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Abstract— Most of the three-phase systems are designed for
a balanced condition. but normally, under operating conditions,
three-phase system always has a certain amount of voltage
imbalance. Due to the imbalance of voltage, the distribution
system is affected. This affects the stability, reliability, power
quality, and efficiency of the distribution system. To prevent this
problem and improve power quality, this paper presents a
simulation study of grid-connected PV with D-STATCOM. For
that grid connected with D-STACOM modal has been created
in MATLAB software. Investigation has been carried out at
different loading conditions with different penetration level. D-
STACOM serve as the grid connected converter to achieve
power coordination, voltage stabilization and power quality
enhancement. According to the voltage imbalance, PV
penetration increased until the system reached into balance
condition. The two types of control strategies of
VSC(STATCOM) first is inner control strategy and another
outer control strategy are used.

Keywords— power quality, Grid connected PV, D-STATCOM,
distribution system, Reactive power.

l. INTRODUCTION

Many nations are currently working to integrate
renewable energy sources into their current electrical grids
due to factors like rising electricity demand, a lack of high
transmission and distribution losses, reliability issues, fossil
fuels, and more. An attempt has been made by the Indian
government to compile global energy statistics as well as
India's energy framework. This essay examines some
International Energy Agency (IEA) policies that support the
development of sustainable energy using renewable
resources [1]. Distributed generation, which provides
electricity close to residential or commercial users, reduces
transmission and distribution costs. Solar photovoltaic (PV)
systems, among other micro-sources, are gaining rapid
adoption due to their ability to provide sufficient DC voltage
and their decreasing capital costs. A 7 kW PV plant has been
analyzed and designed for in-depth study [2]. DC sources can
be converted using different methods, such as buck-boost
converters, depending on demand. Several topologies,
including ultra-boost converters [3] and multilevel converters
[4], are now available to meet growing power needs. A
detailed performance analysis of a DC-DC boost converter
using a Proportional-Integral-Derivative (PID) controller has
also been conducted [5]. In addition, there are several PV
System distributed all over the world, mostly in Europe, with
1.4 million system in Germany alone as well as North

America with 440000 systems in the united state. These
systems currently contribute about 1% to worldwide
electricity generation. The main reason behind that is huge
resource availability, small operating cost and operational
flexibility. Solar panels are also soundless, clean and they can
be located on vacant spaces like rooftops of building also. [6].
On the other hand, a significant growth in the use of non-
linear loads in the distribution system has led to various
problems of power quality, including high reactive power
burden, load imbalance, & so on. This issues attract
researchers to carry out the research work with this problem.
The specialised power devices frequently used to improve
these power quality concerns are distributed static
compensators. [7]. In addition to distributed generation, Load
frequency control (LFC) is essential for keeping the grid
stable, especially with renewable energy sources.
STATCOM (Static Synchronous Compensator) helps
manage voltage and frequency shifts. The Firefly Algorithm
can fine-tune how STATCOM operates, reducing frequency
changes and improving performance, ensuring the grid stays
reliable even with varying power demands [8]. The
traditional reactive power compensation approach, which
increases the additional investment in power equipment, uses
reactive power compensation devices, including as SVC,
SVG, and STATCOM, to correct the reactive power in order
to improve the voltage stability of the grid terminals. with the
findings of research, the main structure of a photovoltaic
inverter & D-STATCOM is completely consistent, as a result
photovoltaic power generation system can be equipped to
supply reactive power through the distribution network of
terminals, Voltage source converter (VSC) development for
grid photovoltaics is therefore essential. [9] Employs D-
STATCOM to enhance voltage control, hence boosting
power system stability, and to solve the issue of voltage &
frequency mismatches in the low voltage distribution
network. The result of the simulation demonstrate that D-
STATCOM helps to ensure system stability and power
system performance. With a large penetration of photovoltaic
systems, the D-STATCOM possesses the means to enforce
adherence to rules and avoid violations of network
operational restrictions [10].

