
U.P.B. Sci. Bull., Series C, Vol. 83, Iss. 2, 2021                                                     ISSN 2286-3540 

MODELING AND SIMULATION OF A 3 KW 

PHOTOVOLTAIC SYSTEM FOR AN AUTONOMOUS 

CONSUMER  

Marius - Alexandru DOBREA1, Mihaela VASLUIANU2, Giorgian NECULOIU3, 

Nicoleta ARGHIRA4 

The paper aims to model and simulate an assembly composed of 12 

photovoltaic panels, each with a nominal power of 250W in order to power a 

consumer. Starting from the monitoring of the parameters of temperature and solar 

radiation, a comparison was made during a period of one year, between the 

simulated power and the real measured one, monitored with a power meter. The 

paper analyzes the particularities between measured and simulated values in both 

clear sky and shade conditions. The measured data were compared with a data set 

used for the simulation which resulted in a correlation coefficient of 93%. The 

modeling and simulation of this set of photovoltaic panels were performed in the 

Matlab / Simulink environment. 
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1. Introduction 

Nowadays, energy is a basic necessity all over the world. Energy use is 

growing enormously, and, as a result, the population is beginning to worry about 

the facts involved in this use. Disproportionate greenhouse gas emissions and the 

consumption of some of the world's available energy resources have become 

critical issues that have severe effects on climate change [1].  

Photovoltaic technologies do not directly emit greenhouse gases and can 

save more than 30 million tons of carbon on electricity generated compared to a 

natural gas turbine operating at 45% efficiency [2]. Also, photovoltaic systems are 

noise-free, flexible in scale, and easy to maintain compared to other renewable 

technologies. The transformation and use of solar energy into electricity through 

photovoltaic installations is the most recognized way of using solar energy. 

Because photovoltaic (PV) solar cells are semiconductors, they have much in 
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common with the processing and production techniques of other semiconductor 

devices. The sun is the only necessary resource for the operation of photovoltaic 

systems, and its energy is almost inexhaustible [17]. The primary consumers for 

an autonomous photovoltaic system can be of many types, both direct current 

(television, lighting, air conditioning systems) and alternating current (electric 

motors, heaters, etc.). The most common elements of the power conditioning 

system are the blocking of diodes, charge regulators, and DC-AC converters [3]. 

When photovoltaic panels operate under different temperatures and solar 

radiation, each photovoltaic panel will generate a unique characteristic curve, 

because the output power of the photovoltaic panel varies depending on the output 

voltage. Each photovoltaic panel has a unique maximum power point. At the point 

of maximum power, the corresponding voltage changes as the ambient 

temperature or solar radiation changes [14]. 

The authors of [4] consider that an output variable such as the active 

power obtained from the photovoltaic panel, which is directly influenced by the 

measurements of solar radiation during a day is an essential variable for creating 

the model of a photovoltaic panel. In the paper [5], the authors presented the 

mathematical models of renewable resources used (photovoltaic panels and wind 

turbines). They performed several operating scenarios that were modeled and 

tested using a photovoltaic panel and a wind turbine for a hybrid system. In the 

paper [6], the authors present a hybrid system consisting of eight photovoltaic 

panels (with 36 cells each) and four wind turbines with a total power of 37,600 W. 

That system was created to provide energy for a small community. The tests for 

the entire system were performed using as a period of one day.  

The authors of [7] presented the modeling of solar panels using the 

technical parameters of a photovoltaic panel in catalogs and a mathematical model 

based on the equivalent circuit of the panel with a single diode. First, modeling 

and simulation were done in Matlab / Simulink, and then comparisons were made 

with the values and technical characteristics. The paper [8] presents a method of 

simulation and modeling of photovoltaic cells in Matlab / Simulink. The 

technique is used to determine the characteristics of a solar cell in order to model 

a photovoltaic panel later and to study the influence of different values of 

temperature and solar radiation on the performance of photovoltaic cells. 

