supplier. 
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Table 1 Renewable energy installed capacity 

 

 

1.1. India’s renewable energy potential 

The Indian government recently unveiled a proposed initiative called "24X7 Electricity for All" 

with the aim of providing affordable and environmentally sustainable electricity to the population 

of India by March 2019. The source of this information is the Ministry of New and Renewable 

Energy (MNRE), in the year 2017. Renewable energy will serve as a sustainable and 

environmentally friendly power source to meet India's electricity needs and support its 

development. This will also contribute to the fulfilment of the objectives set by the 'Paris 

Agreement' on climate change. By 2030, the Indian government aims to ensure that a minimum of 

40% of its power is generated from renewable sources (Gould, 2015). As of September 30, 2017, 

the combined capacity of green energy via a number of sources is 60.157 GW, according to Table 

1 (Central Electricity Authority, 2017b). 

The Indian government has established a lofty objective of producing 175 gigawatts of 

environmentally friendly electricity by 2022. India has an estimated potential of around 900 GW of 

renewable energy, which can be derived from various sources. These options include small hydro 
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(20 GW), wind power (102 GW with an 80-meter mast height), biomass energy (25 GW), and 

solar power (750 GW, taking into account 3% wasteland in the country). This information is based 

on data from the Ministry of New and Renewable Energy (MNRE), which was published in 2017. 

Based on the aforementioned facts, solar power has become a significant and environmentally-

friendly source of renewable energy. Its adoption will have a transformative impact on the growth 

of the country and propel the Indian electrical sector to new levels of achievement. 

 

 

Figure 2 illustrates the progression of solar energy utilisation in India. 

1.2. Utilising solar power in an Indian environment 

The nation's population makeup classifies it as a tropical country, characterised by high levels of 

irradiation and an important opportunity for solar energy. The typical yearly radiation from the sun 

decline ranges from 4 to 7 kWh/m2, based on a study by Kirmani et al. (2015), which also reported 

300 bright days per year. The Indian prime minister, in 2014, increased the target for renewable 

energy installation from 20 GW to an ambitious aim of 100 GW by 2022 (Nathan, 2014). As of 

March 31, 2017, the cumulative installed capacity of solar power in India is 12.28 GW. This 

indicates that India possesses a significant untapped opportunity for harnessing solar energy 
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without generating greenhouse gases. Figure 2 depicts the progression of installed solar power 

capacity from 2008 to 2017. The capacity started at 3 MW in 2008-09 and increased to 12288.83 

MW by the end of the financial year 2017, according to the Central Electricity Board (2017a) and 

the Ministry of New and Renewable Energy, or MNRE, (2017). India has significantly increased 

its solar energy production since the year 2008. 

The nation's power generation capacity is projected to increase to 746 GW through 2030, 

according to Gould (2015). India's population makeup positions it as a country with vast solar 

power resources, with an anticipated potential for approximately 750 GW, according to the 

Ministry of Renewable and New Energy, or MNRE, in 2017. Thus, the sun's rays can meet every 

energy demand of the nation. 

1.3. Literature review 

sunlight photovoltaic panels is crucial in meeting the nation's electrical deficit by providing clean 

and environmentally friendly energy in the field of producing electricity from renewable sources. 

Over the past ten years, multiple researchers have conducted studies that model solar energy using 

different methods and assess multiple variables using a range of simulation software. Some of 

these studies include those conducted by Amrani and Rekioua (2006), Rekioua and Matagne 

(2012), and Pendem and Mikkili (2018). 

Damo et al. (2011) created the IP10P solar PV model through the creation of PV panel assessment 

tools using Matlab and Labview software. These tools were used to calculate and monitor the 

modelling parameters and evaluate the model's performance in a summer outdoor environment. 

Banu and Istrate (2012) conducted a study where they analysed the I-V and P-V characteristics of 

solar PV modules using empirical data and a curve fitting technique. The drawback of this 

technique is its inability to collect sufficient data in the absence of an experimental apparatus. 

Hence, it is challenging to construct and simulate characteristic curves. Rekioua and Matagne 

(2012) demonstrated the implementation of different photovoltaic (PV) models using the 

Matlab/Simulink software. These models provide a comprehensive analysis of the operational and 

behavioural aspects of PV generators, and comprehensively examine the experimental results in 

comparison with the simulation outputs. Patel and Sharma (2013) and Krismadinata et al. (2013) 

introduced a circuit-based solar photovoltaic (PV) model in Matlab and conducted simulations 

using various radiation and temperature values. These publications simply provide a description of 

the final model, but they do not include a detailed analysis of a subsystem inside the final solar PV 
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model. Mohammedi et al. (2013) provided a mathematical description of the photovoltaic (PV) 

models to accurately assess different model parameters. Additionally, they conducted a 

comprehensive comparison between the experimental and simulated results of the PV models. 

