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Abstract: Grid-connected reactive-load compensation and harmonic control
are becoming a central topic as photovoltaic (PV) grid-connected systems
diversified. This research aims to produce a high-performance inverter with
a fast dynamic response for accurate reference tracking and a low total har-
monic distortion (THD) even under nonlinear load applications by improving
its control scheme. The proposed system is expected to operate in both stand-
alone mode and grid-connected mode. In stand-alone mode, the proposed
controller supplies power to critical loads, alternatively during grid-connected
mode provide excess energy to the utility. A modified variable step incremental
conductance (VS-InCond) algorithm is designed to extract maximum power
from PV. Whereas the proposed inverter controller is achieved by using a
modified PQ theory with double-band hysteresis current controller (PQ-
DBHCC) to produce a reference current based on a decomposition of a
single-phase load current. The nonlinear rectifier loads often create significant
distortion in the output voltage of single-phase inverters, due to excessive
current harmonics in the grid. Therefore, the proposed method generates a
close-loop reference current for the switching scheme, hence, minimizing the
inverter voltage distortion caused by the excessive grid current harmonics.
The simulation findings suggest the proposed control technique can effectively
yield more than 97% of power conversion efficiency while suppressing the
grid current THD by less than 2% and maintaining the unity power factor
at the grid side. The efficacy of the proposed controller is simulated using
MATLAB/Simulink.
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1 Introduction

Environmental concerns, the limitation of traditional resources, and the rising demand for
electrical energy, particularly of high quality and reliability, have resulted in the creation of distributed
energy resources (DER) that typically used renewable energy (RE) sources [1]. However, RE sources
often do not provide energy that is directly delivered to alternating current (AC) loads and/or the utility
grid. Therefore, power electronic converters such as inverters are inevitable. The inverter topology for
DER is usually single-phase or three-phase and its primary duty is to create an AC output voltage with
low voltage distortion while adhering to safety and harmonics requirements (power quality) under
both linear and nonlinear loads [2].

