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Abstract: The structural scheme of the distributed power supply system with the use of solar photovoltaic stations is presented. An algorithm 

for the conversion of a solar photovoltaic power plant conversion system in the Matlab software environment has been developed and 

implemented, which allows using a standard power topology to simultaneously implement two operating modes – renewable 

energy generation to the mains and mains current shape correction. 
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1. Introduction

Significant interest in local power supply systems, whose 

consumers use renewable energy in parallel with the power grid, 

determines the list of issues related to the creation of 

electromagnetically compatible converter systems adapted to 

changes in operating modes and load parameters [1, 2]. 

Simultaneous use of several converters to implement these 

functionalities, such as an inverter and a power active filter, is not 

always economically justified. Therefore, the solution of such 

complex problems should be considered through the creation of 

new energy-efficient control algorithms for semiconductor 

converters with standard topological structures [3, 4]. 

The operation of photovoltaic solar stations in parallel with the 

mains is regulated by standards for the quality of electricity at the 

point of connection. In local power supply facilities, this problem is 

most acute due to the impact not only of the solar power plant, but 

also the modes of operation of the consumer on the quality of 

electricity [5, 6]. Most mains power inverters on the market of 

converter equipment for photovoltaic plants are not designed to 

solve this complex problem [7, 8]. This is a significant disadvantage 

of underutilization of the converter equipment, because the 

topologies of the power part of the transistor voltage inverter and 

the power active filter coincide. 

Solar photovoltaic plants are becoming widespread in both the 

industrial and domestic sectors. Increasingly, photovoltaic stations 

with a nominal capacity of tens or hundreds of kilowatts appear 

nearby or on the territory of industrial enterprises [9, 10]. Among 

the objects of power supply can be distinguished a group of 

industrial power consumers of significant capacity, characterized by 

stationary modes of operation. The load schedule of such consumers 

changes slowly over time. These power supplies usually cause 

distortion of the power supply settings. To eliminate their impact on 

the network and the work of other consumers use passive and active 

filter-compensating devices. On the other hand, the converter 

equipment of photovoltaic solar power plants is usually selected 

with a certain margin for current and voltage and is designed to 

operate in maximum generation mode, which corresponds to the 

maximum solar insolation for the climate zone where the power 

plant will operate. For a temperate climate zone during the year, the 

maximum solar insolation is achieved in isolated cases, which 

indicates the potential for additional use of conversion equipment as 

a filter-compensating device [11, 12]. 

2. Block diagram of the power supply system

The block diagram of the distributed power supply system 

using solar photovoltaic stations is shown in Fig. 1. 

The circuit is composed on a modular principle, consisting of a 

certain number of cells (Module 1 – Module N). Each module is 

formed by connecting a power load, such as a technological 

industrial installation with a frequency-controlled electric drive and 

a solar photovoltaic station. The rated load capacity of each unit is 

greater than the rated capacity of the power plant (PLn > Psbn). 

Consider the structure of the first module. The converter of the 

frequency-regulated electric drive is connected to the busbars of the 

secondary winding of the mains transformer T (10 / 0.4 kV) through 

the inductive choke Ls1 and the uncontrolled rectifier DR1. The 

first harmonic of the mains load current of each phase is shifted 

relative to the corresponding phase voltage by an angle φ. In the 

spectrum of the mains current there are higher harmonics, multiple 

pulses of the rectifier n = 6k ± 1, where k = 1, 2, 3… is the number 

of the harmonic current. The combined electromagnetic effect of the 

load units of all modules distorts the sinusoidal shape of the voltage 

at the input of the transformer T. 

Fig. 1. Block diagram of the power supply system 

The solar photovoltaic station is based on an array of 

photovoltaic modules PSP1, energy-intensive storage ES1, 

capacitor C1, hybrid inverter VI1 and L-C-L output filter, which is 

formed by connecting capacitor batteries Cf1 in the gap inductive 

chokes Lf1-L. A responsible load (RL) is additionally connected to 

the common power bus. The converter system of the power plant 

consists of a step-up pulse converter, which performs the function 

of tracking the maximum power point (MPPT1), battery charge 

converter (DC / DC1) and voltage inverter (PI / PAF1). Part of the 

power circuit of the converter system from the capacitor bank in the 

DC circuit to the power supply network structurally corresponds to 

the parallel circuit automatic control system (ACS). 

