
MATHEMATICAL MODEL OF
PHOTOVOLTAIC PANELS

double-diode models are widely used to simulate PV characteristics. The

single-diode model emulates the PV characteristics fairly and accurate.

Mathematical modeling of PV module is being continuously updated to

enable researcher to have a better understanding of its working. [1]- [6] II.

MODELLING OF PHOTOVOLTAIC SYSTEM A. Modelling of PV 

In the context of global energy transformation and sustainable

development, integrating and utilizing renewable energy effectively have

become the key to the power system advancement. However, the

integration of wind and photovoltaic power generation equipment also

leads to power fluctuations in the distribution network. The research

focuses on the a?|

2 Mathematical formulation and PV panel model A standard PV panel

datasheet provides the following parameters: open circuit voltage, Voc,

short-circuit current, Isc, maximum power point (MPP) voltage, Vm,MPP

current, Im and maximum power, PM, at standard test condition (STC)

which is dei!?ned as the solar irradiation of 1000 W/m2 equivalent to 

The solar energy absorbers may be academically divided into two

categories: devices based on thermal processes and devices based on

quantum processes, respectively. In the first case, most part of the solar

energy is transformed into internal energy of the body receiving radiation.

This way of dealing with solar energy is called photothermal

This paper proposes a mathematical model for photovoltaic panels (PV) in

the range 10-25 V with approximately 50 W of power generation and an

open-circuit voltage below 25 V. Mathematical models 
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This paper discusses a modified V-I relationship for the solar photovoltaic

(PV) single diode based equivalent model. The model is derived from an

equivalent circuit of the PV cell.

In this simulation, PV solar panel model using solar cell model available in

simscape library. 36 solar cell are connected in series. each solar cell

having short circuit current of 8.9A and open circuit voltage of 0.632V. Cite

As Sanjay Lodwal (2024).

Mathematical modeling of photovoltaic cell/module/arrays with tags in

Matlab/Simulink Xuan Hieu Nguyen1* and Minh Phuong Nguyen2

Abstract Background: Photovoltaic (PV) array which is composed of

modules is considered as the fundamental power con-  obstacles,

common and simple models of solar panel have been developed and

integrated to many 

There are two types of technology that employed solar energy, namely

solar thermal and solar cell. A PV cell (solar cell) converts the sunlight into

the electrical energy by the photovoltaic effect.  2. Mathematical model for

a photovoltaic cell Fig. 1(a)-(b) are models of the most commonly-used PV

cell: a current source parallel with one or 

With the continuous reduction in the price of photovoltaic (PV) power

generation equipment, solar energy is being widely used in buildings

globally (Bilgili et al., 2015). In practical applications, solar energy is a?|
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The solar panel module generates electrical power depending on the total 

possible factors of dust accumulation, 2) dust impact analysis, 3)

mathematical model of dust accumulated PV panels 

Therefore an accurate PV panel model built with robust control that

includes these environmental conditions will certainly improve the overall

performance of the solar power plant. This paper can help researchers in

selecting a specific objective based PV panel model out of several models

available in literature.  Mathematical modeling of PV 

A PV model can be simply described as a mathematical representation of

the electrical behavior of PV panels for simulating and predicting the

performance of PV panels in commercial software environments such as

MATLAB/SIMULINK, PSIM, etc. [23,24,25,26]. Following the approach

utilized in the derivation of their mathematical equations, PV models a?|

Mathematical Models Calculating PV Module Temperature Using Weather

Data: Experimental Study  A standard PV cell converts less than 15% of

incoming solar energy to electrical energy while the 

However, these were either complicated or gave approximate solutions.

To overcome the limitations of both numerical and analytical methods an

improved mathematical model using combination of numerical and

analytical methods is presented. It makes the model simple as well as

comprehensive to provide acceptable estimations for PV module power 
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Mathematical model of dust accumulated PV panel is not addressed.

Cleaning: Empty Cell: cleaning system (electrical, mechanical, chemical,

electrostatic) of solar PV  This section talks about the possible

mechanisms which can contribute towards adequate solar panel cleaning

while maintaining their capacity of power generation (Sims et al 

The ability to model PV device outputs is key to the analysis of PV system

performance. A PV cell is traditionally represented by an equivalent circuit

composed of a current source, one or two anti-parallel diodes (D), with or

without an internal series resistance (R s) and a shunt/parallel resistance

(R p).The equivalent PV cell electrical circuits based on the ideal a?|

Currently, solar energy is one of the leading renewable energy sources

that help support energy transition into decarbonized energy systems for a

safer future. This work provides a comprehensive review of mathematical

a?|

the I a?? V characteristics and parameters of photovoltaic panels. In [3],

the results of mathematical and computer simulation of an equivalent

circuit with a single diode were analyzed. In [4], simulation results for a

polycrystalline silicon solar panel are presented. temperature affects the

output voltage of the solar cell

Such works indicated that the electricity generated from solar energy

depends heavily on site climatology  Reviewing the related literature

pointed out that several mathematical models based on the equivalent

electrical circuits are available to predict photovoltaic modules'' electrical

output. However, a suitable diode-based model is the one 
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In this paper we propose three mathematical models for photovoltaic solar

panels. The mathematical modeling of photovoltaic solar panels (PVSP) is

essential in the analysis of solar a?|

2.2 System Components and Heat Transfer Model of Both Cases. As

depicted in Table 1, the system comprising PV and water channel

components is denoted as Case 1, while the system incorporating PV,

water channel, and PCM container is labeled as Case 2 is evident from

the table that both cases utilize PV panels and water channels. Among

these a?|

Nowadays renewable energy becomes an essential role in the world

energy market day by day due to global warming problem and serious air

pollution from the burning of fossil fuels (Kumar et al., 2015).The demand

for renewable energy grows sharply around the world, especially solar

energy because of its wide distribution, abundance, and cleanness a?|

Circuit model of photovoltaic (PV) module is presented in this paper that

can be used as a common platform by material scientists and power

electronic circuit designers to develop better PV power 

In the last decade, many mathematical models for PV cell simulation and

modeling techniques have been proposed. The most popular among all

the techniques are diode based PV modeling.  A Photovoltaic (PV) cell is

a device that by the principle of photovoltaics effect converts solar energy

into electricity [1, 2]. In a PV module, PV cells are 
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