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Abstract

In rural areas that are remote from power transmission lines, Photovoltaic (PV) systems are almost a must for any
power system in order to supply electricity through independent systems. The surrounding environment, including
temperature and sun radiation, has an impact on photovoltaic systems that generate electricity. For this reason, these
systems employ Maximum Power Point Tracking (MPPT) techniques. This document offers a comprehensive analysis
of the relationship between the grid and PV systems, beginning with the relationship between the circuit and PV cell,
which includes the converter for Buck With the help of a three-phase converter that synchronizes the PV system with
the utility power grid using two control loops (voltage-current), DC-DC operates with the Perturb and Observation
(P&0) algorithm for MPPT applied to a 120kW PV array. All of the earlier parts were linked to the utility power grid via
a three-phase converter, which synchronizes the PV system with the grid and feeds it with active power with a power
factor of one using two voltage-current control loops. MATLAB/Simulink was used to apply the simulation outcome.

Keywords: Photovoltaic; Three phase transformer; MPPT; P&O; Buck converter

1. Introduction

Concerning the environmental effects of traditional power plants, the penetration of Renewable Energy Systems (RES)
has grown in the last two decades, PV systems and wind turbines are the most common types of renewable energy
generating systems. The PV systems consist of standalone and grid-connected systems [1]. Moreover, grid-connected
systems contain large-scale (centralized) or small-scale (disturbed) systems [2]. The absorbed power from PV systems
is highly changed with the amount of temperature and irradiance for solar [3], we have many Maximum Power Point
Tracking (MPPT) techniques being used with it, such as Neural networks [4], Fuzzy logic, Perturb and Observation
(P&0) algorithm, incremental conductance, Constant voltage and open circuit voltage etc..[5]. The converter of DC-DC
is an important component in PV systems, it adjusts the output voltage of a Photovoltaic panel on a fixed value or for
varying values as in the case of MPP tracking, there are many kinds of DC-DC converters are being used to have higher
or lower voltage from the PV such as Buck-Boost, Boost, Cuk, Buck, and SEPIC etc...[6], [7]. For connecting two or more
electrical power systems there are four essential conditions that must be fulfilled, In PV systems the centralized inverter
is responsible for this operation [8].

In the first section of this paper, the aim of the article is positioned along with five parameters circuit of a PV cell were
introduced, and then we will model a 120kW PV array, the second part P&O algorithm has been used for control of the
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cycle at the converter, the converter of third party for DC-DC Buck works with the algorithm of the P&O, the fourth is a
three-phase inverter with two control loops were modelled to apply the role of interface between the grid and
Photovoltaic. The remaining sections of the paper are organized as follows. The PV cell description is positioned in
Section 2. Section 3 presents the Perturb and Observation (P&O0) algorithm along with the flowchart and mathematical
equations of the aforementioned method. The Buck converter details are placed in Section 4. The main operation
structure of the proposed system appears in Section 5. The obtained results and its discussion are located in Section 6
along with the sub sections. Section 7 discussing the case study. Finally, the summary conclusion of the article is
presented followed by cited references.

2. PV Cell

For this paper we will use a single diode with series resistance and parallel resistance for modelling the operation of a
PV cell. This model will use both series resistance (Rg) and the second resistance for the PV system, the handle one is
Rgp, [9] - The realistic results had been obtained. The equivalent circuit of PV Cell is represented in Figure 1.
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Figure 1 Circuit of PV cell includes R, and R

The value of output current for PV is described with the expression:
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Taking into account the expressions for the I and Ig;,, we will solve. The intensity of current produced by photovoltaic
system into the load has this characteristic:
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K refer to Boltzmann constant, n denotes as the factor of the Diode 1 < n < 2, q is the Electron Charge 1.6021X107?,
I,n represents the photocurrent, I, stand for saturation of Diode current, T indicates the operation temperature.

3. The Algorithm OF P&O MPPT

The P&O is an repeated method for the track of MPP [10], [11]. The operation is depending on periodic measures for
current and the voltage of PV system to knows the system power; the value will compared with previous power values,
the voltage of operating for the system is modified [12]. When the array of power will increase (dP/dV > 0), we can
control and adjusts the PV system for array of operating point in this direction, or the operating point will move to the
opposite direction. This process is continuously repeated until the MPP is reached; the system keeps oscillating around
this point. Figure 2 shows the flowchart of P&O algorithm [13].
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Figure 2 Flowchart of P&0 MPPT method

4. BUCK Converter

The converter for DC-DC buck operates in a step-down direction, it means will step down the high voltage for input to
the low voltage for output, the magnitude of the output voltage is always lower than the input voltage. This converter
will connect to low voltage DC of load or for the bank of battery from a high PV array voltage.

s

Figure 3 Circuit topology of DC-DC buck converter

The converters of DC-DC buck are used in so high range step down and low power range regulators of converters,
because it's simple of topology with low control, and less number for components with no isolation. Most of the DC-DC
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buck converters are used for charging of the battery when the high input voltage is modulated through PWM to generate
the required of low output voltage for the batteries, while the MPP tracking is ordered to maximize of the output power
which obtained from the PV arrays. Figure 3 the basic of circuit topology for DC-DC Buck converter [14].

