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REACTIVE POWER CONTROL WITH THREE-PHASE INVERTER
FOR GRID-CONNECTED PHOTOVOLTAICSYSTEM

DIEU KHIEN CONG SUAT PHAN KHANG BANG INVERTER BA PHA

CHO HE THONG NGUON DIEN MAT TRGI HOA LUGI

ABSTRACT

In recent years, renewable energy sources have greatly affected the
structure and operation of power systems. Previously, grid-connected PV
generators using inverters were only allowed to generate active power to ensure
the utilities to adjust the voltage in the distribution grid. It is no longer optimal
for system power transmission and system stability, especially when solar power
sources with a capacity of hundreds of MWs having a role in regulating grid
voltage. Accordingly, this paper proposes a smart inverter model of a grid-
connected PV system that can regulate the reactive power. We use PSCAD
software to simulate and analyze the grid-connected solar PV system. Simulation
results show the feasibility of this control model.

Keywords: Photovoltaic; reactive power control; grid-connected Inverter;
MPPT: Clarke and Park transformation.

TOM TAT

Trong nhiing ndm gan day, su tham gia cda cac nquén nang lugng tdi tao
anh hudng I6n dén cdu tric va su van hanh cla hé thong dién. Trudc day, cac
nguon dién mat trgi phan tan khi hoa ludi dugc thiét 1ap chi phat cong sudt tac
dung. Hién nay khi sd lugng va cong sudt ddt cla cac nguon nang lugng mat troi
ngay mdt tang, kha nang diéu khién phat dong thoi cong suat tac dung va cong
sudt phan khang tré nén rdt quan trong cho van hanh hé thong dién. Nnam muc
dich gidi quyét van dé trén, bai bdo nay dé xuat mgt mo hinh inverter cla hé
thdng dién mat troi pin quang dién hoa ludi ¢6 kha nang diéu chinh cong suat
phéan khang. Nghién ciiu st dung phan mém PSCAD d& mé phong va phén tich hé
thdng dién mat trgi pin quang dién hoa ludi. Két qua md phdng chi ra tinh kha
thi cia mo hinh diéu khién nay.

Tir khéa: Dién mt troi; diéu khién cong sudt phan khdng; bién tdn néi ludi;
MPPT: bién ddi Clarke va Park.
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1.INTRODUCTION

The last decades, solar energy has grown rapidly
worldwide due to the need for supplying the power
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demand. The most efficient technology to convert this
energy into electricity is Photovoltaic (PV) technology [1].
Almost large current PV systems are connected to the grid
because many advantages are reduction in the costs of the
PV panels or capability to supply AC loads and inject active
power, from the photovoltaic system to the grid, relieving
the grid demand (distributed generation) [2]. All PV grid-
connected systems are using three-phase inverters to
utilize PV power sources. Previously, the PV grid-connected
systems only supplied active power, but now the systems
with PV inverters entirely possibly provided reactive power
for the utility grid to improve power quality [3].

This paper presents the modelling method for
maximum power point tracking (MPPT) controller. MPPT is
a DC-DC converter that is used to ensure that the PV
module always operates at the maximum power point. The
MPPT method algorithm which this paper focuses on is
perturbation and observation (P&QO) method [4]. Along with
that is the active and reactive power control with three-
phase inverter using aff and utilize transformation. This
paper has references and development from previous
studies in [1, 5, 6]. All of the modellings are designed in
PSCAD/EMTDC environment. The simulation results
indicate that this control method can perform accurate and
feasible for the design of large PV systems.

2. PV GRID-CONNECTED CONDITIONING SYSTEM

Figure 1 shows a configuration of the three-phase PV
grid-connected system. It consists of a PV array, a DC-DC
boost converter, a DC-link capacitor, a DC-AC inverter, a
harmonic reduction filter, a three-phase A/Y transformer.
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Figure 1. Configuration of three-phase PV grid-connected system
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2.1. Solar Cell Model
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Figure 2. The equivalent circuit of the solar cell

Figure 2 is the equivalent circuit of the solar cell
contains a photovoltaic current source anti-parallel with
diode, shunt resistance, and series resistance [7].

Kirchhoff's current law provides:
=1, =1, =1, M

Thus, the relationship between the output current-
voltage is expressed by the following equation:

21 1 ool YR )| VR, o)
o o | &XP nkT./q R,,

Where | is the PV output current, V is the PV output
voltage, |, is the photovoltaic current, |, is the saturation
current, R, is the series resistance, Ry, is the shunt resistance,
q is the electron charge, n is the diode ideality factor, K is the
Boltzmann constant, T. is the cell temperature.
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Figure 3. P-V and |-V characteristics of PV cell

Figure 3 shows the typical output characteristics and
the maximum power point of PV cell where MPP is a
maximum power point, V,. is open-circuit voltage, | is
short circuit voltage

2.2. The DC-DC boost converter
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Figure 4. The equivalent circuit of the DC-DC Boost Converter
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The DC-DC boost converter increases the output voltage
of the PV array from the low level of input voltage to a high
level of the output voltage. The boost converter mainly
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consists of resistance, inductor, diode, and capacitor operate
in two modes. During the first mode when the switch is
closed, the current rises through diode and inductor. During
this interval, diode D is off. During the second mode, when
the switch is opened the current flow through inductor,
capacitor, diode, and load [8]. Figure 4 shows the equivalent
circuit of the DC-DC Boost Converter.