The main demerit of nonlinear load connected with DER system is the excessive current har-
monics in the grid is one of the most serious power quality challenges [3]. The current harmonics
might damage the conductors during high temperatures and overwhelm the electric power distribution
system, especially in grid-connected inverters with renewable integration. To address this concern, the
current harmonics can be minimized by using the appropriate control algorithms with the fundamental
source current as its input [4]. A lot of research has been initiated on the topic of single-phase inverter
controllers to provide effective management in terms of active and reactive power, current harmonics,
and power factor at the grid side between the renewable energy sources, loads, and utility grids
particularly linked to nonlinear loads. Reference [5] proposed the second-order generalized integrator
based on hysteresis current control (SOGI-HCC) for a power-optimized architecture system. The
SOGI-HCC controller is extract αβ components of the point of common coupling (PCC) voltage
as well as load current and stabilizes the direct current (DC) bus voltage under sudden load conditions
changes or high changes in solar insolation level. This controller also manages to control the injected
current to the grid to improve the power quality. However, the main concern in this system was
complex and had a slower response time due to each PV module being linked with a high gain DC-DC
converter that functional with three modes of operation. Reference [6] proposed the controller based
on proportional-integral (PI) control and Linear Active Disturbance Rejection Control (LADRC).
This controller can compensate for the load current harmonics through the inverter output current
and eliminates the complicated calculation of harmonic content analysis effectively. However, this
controller had significant disadvantages which are difficulties in the mathematical model and the usage
of a phase lock loop (PLL) for grid synchronization. Reference [7] proposed the current control scheme
using the Lyapunov function which implemented the instantaneous reactive power approach often
known as PQ theory to obtain the current reference of the parallel converter. This proposed method
provides superior performance over conventional controllers such as rotating frame PI controllers
or proportional-resonant (PR) control for the single-phase non-sinusoidal current tracking problem.
The controller is also able to control the power flow through the grid interfaced with the load and
PV power generation facility without the usage of PLL for grid synchronization. However, the main
drawback of this controller is the Lyapunov function gain, λ needs to be chosen properly and doesn’t
not able to integrate very well with sudden changes that mainly occur in PV renewable sources. The
proposed control algorithm in this paper is adopted from PQ theory with some adjustments that can be
realized in a single-phase system. HCC is chosen to replace the Lyapunov function because of its swift
dynamic reaction and responsiveness to changes in the output load parameter. However, for two-level
output voltage, a typical HCC has a high switching frequency at zero crossing of the output voltage [8].
To address the aforementioned disadvantages of typical HCC, a DBHCC is adopted in the modified
PQ theory to provide the constant switching frequency to the inverter regardless of load variation or
weak grid.
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The DER system in this paper is using PV as its generation source. PV systems feature nonlinear
I-V and P-V characteristics, with a single optimum working point known as the maximum power
point (MPP), which varies alongside fluctuating environmental circumstances [9]. Under differing
solar irradiances, an efficient and stable Maximum Power Point Tracking (MPPT) algorithm is
desirable to maximize the power yield from PV system and provide a stable DC bus voltage. There are
several studies have been done on the MPPT algorithm and the most common algorithm is based on
disturbance characteristics which include the Hill climbing method [10], perturbation and observation
(P&O) method [11] and incremental conductance (InCond) method [12]. These algorithms maximize
power by introducing disruption into circuit variables. The benefit is that the algorithm structure is
simple, nevertheless, it will oscillate around the MPP repetitively and their stability cannot be achieved
at the same instant. The P&O method proposed in [11] creates a perturbation in the operating voltage
of the PV array, whereas the hill climbing strategy proposed by [10] leads to a change in the duty ratio
of the power converter and is more appealing given its simpler control structure. Despite this, steady-
state oscillations arise in both techniques due to the perturbation. Consequently, the power loss might
well be significantly increased. While the InCond method has indeed been developed by [13] to increase
tracking accuracy and dynamic performance under rapidly fluctuating conditions. It is predicated on
the assumption that the slope of the PV array power vs. voltage curve is zero at the MPP. In principle,
the steady-state oscillations would be minimized due to the derivative of power concerning voltage
disappearing at MPP. However, due to the resolution of digital implementation, a null value of the
slope of the PV array power vs. voltage curve is relatively uncommon [14]. To capitalize all those
advantages found in InCond method, this paper proposed a modified VS-InCond to be implemented
as the MPPT algorithm. In this proposed method, the modified VS-InCond algorithm is formulated
and model to provide a stable MPP under several irradiance condition and integrate with the PQ-
DBHCC controller scheme. The comparison with the conventional InCond also being analyze thru
modelling simulation.

This paper’s main contribution is to produce a high-performance inverter with a fast dynamic
response for accurate reference tracking with high-efficiency power conversion and manage to suppress
excessive current harmonics in the grid even under nonlinear load applications yet can be functional
during both stand-alone and grid-connected modes. In addition, the proposed controller also was
designed to regulate the grid current compensates, minimize the current harmonics generated by
the local nonlinear loads and as well as adjusting the grid current phase to meet the local load
reactive power demand in such a way that the final grid-connected current harmonic content and
the grid-connected power factor can comply with the IEEE. Std. 929–2000 and IEEE Std. 1547–
2003 requirements [15]. This proposed control algorithm comes with great advantages due to its good
performance, simplicity, ease of implementation and less complex mathematical structure since PLL
derivation is eliminated. The rest of this paper is structured as follows: The modeling and system
descriptions are described in Section 2. The simulation results and the influence of several type’s
nonlinear load are analyzed in Section 3. Finally, the conclusions are given in Section 4.

