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Abstract—The article presents the results of experimental 

studies on electrical energy operations of solar power with a 
capacity 150 W, with which experimental studies were carried 
out in the form of a change in the angle of inclination of the solar 
panel relative to the surface of the earth, during sunny weather 
in summer. In the course of these experimental studies, we 
used:(computing and measuring equipment, polycrystalline solar 
panel 150 W, charge controller, inverter and energy storage 
system in the form of a battery with a capacity of 75 Ah). The 
results of these studies were addressed by analyzing the resulting 
curves and the impact of the resulting values on the external 
parameters in the form of regression equation depending on the 
programs (Microsoft Office Excel - Mathcad Professional). 

Keywords—regression equation, solar power plant, inclination 
angle, luminous flux, inverter. 

I. INTRODUCTION 
Unconventional energy sources in Russia can be effectively 

used to supply energy to consumers, especially in areas that are 
not covered by the centralized energy supply [1]. These zones 
include vast territories of Russia, in which about 20 million 
people live, as well as remote areas of the Far North, Siberia, 
and the Far East and rural areas, including the central part of 
the country (Arkhangelsk, Vologda, Kirov, Yaroslavl, and 
some other regions) [2].  

A review of unconventional energy sources shows that 
there are currently a variety of types and methods of generating 
electricity. However, the experience and practice of operating 
facilities of non-traditional energy sources show that the most 
efficient, and in-demand are wind and solar power, specifically 
the parallel electricity generation with the subsequent creation 
of combined power plants for small consumers of reliability of 
electricity supply the Far Eastern regions of the Russian 
Federation, where decentralized power supply systems are 
active [3–6]. At the same time, when analyzing solar radiation 
indicators in Russia, it was established that the average annual 
solar insolation will be 3.5 kWh/m2 in the middle band of 
Russia and [4.0-4.5] kWh/m2 in the southern strip of Russia.  

Also, when analyzing solar radiation duration indicators in 
Russia, it was established that the highest duration parameter is 
more than 2000 h/year in the southern strip of Russia and in the 
center of the northern part of the Far East of Russia, where the 

northernmost entity of the Russian Federation is located (the 
Republic of Yakutia).  

However, in the main part of Russia, there are from [1700 - 
2000] h/year of sunshine duration, which is the main parameter 
for the average efficiency of generating electricity from solar 
panels [7],[8].  

In fig.1 and in fig.2 show a map of the duration of sunshine 
in the territory of the Russian Federation and a map of solar 
insolation in the territory of the Russian Federation are 
presented.

 
Fig. 1. Map of solar insolation in the Russian Federation. 

 
Fig. 2. Map of sunshine duration in the Russian Federation. 

Thus, the operation of solar power facilities in Russia has 
several advantages for the possibility of increasing the share of 
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generation with high sunshine duration in the southern and far 
eastern parts of the Russian Federation [9–13].  

In this regard, a simple model solar power plant in the form 
solar panel with a capacity 150 W was developed and 
assembled, shown in fig.3 [14]. 

 

Fig. 3. The solar power plant 150 W. 

During assembly of the solar power plant, the generation 
indicators (V, I, P) were calculated depending on the angle of 
inclination of the solar panel relative to the earth's surface [15]. 

II. LIST OF USED EQUIPMENT USED IN THE EXPERIMENT: 
• Polycrystalline solar panel type (Delta- 150 W): 

The purpose of this equipment is to generate electricity 
from solar energy. Fig.4 shows Delta 150W solar panel 
[16],[17],[18]. 

 

Fig. 4. Delta 150 W solar panel-one unit. 

• Battery type (Delta - GEL75Ah): 

The purpose of this equipment is to store electrical energy 
from the solar panel. Fig.5 shows Delta battery type GEL 
75Ah. 

 

Fig. 5. Delta battery type GEL 75Ah-one unit. 

• Inverter type (IS3-12-600M3): 

The purpose of this equipment is to convert direct current 
(DC-12V) to alternating current (AC-220 V).  

 

Fig. 6. Inverter type (IS3-12-600M3)- one unit. 

• iSTA Breeze (12V-650W) hybrid charge controller: 

The purpose of this equipment is to collect electrical energy 
from solar panel and wind generator and transfer it to the 
storage system (batteries). 

 

Fig. 7. Ista Breeze 650W Hybrid Controller. 

• Digital multimeter type (Mastech -MY62 13-2019): 

The purpose of this equipment is to measure the voltage 
and current parameters at the terminals of the wind generator 
and the solar panel.  

 
Fig. 8. astech digital multimeter MY62 13-2019. 
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• Other equipment. 

A laptop to process the obtained experimental data and a 
smartphone with an angular meter function (app). 

III. TECHNIQUE OF RESEARCH 

TABLE I.  NECESSARY PARAMETERS OF THE EXPERIMENT USING THE 
SOLAR PANEL. 

№ Required Settings and Actions 
1 Conducting an experiment in sunny weather from 12:00 to 13:00  
2 Safe import of the solar power plant 150 W 
3 Safe removal of the solar power plant 150 W 
4 Check for technical serviceability of solar power plant 150 W 
5 Sampling of experimental data every 5 minutes 

6 
A sampling of experimental data - voltage, current and power using 
a multimeter and the angle of inclination of the solar panel relative 
to the surface of the earth using a smartphone (angular meter 
application) 

7 Type of experiments: standard without external changes 
8 Number of steps: 14  
9 Number of experiments: 1  
10 Processing Results by Calculating the Regression Equation 

This technique determines the control points of the 
experiment to investigate the dependence of the electrical 
parameters (current, voltage, and power) [19]  and the angle of 
inclination of the solar panel relative to the surface of the earth 
(α.) according to the following procedures: 

1-Safe installation at the beginning of the experiment 
and dismantling at the end of the experiment of the solar power 
plant 150 W according to terms of electrical safety standards 
and requirements.  