This study presents a grid-connected PV modeling system
that makes use of D-STATCOM. It displays the PV array's I-
V & P-V characteristics and offers an overall system diagram.
It also looks at DSTATCOM's setup and functioning. D-
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STATCOM is used as the grid-connected converter to
coordinate electricity, maintain voltage, and enhance power
quality, first simulated a distribution system and determined
that there was voltage and current unbalance in the
distribution system, and losses were very high [11]. To
balance the system, PV with D-STATCOM penetrated to the
distribution system. The system's current and voltage were
balanced, and losses were also reduced. In this paper, the
fundamental control strategy is the dual-close-loop control
strategy. Through the separation of active power & reactive
power, the inner loop control algorithm is employed to track
active power current and reactive power independently. Grid-
connected voltage & DC link voltage are managed by the
outer loop in the meantime. The simulation results showed
that the suggested control technique was effective [12].

1. SYSTEM CONFIGURATION

The main components of the system are a solar photovoltaic
array, DC link capacitor, a three phase VSC(D-STATCOM),
AC filter, a three phase transformer, and a three phase linear
load connected at the distribution end. A schematic diagram
of a grid-connected photovoltaic (PV) solar system is shown
in Fig. 1.
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Fig. 1. Basic diagram of grid connected PV system with D-STATCOM

The solar power system are connected to the electrical grid at
a point is PCC. The electrical grid is an interconnected
electrical network that transports power from suppliers to
customers. A solar PV system, MPPT with boost converter,
and three-phase voltage source converter (STATCOM) are
the main components of the system. [13]. A voltage source
inverter, often known as a VSC, is a converter that changes a
voltage from DC to AC. An IGBT H- bridge (VSC) act as
STATCOM are connected between the harmonics filter and
the DC bus capacitor in this system. To preserve the output
AC power's power quality, an ac filter is employed. The PV
system's output voltage is connected to the distribution
system by a step-up transformer [14]. The proposed PV
power generating system is controlled by the SRFT
(Synchronous Reference Frame Theory). [15]. Its three-phase
VSC also balances linear and nonlinear loads, makes
adjustments for harmonic currents, and reduces reactive
power. The solar photovoltaic system configuration and
parameters are explained below.

A. Solar Power Panel

The solar-generating system used consists of several
interconnected modules forming an array. Generally, PV
generation is based on the direct conversion of solar energy
into electrical energy, known as the photovoltaic effect. Most
of this conversion is carried out by the fundamental
components of a photovoltaic solar cell [16]. The simplified
electrical circuit of a photovoltaic solar panel is shown in Fig.
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Fig. 2. Equivalent circuit diagram of solar cell

Using Kirchhoff's fundamental laws on the given circuit, the
PV panel output current can be calculated mathematically as
follows:
Vpv
Iy = Nplon-Noles[exp () (G2) 1] )
Where
1,,,, = output photovoltaic current;
V,» = Output Photovoltaic Voltage;
I, = Photo electric current;
I = diode reverse saturation current;
Kz = Boltzmann constant;
g = elementary charge;
A = diode identify factor;
T, = cell’s operating temperature;
T, = cell’s temperature
condition(298k);
Np = Number of parallel connected cells;
N, = Number of serial connected cells.
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Fig-3: I-V AND P-V characteristics of PV array
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In this paper PV array delivers a maximum of 250 kW at
1000w/m2 sun irradiance. The array is made up of seven
strings of 88 series-connected modules that are linked in
parallel to produce the right output voltage and current. As a
result, one module can carry an open circuit voltage (Vo) of
85.3 volts & a short circuit current (Isc) of 6.09 amperes.
hence the maximum current at maximum power point Iy (A)
and maximum voltage at maximum power point V, (V) of
each module are 5.69A and 72.9V. [17] The I-V & P-V
characteristics of solar cell are shown in fig. (3).