2 System Descriptions and Modelling of the Proposed Control Scheme

To integrate power conversion and MPPT function in one stage, a single-stage full-bridge inverter
is used for converting DC to AC power and also for feeding the local loads and the utility grid,
while tending MPP voltage regulation across the storage capacitor. Fig. 1 shows the proposed circuit
modeling of the PV inverter grid-tied system. It mainly consists of a full-bridge DC-AC module, an
LC filter, a nonlinear load, and a connection with the power grid. Typically, a conventional solar
inverter employs two power processing stages, one via a DC–DC converter working in combination
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with the MPPT unit and the other via a DC–AC converter for power inversion. However, this proposed
structure is simple since only one control stage is implemented, which generally leads to rather good
voltage measurement at LC filter output. A leakage grid inductance is placed on the grid utility side
to help minimize the loading effect. The system is tested with three types of nonlinear loads that are
connected at the load side (at points a and b). The nonlinear load 1 is constructed by a bridge rectifier
circuit with a capacitor and resistor connected in series. The nonlinear load 2 is constructed by a bridge
rectifier circuit with a resistor. Lastly, the nonlinear load 3 is constructed by a bridge rectifier circuit
with an inductor and resistor connected in series. Under these nonlinear load conditions, the DC-link
capacitor produces energy sharing with the inverter in terms of inrush current while supplementing its
energy from the inverter under constant DC-link voltage.

Figure 1: Proposed system modeling

2.1 Proposed HCC Scheme and Modes of Operation
The full-bridge single-phase inverter consists of four power switches. There are two operating

modes for this topology. When switches S1 and S3 are closed (S2 and S4 are open), a positive voltage
is applied across the output terminals. The second operating mode happens when switches S2 and S4
are closed (S1 and S3 are open) and the voltage is reversed, allowing reverse operation at the output
circuit. To prevent shoot-through, switches on the same leg cannot be turned on simultaneously. The
inverter switching scheme is using current control approach with the DBHCC method. In this control
scheme, the measured load current of the inverter is compared with the generated reference current
of the modified PQ theory. The current error is confined within a fixed hysteresis band (HB) which
produces switching pulses for the inverters.

To achieve a lower switching frequency, the properties of the unipolar symmetrical pulse width
modulation (PWM) technique and the typical HCC technique are merged in the DBHCC method. The
proposed modified DBHCC switching control scheme is shown in Fig. 2 which has a unipolar inverter
output voltage. Switches S1 and S3 operate at larger or rising HB, while switches S2 and S4 are operated
at smaller or falling HB. The error signal band is determined by a double band which maintains the
fundamental frequency and influences the average output polarity from positive to negative and vice-
versa.
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fsw−DB = (VDC − VGRID) ∗ VGRID

2 ∗ VDC ∗ LF ∗ HB
(1)

Figure 2: DBHCC switching control scheme

It can be stated that the switching frequency calculated using (1) is obtained as a function of DC
source voltage, grid voltage, filter inductance, and HB width. The HB width should be determined
very carefully to obtain a desired switching frequency and reference current tracking. The produced
output voltage is bipolar and the inverter’s capacity to produce zero voltage level is not employed.
Conventional HCC would normally have an error band within a fixed range causing constantly
varying switching signals [16]. On contrary, the proposed DBHCC can achieve an almost constant
switching signal when the reference current is produced within the upper and lower limits of the HB.
The implementation of the controller, in reality, can be done with the help of advanced digital signal
processing or field-programmable-gate-array (FPGA) [13].

2.2 Proposed Reference Current Design
The derivation of the sinusoidal command signal (IREF) implemented in the DBHCC switching

scheme is based on the utilization of the PQ theory by applying the instantaneous load current and grid
voltage. The maximum reference power value (PMPP), which is obtained from the VS-InCond algorithm,
is used as the reference power PMPP, such that the DC-link voltage across CDC is constantly monitored
based on the maximum power supplied by the PV array. Then the active power from the grid side
is combined with PMPP as an active power component. Moreover, the reference reactive power QREF

supplied to the load is a part of the power produced by the PQ theory block and conditioned by
the single-stage inverter in such a way that both active and reactive current components are formed
individually to accommodate active and reactive power requirements as shown in Fig. 3.
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Figure 3: Detailed block diagram of the proposed controller

A single-phase system modification can be implemented to obtain four-sided symmetry. These
were achieved by setting up a lag or lead of π /2 rad to both single-phase grid voltage and load current
as represented by (2), (3) and establishing a virtual two-phase system from a single-phase system. As a
result, all the characteristics and entitlements of a three-phase system are preserved in this single-phase
system.
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The transformation of current and voltage in terms of α-β configuration to the p-q configuration
is made using (4) and (5) correspondingly, which generates P load as active power and Q load as
reactive power.