The output voltage is expressed in Eq. (5) and D indicates the duty cycle.

5. Proposed Control Structure

The controller consists of two control loops, the first one is the voltage regulator which controls the amplitude of voltage
supply in the output using transformations of two axes (d, q), and the second loop is current control which regulates
the active power provided by the system at unity power factor or less depending on dispatch parameters. The use of
two independent Loops in the controller helps in the process of regulating the voltage supply and injecting the active or
reactive power separately. Figure 4 shows the general layout of the used controller which depends on the equations of
the modelling inverter. The concept of the Utility Grid effort and the basic value of Voltage and Active power for using
PU, the voltage and current values from the photovoltaic system were calculated using the PU system before conversion
to the two rotating axis (d,q) [15]. The phase lock technique PLL was used to obtain angle velocity (wt). Since the work
of the controller is dependent on the rotary (dq) theory, it is necessary to make park’s transformations for network
voltage and the current generated by the PV system. The regulator of voltage adjusts the alternating current voltage and
determines reference value (ig_ref), Where the active power provided by the system relates to the value of the current
iq and voltage vy.
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Figure 4 Proposed Control structure
The voltage regulator ensures that the active power is provided to the utility grid, by adjusting the voltage amplitude

and not passing the power in the opposite direction. For the current controller, it determines the value of currents i4iq to
be provided from the PV system [16]. The active and reactive power capacity is given with the d,q axis:
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P = Vdid + tiq & Q = tid - Vdiq TR (6)

The reference value ig_rr = 0 is then taken to provide active power for the unity of power factor. When finding the
value oquVd in the rotating sentence, we convert it to the sentence (a, b, c) to determine the reference sinusoidal signal
used to generate PWM pulses. The outline of the control of the key is given in Figure 5.

Pl

Voltage regulator [ o] ' . I

Current Controller

Figure 5 Detailed structure of the controller

6. Simulation and Results

6.1. Five Parameters Model

Using Five parameters equivalent Circuit and equations for studying the performance of PV panel as presented in Table
1 under different of values for the Solar irradiance and the temperature, we use the same constants of the PV panel for
(Samsung SDIPV-MBA1CG255) from MATLAB/Simulink 2017 which are:

Table 1 Five parameters model

1 sc I/OC Vmpp Ig max n

8.894 | 38.1V | 30.5V | 255w | 60 cell

Figure 6 shows the simulation of PV cell equations:

100



World Journal of Advanced Engineering Technology and Sciences, 2023, 10(02), 096-111

I= Iph-Id-Ish

Figure 6 Simulation of PV cell

We will put all these equations in subsystem and connect it to current source, we will have the electrical output of PV

cell as shown in Figure 7.

Continuous

powergui

Figure 7 PV module simulation

Under different Values of solar irradiance [1000-600-400] the output voltage is in Figure 8.
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Figure 8 Output voltage

6.2. P&0O- MPPT Algorithm with buck converter

Appling P&O algorithm as a function in MATLAB/Simulink to control the Buck converter, the input variables are Ipy, Vpy,
T (time of sampling), the function will compare the output power according to the changes of Duty Cycle and will decide
to increase or decrease it. As the result we will use the maximum load (Resistance), it's worth to mention the P&0O
applied directly on the Gate of the transistor on the Buck converter [17]. The simulation for PV system with MPPT are
being in Figure 9.
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Figure 9 MPPT with PV Module

The output of Current and voltage for PV at MMP described in Figure 10.
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Figure 10 The output Current and voltage for PV

6.3. Inverter Controller

The Inverter controller is the most important component in this simulation because it can fulfil three synchronization
conditions, to guarantee the active power flow from the PV, it consists of voltage loop which decide, where the active
power will be injected to the utility grid and maintain the amplitude of output voltage equal to utility grid voltage, the
second loop is current loop which insure that the current is flowing form the PV system to the grid. The frequency
condition of synchronization will be fulfilled with PLL technic which can control the frequency of PWM of the inverter
[18]. Before applying Park’s transformations, we should use the PU system so all the parameters will be the same type
and can be controlled and adjusted. The nominal value of PV power is the base and utility grid voltage is the base for PU
system. Figure 11 shows voltage loop in the controller.

vde ) »{-. b—& Pl(z)/ >

VPPT PU  Discrete PID Controller1

700

Figure 11 Voltage loop

The Figure 11 shows the output of PI controller is ld-ref (the active power produced from PV system) and Iq-rer=0 because
there isn’t reactive power in the DC voltage and all the adjustment will be applied in active power through the current
loop in the next step. Figure 12 shows Park’s transformations [19], PU calculations and current loop which compare the
output Current of inverter with Idref and Iqrer then using PI controller to decide the adjustment needed in the output
voltage in (d,q,0).
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Figure 12 Park’s transformations, PU calculations and current loop

The selectors is used to eliminate the third sequence in (d,q,0) cause there is no need for it in normal conditions. The
output of PI controller goes to output voltage for the inverter as adjustment signal. The (d,q) inverter voltage has been
modeled as result of the value of grid voltage in (d,q) with the voltage drop in the coupling indictors as shown in Figure
13.