Authors also created and assessed the efficiency of a photovoltaic-powered water pumping system. 

Rahman et al. (2014) created a model of a polycrystalline photovoltaic (PV) module provided by 

the National Institute of Standards and Technology. The purpose was to assess the output power of 

the module by comparing it to the measured output power. In their 2015 study, Yatimi and 

Aroudam utilised Matlab to mathematically model a solar PV module and conducted simulations 

under real climatic circumstances in Tetouan, Northern Morocco. However, the authors did not 

include a full description of the PV model's modelling process in this work. In their study, Yıldıran 

and Tacer (2016) utilised Matlab/Simulink to create a solar PV model based on fundamental 

equations. They successfully compared the simulated results with the manufacturer data. However, 

they did not provide a complete step-by-step model of the PV module in their research. The study 

conducted by Abdullahi et al. (2017) involved the creation of a model for a monocrystalline PV 

module using Matlab/Simulink. The model was then compared to actual outside findings, and the 

comparison showed good agreement. However, the study did not provide a detailed explanation of 

the step-by-step process used to construct the PV modelling. Mendalek and Al-Haddad (2017) 

utilised the mathematical governing equation to create a PV module script in Matlab. They then 

determined the model parameters of the commercial PV module KC200GT and conducted 

simulations using different irradiation and temperature values. AbdelHady (2017) and Fara and 

Craciunescu (2017) developed a model of a photovoltaic (PV) module using Matlab/Simulink. 

They determined the characteristics curve of the module by changing the levels of irradiation and 

temperature. In their 2018 study, Pendem and Mikkili focused on modelling and simulating the 

KC200GT PV module using the Matlab/Simulink application. They also provided a detailed 

analysis of the partial shading effect on the PV module's characteristics. However, they did not 

provide a step-by-step explanation of the development of the PV module model, which makes it 

challenging for readers to simulate and comprehend the model. Based on the observations made in 

the aforementioned investigations, it is evident that there is a significant potential for modelling, 

simulating, and analysing solar modules. 

Considering the perpetual influence of solar energy on the societal progress of any nation, it can be 

confidently stated that solar power is a prominent and promising remedy for electricity scarcity 
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(Sindhu et al., 2016). It is crucial to comprehend the level of attainability based on the available 

resources and infrastructure. Several obstacles hinder the effective implementation of solar energy 

in the country. These include the absence of an evaluation of solar resource data, the need for user-

friendly computation and simulation tools to analyse solar generator systems, and the requirement 

for accurate sizing of photovoltaic systems (Fara and Craciunescu, 2017). In order to overcome 

obstacles and gain a comprehensive understanding of the actual system behaviour, it is necessary 

to utilise software packages for model authentication. Several software packages exist for 

modelling, simulating, and analysing PV systems, such as Solar Pro, PV-Design Pro, PV-Spice, 

and PV CAD. However, these packages have certain drawbacks, including high cost, limited 

availability for commercial use only, difficulties in interfacing with electronic power systems, and 

proprietary nature (Fara and Craciunescu, 2017; Sharma et al., 2014). In order to address the 

aforementioned limitations, the Matlab/Simulink programme can be employed. These packages are 

known for their user-friendly interface, flexibility, ability to create precise models, simulate 

intricate systems, and offer a wide range of applications in power electronics, solar PV systems, 

and other engineering fields. This package is readily accessible in academic, industrial, and 

research laboratories (Fara and Craciunescu, 2017; Pandiarajan and Muthu, 2011; Qi and Ming, 

2012). 

 

Fig. 3. Simplified equivalent circuit of PV panel. 

Prior to installing a photovoltaic (PV) system at any place, it is crucial to approach, simulate, and 

analyse the PV generation. This process allows for a better knowledge of the actual behaviour and 

features of the system's components under real climatic circumstances at that specific location 
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(Meflah et al., 2017). In the past ten years, researchers have extensively studied the modelling and 

simulation of solar PV modules in order to get valuable insights. Multiple techniques can be 

employed for modelling and optimising solar PV modules, including analytical approaches, the 

linearization techniques machine learning methods, numerical techniques, neural networks, fuzzy 

methods, and genetic algorithms (Lyden et al., 2012; Rekioua and Matagne, 2012). The following 

part explores the simulation and modelling of a PV paradigm. 