Distributed power supply system with a solar photovoltaic 

plant according to the structural scheme under consideration, is able 

to implement the following modes of operation: 

– energy generation by the photovoltaic station to the power

supply network under stable operation of power and responsible 

load; 

– power filtration of mains current with stable operation of

power and responsible load; 

– energy generation by the photovoltaic station to the power

supply network with simultaneous filtration of the mains current 

with stable operation of the power and responsible load; 

– autonomous power supply of the responsible load from the

photovoltaic station; 

– autonomous power supply of the responsible load with

partial power supply of the power load from the photovoltaic 

station. 
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Additional modes of operation of the distributed power supply 

system under consideration are the modes associated with the use of 

energy-intensive storage of photovoltaic power plants to equalize 

the daily load schedule of the transformer station with stable 

operation of power and responsible load. 

The multifunctionality of the transformer system of a 

distributed solar power plant is realized on the basis of an algorithm 

based on the transformations of the modified p-q-r power theory 

[13, 14]. The block diagram of the control system, which explains 

the operation of the algorithm, is shown in Fig. 2. 

 

 
 

Fig. 2. Block diagram of the control system 

of the conversion system 

 

The block diagram follows the principle of forming problems 

by phase currents after standard transformations of p-q-r theory 

coordinate systems and provisions of cross-vector theory, except for 

adding a separate node with feedback on the constant component of 

the discharge current of the drive Ies. The input of the control 

system receives signals from the voltage sensors installed on the 

low voltage buses of the transformer ua, ub, uc, and load current 

sensors iLa, iLb, iLc. Above the signals received from the voltage 

sensors, standard Clarke transformations from Cartesian abc to αβ0 

coordinates are performed. 

Using the provisions of cross-vector power theory, the 

modules of the spatial vectors of the mains voltage and load current, 

as well as the cosine of the shear angle between these vectors by 

ratios are calculated. 

Multiplying the modulus of the load current vector by the 

value of the cosine of the shear angle allows to calculate the value 

of the modulus of the load current vector along the axis p of the 

spatial rotating Cartesian system p-q-r [15]: 

 

cos .Lp Li i                                      (1) 

 

At sinusoidal symmetrical voltages of the power supply 

network, the direction of the vector iLp coincides with the direction 

of the vector us. 

After averaging the current trajectory iLp on the period of 

recurrence T we obtain the average value of the load current along 

the axis p: 
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which corresponds to a constant flow of energy from the power 

supply to the load. 

The input of the switch S, which is switched by the comparator 

C, receives an average signal of the load stump along the axis p. 

In the combined mode of operation of the photovoltaic plant 

and ACS, the reference signal on the current vector along the axis p 

is formed by three virtually independent components: the DC 

current component ILp along the axis p, the mismatch of the voltage 

signal on the capacitor in the DC circuit relative to the task (Uc*) 

and signal mismatch drive relative to the task current (Ies*). The 

first two signals are typical for the operation of the ACS, and the 

third signal – for the operation of the inverter. 

If the power plant operates in the mode close to the maximum 

generation, the input of the task unit receives a signal on the 

generation current only from the last controller, ie the converter 

works as a standard mains inverter, giving energy to the industrial 

network [16, 17]. 
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where Ies – the current generation current corresponding to the 

discharge current of the drive; Isbmax – maximum generation current. 

As soon as inequality (3) is executed, the compensator current, 

the comparator C is switched and the task signal for the 

compensator currents is added to the task signal by the generation 

current: 
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The value of the maximum generation current is limited by the 

characteristics of the transistor modules of the output inverter [18, 

19]. 

The calculated components are current problems along the axis 

p in the spatial coordinate system p-q-r. To receive them at the 

input of the PWM-generator, need to perform two inverse 

coordinate transformations: p → αβ0: 
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and inverse transformation Clarke αβ0→abc: 
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After phase-by-phase subtraction of the task currents from the 

load currents, taking into account the feedback on the power plant 

currents, we obtain the task signals on the power plant currents: 
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3. Simulation of the Microgrid system in the 

Matlab software environment 
 

To test the control algorithm of the converter system of a solar 

photovoltaic station, which is able to implement multifunctional 

modes of operation of the power supply system, a Matlab model of 

a distributed power supply system was synthesized (Fig. 3). 
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Fig. 3. Matlab-model of a distributed power supply system with a solar power plant 