V
D=1- V'” where D is Duty Ratio

out
DC-DC switching is regulated by using different MPPT
algorithms and techniques. The MPPT algorithms will be
modelling in the next section.

2.3. The Perturb and Observe (P&O) MPPT algorithm

The MPPT takes the input of voltage and current from
the PV source output and sets the DC link voltage reference
at the inverter input side. As a result, when the DC link
voltage maintains the reference value, the PV source can
inject the maximum available power at specific irradiation
and temperature [9]. As soon as the inverter output current
matches the MPPT current due to the set point of MPPT
voltage, the inverter settles at the operating point of
maximum power output [1].

There are many MPPT algorithms have been published
over the past decades. The three algorithms that are most
appropriate for PV grid-connected systems are Perturb and
Observe (P&O), incremental conductance (IC), and fuzzy
logic control (FLC). In this subsection, we focus on
describing the P&O algorithm [4].
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Figure 5. The flowchart of the P&O0 algorithm

In this method, based on comparing the actual value of the
power with the previous value, the next perturbation is
decided. If the power increases, the perturbation should
continue to keep the same direction, and if the power
decreases, we have an overrun of the MPP so the next
perturbation should be in the opposite direction. The process
is repeated until the MPP is reached. Because the method only
compares the PV power, implementation is simple. The
flowchart of the P&O algorithm is shown in Figure 5 [10].
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2.4. Active and Reactive Power Control

To implement active power (P) and reactive power (Q)
control, the quantities such as current and voltage are
transferred from the stationary reference frame to the
synchronous reference frame via Clarke and Park
Transformation [11].

The following matrices are The Clarke Transformation
and The Inverse Clarke Transformation, respectively. The V,
component does not exist in a balanced symmetrical
condition.

V2 I 1
v 2 209yt |00 ey
“1 2 3 30.°].° *
v, |=2| 0 RERNRVE] v, ||y, =] -2 V3 1y, | @
v 3 2 2 vl 2 2 v
0 l l l c c 1 \/g : 0
2 2 2| L2 2

The following matrices are the Park Transformation and
the Inverse Park Transformation, respectively.

V,] [cos® sin® OV, ][V,] [cos® —sin® O]V,
Vq =|-sinO cos® O VB V[3 =|sin@ cos® O Vq (4)
\ 0 0 1V ]LV 0o 0o 1]V

0 0 0 0

The active and reactive power are:
P=Vls+Vl;; Q=V]I, =V, (5)
The V, equal to zero when the synchronous reference

frame is synchronized with the grid voltage [12]. Therefore,
the power equations reduce to

P=Vil;; Q=-vy, (6)

To convey entire maximum PV power to the grid, the
reference currents can be computed as:

P, P, P Q
Id_ref —_ref _ PV _ “max ; o et _ Zref (7)
Vd Vd Vd Vd

In Figure 7, the voltage output of the inverter can be
founded as:

di _V-Vou (8)
dt L

DT Al -
dt| |, o 1|l 0 1/L||Vy—VY, gua

The equivalent equations are:

Vy=Vy ga—ols v, =V, ., +oll, (10)
Therefore the reference voltages are:

Vi ret = Vi teedback T Va gria — OLI, (1)
tiref = tifeedback + oll, (12)
The reference voltages (in three-phase) is then

compared with the triangular waveform at a constant
frequency to control the switches ON or OFF of inverter.
The proposed control schemes are shown in Figure 7. In
this Figure, the Phase Locked Loop (PLL) keeps the
reference input signal with output signal synchronized in
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frequency and phase. The most basic PLL structure consists
of a phase detector block for generating a phase error
signal between the input and the output signal of the PLL
[13]. Figures 6 is a schematic block diagram of the PLL. The
K, and K; are chosen in this model are 0.16 and 2.51,
respectively. The Pl controller of current control is designed
in the same manner with the PLL with the K, and K; for
active power control 0.5; 0.2, respectively. And the Kpand K
for reactive power control 0.3; 0.02, respectively.
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Figure 6. Schematic block diagram of the PLL
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Figure 7. Proposed control scheme
3. SIMULATION RESULTS

In the simulation model, 22x250 numbers of series-
parallel combinations of solar modules are connected, and
the results are illustrated for the solar irradiance 1000W/m?
at 25°C. All the parameters of the system are indicated in
Table 1.

