engineering
proceedings

Proceeding Paper

An Improved Control Strategy for Single-Phase Single-Stage
Grid-Tied PV System Based on Incremental Conductance

MPPT, Modified PQ Theory, and Hysteresis Current Control '

Nur Fairuz Mohamed Yusof 1, Dahaman Ishak 2-*

check for
updates

Citation: Yusof, N.EM.; Ishak, D.;
Salem, M. An Improved Control
Strategy for Single-Phase
Single-Stage Grid-Tied PV System
Based on Incremental Conductance
MPPT, Modified PQ Theory, and
Hysteresis Current Control. Eng.
Proc. 2021, 12,91. https://doi.org/
10.3390/ engproc2021012091

Academic Editor: Shahid Igbal

Published: 21 January 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://

creativecommons.org/licenses /by /
4.0/).

and Mohamed Salem 2

Faculty of Electrical Engineering Technology, Universiti Malaysia Perlis, Arau 02600, Perlis, Malaysia;
nurfairuz@unimap.edu.my

School of Electrical & Electronic Engineering, Universiti Sains Malaysia, Nibong Tebal 14300, Penang,
Malaysia; salemm@usm.my

Correspondence: dahaman@usm.my

t Presented at the 1st International Conference on Energy, Power and Environment, Gujrat, Pakistan,
11-12 November 2021.

Abstract: In this paper, a modified variable step Incremental Conductance (VS-InCond) algorithm
integrated with modified pq theory and double-band hysteresis current control (PQ-DBHCC) is
proposed for the implementation on a single-stage single-phase grid-tied photovoltaic (PV) inverter
system. As the single-phase inverter in a grid-tied PV system receives varying DC voltage from
PV modules, the PQ-DBHCC strategy is deployed to regulate the ac output voltage along with its
capability to deliver the maximum power during onload conditions. VS-InCond algorithm and
DC-link capacitor are used as the interface between the PV modules and the inverter for tracking
maximum power point. Furthermore, the PQ-DBHCC strategy also controls active and reactive power
between inverter, load, and grid. The simulation results obtained from MATLAB Simulink software
show that PQ-DBHCC strategy is capable of achieving the desired fixed DC voltage at inverter input
and maintaining the maximum power point tracking, even under varying environmental conditions
and load variations. The inverter ac output has a steady 230 Vrms at 50 Hz frequency. The total
harmonic distortions (THDs) of output ac current and ac voltage are observed to be less than 5%, as
recommended in IEEE 519 standard. Additionally, during full load conditions, the proposed system
successfully delivers 95% of the theoretical maximum power from PV modules.

Keywords: inverter grid-connected; hysteresis current control; p-q theory

1. Introduction

With more emphasis among nations and business communities towards the initiatives
for climate change, solar energy has attracted greater attention due to its availability in
abundance and emission-free energy source. Grid-connected photovoltaic (GPV) generation
system connected to the low-voltage distributed generations (DG) has become the research
hotspot. In grid-connected DG, single-phase inverters are primarily used to inject active
power into the grid. However, the inverter should not be limited to inject the active power
into the grid; quite the contrary, it should also have the capability to contribute to the
voltage regulation and establish the support for the grid through providing reactive power
control as an ancillary service, injecting the reactive power if there is a demand, and/or
absorbing the reactive power if there is a surplus in the grid [1].

The primary approaches for regulating active and reactive powers are reactive power
detection, acquisition of the grid-connected reference current, and grid current control. The
instantaneous reactive power (IRP) theory [2] and the synchronous reference frame (SRF)
theory are those most referred to [3,4]. The active and reactive powers in a three-phase
system may be easily managed by using SRF and IRP methods with two orthogonal axes.

Eng. Proc. 2021, 12, 91. https://doi.org/10.3390/engproc2021012091

https:/ /www.mdpi.com/journal/engproc


https://doi.org/10.3390/engproc2021012091
https://doi.org/10.3390/engproc2021012091
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/engproc
https://www.mdpi.com
https://orcid.org/0000-0001-9363-6339
https://orcid.org/0000-0003-2290-998X
https://doi.org/10.3390/engproc2021012091
https://www.mdpi.com/journal/engproc
https://www.mdpi.com/article/10.3390/engproc2021012091?type=check_update&version=1

Eng. Proc. 2021, 12, 91

2o0f4

In a single-phase DG system, the IRP and SRF theories with two orthogonal variables
obtained from a single variable were applied. The virtual o-f3 phase currents are generated
using a 90 phase-shift operation at the fundamental frequency in this technique, which
imposes a considerable long delay and impairs the system dynamic responsiveness. To
overcome the problem mentioned, the pq theory is proposed in this system [5,6].