Pαβ = VαIα + VβIβ (4)

Qαβ = VβIα − VαIβ (5)

Next, the acquisition of the reference current using (6) where P∗ is the summation of Pαβ and PMPP.

This reference current, as shown in Eq. (6), governs the system’s active and reactive power.

IREF(α,β) = 1
V 2

α,β

[
Vα −Vβ

Vβ Vα

] [
P∗

Q∗

]
(6)

2.3 Proposed Modified MPPT Algorithm Design
MPPT is a key control algorithm for determining the maximum input power in response to

changes in the source of voltage and current [17]. Even though the MPPT algorithm strives to improve
efficiency, it will not perform successfully unless both steady and variable circumstances are identified
since the overall efficiency of a power conversion system is affected by all variations in source and
load. Therefore, the MPPT algorithm used to optimize the efficiency of a PV system should take these
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changes in operating circumstances into account. As noted in the introduction, there are several basic
and derivative MPPT approaches. The InCond method is chosen for the MPPT algorithm due to its
quicker convergence under rapidly changing weather conditions. Aside from its accuracy and speed,
the pace of convergence of MPPT operations is optimized by adjusting the step size of the perturbation
based on its proximity to the MPP [18].

For the conventional InCond method, when the system’s operating point is to the right of the MPP,
it may be quickly turned to the left of the MPP owing to an excessively high step size, causing the output
power to oscillate near the MPP [12]. To minimize this disadvantage, a modified VS-InCond method is
introduced. This method improves the steady-state performance of the control system and takes into
account the maximum power tracking speed and steady-state accuracy of the system based on analysis
of the dP/dV slope involved in the step calculation and also two limitations as proposed -0< step size
<0 at the voltage source and 1> step size >0 at the current source. The proposed method’s fundamental
concept is to initiate the algorithm to find a certain measured step. This step is automatically modified
based on the position of the operating point. If the operating point is too far away from the MPP, the
algorithm automatically increases the step size utilized in the duty cycle, allowing for quick tracking.
However, if the operating point is near the MPP, the algorithm will automatically reduce the step size,
as shown in Fig. 4. The step size, Mref is calculated based on the following (7) and (8) respectively.

Mref = M ∗ u (7)

M = 1 + r/rs (8)

where r = vsa/isa is the instantaneous array resistance, rs = dvsa/disa is the incremental resistance and
u is the unity conversion factor to the resistance domain.

Figure 4: Variation of step size in the proposed algorithm
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Fig. 5 shows the flowchart of the proposed modified VS-InCond algorithm. Firstly, the arbitrary
reference value is set. After that after the sampling period, the PV current and voltage are detected and
fed to the algorithm. The controller calculates the step size, and the voltage derivative is compared with
the limitation condition. Finally, the PMPP is modified by the controller.

Figure 5: Flowchart of modified VS-InCond algorithm

3 Simulation Results and Analysis

To validate the proposed system, simulation modeling is performed in the MATLAB/SIMULINK
environment. The simulations mainly analyze the proposed system performance in terms of active and
reactive power compensation and also the THD of grid current during nonlinear load operations with
various irradiance fluctuations. The design parameters used are shown in Table 1.

