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INCREASING THE EFFICIENCY OF AN AUTONOMOUS POWER SUPPLY 
SYSTEM BASED ON PHOTOELECTRIC CONVERTERS

Author: Kateryna Novyk
Advisor: Serhii Stepenko

Chernihiv Polytechnic National University (Ukraine)

Abstract. The scientific work consists of an explanatory note. Explanatory note: 
15 pages, 14 figures, 6 tables, list of references from 14 sources. The object of research 
– control systems for energy parameters of photovoltaic converters.

The subject of research – means to increase the efficiency of control systems for 
energy parameters of photovoltaic converters.

The introduction contains a general justification of the relevance of the work, 
consideration of the basic control algorithms for photovoltaic converters to select the 
maximum power, definition of the purpose and tasks of work. The second section is 
devoted to the theoretical issues that include the types of solar modules, analysis of 
their main differences and limits of their application, the role and place of solar energy 
today. The object for further work was determined as a result of this analysis. The third 
section is devoted to preparation for system modeling and selection of elements. The 
fourth section presents the results of this system.

Keywords: solar electric power, photoelectric converters, energy parameters, 
work efficiency, algorithms for monitoring maximum power, incremental conductivity 
algorithm.
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І. INTRODUCTION
It is known that the main disadvantage of traditional energy sources is the 

negative impact on the environment, and sources are limited in time. It is necessary to 
find an alternative to this problem given the economic crisis in Ukraine. We need to 
find ways to increase the efficiency of autonomous power supply systems or improve 
existing ones. One of the fastest growing sectors of alternative energy is solar energy. 

Several methods are used to generate electricity. The most promising is the 
method of direct conversion of radiation into electricity using solar panels. 

Each complete set of the solar battery has the device allowing to regulate energy 
expenses and procedure of its accumulation. This device is called a charge controller. 
Currently, there are many controllers, but this study considered MRRT controllers, 
which allow more full use of the potential of solar panels and as a result receive 15-
30% more electricity compared to other controllers.

The purpose of the work is to obtain a quantitative analysis of the influence of 
the algorithms for finding the maximum power point on the efficiency of the power 
supply system based on photovoltaic converters.

Tasks: 
1. Consider means of ensuring the efficiency of the system based on photovoltaic 

converters. 
2. Create a model of the power supply system, which includes a photovoltaic 

converter, a step-down DC converter and other necessary elements. Consider in detail 
the analytical dependences and parameters of all elements. 

3. Conduct a study of the developed system by modeling in Matlab and build the 
main characteristics of the system.

The object of research is the control systems for the energy parameters of 
photovoltaic converters. 

The subject of research is the means of increasing the efficiency of control 
systems for energy parameters of photovoltaic converters. 

Research methods are monitoring and analytical evaluation of electromagnetic 
processes in the power supply system, the method of simulation and comprehensive 
evaluation of the efficiency of the power supply system.
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II. LITERATURE ANALYSIS

2.1 Power supply systems based on photovoltaic converters
Several methods are used to generate solar electricity. The most promising is the 

method of direct conversion of radiation into electrical energy using photoelectric 
converters (electrical installation that generates current by this method is shown in 
Figure 2.1).

Figure 2.1 – The principle of operation of a solar installation

Currently, the record for the efficiency of solar cells is 47%, which was achieved 
with the help of multi-circuit concentrator solar cells. In mass photovoltaic panels, the 
efficiency is approximately 17-20% [1]. However, the actual efficiency of photovoltaic 
conversion depends on the algorithms of the controllers, which match the load 
parameters with the energy parameters of the photovoltaic panel. 

Photovoltaic cells can be represented as a functional unit with external, internal 
and output parameters (Figure 2.2). 

Figure 2.2 – Photoelectric element in the form of a functional unit

The external parameters include: light (G), temperature (T). The internal 
parameters include: no-load voltage ( ), short-circuit current ( ). Output 
parameters are output voltage (U), load current (I) and output power (P) [2].

The main characteristic of photoelectric converters is the I-V curve – the 
relationship between load current and voltage at the terminals of photoelectric 
converters at constant values of temperature and intensity of solar radiation.
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The intensity of solar radiation and temperature are important factors in 
determining the I – V characteristics. The photoelectric converter is represented by a 
Solar Cell unit in the MatLab software package (Figure 2.3).

Figure 2.3 – Equivalent circuit of the Solar Cell unit

The output current I is determined by the equation:

p

SVN
RIV

S
VN

RIV

Sphd R
RIVеIеIII t

S

t

S

11 2

2 (2.1)

where phI – photo-inductive current:

0
0

r

r
phph I

III , (2.2)

where – radiation (light intensity) in W / m², which falls on one element;
– measured current under illumination ; – saturation current of the first diode;
– the saturation current of the second diode; – thermal voltage; – the quality 
factor of the first diode; – the quality factor of the second diode; V – voltage on the 
solar battery [3].