2. Methodology for solar PV module 

It intended to develop a precise and theoretical model of a single diode equivalent photo-generator 

component utilising analytical techniques within the Simulink or Mat environment. In order to 

build a solar PV component, a systematic technique of modelling and simulation is used. The 

modelling process takes into account the manufacturing data associated with the JAP6-72-

320/4BB solar PV component, namely the information provided in the documentation from JA 

Solar. It could readily assess the attributes of a solar photovoltaic (PV) cell/module. The computer 

model's manufacturing data sheet findings are validated by comparing them with the results of the 

simulation. 

3. Mathematical formulation of solar PV module 

A cell made of sunlight is a basic device that converts sunlight into clean electricity. When 

multiple solar cells are linked together in both parallel and series configurations, they constitute a 

photovoltaic (PV) module. In order to construct photovoltaic arrays, these modules are connected 

in both series and parallel configurations, which are responsible for generating environmentally 

friendly electricity. A solitary solar cell can be depicted as a constituent of an electrical circuit. The 

device consists of a p-n junction, known as a diode, which generates a photocurrent in response to 

light. Additionally, there are two resistors, one connected in parallel or the other connected in 

parallel, which contribute to the phenomenon known as the Joule effect and recombine losses. The 

combination of diodes described here is referred to as a single diode solar cell model (Rekioua and 

Matagne, 2012; Rahman et al., 2014; Mohammedi et al., 2013; Yıldıran and Tacer, 2016; Fara and 

Craci unescu, 2017; Pendem and Mikkili, 2018; Altas and Sharaf, 2007; Villalva et al., 2009). The 

modelling of a solar PV module follows the same process as that stated for the modelling of solar 

cells. Figure 3 depicts a streamlined wiring model of a solar power system. 
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Fig. 4. Equivalent circuit of real model for PV panel. 

3.1. The mathematical modeling of perfect solar cells. 

The sunlight-generating photovoltaic (PV) technology can be modelled as a perfect crystalline 

silicon solar cell with an electric current source (Iph) connected concurrently to the diode, as 

shown in Figure 3. By applying Kirchhoff's first equation, the current at the output of an idealised 

photographic cell can be characterised utilising Equation (1). 

𝐼 = 𝐼𝑃𝐻 − 𝐼𝑑        (1) 

The I-V properties of a PV photovoltaic cell are described by Shockley's diodes present the 

formula, which is a foundational algebraic formula derived from the concept of semiconductor 

(Sera et al., 2007; Bellini et al., 2009). The formula for this equation is represented by Eq. (2). 

 

Substituting the given number of the Id in Equation (1) yields the resultant output current, I, of a 

desirable solar cell as defined in Equation (3). 

 



 

7713 

ResMilitaris,vol.13,n°2, ISSN: 2265-6294 Spring (2023) 

In a perfect world, a solar cell offers a highly accurate estimation of the current created by photons, 

which is precisely corresponding to the intensity and absorbance of the illumination. Several 

variables that aren't accounted for in the ideal case model have a significant impact on the output 

of a photovoltaic (PV) device in real-world scenarios (Bellini et al., 2009; Villalva et al., 2009; 

Sera et al., 2007). The following subsection illustrates the improved model for just one diode in an 

actual scenario. 

3.2. Mathematical model of a PV cell (real/practical cell case) 

Figure 4 depicts an electrical model for a photovoltaic cell that is more exact and closely resembles 

reality. This is commonly referred to as the genuine single diode approach, which includes a series 

impedance (Rs) and a pair of parallel impedance (Rp). In an ideal scenario, the resistances Rs and 

Rp would be disregarded. However, in the real world, it is not feasible to ignore these parasitic 

resistances as they have an impact on the efficiency of the PV solar cell. This has been 

demonstrated by various studies (Villalva et al., 2009; Pandiarajan and Muthu, 2011; Rekioua and 

Matagne, 2012; Lyden et al., 2012; Mohammedi et al., 2013; Sera et al., 2007). The suitable model 

is depicted in Figure 4. The series resistance (Rs) is a component in the current route that is 

responsible for losses caused by the Joule effect. It is mostly attributed to metallic lines, 

semiconductor components, the collection bus, and the links between them. Rp refers to parallel 

resistances that are connected mitigating the seepage of energy caused by factors like as the layer 

thickness of the cell and surface effects. These resistances are also known as shunt impedance. The 

impact of Rs is significant since it results from the expansion of the conductivity between cells in 

the solar power system, in contrast to Rp. The impact of Rp is solely 
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Fig. 5. Solar PV module 

The issue of visibility becomes apparent when a significant quantity of PV modules are included in 

a solar energy system (Bellini et al., 2009; Villalva et al., 2009; Qi and Ming, 2012; Lyden et al., 

2012; Sera et al., 2007). When considering the values of Rs and Rp, Rs are taken as a factor while 

Rp is assumed to be unlimited. As a result, the equation for diode up-to-date Eq. (2), is adjusted to 

Eq. (4). 