Table 1: System modelling parameters

Parameters Values

PV maximum power 465 W
PV voltage at MPP 375 V
PV current at MPP 1.24 A
PV open-circuit voltage 22.53 V

(Continued)
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Table 1: Continued
Parameters Values

PV short-circuit current 1.5 A
Temperature coefficient of VOC −0.35%/°C
Temperature coefficient of ISC 0.05%/°C
Temperature of normal operation cell 25°C
Grid voltage 230 Vrms, 50 Hz
DC capacitance 900 uF
LCL filter 30 mH, 140 uF
Grid inductance 60 mH
Nonlinear load 1 Bridge rectifier

R = 170 �, C = 32 uF
Nonlinear load 2 Bridge rectifier

R = 200 �

Nonlinear load 3 Bridge rectifier
R = 170 �, L = 320 mH

Switching frequency 10k Hz

3.1 Start-Up Test Condition
Following standard test conditions (STC), the reference irradiance is set at 1000 W/m2 and 25°C

temperature. The measured active powers are 231.81 W for nonlinear load 1, 264.46 W for nonlinear
load 2 and 230.55 W for nonlinear load 3 respectively. Figs. 6a–6c show the simulation results in the
case of the above nonlinear load applications. As can be seen, the grid voltage (325 V peak) and grid
current waveforms (1.42 A peak, 1.20 A peak and 1.41 A peak respectively) are in phase, indicating that
the unity power factor is well regulated at the grid side. During this condition, the inverter currents
(3.29 A peak lagging by 30.3°, 2.8 A peak and 3.3 A peak leading by 30.6° respectively) supply the
nonlinear load. While, the nonlinear load currents are 1.65 A peak leading by 30.3°, 1.63 A peak and
1.65 A peak lagging by 30.6° respectively.

Figure 6: (Continued)



2450 IASC, 2023, vol.37, no.2

Figure 6: Voltage and current waveforms of the system at STC 1000 W/m2 under (a) nonlinear load 1
(b) nonlinear load 2 (c) nonlinear load 3

3.2 Dynamic Test Condition
In this section, the capability of the proposed controller is tested under varying solar intensities.

Fig. 7a demonstrates the system performances when irradiance changes from 800 to 200 W/m2 at 4 s,
while the temperature is maintained at 25°C with nonlinear load 1 at 231.81 W. During irradiance
800 W/m2, the inverter (2.64 A peak) supplies the nonlinear load and the active power is also delivered
to grid side (0.85 A peak). It can also be seen that the inverter current is severely affected by the
nonlinear load, while the grid current is not affected at all due to the effective regulation of the
proposed controller. At irradiance 200 W/m2, due to the low irradiance condition, the nonlinear load 1
draws power from the grid (−0.88 A peak) since inverter power (0.63 A peak) is not able to completely
meet the load demand.

Meanwhile, Fig. 7b shows the simulation result when the proposed system is tested with nonlinear
load 2. At irradiance 800 W/m2, the inverter supplies the load with 2.26 A peak current and the surplus
is delivered to the grid at 0.64 A peak. At irradiance 200 W/m2, the grid complements the remaining
load power at −1.08 A peak current and the inverter only manages to deliver 0.55 A peak current to
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the load. This is due to the low irradiance on the DC supply side. Fig. 7c shows the output waveform
for the nonlinear load 3 testing. At irradiance 800 W/m2, the inverter supplies the load with 2.64 A
peak current and the surplus of 0.86 A peak current is delivered to the grid. During low irradiance at
200 W/m2, the inverter only manages to supply the load with 0.63 A peak current, while the remaining
current is drawn from the grid at −0.88 A peak. As can be observed, whether resistive, capacitive or
inductive nonlinear loads, the proposed controller manages to maintain the unity power factor level
at the grid side. The grid side is also not affected by the nonlinear loads. While the inverter current is
affected due to the nonlinear load conditions. The proposed controller stabilizes within less than 0.5 s
during the transients.