The unit provides a choice between two models: 
1. 8-parameter model, where the previous equation describes the output current; 
2. 5-parameter model, which simplifies the equation: the saturation current of the 

second diode is zero, the resistance of the parallel resistor is infinite.
You can simulate any number of solar cells connected in series using a Solar unit 

by setting the "Number of series cells" to a value greater than 1. 
You need to make multiple copies of the unit files to connect the solar units in 

parallel, where each unit contains several cells in series.
Selection of methods for the parameterization unit: 

1. By s / c current and o / c voltage, 5 parameter: providing voltage and current of open 
short circuit. 

2. By equivalent circuit parameters, 5 parameter / 8 parameter: providing electrical 
parameters of the equivalent circuit of the solar cell model using the 5-parameter / 
8-parameter model.

Current flowing during a short circuit of a solar cell: this value is available only 
when selected by s / c current and o / c voltage, 5 parameter. 

Solar voltage, idling: this parameter is available only when selected by s / c 
current and o / c voltage, 5 parameter.
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Diode saturation current IS: this value is available only when selecting one of 
the following parameters: by equivalent circuit parameters, 5 parameter; by equivalent 
circuit parameters, 8 parameter. 

Saturation current of the second diode : this value is available only when 
selected by equivalent circuit parameters, 8 parameter.

Solar-generated current when the radiation intensity is . This value is 
available only when selecting one of the following parameters: by equivalent circuit 
parameters, 5 parameter / 8 parameter. 

Other parameters: Irradiance (light level), ; Quality factor, N; Internal series 
resistance, ; Internal parallel resistance, [3].

2.2 Algorithms of MRRT controller 
There are several basic algorithms for finding the maximum power point. The 

most common MPPT algorithms are: perturb and observe method; incremental 
conductance method and constant voltage (current) method.

Perturb and observe method
This algorithm works by periodically perturbing (increasing or decreasing) the 

voltage or current of the array, comparing the output power of the array with that of 
the previous perturbation. If the perturbation in the final voltage leads to an increase in
power, the perturbation must be maintained in the same direction, otherwise – the 
perturbation changes in another direction. The cycle of perturbations is repeated until 
the maximum power is reached at ( ).

The advantages of this method are ease of implementation, no need to know the 
preliminary values of the array of photovoltaic converters [5, 7]. The algorithm does 
not stop perturbing when the point of maximum power is reached, oscillations occur 
around it, which leads to some power losses [8].

Incremental conductivity algorithm
The basis of this algorithm is that the derivative of the output power of the array 

of photovoltaic converters relative to the output voltage is zero ( 0
dU
dP ), at any level 

of radiation and temperature. It is negative to the right of the maximum power point 
(MPP) and positive to the left of this point, as shown in Figure 2.4.

MPP ofleft  0/
MPP ofright  0/

MPPin  0/

dUdP
dUdP
dUdP

(2.9)
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Figure 2.4 – Power derivative of voltage
The block diagram (Figure 2.5) shows that MPP is achieved when the 

instantaneous conductivity ( UI / ) is equal to the incremental ( UI / ). Once the 
MPP is reached, the array continues to operate at this point until the change is 
measured. This change will correlate with the change in the state of the atmosphere and 
the actual value of the MPP.

Figure 2.5 – Block diagram of the incremental conductivity algorithm

voltageeeeeee
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When UIUI // the algorithm is running to the right of the MPP, then the 
operating voltage of the array is reduced to move the operating point towards the TMP.
When UIUI // the algorithm runs to the left of the MPP, then the operating 
voltage increases. The operating voltage of the array does not require changes after 
MPP UIUI // [6, 9]. 

This method has the advantage of no oscillations around the MPP in stationary 
conditions. Also, the method is not stable during transient conditions [4,11].

DC voltage algorithm
The simplest of the known MPPT algorithms is the DC voltage method. It is 

based on the value of the open circuit voltage. In this method, the feedback U is 
compared to a fixed reference voltage, and the resulting signal regulates the duty cycle 
of the DC- DC converter to maintain the operating point of the array in the MPP, Figure 
2.6.

Figure 2.6 – Scheme of the method with a reference signal of direct voltage

This algorithm (Figure 2.7) is simple and economical, requiring only one 
feedback equation [10].