 

Once the value of Rs was considered, it had an effect on the modification of Equation (3) and 

controlled Equation (5). 
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When the photovoltaic cells are connected in a series-parallel configuration and the current 

through their outputs I is calculated, then Equation (5) can be changed and represented by 

Equation (6) as shown below: 

 

Given the equations given above for PV cell modelling, however are a few variables that must be 

chosen for the modelling process. The selection of the PV module model will influence these 

variables (Bellini et al., 2009). In this model, we need to calculate Iph, Irs, and Is, which can be 

determined using the formulas that follow. The photocurrent (Iph) is directly proportional to the 

incident flux and is not affected by the voltage (V) or series resistance (Rs). It is directly correlated 

with the rays from the sun and is also impacted by temperature, as described by equation (7). 

 

 

 

Fig.6. Photovoltaic modeling steps involved in Simulink. 
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The reverse saturating current, also known as Irs, and the current of saturation are two related 

terms. The calculation is performed using equations (8) and (9). 

 

A ideal conditions coefficient A and energy band gap Eg are derived using the chosen model 

provided by the creator of the chosen component. 

3.3. Standard Framework for Modelling 

The JAP6-72-320/4BB photovoltaic (PV) modules was chosen for the purpose of developing the 

modelling and conducting a simulation of a solar cell design. This module is illustrated in Figure 5. 

The module comprises of 72 polycrystalline silicon solar cells that are interconnected in a series 

configuration. This module minimises resistance in a sequence of cells caused by the 

interconnectors placed back to back. These interconnectors provide excellent efficiency when 

converting. The specifics of this module may be found in Table 2. 

4. Simulation model 

A mathematical representation of a photovoltaic panel (PV) is produced utilising essential 

components such as a current source, diode, series resistances, and parallel resistance. The model 

is created in an organised manner within the Matlab/Simulink system, utilising the equations (1)–

(9) mentioned above. Figure 6 illustrates the sequential procedures of photovoltaic (PV) 

modelling. The PV model being sought consists of interconnected subsystems that have been 

established and connected to each other (Kharb et al., 2013; Rekioua and Matagne, 2012; Meflah 

et al., 2017; Pendem and Mikkili, 2018). 

Table 2 Electrical parameters of JAP6-72-320/4BB solar PV module.  

 

The JAP6-72-320/4BB PV solar module has been chosen as the reference model for simulation 

and will be used to provide the input settings for modelling. The datasheet for the JAP6-72-
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320/4BB module from JA Solar will be used as a reference. The ultimate PV cell model converts 

solar energy into electricity and generates curves with characteristics based on supplied 

temperatures and radiation inputs. 

 

 

 

Step 1: Operating temperature conversion model 

In the case of a solar photovoltaic (PV) system the ambient temperature is a parameter that is 

measured in degrees Celsius, respectively. However, when developing PV models, the temperature 

used in the mathematical equations is in Kelvin. Therefore, all temperature information must be 

converted to Kelvin. This conversion is shown in Figure 7 and is an essential component of the 

solar photovoltaic (PV) modelling a component. 

Step 1: Operating 
temperature 

conversion model

Step 2: Product 
model

Step 3: PV 
photocurrent model

Step 4: PV reverse 
saturation current 

mode

Step 5: PV 
saturation current 

model

Step 6: PV output 
current model

Step 7: Linked 
model

Step 8: Final PV 
module model
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Fig. 7: temperature of operation the conversion concept 

 

Figure 8 illustrates an example model for NsKATo. 