PV's inherent voltage of 272 volts DC at maximum power is
raised to 500 volts by the boost converter. For this converter
to supply the necessary voltage at maximum output power,
an MPPT system is used, which automatically modifies the
duty cycle [18-20].

B. Principle of D-STATCOM

Suppressing voltage sag by controlling bus voltage is the
fundamental function of a D-STATCOM. As so, depending
on the bus voltage, the DSTATCOM functions as either a
capacitor or an inductor.

In essence, D-STATCOM is a specialized power device. It is
employed in the distribution network to regulate power flow
and enhance transient stability. The D-STATCOM is a
specialized power device that is connected in series with the
power system and is based on a voltage or current source
inverter. D-STATCOM's primary duties include voltage
regulation, harmonic current correction, reducing the
magnitude of voltage sag, and flicker prevention. The
connection of D-STATCOM to the distribution network is
shown in Fig. 4.
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Fig 4: Basic circuit diagram of D-STATCOM

In this paper for VSC, a 6-armed H-bridge converter is used.
It is also seen as a 3-level NPC (neutral point clamped)
converter [21-22].

H-bridge VSC synthesizes voltages voltages Uca, Uch, and Uec
from DC voltage using forced-commutated power electronic
devices (GTO, IGBT, or MOSFET). The three-phase system
voltage is represented by Ugc. Usa, Ush, and Usc, and the three-
phase voltage produced by the H-bridge VSC is represented
DY Uca, Ush, and Usc.

As per Fig. 1, the voltage equation appears as follows:

Uca Usa d
Uep | — [Usp | =L at +R
Uec Usc

lq
l:b] ........... (2)
le

lq
ip
ic

The d-g components of 3-phase voltage & current can be
obtained by Park transformation. then, Equation (2) is
transformed using the dq coordinate system as shown below.

a [la R —wL][la] _ [Yea
La[iq] + [wL R ] [iq] B [ucq
Active and reactive power control strategies can be suggested

based on equation (3). The detail control strategy is discussed
at part C.

ZZ‘:] 3)

C. Solar Three Phase Distribution Grid under Unbalanced
Condition

The model has performed as predicted under balanced
conditions, but in fact, most distribution networks have
a degree of imbalance. Before penetration of PV, At the point
of common coupling, the voltage for each phase was
different. According to the IEEE standard (IEEE 1159) [23-
24], an imbalance of more than 2% is considered to be at a
high degree of imbalance, and the network typically needs
corrective assessment. Before penetration of PV, The voltage
& current imbalance of grid are shown in fig. (5). Due the
imbalance of current and voltage system work with high
losses. The system losses are shown in fig (6)
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Fig. 5. Voltage and current imbalance of grid
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Fig. 6. system losses before PV penetration

1. PROPOSED CONTROL STRATEGY
VSC controlled strategy of VSC controller shown in fig. 7.
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Fig. 7. VSC (D- STATCOM) control strategy

As previously indicated, the VVSC controller requires voltage
& current data on the PCC (Usanc & lsanc), current data for local
loads (licadane), & DC link voltage data of the VSC (Ugc). In
the VSC controller, there are two control loops: an internal
AC current control loop & an external DC voltage control
loop. The outer loop controls the DC link voltage to a
reference value (Ure), while the inner loop controls the AC
current to a reference value (I*q,1*g). therefore, simulation
results will show that this is useful to decrease THD ( Total
Harmonic Distortion) of output current.

A. DC link woltage control

For DC link voltage control comparing the reference DC
voltage Ugrer With the actual DC voltage Ugc, through the PI
regulator, the output is active power reference current lgrer,
Reactive power reference Current lqer is typically set to zero,
indicating that the system can keep the maximum power
factor. Iq ref is adjusted from the grid-connected point via an
AC voltage regulator, taking into account decreasing output
current harmonics.