Figure 2.7 – Block diagram of the DC voltage algorithm

The next section presents the simulation results in the MatLab package of the 
considered algorithms.

in statttiiiioooonnnnaaaaaary
4,11].
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III. MODELING AND ANALYSIS OF RESULTS

3.1 System model with incremental conductivity algorithm

Figure 3.1 – System model with incremental conductivity algorithm

Table 3.1 – The main parameters of the system model with an incremental 
conductivity algorithm

№ Bloc Parameter

1 PV array
Number of serial cameras 96; Voltage 64.2 V; Short circuit 
current 5.96 A; Voltage and current at maximum power: 
54.7 V, 5.58 A

2 VSC Control Rated power 
310100 W; Frequency 60 Hz; Rated voltage 

at alternating current of 500 V

3 Utility Grid
5 km line: 3 phases, frequency 50 Hz; Active power 2 MW;
Transformer: Rated voltage 25 kV; Rated capacity 100 
MW; Frequency 50 Hz

4 L Active resistance 2 mOhm; Inductance 260 μH

5 10 kvar Rated voltage 260 V; Rated frequency 50 Hz; Active power 
1000 watts

6 IGBT1 Resistance 0.001 Ohm; Inductance 0 Gn
7 C Capacity 61012000 F
8 Diode Resistance 10 mOhm
9 L1 Resistance 0.005 Ohm; Inductance 5 m Gn

10 10 kVA 260 V/ 
25kV

Power 100 kW; Frequency 60 Hz; Magnetized resistance 
500 Ohms

11 3-Level Bridge Internal resistance of the source is 0.002 Ohm; The 
inductance is    250 μ Gn

12 System sampling time 100 μs; System frequency 50 Hz
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This model (Figure 3.1) includes: 
1. An array of photoelectric converters with a maximum power of 100.7 kW 

when illuminated by solar radiation of 1000 W / m². 
2. Converter that increases the voltage from 273.5 V to 500 V. 
3. The duty cycle switching is optimized by the MPPT controller, which uses the 

"Incremental Conductivity" algorithm. 
4. 3-level 3-phase voltage converter (VSC). The VSC converts 500 V DC to 260 

V AC and retains the power factor. 
5. Three-phase transformers and loads. 
6. Network model of 25 kV switchgear and equivalent 120 kV system.
Let's analyze the system modeling using the incremental conductivity algorithm, 

the result is presented in Figure 3.2.

Figure 3.2 – The results of modeling using the algorithm

From t = 0 s to t = 0.05 s, the pulses to the Boost and VSC converters are blocked.
The three-level bridge works as a diode rectifier, and DC capacitors are charged above 
500 V.

At t = 0.05 s, the Boost and VSC transducers are released. The power of the DC 
circuit is regulated at an increase of up to 500 V. At 0.45 s of the power value of 99.86 
kW, MRRT begins its work, the regulator increases the supply voltage, changing the 
duty cycle to obtain maximum power. The duty cycle at this time is 0.46, the 
illumination reaches 1000 W/ . At 0.5 s, the maximum power is reached at 100.3 
kW, when the duty cycle is equal to D = 0.465, the resulting voltage of the module is 
276.9 V.

From t = 0.7 s to t = 1.2 s, the illumination of solar radiation decreases from 1000 
W/m² to 250 W/m². MPPT continues to monitor maximum power. At t = 1.4 s, when 
the illumination is equal to 250 W / m², the duty cycle is equal to D = 0.54. Accordingly, 
the voltage is 248.5 V and the power is 21.80 kW. From t = 1.5 s to t = 2 s, the 
illumination increases again to the value of 1000 W/m². Power at 2 s reaches 98.5 kW, 
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voltage is 283.6 V, duty cycle is 0.47. Therefore, it can be concluded that MPPT 
continues to monitor the maximum power during a rapid change of illumination. 

The initial parameters when the incremental conductivity algorithm is included 
in the system are shown in table 3.2.

Table 3.2 – The resulting system parameters

№ Illumination, 
W/m2 Voltage, V Power, kW

1 1000 281,5 100,3
2 600 277,8 55,15
3 250 248,5 21,80

Let's analyze the system modeling without using the incremental conductivity 
algorithm, the result is presented in Figure 3.3.

Figure 3.3 – Initial parameters of the system without using the algorithm

From t = 0 s to t = 0.05 s, the pulses to the Boost and VSC converters are blocked.
The three-level bridge works as a diode rectifier, and DC capacitors are charged above 
500 V.

At t = 0.05 s, the Boost and VSC transducers are released. The power of the DC 
circuit is regulated at an increase of up to 500 V. At 0.5 s, the duty cycle is equal to 
D=0.4, and the illumination reaches 1000 W/m². Maximum power 85.08 kW, the 
average voltage of the PV module is 300.8 V. 

From t = 0.7 s to t = 1.2 s, the illumination of solar radiation decreases from 1000 
W/m² to 250 W/m². At t = 1.4 s, when the illumination is 250 W/m², the voltage is 
298.4 V and the power is 5.49 kW. 