2. PV modeling 

A. Photovoltaic cell operation principle 

The energy produced with the help of photovoltaic (PV) panels is today 

the most comprehensive solar electric technology in the world. Powered by light, 

solar cells operate close to ambient temperature, with no moving components and 

allow generation at any scale: a photovoltaic matrix of 10 square meters (m2) is 

theoretically no less efficient than a unit of one kilometer. (km2). [18] 
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Photovoltaic panels are installations that convert solar radiation into 

electricity. Each photovoltaic panel can be composed of solar cells connected in 

parallel or series. PV efficiency is relatively low, between 8 and 20%, depending 

on the degree of absorption of solar radiation. [19] 

The functionality of photovoltaic panels is based on the absorption of light 

from a semiconductor, most commonly a PN silicon diode, providing an 

environment in which incident photons can be converted into energy, usually in 

the form of heat. Photovoltaic systems do not make noise, there are no moving 

parts, and they do not emit pollutants into the environment. They produce ten 

times less carbon dioxide per unit than the energy produced by fossil fuel 

technologies. [17] 

The usual efficiency of photovoltaic solar cells is about 15%, which means 

that it can convert 1/6 of solar energy into electricity. 

The main functions of a solar cell: 

• efficiently absorbs sun light; 

• creates an electric current and voltage when they are illuminated; 

• acts like a battery in sunlight. 
 

Solar panels are built from several photovoltaic cells connected in series 

and/or parallel. In order to obtain high power, the solar cells must be connected in 

groups to form a module. When the panels are connected in series, the voltage 

increases and the current remains the same, and when they are connected in 

parallel, the voltage remains the same, and the current increases. 

Many photovoltaic systems operate autonomously (stand-alone) [12]. Such 

systems consist of a set of photovoltaic panels, energy storage equipment (e.g, a 

battery), alternating current and direct current consumers, and elements for 

electricity conditioning. 

The primary consumers for an autonomous photovoltaic system can be of 

many types, both direct current (television, lighting, air conditioning systems) and 

alternating current (electric motors, heaters, etc.). [16]  

A current source models an ideal PV cell in parallel with a diode. 

However, no solar cell is ideal, and therefore the shunt (impurities in the cell) and 

resistors are added to the model, as shown in the photovoltaic cell diagram. RS is 

the intrinsic series resistance whose value is very small. R0 is the equivalent 

strength of the shunt, which has a very high value. The building element of 

photovoltaic panels is the solar cell, which is essentially a PN-type junction that 

directly converts light energy into electricity: the equivalent circuit is described 

below: 



38        Marius - Alexandru Dobrea, Mihaela Vasluianu, Giorgian Neculoiu, Nicoleta Arghira 

 

Fig. 2.1. The equivalent circuit of a photovoltaic cell [21] 

 

Iph is the current source and represents the solar induction current; Rp 

represents the intrinsic resistance and has a very high value, and Rs is the shunt 

resistance of the cell with very low value, so it can be neglected to simplify the 

analysis. Photovoltaic cells are grouped into larger units called photovoltaic 

modules that are further interconnected in a parallel configuration to form 

photovoltaic networks or photovoltaic generators. Applying Kirchhoff's law to the 

node where Iph, diode, Rp, and Rs meet, we obtain [13]: 

                                               (1) 

We obtain the following equation for photovoltaic current: 

                                            (2) 

                               (3) 

                                                      (4) 

Where:  

Iph – Current generated due to light or photocurrent;  

I –Current generated by the solar cell;  

I0 – Cell saturation of dark current;  

V – Voltage generated by the solar cell;  

Rs – Series equivalent resistance;  

Rp – Shunt equivalent resistance;  

VT – Thermal voltage;  

K – Boltzmann’s constant;  

T – Temperature;  

q – Charge of electron. 

The building block of photovoltaic panels is the solar cell, which is 

essentially a PN junction that directly converts light energy into electricity. 
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B. The mathematical model of PV panels 

Photovoltaic cells are grouped into larger units called photovoltaic 

modules that are further interconnected in a parallel configuration to form 

photovoltaic networks or photovoltaic generators.[15] 

The equation (5) represents the PV mathematical model used to simplify 

the PV matrix: 

                      (5) 
Where:  

I - Current generated by the solar cell;  

V – Voltage generated by the solar cell;  

ns – Series number of cells for a PV array;  

np – Parallel number of cells for a PV array;  

q - Charge of electron;  

K – Boltzmann’s constant;  

A – Ideality factor; 

T – Solar cell temperature (K);  

Irs – Reverse saturation current. 

