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Abstract. Currently, renewable energy sources occupy a significant place in the energy sector of agriculture under
climatic conditions of the North-West of the Russian Federation. Solar energy has the greatest application potential
among them. The study purpose was to determine the efficiency of a solar power plant in the North-West region.
The study tested a designed and manufactured experimental autonomous solar electric generating station, which
consisted of three hetero-structural photovoltaic modules with a capacity of 315 W each (Hevel Energy Group,
Russia), a storage battery, an inverter, and a charge controller. The study used the “passive experiment” method
and statistical data analysis. The results were obtained for the natural operation conditions, under different solar
radiation intensity (irradiance) and ambient air temperature. The solar electric generating station demonstrated
22% efficiency and the on-peak energy generation of 1920 Wh. The combined small-size (up to 50-70 kW)
electrical stations were found most promising for electricity supply of the facilities in the remote private farms —
pig houses for 10 to 30 head, houses for rabbits, poultry, sheep, and goats, as well as residential houses.
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Introduction

Solar energy has the greatest application potential among renewable energy sources. The literature
review revealed that the solar energy was practicable to be harvested even under climatic conditions of
the North-West of the Russian Federation [1; 2].

Traditionally, it is believed that the optimal use of solar energy in this zone is in summer for air
heating in hay, grain and seeds drying, and for technical and drinking water heating in livestock farms
[3-6]. To generate electricity from solar energy was once considered economically unprofitable [7].
However, this is done in the countries with the same climatic conditions, including private farms [8-10].
Moreover, the recent market offers a wide variety of photovoltaic equipment with constantly decreasing
prices [2; 10]. The combined small-size (up to 50-70 kW) electrical stations were found most promising
for electricity supply of the facilities in the remote private farms — pig houses for 10 to 30 head, houses
for rabbits, poultry, sheep, and goats [11-13], as well as residential houses [14].

The purpose of the study was to determine the application efficiency of a solar electric generating
station in the North-West region. The study objective was to identify the optimal parameters and
operation modes of photovoltaic modules within the station (their best efficiency).

Materials and methods

The photovoltaic modules were tested at the Institute for Engineering and Environmental Problems
in Agricultural Production (IEEP) — branch of Federal Scientific Agroengineering Centre VIM in real
operating conditions. The voltage and current strength in the modules were measured to identify their
variation under solar radiation exposure on cloudy and sunny days.

The study was conducted from June to October 2020 as the passive experiment (observation).

The study object was a solar electric generating station with three HVL-315/HJT hetero-structural
photovoltaic modules (Hevel Energy Group, Russia), MultiPlus 24/1200/25 inverter, Smart Solar
controller and a storage battery (Fig. 1).

An 800 W oil radiator was installed as a load customer.

The south-oriented photovoltaic models were installed on a wooden deck at a height of 10.5 m with
a tilt angle of 67°.

The following parameters were measured when testing the solar electric generating station:
solar irradiance S, W-m-2;

voltage on a photovoltaic module Upy-mod, V;

voltage at the consumer end (load) Uiead, V;

electric current in the circuit “photovoltaic module - consumer (load)” lpv-mod-load), A;
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Humidity, wind speed and direction, atmospheric pressure and ambient air temperature were
neglected due to their extremely insignificant effect on the parameters of the solar electric generating
station.

Fig. 1. Experimental solar electric generating station

Energy conversion in a PV module is based on the photovoltaic effect that occurs in heterogeneous
semiconductor structures exposed to solar radiation. Consequently, the difference in electric potentials
is created at the module’s terminals. If there is a load customer, the electric current flow starts.

The solar irradiance was measured by the TES-1333R solar power meter. The voltage and electric
current values in all electrical circuit elements were measured by the Color Control GX Retail controller
with display. Voltage sensors were installed on PV modules’ terminals and on the contact elements to
consumers. Electric current sensors were included directly into the electrical circuit at “PV module —
load” elements. Table 1 shows a complete list of equipment and instruments used in the study.

Table 1
List of equipment and instruments

Title Trademark Measurement accuracy

Measurement of solar irradiance | TES-1333R -

Measurement  of  electrical | Color Control GX Retail + 1.0% (voltage)
parameters + 0.8% (electric current)
Photovoltaic module HVL-315/HJT -

Storage battery 24V, 78 Ah -

Oil radiator (load) 800 W capacity -

The following main factors were recorded every 30 minutes during daylight hours under the natural
solar radiation: solar irradiance S, voltage Upyv.mod @nd current lpv-mod - oady iN the circuit “PV module -
consumer (load)”. The efficiency of a PV module was determined as the ratio of the maximum power
output to the solar irradiance:

1

n= (Voo dfhgd) Uiod x100% (1)
Color Control GX Retail continuously received the information from voltage and electric current
sensors and archived it in electronic form with a time reference.

Electronic archiving of processes allowed plotting the graphs of the time-related variation in the
parameters under study.
The study results were analysed on PC in MS Excel software, with correlation and regression

analysis being the method applied. The maximum efficiency of the photovoltaic module was determined
depending on real external factors.
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Results and discussion
The experiment resulted in the dependences of the efficiency of PV modules on variable external
conditions:
1 = fd(pvmod-toad)sUpvimod.S) 2

The variation graphs of the power output of PVV-modules and solar irradiance, as well as variation
graphs of the current strength and voltage of PV-modules during the daylight hours were plotted to
analyse the data obtained (Fig. 2 and Fig. 3).
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Fig. 2. Variation pattern of power output of PV-modules and solar irradiance
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Fig. 3. Variation pattern of the current strength and voltage of PV- modules

The plotted graphs in Fig. 2 show a direct dependence of power output on solar irradiance, which
characterises the normal operation of a solar electric generating station. At the same time, the variation
graphs of current and voltage of PVV-modules in Fig. 3 shows the operation mode, when the rated power
output of the module is determined at a voltage in the range of 30-40 V and a current in the range of 15-
25 A.
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A regression analysis of the data obtained was performed in MS Excel to reveal the dependence of
solar irradiance and module efficiency with a reliability level of 95%.

The variation pattern of efficiency depending on solar irradiance is shown in Figure 4.
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Fig. 4. Dependence of efficiency on solar irradiance of PV-modules

The highest efficiency of the tested modules was obtained at low values of solar irradiance up to
200 W-m2; under such conditions the efficiency reached 27%. At higher values of solar irradiance, the
efficiency decreased to 18-19%. This is explained by the fact that part of energy is converted to heat.
The average value according to the analysis was 21.07%. The daily energy generation by the station was
1920 W.

Based on the obtained power output values, the efficiency of PV-modules was determined as the
ratio of the maximum power output to the solar irradiance. The study has shown that the efficiency of
the tested modules was at the level of 22% for the conditions of the North-West of the Russian
Federation, which practically coincided with their passport specifications of 23%. Today, the average
efficiency of high-quality solar panels ranges from 17 to 21% [16]. One of the ways to improve the
effectiveness of solar electric generation stations is to use them together with other energy sources [17].

Conclusions

The study has shown that the efficiency of the tested modules was at the level of 22% for the
conditions of North-West Russia. The highest efficiency of the tested modules of 27% was obtained at
low values of solar irradiance up to 200 W-m™. At higher values of solar irradiance, the efficiency
decreased to 18-19%. The rated power output of the module was determined at a voltage in the range of
30-40 V and a current in the range of 15-25 A. The data on the electrical energy accumulation received
during the study period prove the applicability of solar electric generating stations as an alternative
energy source in North-West Russia.
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