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Abstract

The most significant development in DC-to-DC power conversion systems is
the positive output voltage-lift method. The topology exists in two sorts such
as super-lift and double-lift technique. Double-lift converter functions success-
fully DC-to-DC converter. The developed approach employs the invention of
a super-lift multilevel method, which may minimize the number of recurring
components when compared to the traditional sort of weird inverter. In this
point, a new approach of single-source super-lift multilevel inverter (SLMLI)
is proposed with concentrator solar module, which can perform the necessary
voltage conversion applied in water pump irrigation using agricultural field.
Designing a new SLMLI applied with PSO algorithm is also capable of deter-
mining the desired value of harmonics value performed with necessary power
conversion. Solar water pumping systems are integrated in motor load; it has
series connected to generate the required system load voltage, which is sup-
plied by the availability of solar irradiation. Results present modified SLMLI
with submersible water pump that helps to save the fuel and electricity cost,
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when compared to equivalent use of a diesel-operated water pump. The perfor-
mances at various operating conditions are analyzed using MATLAB/Simulink
and hardware-based result.

Keywords: PV (photovoltaic), PSO (particle swarm optimization), SLMLI
(super-lift multilevel inverter), submersible water pump, THD (total harmonic
distortion)

16.1 Introduction

The concentrator solar photovoltaic (SPV) energy is one of the best
alternate remedies or solutions for the rapid reduction of nonrenewable
resources. The SPV energy is free and enormous, highly beneficial, and
economically viable to many industrial applications [1]. Nonrenewable
resources such as coal, petroleum, and natural gas are the primary
sources of energy, but they will be depleted in a few decades. It also leads
to environmental problems such as CO, emissions and the environ-
mental impact [2]. Nowadays, water pumping is drawing huge attention
among all the applications of PV module. To enhance the efficiency of
concentrator SPV system, it is operated based on standard test condition
[3]. Direct current converters are used to convert one level to another
DC required level. Double-lift converters are mainly focused to enhance
the DC-to-DC output voltage [4]. The positive output voltage at any
required level attainments depends upon positive input DC source volt-
age. Voltage-lift performance is a standard scheme that is widely applied
in electronic circuit design [5]. The multilevel converter employs power
semi-conversion devices from lower DC voltage sources to generate an
almost sinusoidal waveform of the staircase [6]. The main objective of
the proposed system is to reduce the complexity of the multilevel inverter
with reduced switches and diode sizes called as super-lift Luo inverter
[7]. Inversion technology operates on vital mostly used in residential,
domestic, electrical vehicles, and renewable energy systems. The pro-
posed super-lift converter is put forth for PV concentrator module to
apply water pump irrigation system. PV concentrate water pump system
can operate all kinds of electric water pumps with applications ranging
from irrigation to residential requirements [8]. A stand-alone PV system
is provided for water pumping irrigation technology that has been con-
stantly developed since the early 1980s.

In India, there are three primary solar water pumping configurations.
Brushless DC pump, DC positive displacement pump, and AC centrifu-
gal pump are all examples of brushless DC pumps. Submersible irrigation
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Figure 16.1 Block diagram for concentrator SPV super-lift Luo converter fed submersible
motor drive.

water pumps can also be used in conjunction with drip irrigation systems
to maximize the benefits of this setup [9]. Submersible pumps have the
benefit of being totally submerged, including the engine. Water pumps are
also more efficient since it is simply had to push water and do not have to
suck it. The sum amount of solar array size necessary to operate the con-
nected pump is known as a standard concentrator solar water pumping
system. A number of solar modules are linked in series in each solar array.
The integrated AC submersible pumps are connected to pull the water and
feed it into delivery pipes, and the electrical energy from the complete
array is controlled and directly adjusted by them [10]. These low-power
submersible pumps make it possible to create a low-cost solar pumping
system for a deep well. Figure 16.1 shows the suggested approach, which
requires a 0.5-kWp solar water pump for the water pumping system. The
unit is capable of extracting and pumping 20,000 to 25,000 liters of water
per day from a source up to 3-5 meter deep. MATLAB/Simulink was used
to assess the performance and measurement overall system output, and the
prototype module for freestanding solar PV systems uses hardware-based
results.