Coefficient A in equation (5) causes the cell to deviate from the ideal 

characteristics of the PN junction. Coefficient A varies between 1-5, but for our 

case, we use A = 2.46. The reverse of the saturation current of the Irs solar cell 

varies with temperature, according to the following equation: 

                                        (6) 
 

                          (7) 
Where:  

Tn – Reference temperature of the solar cell;  

I0 - Cell saturation of dark current;  

Eg0 – Band gap energy of semiconductor;  

Voc – Open circuit voltage;  

n – Ideality factor.  

Current generated due to light Iph depends on solar radiation and 

temperature, as can be seen in the following equation: 

                      (8) 
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Where:  

Isc - Nominal light generated current;  

ki – Short circuit current;  

G – Irradiation level on module surface.  
  

The power of the photovoltaic panel can be calculated using equation (5) 

as follows: 

                          (9) 

Modeling can be done in MATLAB in several ways; standard methods 

include SIMULINK programming and modeling. 

The photovoltaic panel is influenced by temperature, irradiation level, etc. 

Separate blocks are made for each formula, and, finally, all are combined to 

obtain the photovoltaic panel [6]. 

C. Modeling of photovoltaic panels 

After finding out the mathematical model of a photovoltaic panel, we 

performed the modeling in the MATLAB / Simulink development environment, 

as presented in Fig. 2.2. 

 

Fig. 2.2. SIMULINK Model Photovoltaic Panel System 
 

The modelled PV panel is tested and validated on a real setup. The entire 

system is composed of 12 photovoltaic panels of 250 W each, and the simulation 

is done for a consumer who is in Bucharest, Constantin Brancoveanu area, sector 

4, a villa with a total area of 120 m2 and has a maximum monthly energy 

consumption of 110 kWh.  
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Following the modeling of the photovoltaic panel, the next objective is to 

simulate it for a real case. The generation system, which have 12 panels, is 

composed of 4 groups with 3 panels each, connected in series, and each group is 

connected in parallel with the other groups. 
 

We will consider the following constants detailed in Table 1: 

Table 1 

SOLAR PANEL MODELING CONSTANTS 

SYMBOL PARAMETER VALUE 

ki  Short-circuit thermal coefficient 0.0032  

Tn  The reference temperature of the solar cell 298 K  

q  The electric charge of an electron 1.6*10-19 C  

n  The ideal diode coefficient 1.3  

K  Boltzmann's constant 1.38*10-23 J/K  

Eg0  band gap of the semiconductor used in the 

solar cell 

1.1  

Rs  The sum of the resistors connected in series 0.221 Ω  

Rsh  Resistance 415.405 Ω  

 

Table 2 

TECHNICAL DATA OF THE SOLAR PANEL 

CARACTERISTICS UNIT VALUE 

Nominal power (Pn)  W  250 

Deviation power W  0~5  

Maximum allowable power W  254.99  

Open circuit voltage (Voc)  V  37.1  

short circuit current (Isc)  A  8.92  

Voltage at maximum power point (Vmp)  V  30.3  

Current at maximum power point (Imp)  A  8.28  

 

3. System simulation and modeling  
 

In order to validate the proposed model for the PV system, weather data is 

necessary for the exact location of the test system. With the help of a telemetry 

station (ADCON), we took over the measured data for a period of 1 year (March 

1, 2019 - March 1, 2020), located in Bucharest, Sector 4, Brancoveanu area. 

The parameters used to simulate a photovoltaic panel system were 

temperature and solar radiation, measured at an interval of 15 minutes. It is 

located next to the panels for the best possible accuracy. From the measured data 

set, we made the monthly average at different time intervals to generate a typical 
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day of each month. We implemented the mathematical model based on the 

measured weather parameters, and by simulating in Matlab / SIMULINK, we 

computed the generated power of a panel in a day period for the month of March.  