Step 2: Product model 

The mathematical modelling of the PV Modules, as shown in the section prior to this one, includes 

the NsKATo equations (3) to (8), which need the temperature that is used to be in Kelvin. Hence, a 

model in Simulink for the NsKATo product is created to compute its value and incorporate it as a 

subsystem in the final PV model (Kharb et al., 2013; Salem, 2014). Figure 8 displays the goods 

architecture. 
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Step 3: PV photocurrent model 

The PV the photocurrent framework serves as a component within the solar PV approach, and is 

constructed using Equation (7) in Simulink. The photo current has an inverse relationship with 

solar irradiation and is also affected by the temperature at which it works (Rekioua and Matagne, 

2012; Meflah et al., 2017). Figure 9 illustrates the comprehensive implementation of Iph in the 

Simulink environment, including its subsystem and the impact of external variables such as sun 

irradiation (G) and temperatures (To) as the parameters that are entered. 

Step 4: PV reverse saturation current mode 

The backwards saturation current model shown in Fig. 10 is constructed utilising Equation (8) 

within the Simulink platform. The computational model is developed using variables from the 

manufacturer's data sheet (Pandiarajan and Muthu, 2011; Meflah et al., 2017). 

Step 5: PV saturation current model 

Equation (9) denotes the saturation current (Is), which is dependent on the temperature of the cell. 

A mathematical representation for this relationship is constructed in the Simulink environment. 

The reversible saturation current component model, depicted in Figure 10, is utilised as input, 

together with the energy bands gap, electrons the driver's seat benchmark humidity, as well as the 

operational temperature of the module (Kharb et al., 2013; Abdulkadir et al., 2012). The simulated 

model depicted in Figure 11 assesses the saturation point of the flow. 

Step 6: PV output current model 

The current output, as described by Equation (6), is generated in Simulink and depicted in Figure 

12. This Simulink model allows for the investigation of the output current in relation to the 

voltage, which is influenced by both temperature and radiation. 

Step 7: Linked model 

The component model created from step 1 to step 6 within the Simulink, which framework was 

joined and produced an interconnected model, as depicted in Figure 13. 

Step 8: Final PV module model 

The final PV sun modules model has been created in the Simulink, which the surroundings, as 

shown in Figure 14. It takes irradiance (G) and temperature (To) as input variables and delivers 

current (I) and voltage (V) as results for output. 
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Fig. 9. Photocurrent model. 

 

Figure 10: Reverse saturated current concept. 

 

Fig. 11. PV saturation current model 
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Fig. 12. PV output current model. 

 

Fig. 13. Linked model of subsystems. 

 

Fig. 14. Final PV module model 
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Figure 15 shows I-V characteristics with varied irradiation at a fixed temperature 

Table 3 compares the baseline model levels with modelling data at STC. 

. 

5. Computation Assessment and Discussion 

The Solar PV modules design is created in the Matlab/Simulink framework utilising the formulas 

for the calculation of photovoltaic cells that have already been explained. The settings of the JAP6-

72/320/4BB component, as stated in the the manufacturer's information sheet, are included in the 

simulation block model and are used as the basis for the unit. The output data of the ultimate 

photovoltaic (PV) approach, shown in Figure 14, are recreated and generated by varying the input 

variables including radiation and temperatures. These results include measurements of electrical 

power, voltage, and current (Adamo et al., 2011; Rekioua and Matagne, 2012). 

5.1. Evaluation of model in standard test conditions 

The ultimate photovoltaic solar model is assessed under ordinary circumstances (STC). The 

specified circumstances, as described by Abdullahi et al. (2017), are consistent worldwide. These 

settings involve an irradiation of 1000 W/m2, a temperature of 25 ◦C, and an atmosphere with a 
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mass of 1.5. The solar PV simulator generates the I-V and P-V distinctive curves. The operational 

characteristics of the comparison model and simulated PV model at STC showed a generally 

satisfactory agreement, as shown in Table 3. The relative inaccuracy for all of the settings of the 

solar energy production model ranges from 0 to 1.65%. 

 

Figure 16: P-V relationships with varied sunlight at a single temperature. 

 

Figure 17 shows the features of I-V at varied temperatures under steady solar light. 
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Figure 18 shows P-V relationships at varied temperatures under consistent solar light. 

5.1.1. The brightness Impacts on PV Solar Modules 

The impact upon the solar photovoltaic (PV) model's I-V & P-V curves of character is illustrated 

in Figures 15 and 16. This is done by adjusting the intensity of irradiance from 200 W/m2 to 1000 

W/m2 while maintaining a constant temperature of 25 oC. It has been noticed that the current 

remains equal as the voltage increases up to 30 V, and then it declines. Furthermore, the current 

exhibits an increase when the amount of light intensity rises.  