Table 1. The parameters of the PV system simulation

The parameters of system

Temperature 25°C
Irradiance 1000W/m’

Grid voltage (Line to line, RMS) 35kV

Frequency of PV system 50Hz
Inductance of passive filter L=125.10°H
DC link capacitor C=1950.10°F

Switching frequency of IGBT 8kHz

Transformer A/Y-0.6/35kV 560kVA

The output voltage and current of the PV array can be
seen in Figure 8. Then, Figure 9 shows the output DC
voltage and DC current of the DC-DC boost converter.

The PV power, according to the calculation, is 0.3MW.
The DC-DC boost converter is chosen, which has a
maximum power of 0.5MW. It can be seen in Figure 9, the
output voltage closely approaches the value 1kV. Besides,
the initial transient state lasts for 2 seconds and then
changes to a steady-state rapidly.
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Figure 8. The output voltage and current of array
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Figure 9. Output voltage and current of the DC-DC boost converter

The simulation is divided into 2 cases study. The first case
study, the reactive power generates into the grid is 0.1MVAr,
the parameters such as temperature and irradiance are kept
constant at 25°C and 1000W/m?, respectively. All the results
about reactive and active power, output three-phase AC
voltage, and AC current of the grid-connected inverter are
shown in Figures 10, 11, and 12.
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Figure 10. The active and reactive power in case study 1

As can be seen in Figure 10, the starting time until a
steady-state is about 5 seconds. P and Q are then
maintained at a stable supply to the grid according to the
reference values precisely. The transient state occurs in a
short time, and there are no fluctuations in the waveform of
the voltage and current values. The controlling of reactive
power is operated stably, and according to expectation, the
implementation of this control model is generally
workable. Although there is a loss of active power, this
value is small and acceptable.
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Figure 11. The output voltage of inverter in case study 1
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Figure 12. The output current of inverter in case study 1

Figures 11 and 12 show that the waveforms of the
output AC voltage and AC current is in stable status.
However, the waveforms of output current are distorted
because the inverter uses semiconductor components.
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Figure 13. The output current Total Harmonic Distortion in case study 1
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Figure 14. The output voltage Total Harmonic Distortion in case study 1

Figure 13 and Figure 14 show the output current and the
output voltage Total Harmonic Distortion (THD), respectively.
The current THD% is calculated by simulation is 1.79% that
compliant with the Vietham standard, which requires the
current THD%<3%. Besides, the voltage THD% is 1.28%<5%
also compliant with the Vietnam standard. The improvement
in harmonics, as well as power loss, should be carried out in
the next studies through the design of LC filters for systems
and technological development to increase the efficiency of
the semiconductor valves.

The second case study is focused on the ability to
control the reactive power of the system when changes in
temperature and radiation occur or due to dispatch
commands. During shading conditions, the irradiance
sharply decreases. The extent of reduction depends on the
type of shading [14]. This problem causes an effect on the
performance of the PV system output power. Figure 15
shows the active power and reactive power generated into
the grid when the irradiance changes from 1000W/m? to
800W/m?. Whereas, Figure 16 shows the change from
1000W/m? to OW/m? The decrease rate is T00W/s.m?. The
reactive power is 0.1MVar.
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Figure 15. The active and reactive power when the irradiance changes from
1000W/m? to 800W/m?
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Figure 16. The active and reactive power when the irradiance changes from
1000W/m? to 200W/m?

It can be seen in Figure 15, when the irradiance fell
abruptly from 1000W/m? to 800W/m? at the 10™ second,
the active power also decreased and stabilized after about
2 seconds at approximately 0.24MW. In Figure 16, the
active power decreased to zero in 10 seconds.

During both incidents, the reactive power remained at
TMVAr supply to the grid since reactive power and active
power are controlled independently by the Clarke and Park
transforms. Thus, the system still operated stably and
correctly when environmental conditions changed.

Furthermore, Figure 17 illustrates the possibility of
increasing and decreasing the reactive power generated to
the grid in case of receiving the dispatch command from
the load dispatch centers. In the beginning, the Q is set to
0.TMVAr then abruptly changed from 0.1MVAr to 0.15MVAr
at 6™ second, finally decreased to OMVAr at 14™ second.
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Figure 17. The reactive power of inverter when the reference value is changed

With this dg-controller, the system's ability to control
reactive power can operate immediately and accurately.
Thus it is possible to control the system to keep the power
factor at a fixed level. However, the fluctuations in the
transient state can be reduced, so the control methods
need to be improved in the next studies.
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4. CONCLUSIONS

In this paper, a simplified model of a grid-connected PV
solar system in PSCAD/EMTDC has been presented with the
mathematical formulations. The DC-DC converter is used to
increased the input DC side voltage of the inverter. The
inverter controls both active and reactive power into the
grid. The P&0O MPPT algorithms and Park&Clarke
transformation and three-phase PLL are described in detail.
The simulation results have validated the control method.
In the coming studies, improving the voltage and current
harmonics of output signals of the inverter will be focused.
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