Figure 7: (Continued)
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Figure 7: Voltage and current waveforms of the system at 800 and 200 W/m2 with (a) nonlinear load 1
(b) nonlinear load 2 (c) nonlinear load 3

Fig. 8 shows the analysis of active power control of the overall system. Pinverter, Pload and Pgrid
are the inverter output active power, load active power and active power injected into the grid or vice
versa. Fig. 8a shows the result for nonlinear load 1. At 1000 W/m2, the inverter power supplied by the
PV array is about 462 W, while the surplus power delivered to the grid is 230.19 W. When the sunlight
intensity changed to 800 W/m2, the inverter power supplied by the PV array is reduced to 370 W with
the surplus power to the grid at 138.19 W. During low sunlight intensity condition which occurs at
200 W/m2, a grid power of −143.81 W is taken to supply the nonlinear load 1 (231.81 W). This happens
since the load draws higher power than the available inverter power at 88 W. Fig. 8b shows the result for
nonlinear load 2 testing. At 1000 W/m2, the inverter power supplied by the PV array is 460 W, while the
surplus delivered to the grid is 195.54 W. When sunlight intensity is changed to 800 W/m2, the inverter
power supplied by the PV array is 368 W with the surplus power to the grid being 103.54 W. Fig. 8c
shows the result for nonlinear load 3 testing. At 1000 W/m2, the inverter power supplied by the PV
array is about 460 W. The grid receives 229.45 W and the load absorbs 228.75 W. When the sunlight
intensity changed to 800 W/m2, the inverter power supplied by the PV array is about 370 W and the
grid takes about 139.45 W. During low sunlight intensity condition which occurs at 200 W/m2, the grid
power is at −142.55 W which indicates that the grid partially supplies power to the nonlinear load 3
(at 230.55 W). While the inverter makes up another 88 W to the load. Based on the results, the spike of
sudden irradiance changes is only less than 0.5 s for the proposed controller to full operation. These
results prove that the proposed controller manages to regulate and control the active and reactive
powers between the inverter, nonlinear load and grid.

From FFT analyses, the THD values of the grid current are analyze. The THD values are 1.6%
for the nonlinear load 1, 0.95% for nonlinear load 2 and 1.5% for nonlinear load 3 respectively. The
THD values indicate that the grid current is not affected by the nonlinear load. THDs are well within
the specified limits of IEEE 519 standards. The active power compensation and grid current THD
comparison for the different type of load and irradiance is presented in Table 2.
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Figure 8: Active power flow of the system at 1000, 800 and 200 W/m2 (a) nonlinear load 1 (b) nonlinear
load 2 (c) nonlinear load 3
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Table 2: Comparative evaluation of active power and grid current THD for PQ-DBHCC algorithm

Irradiance,
Temperature

Type of
nonlinear load

Inverter power Load power Grid power THDi grid

1000 W/m2, 25°C Load 1 462 W 231.81 W 230.19 W 1.6%
Load 2 460 W 264.46 W 195.54 W 0.95%
Load 3 460 W 230.55 W 229.45 W 1.5%

800 W/m2, 25°C Load 1 370 W 231.81 W 138.19 W 1.1%
Load 2 368 W 264.46 W 103.54 W 0.85%
Load 3 370 W 230.55 W 139.45 W 1.12%

200 W/m2, 25°C Load 1 88 W 231.81 W −143.81 W 1.2%
Load 2 89 W 264.46 W −175.46 1.0%
Load 3 88 W 230.55 W −142.55 W 1.25%

3.3 Comparison of the MPPT Algorithm
Fig. 9 shows the MPP can be tracked for less than 1 s during each irradiance change. The

modified VS-InCond algorithm can track the MPP within 0.5 s. The steady-state oscillation amplitude
is recorded at 465 W when the working point approaches the MPP in the case of 1000 W/m2. When the
solar intensity is changed from 1000 W/m2 to 800 W/m2 at 2 s, the steady state oscillation amplitude
is about 372 W reached within 1 s. At 5 s, the light intensity drops to 600 W/m2 and the modified
algorithm can track the maximum power within less than 0.5 s, the oscillation amplitude is around
184 W. At 7 s, the light intensity drops to 200 W/m2, and it takes 2.5 s for the system to track the MPP
again at 90.21 W. The modified VS-InCond algorithm also proves that it remains unchanged after the
MPP is reached during irradiance variation.