There are several current control methods available including mainly proportional-
integral (PI) control [7], proportional-resonant (PR) control [8], predictive current control [9],
fuzzy control [1], and hysteresis (HCC) [10]. The other controller mentioned is simple and
straightforward to establish, but also tracks a reference current with a high steady-state
error. Due to the application of its band, the HCC controller can track the reference current
with zero steady-state errors, making it suitable to be used in this application. In this
paper, an improved PQ-DBHCC is proposed for the single-phase DG system located at the
end of the feeder, while VS-InCond algorithm is used to regulate the dc-link voltage to a
desired value.

The rest of the paper is organized as follows. Section 2 describes an in-depth explana-
tion of the proposed controller. Section 3 discusses and analyses the results obtained from
the simulation. All the key findings of the research work are concluded in Section 4.

2. Methodology of Proposed Controller

The block diagram of the proposed system is shown in Figure 1. The inverter consists
of four switching devices (represented as ideal switches) connected in the form of a full-
bridge topologies. In order to filter out the harmonics present during on-load operation, an
LCL filter is connected at the output stage of the inverter. The inductor at the grid side acts
as the grid-connected reactor. The input power for the proposed inverter is sourced from
the PV arrays.
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Figure 1. Configuration of the proposed single-phase grid-connected PV system.

The single-phase system transformation to two orthogonal variables can be carried out
by creating a virtual two-phase. This virtual concept introducing a lag or lead of 7t/2 rad to
both single-phase voltage and current as expressed in Equations (1) and (2). As a matter of
fact, all of the features and benefits of a three-phase system are retained in a single-phase
system.
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Then, the pq theory defines the instantaneous active power, P, g, and instantaneous
reactive power, Qg in terms of a—f components as

Pap= Valy + V‘Blﬁ 3)
Qaﬁ = V‘Bsz - szlﬁ 4)
The reference current in the a—f coordinate as obtained from pq theory is given by
1 Vo —Vp ] [ P* }
I = —— 5
REF(x,B) Vucz,ﬁ { Vs Ve o ®)

where V,f g = Vlf + Vg, P* is the reference active power obtained from summation of Pjpp
and P,p, and Q* is the reference reactive power.

3. Results and Discussion

The simulation is carried out in MATLAB Simulink software and its parameters are
listed in Table 1. To verify the system performance, the initial light intensity is set at 0 W/m?
and the local load is inductive, i.e., Z}, = 94.99+j67.54 Q). Later, the light intensity changes
to 800 W/m? at t =3 s and 1000 W/m? at t = 6 s, respectively. Simulation waveforms are
shown in Figure 2a,b, where Vgrid is the grid voltage, Igrid and linverter are the grid
current and inverter current, respectively. Pinverter and Qinverter are the inverter output
active power and reactive power, respectively. Pgrid and Qgrid are the active power and
reactive power injected into the grid, respectively. Under low irradiance condition from 0 to
3 s, the load consumes active and reactive power from the grid simultaneously. When the
light intensity increases, from 3 s onwards, the inverter provides not only active power and
reactive power for the local load, but also supplies the remaining energy into the grid. The
DG system can regulate active and reactive power effectively under varying environmental
conditions. Table 2 shows more detailed results.

Table 1. Simulations Parameters.

DC Link Capacitor LCL Filter Grid Inductance Switching
Frequency
600 uF Lp1p =3mH, Cg =1 uF LGz =10 mH 10 kHz

Figure 2. (a) Grid voltage and Current; (b) active and reactive power of grid and inverter.
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Table 2. Active and Reactive power under varying irradiance.

Irradiance (W/m?), Ppy PinverTEr  QiNVvERTER  PGRID QGRrID THDi
Temp (°C) (Watts) (Watts) (VAR) (Watts) (VAR)  Load (%)
0,25 0 20.71 14.66 —390 —277
800, 25 372 368 261.60 -1 0.99 0.5
1000, 25 465 460 327 91 65

4. Conclusions

In this paper, an improved active-reactive power control method is proposed to realize
in the power compensation. Compared with the others method mentioned in Section 1, the
proposed system has solved the shortage of the long delay. VS-InCond algorithm is used
to stabilize the dc-link voltage and speeds up the system response by delivering above
95% theoretical maximum power of PV modules, while the PQ-DBHCC method tracks
the reference current with zero steady error and reduces the current distortion due to the
frequency offset and distortion of the grid voltage, while maintaining the THD value within
5% limit set by the IEEE 519 standard.
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