Current Loop output

Vgrid_d

Vgnd_q

::P Vd+Vq inverter

Id,lq PV

L1

Figure 13 Modeling inverter output voltage in (d-q)

7. Case study

In the simulation we use a 66/20KkV distribution power system with three phase and heap electrical loads, now we apply
a 125kw PV system consist of 500 PV module with nominal power 250w, the PV array has 25 with Parallel strings , 20
Series-connected modules per string (25x20=500), these array works in MPPT with P&O algorithm through a Buck
converters connected , with side of DC-link, the DC link is connected to the central inverter which will be the interface
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between the grid and PV system, the studying consist of two stages: the first one is before synchronization and the
second one after the synchronization, we will see the performance of the Utility grid with and without the PV system ,

how it will be effected. We also use two switchers to control these stages of studying. The full simulation of the system
is shown in Figure 14.
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Figure 14 The full simulation of the system

7.1. Before Synchronization

In this situation the switchers are off which means that Utility grid will feed all the loads in the system with active and
reactive power, Figure 15 shows the active power in kW and reactive power in kVAR flow in the grid.
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Figure 15 Active and reactive power produced from the grid

It's about 382 kW and 210kVAR flow through power lines in the grid. The frequency and voltage amplitude are the most
important parameters and has to be in the acceptable range, in Figure 16 we can see that the three-phase ac voltage in
the power lines and it's pure sine wave without THD and has a constant amplitude. In the second part in Figure 16 the
frequency in the utility grid and it has value constant on 50Hz [20].
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Figure 16 Voltage and frequency of utility grid

The overall current is shown in Figure 17, which will be used for judging the performance of PV system.

Figure 17 Overall current

7.2. After Synchronization

When we close the switchers the role of inverter will begin in fulfilling synchronization conditions, after a small transit
state the PV system will produce active power, and it will flow in the utility grid. Figure 18 describes active power in
kW and reactive power in kVAR flow in the grid after synchronization which will be less than the first state (Before
synchronization) by the same amount of active power produced by the PV system.
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Figure 18 The active power in kW and reactive power

Synchronization the utility grid's active power was around 382kW and the reactive power was 210kVAR, now after the
synchronization the active power from the utility We can see that the reactive power isn’t affected a lot, because all the
power injected by the PV system is active. The reactive power gets slightly less because the power losses in the power
lines are getting lower due to the flow of active power from the PV reducing the active power flow in the Utility grid so.
The active power produced from the utility grid decreased by the same amount of the power produced from the PV
System, before the grid around 265kW and the reactive power 195kVAR, which indicates that using PV systems and
disturbed generating can increase the capability of power lines to transport the active power, while decrease the power
losses and reactive power flow in the grid.

Concerning the parameters of power system (Voltage - frequency) after synchronization, Figure 19 shows the voltage
and frequency after injecting the power from PV system, and we can see that the voltage is 20kV RMS value and
frequency is 50 Hz and stay in the acceptable range. In some Utility grid the renewable energy generating systems used
to support the power system to maintain it’s essential parameters in the nominal values through adjusting the power
factor of the inverters of the renewable energy system which change the power flow in the grid to keep the voltage and
frequency in the grid nodes in the nominal values.
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Figure 19 Voltage and frequency After synchronization

Figure 20 Current from the grid and current form PV after synchronization

As the power flow changes the current in the utility grid has to change in the same way, Figure 20 shows the current
from the utility grid and the current production by PV cell, we can figure out that the utility grid decreased as the same
amount of the current produced from the PV system. Before synchronization the current was about peak value 20 Amp

on the 20kV side, after synchronization the current is peak value 15 Amp and the produced current from PV is peak
value 5 Amp as shown in Figure 20.
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8. Conclusion

Renewable energy-generating systems can participate in disturbed utility grids and produce active or reactive power
according to the need of the system by changing the power factor of the working inverter. before synchronization utility
grid produced 382 kW, 210kVAR and 20A peak value current and the frequency was 50Hz, after synchronization the
photovoltaic system inject nearly 125kW and 5 A peak current and the frequency maintain 50Hz, so the load and current
flow will change. The utility grid produces 265 kW, 195kVAR and 5A peak value current which indicates that the active
power generated from PV system was injected in utility grid.
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