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A B S T R A C T  
 

 

This article is devoted to the photovoltaic system simulation. Photovoltaic systems operate in different 
conditions such as changing solar irradiance and environmental temperature. Analysis of the existing 

methods for photovoltaic system simulation was carried out in this paper. The formal model of the 

electricity consumption system was developed, which included the photovoltaic system and the 
electrical storage system. The expediency of using simulation modeling tools in the design of solar 

panel optimization tools was shown by application of maximum power point tracking methods. The 

developed software provides the ability to build current-voltage and high-voltage characteristics of 
solar cells at different values of the intensity of solar radiation and temperature.. The voltage and load 

current differ up to 50% from the voltage and current of the operating point of the solar panel, which is 

set to the optimal value using maximum power point tracker. The architecture of the software extends 
the capabilities of simulation modeling of systems based on solar panels. The optimizer model block 

along with the implementation of the maximum power point tracking algorithm can be further refined 

by using more sophisticated algorithms. The developments are innovative and their practical 

implementation will have a significant impact on the energy security of countries.  

doi: 10.5829/ije.2021.34.02b.21 
 

 

NOMENCLATURE 

loadP  Is the power consumption (W) sI
  Is the reverse saturation current (A) 

maxP  Is the maximum power of the photovoltaic system (W) T   Is the absolute temperature of the p-n junction (K) 

limP  Is the maximum power that can be taken from the external grid 

(W) 
0ocV   Is the open short circuit voltage under test conditions 

1P , 
2P , 

3P  Energy flows (W) VK   Is the temperature coefficient of the open circuit 
voltage 

3maxP  Is the maximum energy due to capacity of the electrical 

storage system (W) 
m   Is the diode ideality coefficient 

N Is the number of time intervals with constant load phI   Is the photocurrent (A) 

dI   Is the current flowing through the diode (A) Greek Symbols 

sR   Is the serial resistance (Ω) 1 , 
2 , 

3  Are coefficients of the objective function 

shR   Is the parallel resistance or shunt resistance (Ω)   

 
1. INTRODUCTION1 
 
Solar energy is by far one of the most promising 

emerging sectors of renewable energy which become 
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key factors of a state’s energy security. Photovoltaic 

systems require an energy storage buffer to supply the 

loads when there is not enough solar energy. Lead acid 

batteries and super-high capacitors are typically used for 

this purpose  [1-4]. High and fast energy (current) 

demands from the load can degrade the performances 

and lifetime of such batteries. Because of the output 
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dependence on weather conditions, photovoltaic 

systems produce incomplete charge/discharge cycles, 

resulting in a low State of Charge (SOC). In these 

conditions, batteries cannot cope with fast and sudden 

energy demands from the load, as necessary for the 

applications such as motors and water pumps 

characterized by transients or start-ups with current 

requirements for a few seconds up to 6-8 times higher 

than the rated current. For this reason, the photovoltaic 

systems are not the best energy source to charge 

batteries [5-8]. 

The National Renewable Energy Laboratory (NREL, 

USA) is the main developer of free software for 

modeling solar power plants, offering two open source 

software packages online: PVWatts and System Advisor 

Model (SAM). Currently these software packages are 

widely used to simulate solar panels. 

Helioscope is one of the most modern computing 

platforms allowed to model solar power plants with a 

capacity of up to 5 MW. 

The software proposed in this article, in contrast to 

the existing one, will allow to simulate the operation of 

the solar panel and string in real time when changing the 

basic parameters of the panel. This software can 

optimize the process of studying the effective operation 

of the solar panel by selecting the maximum power 

point. 

 

 
2. LITERATURE REVIEW 

 
Smart grids are the next generation of electricity 

distribution networks. The development of smart grids 

is due to the emergence of new equipments for 

monitoring, automation and communication of 

generators and consumers of electricity. The use of 

smart grids can improve the quality of electricity, 

managing electricity prices, monitoring sources and 

demand for electricity [9-13]. 

The energy management system (EMS) of the 

electrical system for a luxury ship (yacht) is discribed in 

[14-17]. From the architectural side, a DC electrical 

distribution on-board has been adopted in place of the 

existing AC. Moreover, the DC micro-grid has been 

integrated with renewable energy sources (RES) based 

generators, as well as an energy storage system (ESS). 

The ESS compensates the power missing for the entire 

duration of the cold start up of the auxiliary generator. 

In case of big overload, the ESS provides the exceeding 

power with respect to the rated one, thus avoiding 

potential micro-grid instability problems. 

In recent years, the management and operation of 

micro-grids are considered by many advanced societies 

with regard to the development of scattered energy 

resources [18-22]. The main goals that are paid attention 

in micro-grid management are the operation cost and 

pollution rate, which the aggregation of such 

contradictory goals in an optimization problem can 

provide an appropriate response to the management of 

the micro-grid. 