16.2 Proposed System Configuration

Small and marginal farmers are at danger economically due to a sparse
electricity associated with the increased regularity of mountain rain and
the prevalence of expensive diesel pumping. A complex mix of issues,
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such as global warming, competitive land usage, and a lack of basic infra-
structure, is posing new difficulties to India’s vast agricultural population.
Then, there is power, which is especially difficult for farmers in rural loca-
tions. The configuration consists of PV module feeding the power to Luo
converter, and super-lift inverter employed with submersible water pump
work out with MATLAB/Simulink platform [11]. Submersible pumps are
used to choose the outfall area and also connect the hose up to the pump.
This prototype module control with PIC microcontroller chosen for its
PWM control ability and hasty convergence [12]. This chapter generally
focused on reducing the number of switches and DC sources used. We
reduce the greater number of losses; voltage dropped across the switch.
Design, control, and operation of each stage are elaborate individually as
following section.

16.3 Design of Concentrator SPV Array

To determine the amount of water used, multiply the width of the yard
by the length of the yard in feet to obtain the number of square feet. The
water is driven by a 0.5-kW, 50-Hz submersible water pump that is pow-
ered by the SPV array. To compensate for motor and inverter losses, the
SPV array rating is somewhat greater than the pump motor rating [13].
A SPV is created by linking 72 cell SPV modules in series with an open
circuit voltage of 24 V and 72 cell SPV modules in sequence with a short
circuit current of 1.5 A. As shown in Table 16.1, the voltage and current
achieve their MPP at approximately 81% of open circuit voltage and 90%
of ISC, correspondingly. There are various sub-series circuits in positive
output super-lift converters [14, 15]. Stage by stage, the circuits’ voltage
gains grow in geometrical series. Figure 16.2 depicts a basic positive out-
put double-lift or re-lift converter. When switch S is turned on, the com-
parable circuits are shown in Figure 16.2a, and when switch § is turned
off, the corresponding circuits are shown in Figure 16.2b. When the pri-
mary switch S is switched off, the inductor L1 and capacitor C1 raise the
output voltage V 0 significantly from the source voltage, as shown in the
equation below. When compared to a traditional inverter, the super-lift
multilevel inverter (SLMLI) has benefits such as modularity, fewer com-
ponents, the absence of additional clamping diodes, a lower number of
switches, and the ability to quickly alter the number of output voltage
levels.

Figure 16.3 depicts a 15-level super-lift inverter [16-20]. The period
of switches turning ON and OFF in SLMLI can only be done once per
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Table 16.1 Design of PV array.

S.no. | Parameter Range
1 Voltage at maximum power point | 24 V

2 Total Power at MPP 0.5 kW
3 Current at MPP, 0.08 A

I =P /V
mp mp - mp

I =P /V
mp mp.  mp

4 No. of series connected module, cells
N er = Vmp/Vmpp NSer = Vmp/Vmp

S P

cycle. As a result, it simply addresses the switching loss problem. Each
SLMLI produces seven different voltage outputs: (+E, 0, and-E), (+1E, 0,
and -1E), (+2E, 0, and -2E) up to (+7E, 0, and -7E), etc. However, SLMLI
produces stairway output voltage waveform that is measured. The out-
put voltage waveform of a 15-level SLMLI value is seven times the input
DC voltage [14]. There is a new way of achieving multilevel outputs using
the SLMLI band inverter, which switches 10 capacitors in seven levels to
achieve: E, 2E, 3E, 4E, 5E, 6E, and 7E. When duty cycle (k) = 6/7 (= 0.857)
in 15-level SLMLI. Therefore, the operation of ON status is shown in
Figure 16.3.

