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Abstract— As a way to lower carbon emissions and improve
energy sustainability, the grid's integration of renewable
energy sources, such as photovoltaic (PV) and wind power
systems, has acquired a lot of popularity recently. Because
these renewable energy sources are intermittent and variable,
integrating them into the current power infrastructure presents
power quality issues. This thesis uses MATLAB/Simulink
simulations to implement and analyse Unified Power Quality
Conditioner (UPFC) Flexible AC Transmission System
(FACT) devices in grid-connected PV-wind integration
systems in order to improve power quality. The purpose of the
study is to assess how well UPFC FACT devices suppress
harmonic distortion and improve power quality parameters.
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. INTRODUCTION

To have sustainable growth and social progress, uses of
renewable energy sources, such as wind, solar, hydro,
cogeneration, etc., are required to supply the demand for
energy. Energy efficiency and the utilization of renewable
energy sources are the two main aspects of a sustainable
energy system. In order to reduce the environmental impact on
conventional plants, it is necessary to integrate renewable
energy sources like solar and wind power into the power
system. Technical challenges with voltage regulation, stability,
and power quality issues must be taken into account when
integrating renewable energy into the current power system.

Flexible ac transmission systems (FACTS) technology is the
ultimate tool for getting the most out of existing equipment via
faster control action and new capabilities. The most striking
feature is the ability to directly control transmission line flows
by structurally changing parameters of the grid and to
implement high-gain type controllers based on fast switching.
One interesting area of continuing research has been the
application of FACTS devices to power system security. The
majority of research that have been published have
concentrated on how these devices can reduce system
oscillations and increase power system security; very few have
looked into how these devices affect power system reliability.
The possibilities stem from FACTS controllers' capacity to

regulate the interdependent parameters that control how
transmission systems function, such as current, phase angle,
damping oscillations at different frequencies below the rated
frequency, and series and shunt impedance. Other than
mechanical techniques, these limits cannot be avoided without
reducing the usable transmission capacity and preserving the
necessary system stability. A line can carry power closer to its
thermal rating with the help of the FACTS controller's
increased flexibility. Rapid-response power electronics are
required for supplementing mechanical switching. Any
stability limitations can be overcame with the FACTS
technology; in that case, the thermal and dielectric limits
would be the absolute limits. Real and reactive power via the
transmission line cannot be regulated in the absence of a
UPFC. . It is simulated that a control system that allows the
UPFC to track changes in reference values such as AC and DC
voltages and the angle order of the series voltage source
converter exists. The firing pulse for both converters in this
control method is produced using a generalized pulse width
modulation technique. To evaluate the effectiveness of UPFC,
simulations will be run using the MATLAB-Simulink
program. The results imply that the transient stability of the
simulation model was significantly improved by employing
this technique.

The UPFC is recently introduced FACTS controller which has
the capability to control all the four transmission parameters.
The unified power-flow controller (UPFC) is a member of the
FACTS family with very attractive features. This device can
independently control many parameter, so it is the combination
of the properties of a static synchronous compensator
(STATCOM) and static synchronous series compensator
(SSSC).

Il. POWERQUALITY

A. Power Quality Issues and Its Consequences

Power quality issues include voltage imbalance, waveform
distortion (including DC offset, harmonics, inter harmonics,
notching, and noise), power frequency variations, long-
duration voltage variations (including overvoltage, under
voltage, and sustained interruptions), and short-duration
voltage variations (including interruption, sags (dips), and
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swells). The majority of these worries are caused by loads
attached to electric supply networks.

There are two types of loads, linear and nonlinear. Motors,
heaters and incandescent lamps are examples of linear load
produce a current proportional to the voltage. The nonlinear
load uses high-speed electronic power switching devices to
convert the AC supply voltage to a constant DC voltage used
by the internal circuits. Power quality issues can be linked to a
particular kind of electrical disruption for both its causes and
effects. Over 90% of electric motors in most industries are
used in applications that are inverter driven. Equipment
breakdowns in electronic devices and problems with outlets
and transmissions are caused by low power quality. Various
power quality issues can be power outages, voltage
fluctuations, transients, harmonics etc.

B. Harmonic Distortion

Most of the time, the equipment and installation methods used
by the customers cause harmonic issues. The widespread
usage of non-linear load devices, such as variable speed
drives, computer power supplies, electronic ballasts, compact
fluorescent lights, and so on, results in high current flow with
harmonic frequency components, which is the source of
harmonic distortion. The maximum amount of heat that can be
dissipated to prevent bus bars, circuit breakers, neutral
conductors, transformer windings, or generator alternators
from overheating determines the limiting rating for the
majority of electrical circuit elements. Ratio of the square root
of the sum of squares of the root mean square value of
harmonic component to the Root mean square value of the
fundamental components defined as Total Harmonic
Distortion (THD)

I1l.  UNIFIED POWER FLOW CONTROLLER (UPFC)

Essentially, the UPFC consists of two voltage source inverters
(VSIs) that are coupled to the power system via coupling
transformers and share a common DC storage capacitor. One
VSI is connected in series with a series transformer, while the
other is connected in shunt with a shunt transformer to the

transmission system. To regulate the active and reactive power
flows on the transmission line, a symmetrical three-phase
voltage system with an adjustable phase angle and magnitude
is injected by the series inverter in series with the line. Thus,
the line and this inverter will trade active and reactive power.
The series inverter electronically supplies the reactive power,
while the dc terminals receive the active power.
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Fig 1 UPFC Link in Transmission Line

The shunt inverter is set up to maintain a constant voltage
across the storage capacitor Vdc by taking this dc terminal
power, either positive or negative, from the line. As a result,
the UPFC's net real power absorption from the line is limited
to the inverters' and their transformers' losses. To regulate the
voltage at the connection point, the shunt inverter's remaining
capacity can be exchanged for reactive power from the line.

