Improvement of energy efficiency of pump devices based on renewable energy
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Abstract. In this work, modern directions for increasing the efficiency of pumping units widely used in geotechnological wells were studied in detail. In particular, the advantages of an integrated control system consisting of solar panels and frequency converters for the stable and economical operation of pumping units were analyzed. The analysis showed that the traditional direct start method generates large starting currents, resulting in excessive energy consumption and faster failure of the control elements. The use of a frequency converter significantly improves the technical and economic indicators of pumping units. In particular, a decrease in starting current by 3-4 times, a decrease in the heating level of the adapter by 25-30%, and a decrease in electricity consumption by 20-30% were observed. This not only ensures the long-term reliability of the unit, but also reduces maintenance costs. Also, the integration of solar panels with pumping units creates the possibility of efficient use of renewable energy sources. This situation is important not only from the point of view of increasing economic efficiency, but also from the point of view of reducing the harmful impact on the environment, that is, ensuring environmental sustainability. The research results show that this approach can serve as a promising solution for the implementation of energy-saving and stable pumping units in geotechnological wells.
INTRODUCTION
In geotechnological wells, in the process of extracting mineral raw materials, submersible pumping units play an important role. Such pumps are the main energy consumers for extracting groundwater, removing substances from the ground, and ensuring uninterrupted operation [1-6].
Currently, in many geotechnological wells, pumping units are commissioned using the traditional method - direct starting (DOL - Direct On Line). Although this method is distinguished by its simplicity and low cost, it has a number of drawbacks:
- high starting currents (Iput = (5÷7) *Inom) arise when the electric motor starts;
- voltage drop in the network and additional loads on electrical equipment;
- high energy consumption and a decrease in overall efficiency;
- dynamic loads increase in the pump unit and engine parts, which negatively affects long-term reliability [4,5]. Therefore, increasing the energy efficiency of pumping units used in geotechnological wells is a pressing issue. Today, one of the modern ways to solve this problem is the integration of frequency converters and solar panels.
Using a frequency converter creates the following possibilities [10]:
- smooth starting of the electric motor, reducing the starting current by 2-3 times;
- automatic control of the pump's rotation speed in accordance with the working schedule;
- reduction of energy consumption by 20-30%. 
The use of solar panels allows the pumping unit in wells to be supplied with electricity from an independent and renewable source. This is important not only from an economic point of view, but also from the point of view of environmental sustainability [12-14].
Thus, this article compares the traditional starting mode of a submersible pumping unit used in geotechnological wells and the control method through solar panels and a frequency converter. On this basis, the possibilities of increasing energy efficiency are scientifically analyzed.
MATERIALS AND METHODS
To assess the effectiveness of the operation of submersible pumping units in geotechnological wells, two cases were considered [15-19]:
1. Traditional method - direct launch.
2. Modern method - commissioning integrated with a frequency converter and solar panels.
The nominal hydraulic power of the pumping unit is determined by the formula: 

                                                                (1)
where:
ρ-liquid density, kg/m3;
g - acceleration due to gravity, 9.81 m/s2;
Q - flow rate through the pump, m3/s;
H-pump output, m.
The power required by the electric motor is calculated as follows: 

                                                                          (2)
where:
ηp - pump efficiency;
ηel - electric motor efficiency.
When the rotational speed of the pump unit changes, the following ratios apply:



,   ,                                                             (3)
This law shows the possibility of saving energy by controlling speed through a frequency converter. For example, when the rotation speed is reduced by 20%, power consumption decreases by about 50%.
In the case of a traditional direct start, a large starting current arises in the electric motor:

                                                                        (4)
Here: In - nominal current of the electric motor.
When controlled through a frequency converter, the starting current does not exceed the nominal current by 1.5-2 times, which reduces the voltage drop in the network [17-18].
Daily energy consumption is calculated based on the pump's capacity and operating time as follows:

                                                                                 (5)
Here: t - pump operating time (hours per day).
When controlling with a frequency converter, energy consumption decreases by 20-30% depending on the specific operating schedule:

                                                                      (6)
The power of solar panels for daily operation is determined by the formula:

                                                                       (7)
where:
Ed-value corresponding to the daily energy requirement, kW·h;
Nd-average number of sunny hours per day;
ηen - inverter efficiency.
Currently, based on the scheme shown in Figure 1, the connection of pumps used in geotechnological wells to the network using magnetic starters is presented. In this case, the alternating three-phase current is fed to the magnetic starter 1, which is attached to the busbars 3 with connecting wires. The pump unit 6 is controlled by water level sensors 4 and 5 and a water pressure control relay 2 [14-17].
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FIGURE 1. Direct pumping scheme:
1-magnetic starter, 2-pressure relay, 3-tires, 4,5-upper and lower level sensors, 6-pump
RESULTS
Currently, the demand for electricity is growing. Taking this into account, the scheme for starting pumps used in geotechnological wells using a frequency converter and providing electricity using solar panels is shown in Figure 2 below. This scheme has a number of advantages over the traditional direct ignition system: no electric shock during startup, reduced energy consumption, extended pump service life, and maintained stable pressure in the water supply system. At the same time, the use of solar panels as a renewable energy source increases the economic and environmental efficiency of the system.
[image: ]
FIGURE 2. Diagram of starting a pump unit using a frequency converter and solar panels: 1-pump, 2-frequency converter, 3-pressure relay, 4-monometer, 5-inverter, 6-solar panels
As a result of practical calculations, the following technical and economic indicators were achieved.
Key indicators:
Pump power: P=20 kW
Working hours: t=10 hours/day
Electric motor efficiency: ηel=0.9
Pump efficiency: ηp=0.8
Daily energy consumption (in direct startup):

                                                       (8)
The pump operates at nominal power, the starting current is high, and losses are high.
Overall performance:

                                          (9)
So, real energy consumption:

                                                    (10)
When starting with a frequency converter and solar panels, the starting current is reduced (3-4 times less), the speed is regulated, and there is no overload, energy savings are on average 25%.
Efficiency:

                      (11)
However, speed control reduces real energy consumption:

                                                    (12)
If a 25 kW solar panel is installed, it will produce 100 kWh per day. Of this, 50 kWh is accounted for by the network.
Comparison of parameters based on the results calculated above is presented in Table 1. The optimal operating mode is selected based on this schedule.

Table 1. Comparing the capabilities of startup methods
	Indicators
	In direct launch
	Using a frequency converter and solar panels

	Daily working hours (hours)
	10
	10

	Theoretical energy consumption (kWh)
	200
	200

	Actual energy consumption (kWh)
	278
	150

	Saving (%)
	-
	46

	Power from the network (kWh)
	278
	50

	Solar panel energy (kWh)
	0
	100



Direct power consumption is 278 kWh/day, while with a frequency converter and solar panels, it is 150 kWh/day. Of this, 100 kWh/day is covered by the sun, that is, only 50 kWh/day is taken from the network.
The total energy saving is 46%, and the service life of the engine is also extended.
Based on the obtained results, the graphs of changes in the nominal parameters of the pump unit, i.e., the current, voltage, and temperature in the windings, are shown in Figures 3, 4, and 5 below.
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	FIGURE 3. Graph of the dependence of the change in the current of the electric motor of the pump unit on time
	FIGURE 4. Graph of the change in voltage of the electric motor of the pumping unit depending on time
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FIGURE 5. Graph of the dependence of the temperature change in the windings of the electric motor of the pumping unit on time



CONCLUSION
Analysis of the operating modes of submersible pumping units used in geotechnological wells shows that in the traditional direct pusk (DOL) method, large pusk currents (5-7 times higher than the nominal value), voltage drop in the network, and excessive heat generation in the adapter windings are observed. This situation negatively affects the reliability and service life of the pumping unit in the long term, and also leads to an increase in electricity consumption.
The use of a frequency converter is an effective way to eliminate these shortcomings. In particular, in frequency control, the starting current is only 1.5-2 times higher than the nominal value, which prevents large current shocks and voltage drops. At the same time, the heating of the regulator decreases by 25-30%, dynamic loads are eliminated, and the reliability of the pumping unit increases. Most importantly, the pump's rotational speed is automatically controlled according to the hydraulic working schedule, which allows reducing energy consumption by an average of 20-30%.
When integrated with solar panels, the pumping unit receives electricity from a renewable source. Calculations showed that in this case, the pump's monthly energy consumption decreases by approximately 37% due to the energy received from the network. This ensures not only economic efficiency, but also environmental sustainability. At the same time, energy supply autonomy will increase, and the possibility of ensuring uninterrupted operation of geotechnological wells will be created.
In this way, it has been established that the commissioning of pumping units based on frequency converters and solar panels in geotechnological wells is not only technically and technologically optimal, but also economically and environmentally effective.
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