The output parameters with the algorithm of incremental conductivity in the 
system are listed in table 3.3.

Table 3.3 – The resulting system parameters
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№ Illumination, W/m2 Voltage, V Power, kW
1 1000 300,8 85,08
2 600 303,7 33,17
3 250 298,4 5,49

Therefore, we can conclude that the operation of the algorithm achieves the 
maximum power of the module. The power is equal to 100.3 kW (the point of 
maximum power is 100.7 kW) at illumination of 1000 W/m² under the action of the 
MRRT algorithm. Whereas when the algorithm is turned off, the power in this light is 
85.08 kW. Power under the incremental conductivity algorithm increased by 17.6%.
The power increased 4 times at illumination of 250 W/m².

3.2 Determining the quality of the output  parameters of system models
The quality indicators of output voltages and currents were analyzed with the 

MRRT algorithm on and off. It was necessary to measure the output parameters of the 
system (signals to the network), the output of the VSC, the output of the load using 
current and voltage meters to ensure this analysis. The results of the output current and 
voltage of the entire system using the algorithm are shown in Figure 3.4. Figure 3.5 
shows the output data without using the algorithm.

Figure 3.4 – Output currents and voltages of the system with MRRT
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Figure 3.5 – Output parameters of the system without using the algorithm

Table 3.4 shows the results of quality assessment (FFT Analysis) of parameters 
at different points of the system using the incremental conductivity algorithm.

Table 3.4 – Quality parameters of the output currents 

Type of THD Output current 
quality,% Sampling time, p Lighting, W/m2

From the network
66,01 1,4 250
62,91 1,7 600
83,98 2,1 1000

From the converter
72,54 1,4 250
74,88 1,7 600
78,26 2,1 1000

From the load
87,32 1,4 250
55,24 1,7 600
58,06 2,1 1000

Figure 3.6 shows the results of the analysis of THD mains current for a system 
with an algorithm at different time intervals and illuminance.

Figure 3.6 – Results of THD current with the algorithm

ithout using tttttthhhhhhheeeeeee aaaaaaalllllllggggggooooooorrrrrrriiiiiitttthhhhhhmm
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Table 3.5 shows the results of the evaluation of the quality of parameters at 
different points of the system without the use of the incremental conductivity 
algorithm.

Table 3.5 – Quality parameters of the output currents without the use of the 
algorithm

Type of THD Output current 
quality,% Sampling time, p Lighting, W/m2

From the network
60,15 1,4 250
77,92 1,7 600
84,36 2,1 1000

From the converter
69,63 1,4 250
66,20 1,7 600
54,89 2,1 1000

From the load
77,62 1,4 250
57,22 1,7 600
53,20 2,1 1000

Figure 3.7 shows the results of THD analysis of the mains current for the system 
without using the algorithm at different time intervals and illuminance.

Figure 3.7 – The results of the quality of the output current of the network without the 
use of the algorithm

The results and comparison of the assessment of the current quality of the 
network with/without the use of the incremental conductivity algorithm are presented
in table 3.6.
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Table 3.6 – Results of current quality assessment with \ without using the incremental 
conductivity algorithm

№ Evaluation time, s THD with МРРТ, 
%

THD without 
МРРТ, %

1 0,2 83,45 82,25

2 0,4 82,16 80,92

3 0,6 81,80 76,21

4 1 62,67 79,65

5 1,4 66,01 60,82

6 1,7 62,91 74,29

7 2,1 83,98 89,85

8 2,5 73,26 60,54

9 2,9 77,87 78,50

Therefore, increasing the power degrades the current quality, and therefore it is 
necessary to use power factor correctors or active power current filters in the system.

, %
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IV. CONCLUSIONS
The scientific novelty of the study is revealed in the method of comprehensive 

evaluation of the efficiency of the power supply system based on photovoltaic 
converters. It includes monitoring and ensuring the selection of maximum power from 
the array of solar panels using a modified incremental conductivity algorithm and 
simultaneous monitoring of the quality of currents in the system by the criterion of 
harmonic distortion.    

The task of tracking the point of maximum power in the power system is to 
constantly adjust the system so that it provides maximum power from photovoltaic 
converters.

There are no oscillations around the point of maximum power in stationary 
conditions in the method of incremental conductivity, but it is not stable during 
transients, there are some ripples.

The maximum power of the system is achieved by the algorithm. Power is equal 
to 100.3 kW (maximum power point 100.7 kW) under the action of the MRRT 
algorithm at an illumination of 1000 W/m². Whereas when the algorithm is turned off, 
the power in this light is 85.08 kW. The power under the algorithm increased by 17.6%.
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