Each super-lift converter is nourished with the estimation of DC out-
put voltage. The single-phase voltage of the inverter depends upon the
band switching capacitor. The 15-level yield waveforms acquired by var-
ious switching combinations and switching pattern appeared in Table
16.2. Multistage centrifugal pumps that operate in a vertical position
are known as electric submersible pumps. The load torque and motor
speed of a water pump have a non-linear parabolic relationship. Liquids
that are accelerated by the impeller lose their kinetic energy in the dif-
fuser in which kinetic energy is converted to pressure. A mechanical
coupling at the pump’s base connects the pump shaft to the gas separator
or protector.

An optional thrust bearing is used to support part of the axial forces in
the pump but most of the thrust bearing is absorbed. The water pump has a
parabolic nonlinear connection between load torque and speed, i.e., brake
horsepower is the power to drive the pump [21-41].

bhp = 0T (16.1)
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Figure 16.2 Double-lift circuit Luo converter. (a) Equivalent circuit for switch S is ON.
(b) Switch S is OFE.

where is the shaft angular velocity and T is the shaft torque. If there were no

losses, then P P, and brake horse power would be equal, but, of course, P

P_isactually less and the efficiency of the power is defined as

Py _ pgQH

(16.2)
bhp T

n:

a ‘9T T902/86TTT826/200T 0T
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Solar panel

Load

Double-lift
Converter Super-lift Inverter

Figure 16.3 Circuit diagram for SLMLI (15 levels).

Table 16.2 Inverter switching method.

Band switch Change over switch position
position Switch ON state | Switch OFF state

LS, 7E ~7E

2. | S, 6E —6E

3. | s, 5E ~5E

4. ]S, 4E —4E

5158, 3E -3E

6. |8, 2E —2E

7.1, E -E

8. |s, 0

16.4 Principle of Particle Swarm Optimization

PSO was learning from the problem-solving situation. In PSO, each solu-
tion is referred to as a “bird” in the search space. It is referred to as a “par-
ticle” by us. All particles have fitness values that are assessed by the fitness
function in order to be optimized, as well as velocities that direct the par-
ticles’ flight. The particles move through the problem space by following
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the optimal particles at the time. Novel PSO approaches were developed in
2008 to identify the optimal switching angles for the multilevel converter.

The approaches generate the necessary fundamental voltage while
avoiding the generation of lesser and higher order harmonics [16-20]. In
fundamental swarm optimization, matching velocity of the social iteration
is identified by the vector representation.

X1(K) = [X2(K), X2(K).....Xn(K)] (16.3)

where X_n (k) represents a parameter of the problem that has to be opti-
mized. Particle positions and boundary conditions are randomly gener-
ated and use in (16.4) and (16.5). At the time step k+1, the velocity of i_th
particle is given by

V_i (k+1) =wV_i (k)+Clrand(x) ((P_i (best)(k)-X_i (k))/
At+C2rand(x) ((Gbest)(k)-X_i (k))/At (16.4)

where w is the component of inertia; C1 is the social and C2 the cognitive;
Pi (best) is the best location ever for a particle; G best is the best posi-
tion ever obtained during movement of the whole social population of a
particular particle; Rand (x) is a uniform positive random number from
0 to 1. The new location of each particle is determined by following one
iteration:

X ik+1)=X_i(k) + V_i(k) At (16.5)

The present speed is set to zero, and the new speed is assessed according
to Equation (16.4), but a new location is evaluated using equation with
the difference of the term (16.5). The particle swarm algorithm starts from
the creation and assignment of the first particles [21]. The goal function
is evaluated at every particle location and the best (lowest) function value
and the optimal position is determined. It selects new speeds, based on
the present speed, the optimal locations for the particles, and best places
in its neighborhood. It then updates the particle positions iteratively to
identify the optimal angle of switch in SLMLI and minimize THD percent
in sequence. PSO changes the particle location on an iterative basis and its
iterations continue until optimum values of the method are achieved, and
then, a stop condition may be used.
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16.5 Result and Discussion