2-Placing a solar panel  150 W perpendicular to the 
light source (sun) along the front projection plane. 

3-Connecting the terminal of the multimeter to the 
terminals of the charge controller from the side of the terminals 
to the solar panel. 

4-Activation of the angular meter function on the 
smartphone and placing it on the frame of the solar panel in the 
red circle area, shown in Fig.3. 

5-Changing the angle of inclination of the solar panel in 
one degree increments and measuring voltage and current from 
the side of the solar panel terminals, shown in fig.9. 

6-Step-by-step change of solar panel inclination angle 
(in degrees) at the range from 31° to 45°. 

The experiments were carried out on August 4, 2020 in the 
village of Borogontsy, Republic of Yakutia (Sakha), located at 
the following geographical coordinates. 

• Latitude: 62°40′14 ″ N. 

• Longitude: 131°09′48 ″ E. 

• Altitude: 124 m. 

 

Fig. 9. Change of solar panel inclination angle relative to the ground surface. 

Where (α=30°) and (β=45°) of the angle of inclination of 
the solar panel relative to the surface of the earth. 

IV. RESULTS 
Experiments with a solar panel having an area of   0.9916 

m2 were carried out on a sunny day in dust weather from 12:00 
to 14:00. The results are shown in Table II. 

TABLE II.  RESULTS OF EXPERIMENTS TO DETERMINE THE SOLAR 
PANEL GENERATION VOLUME DEPENDING ON THE INCLINATION ANGLE. 

α(deg) I(А) U(V) Р(W) 
30 3.31 13.68 45.28 
31 3.32 13.75 45.65 
32 3.34 13.90 46.43 
33 3.36 13.90 46.70 
34 3.43 13.93 47.78 
35 3.44 13.95 47.99 
36 3.45 13.92 48.02 
37 3.47 13.98 48.51 
38 3.47 13.95 48.41 
39 3.52 14.06 49.49 
40 3.52 14.06 49.49 
41 3.52 14.07 49.53 
42 3.52 14.06 49,49 
43 3.48 14.07 48.96 
44 3.49 14.06 49.07 
45 3.49 14.06 49.0 

V. THE DISCUSSION OF THE RESULTS 
By performing mathematical processing of the obtained 

data, the graphical interpretations and regression equations 
presented in Table II. are obtained using the computer program 
Microsoft Office Excel and Mathcad Professional.  

At the same time,  the curves and regression equations of 
the dependence of the current of the Solar Power Plant 150W 
on the inclination angle of the solar panel relative to the earth 
surface are presented (fig.10 - equation.1). 

The dependence of voltage on the angle inclination of the 
panel relative to the ground surface (Fig.11 - equation.2) and 
the output on the angle of inclination of the panel relative to the 
ground surface (Fig12 - equation.3). 
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Fig. 10. Dependence of current on the angle of solar panel inclination relative 
to the ground surface. 

A regression equation: 

 2
0 0.0019 0.1603 0.2091α αΙ = − + +  (1) 

:α angle of solar panel inclination relative to the ground 
surface (deg). 

Fig.10 shows that with an increase in the angle of 
inclination of the solar panel relative to the surface of the earth, 
the current increases, while this pattern is a polynomial 
dependency. With an increase in the inclination angle of 30%, 
the current increases by 6.02% within (3.32 A; 3.52 A). 

 

Fig. 11. Dependence of stress on the angle of solar panel inclination relative 
to the ground surface. 

A regression equation: 

 0 0.7124 ln( ) 11.395U α= × +  (2) 

Fig.11 shows that with an increase in the angle of 
inclination of the solar panel relative to the surface of the earth, 
the voltage increases, while this pattern is a logarithmic 
dependence. 

When the inclination angle increases by 30%, the voltage 
[20],[21],[22] increases by 2.32% within (13.75 V; 14.07 V).  

A regression equation: 

 . 2
0 0.0322 2.6858 6.63α αΡ = − + −  (3) 

Fig.12 shows that with an increase in the angle of 
inclination of the solar panel [23],[24] relative to the surface of 
the earth, power increases, while this pattern is a polynomial 
dependence. 

With an increase in the inclination angle by 30%, power 
increases by 8.41% within (45.65 W; 49.49 W).  

 

Fig. 12. The dependence of power on the angle of inclination of the solar 
panel relative to the ground surface. 

However, it should be noted that due to the limited time of 
experiments (1 hour), therefore there is a probability of 
changing the obtained patterns with a longer time of 
experiments. Such experiments are made on one of the 
promising areas of future research in priority for whole light-
days of observation. 

VI. CONCLUSIONS 
• As a result of experimental studies of a small-sized 

solar power plant, patterns the Solar Power Plant with 
a Capacity 150W established (equations 1,2,3). 

• The analysis of the study of traditional and non-
traditional energy sources showed that solar energy is 
the most energy-efficient in terms of autonomous 
electricity supply. 

• It has been found that the highest efficiency of the 
solar panel is achieved at an angle of inclination from 
40 to 45 degrees. 

• It was found that the dependence of the generation of 
the solar panel on the angle of inclination of the panel 
relative to the surface of the earth is a polynomial 
dependence. 
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