Grid integration of photovoltaic (PV) system with a 

hybrid energy storage can help not only in increasing 

penetration of PV system into the network but also in 

improving the power system dynamics and control in 

addition to helping the demand side management [23-

25]. The PV system with a hybrid energy storage 

including a battery array and a super capacitor bank is 

going to work as an active generator with innovative 

load management and power flow control strategies for 

managing the active power demand locally considering 

the grid constraints.  

 

 

3. MATERIALS AND METHODS 
 
3. 1. The Mathematical Model of Power Supply 
System        Let’s consider the generalized power 

supply system, which consists of the electricity 

consumers, the external grid, the photovoltaic system 

and the electrical storage system [26-30]. 
The mathematical model of this power supply 

system is based on the condition of the electricity 

balance between the nodes of the system. The 

generalized power supply system block diagram is 

shown in Figure 1. 

The electrical system balance is provided by the 

following equations: 

1 2

1 3 max

2 lim

loadP P P

P P P

P P

+ =


+ 
 

 (1) 

where, 
loadP  is the power consumption; 

maxP  is the 

maximum power of the photovoltaic system; 
limP  is the 

maximum power that can be taken from the external 

grid. 

The system from Equation (1) is a balance of electric 

energy over a period of time t  during which 
loadP  and 

limP  can be considered as constant: 

max

( )

( )

loadP t const

P t const

=


=

 (2) 

 

 

 
Figure 1. The generalized power supply system block diagram 
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The energy flows 
1P  and 

2P  are assumed to be positive. 

1

2

0

0

P

P





 (3) 

The energy flow 
3P  is the energy that consumes the 

charge and discharge of the electrical storage system 

and it can be both positive and negative. 

3max 3 3maxP P P−    (4) 

where, 
3maxP  is the maximum energy due to capacity of 

the electrical storage system. 

For each time interval
it , if the conditions in 

Equation (2) are satisfied, we can write the system of 

Equations (1) and supplement it with the charge of the 

electrical storage system: 

3 0
N

i

i

t P =  (5) 

where, N is the number of time intervals with constant 

load. 

Let’s introduce the objective function: 

( )1 1 2 2 3 3

N
i i i

i

i

F t P P P  =  + +  (6) 

where, 
1 , 

2 and 
3  are coefficients of the objective 

function. 

In the case of the objective function optimization by 

the criterion of minimum cost of energy resources, the 

coefficients of the objective function in Equation (6) are 

the corresponding tariffs for electricity and the cost of 

operating the photovoltaic system and the electrical 

storage system [31-36]. 

 

3. 2. The Linear Optimization Method        The 

linear optimization methods are quite effective for 

solving this type of optimization problem. Under the 

condition in Equation (4) the variable 
3P  can take 

negative values. Since a sign is not defined at the 

beginning of the problem-solving procedure, let's 

present it as a difference: 

3 1 2P x x= −  (7) 

where, 
1 0x   and 

2 0x   are the positive numbers. 

We finally have the following system of linear 

constraints: 

( )

1 2

1 1 2

2

max

lim

1 2 0

i i i

load

i i i i

i

N
i i

i

i

P P P

P x x P

P P

t x x

 + =


+ − 

 



 − 



 
(8) 

where, i takes values from 1 to N. 

The last equality in system from Equation (8) was 

replaced by inequality in order for the system to be 

compatible and to have solutions. 

The final expression for the objective function is: 

( )( )1 1 2 2 3 1 2

N
i i i i

i

i

G t P P x x  =  + + −  (9) 

In Equation (9), the choice of the coefficients
1 , 

2 and 
3  depends on the optimization criteria. Thus, 

the formal problem is to find the optimal objective 

function using Equation (9) under the constraints in 

Equation (8). 

 

 

4. EXPERIMENTAL RESULTS 
 
Figure 2 shows a Simulink model for simulating the 

operation of a solar panel when changing the intensity 

of solar radiation using the maximum power point 

tracker (MPPT). This scheme involves measuring the 

values of current, voltage and power directly at the 

output of the solar panel and the external load. 

The MPPT represented by the element "MPPT" 

takes the original values of current and voltage of the 

solar panel and returns the optimal value of the duty 

cycle D used to generate pulse width modulated (PWM) 

signal, which in turn controls the DC-DC converter. The 

latter thus adjusts the output voltage of the solar panel 

by setting it equal to the voltage at the MPPT. 

Figure 3 shows the change in time of the solar 

radiation intensity during the simulation. 

Figure 4 shows the current, voltage and power 

obtained from the simulation. 
 

 

 
Figure 2. Scheme for modeling the process of MPPT when 

changing the intensity of solar radiation 

 
 

 
Figure 3. The changes of the solar radiation intensity 
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As can be seen from Figure 6, for a time period from 

0 to 0.1 s, the solar radiation intensity is 400 W/m²; 

during the next 0.1 s, it increases linearly to a maximum 

value of 1000 W/m², and then falls again to a value of 

200 W/m². 

Figure 4 shows the dotted line current, voltage and 

power on the load; the corresponding values obtained 

directly at the load and the solid line corresponds to the 

solar panel. As can be seen from these diagrams, the 

voltage and load current differ from the voltage and 

current of the operating point of the solar panel, which 

is set to the optimal value using MPPT. 