 

 

 

Figure 19 shows the monthly output power (Pmax) of solar PV modules. 
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This illustrates that the level of irradiance has a significant impact on the short circuit current, 

while the open circuit voltage is quite low, as depicted in Figure 15. The greatest power indications 

can be found on power performance curves. The generation of electricity of solar PV models can 

be enhanced by increasing the intensity of solar irradiation, as depicted in Figure 16. 

5.2. Solar PV model validation 

The correctness of the solar photovoltaic (PV) model is assessed by calculating the proportion of 

of variation (RE) between the results of the simulation and the manufacturer datasheet results 

under standard test circumstances (STC). Table 3 displays the proportion of relative error, which is 

consistently below 1.70% for all parameters. The manufacturer data parameters and simulated PV 

solar model results shown a strong consistency. The relative error between the simulated solar PV 

model and the manufacturer specifications was found to be below 2% for all parameters (Meflah et 

al., 2017). The study conducted by Hashim and Khazaal (2017) determined the range of relative 

error in maximum power production for fifteen various types of PV connections to be between 

0.1% and 6.76%. The discrepancy between the modelling of PV module results and the results 

provided by the company's datasheet was determined to be less than 10% (Mohamed Abdullahi et 

al., 2017). The model demonstrated a strong correlation between the characteristics of curves and 

the efficacy of the PV sun modules. 

Table 5 shows solar PV model results parameters based on 2023 metrological information. 

 

 

 

5.3. Assessing solar PV modules performance using real-world measurements. 
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The efficiency of a photovoltaic (PV) panel was assessed in Matlab/Simulink using the mean 

monthly measurements of irradiance and ambient temperature for the year 2015. The assessment 

was conducted at the Solar Radiation Resource Assessment (SRRA) centre located at Deenbandhu 

Chhotu Ram University of Science and Technology in Murthal, Sonipat, Haryana. This centre was 

established by the Ministry of New and Renewable Energy (MNRE) under the Government of 

India. Table 4 displays the demographic status of SRRA, Murthal station, Haryana, India.  

The photovoltaic PV model's output figures are displayed in Table 5, utilising the monthly average 

values of irradiance (G) and temperature (T) as the parameters of input for the period of the month 

of January to December of the same year. 

 

Fig. 20. I–V and P–V graphs for the month 

 Fig. 21. I–V and P–V graphs for the month 
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Fig. 22. I–V and P–V graphs for the month 

The amount of light emitted ranges from a minimum of 87.22 W/m2 to an average of 250.65 

W/m2, while the temperature fluctuates between a minimum of 11.45 oC and a high of 32.68 oC. 

The I–V and P–V graphs representing the values from January to December 2015 for the solar PV 

model are simulated and depicted in Figures 20–22. Consistency is observed in the key aspects of 

current, voltage, and power for a solar PV model, even when the irradiance and temperature 

fluctuate. A strong correlation is observed between the current and irradiance intensity. Whenever 

the irradiance increases, the current of the solar PV model likewise increases, as shown in Figures 

20-22.  

In December of that year, the lowest power output recorded was 27.162 W, while in June 2015, the 

highest power production was 72.841 W, as shown in Figure 19. A strong correlation was seen 

between the rise in irradiance intensity from January to June and the corresponding increase in 

power output. In the month of May, there is a decline in power output due to a reduction in 

irradiance intensity and the highest average temperature recorded during this period. There is a 

noticeable decline in power output from July to December. Additionally, it is disclosed that there is 

an increase in power output during the month of September, which can be attributed to the higher 

intensity of irradiation. This demonstrates that as the irradiance increases, the output current also 

increases, resulting in an upsurge in the generating capacity of the solar PV component. 

6. Conclusions 

The present article presents a precise model of a PV solar portion, which accurately represents the 

behaviour of a single diode. An described procedure for modelling a photovoltaic solar module in a 

Matlab/Simulink environment is provided. This modelling methodology facilitates the comprehension of 
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the operational performance curves of PV solar modules for researchers, manufacturers, and individuals. 

The maximum relative error percentage is determined to be 1.65%, indicating a strong correlation between 

the manufacturer's values and the simulated values. This confirms that the simulation accurately replicates 

the characteristic curve and performance of the PV solar module. The PV solar module's achievement, 

based on the metrological information regarding the temperature and irradiance from February to October, 

yields favourable outcomes. Furthermore, this is considered a robust method to assess the efficiency of 

photovoltaic cells as well as panels under varying meteorological situations. Therefore, this will support the 

"Make in India" initiative to the sphere of photovoltaic production. 
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