The flowgraph of Genetic Algorithm for the proposed system is shown in
Figure 16.4. The simulation results of Output voltage and current for the
proposed 15-level super-lift Luo converter is appeared in Figure 16.5 and
Figure 16.6. The THD results of Output voltage and current for the pro-
posed 15-level super-lift Luo converter from simulation is shown in Figure
16.7 and Figure 16.8. The hardware model of concentrated SPV array with
proposed converter is shown in Figure 16.9. The comparative analysis was
carried out using simulation and hardware which is shown in Table 16.3.
The configuration of the proposed concentrated SPV module fed water
pumping system is designed and simulated using MATLAB. The perfor-
mance of the water pumping system using double-lift converter and SLMLI
is evaluated using the simulation package, which gives the 15-level wave-
form for staircased Luo converter output voltage and current, as shown
in Table 16.4. The output of SLMLIs includes harmonics, which may be

Initialization

Y

P Apply each particle

Each particle has been
applied?

Generate new particles|| Increase generation label g

A

Reach maximum
generations?

Output the best control
variable

Figure 16.4 Flow chart for PSO algorithm.
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Figure

SMART GRIDS AND GREEN ENERGY SYSTEMS

16.5 Simulation voltage waveform for 15-level super-lift Luo converter.
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Figure

16.6 Simulation current waveform for 15-level super-lift Luo converter.

Fundamental 50 HZ = 349.6, THO S = 12.96%
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16.7 Harmonic order vs. magnetic phase output voltage.
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16.8 Harmonic order vs. magnetic phase output voltage.
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Figure 16.10 Hardware SLMLI voltage waveform.
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Figure 16.11 Hardware SLMLI current waveform.
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Table 16.3 Comparison of simulation and hardware result.

Simulation result Hardware result

THD% | V Amps | THD% | V Amps

rms rms

9.32% 387V [ 24A | 24.12% [ 240V | 1.8A

Table 16.4 Specifications of proposed converter.

Circuit parameter (simulation)

Output voltage, V, 387V

Output current, I, 24 A

Voltage at maximum power point, V.V 0.81%387 =313.47V
mpp _mp

P

Current at maximum power point, Lo Lopp 0.9%2.4=2.16 A
Capacitor (C, -C,) C,-C,) 1,000e—6
Load resistance (RL) 100 O

measured using total harmonic distortion (THD). Using FFT analysis, it
is a measure of the shape similarity between the waveform and the funda-
mental component.

Harmonic distortions are minimized in this case in relation to the mag-
netic phase output voltage. Except for the highest peak voltage, which is
regulated by the PSO algorithm with a low THD percentage, other param-
eters of the solar module followed the atmospheric change. The output
buffer is provided to an isolated circuit (optical isolator IC MCT2E) for
each switch, and the hardware model is controlled and associated with the
assistance of a PIC microcontroller child [22]. The output buffer is oper-
ated with an output frequency of 50 Hz and a carrier switching frequency
of 10,000 Hz. Figures 16.10 and 16.11 demonstrate the submersible pump
load output of 240 V and 1.8 A, respectively. The output line voltage wave-
form of the 15-level SLMLI is virtually sinusoidal, indicating that the sub-
mersible water pump method is effective. Concentrated PV (CPV) systems
are specifically intended to provide water for irrigation in rural regions
without access to power supply energy. Their main advantages of submers-
ible water pumps are practically zero maintenance, in which they do not
require fuel, contaminate, and finally are straight forward to install.
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16.6 Conclusion

Agriculture today suffers from multiple crises, and one of the worst crises
is pertaining irrigation and water resources. The proposed system gives the
basic principle of super-lift converters that is good for a small yard or for
watering individual plants compare with diesel water pump. SPV panels
are a low maintenance and environmentally friendly option for pumping
irrigation water. The SLMLI has the simple structure and straight forward
operation procedure, and easy control is used to construct higher level
output voltage with reduced lower THD value. The proposed super-lift
inverter with less number of semiconductor switches with minimum THD
with the optimization control techniques such as PSO by using MATLAB/
Simulink attains the value of THD 9.32% (simulation), and the appropriate
prototype model THD is 24.12%. The drip irrigation must reduce water
losses, without adding a substantial amount of head to the irrigated pump-
ing system. It is also utilized to save installation space and costs.
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