Figure 9: Active power of modified VS-InCond algorithm
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Efficiency is another crucial measure in any power conversion system. The proposed modified VS-
InCond is evaluated for its efficiency under tested loads and irradiance changes. Based on PMPP and
PINVERTER (as observed in Figs. 8a–8c respectively) the power conversion efficiency can be calculated
using Eq. (9) and tabulated in Table 3. At irradiance 1000 W/m2, the efficiency of power conversion for
nonlinear load 1 is 99.35%. While, for nonlinear load 2 and load 3, the efficiency of power conversion
are 98.92%. Then, at irradiance 800 W/m2, the efficiency of power conversion for nonlinear load 1 and
load 3 are 99.46% and for nonlinear load 2 is 98.92%. Whereas, at 600 W/m2, the efficiency of power
conversion for nonlinear load 1 and load 3 are 98.91% and for nonlinear load 2 is 97.82%. Lastly, at
irradiance 200 W/m2, the power conversion efficiency is 98.75% for nonlinear load 2 and 97.64% for
nonlinear load 1 and load 3.

ηPOWER COVERSION = PINVERTER

PMPP

× 100% (9)

Table 3: Efficiency comparison of modified VS-InCond

Irradiance,
temperature

Type of nonlinear
load

MPP power Inverter power Conversion efficiency

1000 W/m2, 25°C Load 1 465 W 462 W 99.35%
Load 2 460 W 98.92%
Load 3 460 W 98.92%

800 W/m2, 25°C Load 1 372 W 370 W 99.46%
Load 2 368 W 98.92%
Load 3 370 W 99.46%

600 W/m2, 25°C Load 1 184 W 182 W 98.91%
Load 2 180 W 97.82%
Load 3 182 W 98.91%

200 W/m2, 25°C Load 1 90.12 W 88 W 97.64%
Load 2 89 W 98.75%
Load 3 88 W 97.64%

In order to verify the capability of the modified VS-InCond algorithm, comparisons are carried
out with the conventional InCond algorithm developed by [12]. Fig. 10 shows that the conventional
InCond algorithm takes about 0.5 s to track the MPP at 1000 W/m2 and the oscillation amplitude is
range from 465 W to 463 W. whereas, at 800 W/m2, the MPP is track within 0.6 s and the oscillation
amplitude is unsettle between 465 to 463 W between 359 to 348 W. Then, when irradiance changes
from 800 to 600 W/m2 at 5 s, the new MPP is track within 0.55 s and the oscillation amplitude is
range between 183.75 to 183.3 W. At 200 W/m2, the new MPP is track within 1.2 s and the oscillation
amplitude is range between 83.7 to 83 W. From the figures, it is observed that when irradiance changes
and the oscillation at the MPP is high and difficult to stabilize at the maximum theoretical peak.
Comparing the results in Figs. 9 and 10, it can be noticed that the proposed modified VS-InCond
algorithm minimizes the oscillations at the MPP. The modified algorithm combines tracking speed
and steady-state precision and delivers the desired result, indicating that the proposed control scheme
is effectively possible.



2456 IASC, 2023, vol.37, no.2

Figure 10: Active power of conventional InCond algorithm

4 Conclusion

This paper presents the performance of a grid-connected single-phase inverter for nonlinear load
applications in PV renewable energy systems. As justified by the simulation findings, the improved
current control scheme consisting of modified PQ theory and DBHCC can effectively reduce the
voltage distortion of the inverter caused by several types of nonlinear loads, minimize the grid current
harmonics within 5% specified limits of IEEE 519 standards and regulate unity power factor at the grid
side. The proposed control scheme is also able to deliver a power conversion efficiency of more than
97% based on several irradiance changes modeling. Also by comparing the results of the proposed
modified VS-InCond MPPT algorithm with the conventional InCond MPPT algorithm, it is found
that the proposed modified VS-InCond MPPT algorithm has superior performance in delivering a
stable active power from the PV arrays to the load and the grid network during various irradiance
conditions.
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