 

The scheme of the power supply system corresponds to the 

block diagram in Fig. 1 and is a three-phase three-wire network of 

sinusoidal voltages (effective value of linear voltage – Ul = 380 V, 

frequency – f = 50 Hz, inductance – Ls = 28 µH, active resistance – 

Rs = 0.36 Ω), from which through a constant circuit the current 

generated by the three-phase uncontrolled rectifier is fed by a 

frequency-regulated drive with a nominal power of PLH = 300 kW 

with the inductance of the inlet reactor Ld = 75 µH. At the points of 

joint connection of loads through the power three-phase voltage 

inverter, the solar photovoltaic station Solar Station is connected to 

the network with nominal power PsbH = 100 kW (voltage in the DC 

circuit – Uc = 770 V; input capacitor capacity – C = 0.594 mF; 

output filter inductance – Lf1 = 21 µH, Lf2 = 21 µH, the capacity of 

the output filter – Cf = 36,8 µF). 

The structure of a solar power plant is based on a detailed 

mathematical model of a photocell, the set of which forms a solar 

photomodule with real technical characteristics. The connection of 

the same type of photomodules forms a photoelectric array. 

The voltage inverter is made according to the bridge circuit on 

IGBT modules with reverse diodes [20]. Battery and input filter 

capacitor are connected to the converter circuit (rated voltage – 

UesH = 670 V; rated capacity – CH = 300 Ah; maximum capacity – 

Cmax = 300 Ah; full charge voltage – Ufc = 779 V; rated discharge 

current – Ids = 130 A, internal resistance – Res = 0.0223 Ω). On the 

side of the three-phase power supply, an output filter is connected, 

which is formed by two sections of inductive reactor batteries, in 

the gap of which a capacitor battery Сf is connected, the phases of 

which are united in a "triangle". 

The performance of the proposed algorithm can be verified by 

performing a sequential transition from the uncompensated mode of 

operation of the consumer to the compensated, and then to the 

integrated mode, which combines the operation of the ACS and the 

energy generation of the renewable source.  

Operating oscillograms obtained in steady state for each of the 

three options for the operation of a distributed power supply system 

are shown in Fig. 4. 

In Fig. 4, a and it is seen that the uncompensated load current 

has a non-sinusoidal shape characteristic of the operation of an 

uncontrolled three-phase rectifier. 

After the ACS connection, the shape of the phase current is 

almost sinusoidal and coincides in phase with the corresponding 

voltage (Fig. 4, b). 

After connecting a solar photovoltaic station, the amplitude of 

the first harmonic of the mains phase current decreases in 

proportion to the discharge current of the storage Ies (Fig. 4, c), 

which indicates the combined power supply load from the network 

and the solar power plant. 

 
a 

 
b 

 
c 

 
d 

 

Fig. 4. Oscillograms of mains voltage and current phase A: 

а – uncompensated load current; b – ACS connection; 

c – connection of a solar photovoltaic station; 

d – load current compensation mode 
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The THD of the rectifier without the correction mode and with 

the power factor correction mode is shown in Fig. 5. 

 

 
                             a                                                  b 

 

Fig. 5. THD rectifier: 

a – without power factor correction mode; 

b – with power factor correction mode 

 

According to the simulation results, the combined operation of 

two regulators – the voltage regulator on the capacitor and the 

current regulator of the storage discharge has little effect on their 

stability due to the fact that the voltage on the capacitor is 

maintained by a constant additional charge controller. If equation 

(1) is executed in the generation mode, then the comparator is 

switched and the load current compensation mode is added to the 

generation mode (Fig. 4, d). 

 

4. Results and discussion 

 

An algorithm for the conversion of a solar photovoltaic power 

plant conversion system has been developed and implemented in 

the Matlab / Simulink software environment. When implementing 

the algorithm, the use of a modified p-q-r theory of power is 

proposed, which allowed to significantly reduce the number of 

calculations of the microcontroller system of autoregulation. 

 

5. Conclusion 

 

Verification of the algorithm on the synthesized simulation 

model of the cell of the distributed power supply system confirms 

the correctness in a wide range of changes in the parameters of the 

load and the generation current of the renewable source. 
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