B. Algorithm for regulating current

Fig. 8. shows the active and reactive current control diagram.
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Fig. 8. Current control strategy

In this strategy, if VSC (d-STATCOM) performs local load
reactive power compensation, I and Iq should contain current
data information from local loads. Otherwise, the PCC
voltage won't be stable. This is the major reason for the VSC
controller acquiring local load current. on the other hand,
local loads current acquisition is flexible. Only the local areas
where current data may be easily acquired are compensated

for reactive power by VSC (d-STATCOM). The grid or other
local reactive power compensation devices will make up the
difference for others. This fully complies with the power
compensation principle.

V. SIMULATION RESULT

The operation of the proposed PV system with D-STATCOM
for power quality improvement was verified using
MATLAB/Simulink software.

The control process started by measuring system voltage and
current at the point common coupling, and also losses to
calculate unbalance condition of system voltage and current.
The main task of simulation is to evaluate the performance of
proposed control strategy to control system unbalance to
balance condition and decrease the system losses.

The total simulation time taken is 0.2 sec. The simulation
result shows the after PV penetration system balance
condition. At the point of PCC, the decreased imbalance
voltage of the system after 100 kW penetrate PV with D-
SATACOM are shown in Fig. (9). Similarly, the decreased
imbalanced current of the system are shown in Fig. (10). In
Fig.(9)&(10), the curves of output 3-phase AC voltage &
current are less smooth and not in same phase. And it just
shows the curves from 0 to 0.2s. System losses after
penetration of the 100 kW PV system are decreased, as shown
in fig. (11). But this result are not fulfilled the condition of
balanced system, so that to balanced the system PV
penetration increased and analysis the result.
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Fig. 9. Decreased imbalance voltage after 100 kW PV penetration
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Fig. 10. Decreased imbalance current after 100 kW PV penetration
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Fig. 11. Decreased losses of system after 100 kW PV penetration

After penetration of a 250 kW PV system, the simulation
results are shown below. The balance voltage of the system
after a 250 kW penetration of PV with D-SATACOM are
shown in Fig. (12). Similarly, the balanced currents of the
system are shown in fig. (13). In Fig.(12)&(13), the curves of
the output 3-phase AC voltage & current are very smooth.
And it just shows the curves from 0 to 0.2s. Actually, they
are smooth in all static processes. System losses after
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penetration of the 250 kW PV system are decreased, as shown

in fig. (14).
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Fig. 12. Balanced voltage after 250 kW PV penetration
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Fig. 14. System losses after 250 kW PV penetration

Figs. 15 and 16 display the output three-phase AC voltage
and current from the FFT analysis:
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Fig.15. FFT analysis results of output three-phase AC voltage
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Fig. 16. FFT analysis results of output three-phase AC current

In Figures (15) & (16), the start time is 0.1s and the number
of cycles is 4. This is a typical choice of period since the
lower output power, the higher the THD in the voltage &
current. THD in output voltage is 0.51% and in current is
0.49%. These results satisfy the grid-connected standard. It
demonstrates that control strategy of D-STATCOM is
effective.

V. CONCLUTION

Grid-connected PV systems will grow in popularity in the
future. This work examines the role of D-STATCOM control
on the proposed three-phase cascaded H-bridge inverter
configuration's operation. In the proposed work, a different
concept of the utilization of a PV solar farm asa STATCOM
for a weak grid to control the voltage and current fluctuation
has been proposed and Results are confirmed using the
MATLAB/Simulink software. Moreover, it includes the
fluctuation in PCC power output. Regulation in this situation
may be able to reduce weak grid problems at the distributed
end more significantly. The control strategy is used to
enhance the system's performance and power quality. A
control strategy for an imbalanced system to improve the
power quality and balance the system are proposed.
According to the simulation results, a grid-connected PV
system with D-STACOM can maintain system voltage and
current while reducing system losses and enhancing power
quality. This effort is willing to contribute to the evolution of
renewable energy power generation and smart grid
technology.
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