The Stateflow element was used to implement the 

incremental conductivity algorithm in the 

Matlab/Simulink environment. Stateflow is a graphical 

development tool that can be used to model simple logic 

problems and complex control system problems. It is 

easy to create and explore different behavioral scenarios 

of complex systems. The Stateflow element has been 

widely used in the modeling of embedded systems, 

human-machine interfaces, and hybrid systems [26]. 

Stateflow are based on finite automata. The 

transition from one state to another is determined by the 

condition of transition to this state. 

The Stateflow diagram consists of the block sets that 

determine the possible states of the system and the 

conditional transition sets that specify the conditions for 

the transition of the system from one state to another. 

Figure 5 shows the implementation of the 

incremental proficiency algorithm in the form of the 

Stateflow diagram. 

As can be seen from Figure 5 the diagram consists 

of four main states, the transitions between which occur 

according to the algorithm. 

The developed model is presented in the form of the 

subsystem PV Array, which takes as input the solar 

radiation G and temperature T. It has two electrical 

outputs ("Out+" and "Out-"), compatible with 

SimPowerSystems components and the output vector m 

of the measured values. 

The PV Array subsystem requires the following 

parameters 
0scI , 

0ocV , 
IK , 

VK , m , 
sN , 

sR  and 
shR  to 

be specified using the subsystem mask. A controlled 

current source was used to simulate the load, which 

simulates a linear increase in the load current.  

The structure of the PV Array subsystem is shown in 

Figure 6. It includes internal subsystems for current 

simulation 
phI , 

sI  and 
dI . The output current for the 

electrical output terminals is set by the controlled 

current source. The output vector m consists of the 

values of current and voltage at the output of the solar 

panel, the current value 
dI , temperature value T and 

insolation G. 

 
Figure 4. Power, current and voltage obtained from the 

simulation 

 

 

 

 
Figure 5. Implementation of the incremental 

conductivity algorithm as the Stateflow diagram 

 

 

 

 
Figure 6. Internal structure of the PV Array subsystem 
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5. CONCLUSION 
 
Considering the obtained results of the photovoltaic 

system simulation by means of the developed 

application, it can be concluded that this software shows 

adequate results and meets its requirements. The values 

of the maximum power point are obtained as a result of 

simulation under nominal conditions corresponding to 

the declared data sheet of the considered solar panels. 

The architecture of the software application extends 

the capabilities of the photovoltaic system simulation. 

The block model of the optimizer with the 

implementation of the algorithm tracking the maximum 

power point can be further improved by using more 

sophisticated algorithms, and the interface of its 

interaction with other modules of the system will remain 

unchanged. 

The simulation software supports the function of 

explicitly setting the operating point of the photovoltaic 

system simulation by changing the value of current or 

voltage. This module can be expanded by implementing 

the complex load model. 
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Persian Abstract 

کار می کنند. تجزیه و تحلیل    ن مقاله به شبیه سازی سیستم فتوولتائیک اختصاص دارد. سیستم های فتوولتائیک در شرایط مختلف مانند تغییر تابش خورشید و دمای محیطای

لتائیک و سیستم ذخیره  روش های موجود برای شبیه سازی سیستم فتوولتائیک در این مقاله انجام شده است. مدل رسمی سیستم مصرف برق ساخته شد که شامل سیستم فتوو

خورشیدی با استفاده از روش های ردیابی حداکثر توان نشان داده شد. این    هحبرق بود. مصلحت استفاده از ابزار مدل سازی شبیه سازی در طراحی ابزارهای بهینه سازی صف

فراهم می کند. ولتاژ و بار بار تا    نرم افزار توسعه یافته توانایی ایجاد خصوصیات ولتاژ جریان و ولتاژ بالا سلولهای خورشیدی را در مقادیر مختلف شدت تابش خورشید و دما

وت است نقطه پانل خورشیدی ، که با استفاده از ردیاب نقطه حداکثر قدرت روی مقدار مطلوب تنظیم می شود. معماری این نرم افزار قابلیت  افبا ولتاژ و جریان کار مت  50٪

با استفاده از الگوریتم    نتوا  های شبیه سازی سیستم های مبتنی بر صفحات خورشیدی را گسترش می دهد. بلوک مدل بهینه ساز همراه با اجرای الگوریتم ردیابی نقطه حداکثر 

 .شتهای پیچیده تر می تواند بیشتر اصلاح شود. این تحولات نوآورانه است و اجرای عملی آنها تأثیر بسزایی در امنیت انرژی کشورها خواهد دا
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