Fig. 3.1 represents the evolution in time of the simulated power for a day 

in March. In the graph, one can see that the maximum power of 1482W was 

obtained at 12:15 with a panel temperature of 14.2 C and solar radiation of 509 W 

/ m 2. 

 

Fig. 3.1: Simulated power for a day in March 

 

The photovoltaic panel system used is a system composed of three panels 

connected in series, each series being connected in parallel four times, as can be 

seen in Fig.3.2. 

 

Fig. 3.2: Real power supply system with photovoltaic panels [9] 

 

If the photovoltaic panels are connected in series, then the phenomenon of 

partial shading can significantly influence their characteristics. [11] The 

advantage of this model used is the high voltage level (approximately 110 V), but 

at the time of partial shading, the efficiency of the system decreases significantly. 
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In the I-V and P-V characteristics of the three panels connected in series, it can be 

observed the movement of the maximum power point towards a lower value due 

to the partial shading phenomenon. [10] 

 

Fig. 3.3: Current-Voltage characteristic at the time of partial shading 

 

 
Fig. 3.4: Power-Voltage characteristic at the time of partial shading 

 

With the help of the power meter equipment, we measured during this 

period, the real power generated by the system at the level of the inverter. This in 

the figure, you can observe the evolution in time of the simulated power using the 

mathematical model in comparison with the real power measured by the 

equipment during a whole year. 

 
Fig. 3.5: Comparison of simulated and measured powers for each month 
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To determine the degree of accuracy we applied the correlation coefficient 

formula: 

𝐶𝑜𝑟𝑟𝑒𝑙 𝑋, 𝑌 =
Σ(x − x) (y − y) 

 Σ(x − x) 2 Σ(y − y) 2
 

 
where,  is the average simulated data and  is the average measured data. 

The simulated data compared to the measured ones have a correlation 

coefficient of 93%, so we can deduce that the implemented mathematical model 

satisfies the necessary conditions. From the analysis of the two power curves, we 

identified a set of particular cases. During the night, even if the pyranometric 

sensor did not record solar radiation values, the photovoltaic panel system 

generated power with negligible values. This power was influenced by street 

lighting. The influence of the partial shading phenomenon led to a lower real 

power than that resulting from the mathematical model, as can be seen obviously 

in March. Due to the lack of maintenance, in September and October, the 

parameters recorded by the telemetry station have low values, which disrupts the 

output power of the panel in the case of the simulated model. 

4. Conclusions and future work 

The paper aimed to simulate and model a set of 12 photovoltaic panels for 

a house with an area of 120 m2 located in Bucharest. Each photovoltaic panel has 

a nominal power of 250W, and they are connected three in series and each group 

in parallel four times. Starting from the monitoring of the parameters of 

temperature and solar radiation, a comparison was made, for one year, between 

the simulated power and the real one, monitored with a power meter. The 

modeling and simulation of this set of photovoltaic panels were performed in the 

Matlab / Simulink environment.  

The simulated data compared to the real ones have a correlation coefficient 

of 93%, so we can say that the implemented mathematical model satisfies the 

necessary conditions and that it can be an approved model for subsequent 

implementations. Due to the partial shading the correlation coefficient is not 

100%. This type of energy could cause serious economic problems, given the high 

cost of investments in photovoltaic panels. Shading effects are another serious 

problem for the distributed photovoltaic panel generation system, especially for 

the large-scale installation of photovoltaic panels. In general, the overall 

conversion efficiency of photovoltaic generations will be reduced due to partial 

shading.  

Future work involves modelling and simulation for a lead-acid battery, 

specially used for autonomous consumers. The solution will consider a model of 
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the battery that can be discharged until the voltage drops below 30% of the 

nominal value, whereby operating the necessary switches, the battery can only 

receive energy. The goal is to create an autonomous system with generation from 

both PV panels and several batteries connected, either in series or in parallel, able 

to meet the energy need of the consumer. 
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