Serles

A. Characteristics of UPFC

The main problems where the capabilities and use of FACTS
are observed include line outages, congestion, cascade line
tripping, and power system stability loss. The Unified Power
Flow Controller is an example of a FACTS device from the
most recent generation (UPFC). The line impedance, voltage,
and phase angle—the three parameters that determine the
direction of line power flow—can all be controlled
concurrently by the UPFC. The Static Synchronous
Compensator (STATCOM) and the Static Synchronous Series
Compensator (SSSC), two "old" FACTS devices, are
combined into one "new" FACTS device. These two devices
are actually two Voltage Source Inverters (VSIs), connected to
the transmission line in a shunt fashion through a shunt
transformer and in a series fashion through a series
transformer. They are connected to each other via a common
dc link that includes a storage capacitor. At the point of
connection, the shunt inverter regulates voltage by introducing
a timely reactive power flow into the line and balancing the
real power flow that is transferred between the transmission
line and the series inverter. By connecting an appropriate
voltage with a regulated phase and magnitude in series with
the transmission line, the series inverter can be utilized to
regulate the actual and reactive power flow of the line.

B. UPFC CONTROL SYSTEM

A common dc connection connects the two voltage source
converters that make up the UPFC: a series converter and a
shunt converter. Shunt converters, also known as Static
Synchronous Compensators, or STATCOMs, are used to
supply reactive power to the ac system in addition to
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providing the dc power needed for both inverters. Series
converters, also known as Static Synchronous Series
Compensators (SSSC), are used to add controlled voltage
magnitude and phase angle in series with the line. Power
electronic converters and transformers are found in every
branch. There was a common DC capacitor between these two
voltage source converters. This DC capacitor typically has a
limited ability to store energy. As a result, the active power
produced by the series converter and the active power drawn
by the shunt converter must match. Greater control over power
flow is possible due to the independent selection of reactive
power in the shunt or series converter. The device is connected
to the system via the coupling transformer. By adding the
series voltage, VS, with a certain amplitude, VS|, and phase
shift, ¢, to V1, power flow can be controlled. A new line
voltage V2 with a different magnitude and phase shift will
result from this. The phase shift 8 between V2 and V3 varies
along with the angle ¢.
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Fig.2 Schematic diagram of three phase UPFC connected to a
transmission line

Active power can now be transmitted from the shunt converter
to the series converter over the DC bus, giving this FACTS
topology far more control over the line active and reactive
power than the SSSC. It can now have any angle with regard
to line current, unlike the SSSC where the injected voltage Vs
is restricted to remain in quadrature with line current I. The
locus described by vector V2's end (V2=V1+Vs) is a circle, as
indicated by the phasor diagram, if the injected voltage Vs's
magnitude is maintained constant and its phase angle with
respect to V1 is adjusted between 0 and 360 degrees.
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Fig.3 Single line diagram of UPFC and phasor diagram of
voltage and current

The phase shift 6 between voltages V2 and V3 at the two line
ends fluctuates in step with the variation in is. It follows that it
is possible to control both the reactive power (Q) and the
active power (P) transmitted at one line end. Shunt converters
function similarly to STATCOMs. In conclusion, the shunt
converter regulates both the DC bus voltage and the AC
voltage at its terminals. It makes use of a dual voltage
regulation loop, with an outer loop controlling AC and DC
voltages and an inner loop controlling current. The series
branch is not controlled like the SSSC is. The DC voltage and
reactive power in an SSSC are managed by the two degrees of
freedom of the series converter. The two degrees of freedom
are utilized in a UPFC to regulate the reactive and active
powers respectively. Two modes of operation are available for
the series converter: manual voltage injection and power flow
management (automatic).

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING

A UNIT OF I20R

7|Page



IJRECE VOL. 12 ISSUE 2 APR-JUNE 2024

IV. MATLAB SIMULATION AND PRESENT WORK

Fig.4 Schematic Diagram of Wind-Solar Hybrid System

Fig. 4&5 shows the schematic diagram of the wind-solar
hybrid system, which is composed of two parts. Wind is one
and solar energy is the other. The two primary renewable
energy systems were connected to create this hybrid system.
The system's DC power output was raised and connected to a
load by means of an inverter. The vital parts of this energy
system are the inverter, DC-DC converter, rectifier, and
generator.
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Fig.5 Schematic Model of Wind-Solar Hybrid Sys'fem
using MATLAB

MATLAB/Simulink is used to help the construction and
modelling of the solar array and wind turbine system that are
coupled to the generator. A hybrid power system consists of a
distributed parameters line, a three-phase V-1 measurement, a
two-winding inductance matrix transformer, and a three-phase

breaker.
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Table 1 represents the solar array module parameters and their
corresponding values or results found during simulation.

Table 1. Solar array module parameters

Parameter Value

Rated Module output power, Pyon 260 W
Short Circuit Current, Isc 8.99 A
Open Circuit Voltage, Voc 378V
Voltage at Maximum Power, Vip 307V
Current at Maximum Power, Iy 8.48 A
Number of cells in series, Ng 50 Hz
Number of modules in series, Ny 5

Table 2 represents the wind turbine PMSG parameters and
their corresponding values or results found during simulation.

Table 2. Wind turbine PMSG parameters

Parameter Value
Rated Output Power, Pymp 1400 W
Nominal Wind Speed, Vo 10 m/s
Rated Rotational Speed, oy 300 RPM
Damping coefficient, B 0 Nm/s
Inertia coefficient, Jpg 4 kg.m?
Stator phase resistance, Rs 0.005 ohm
Stator d-axis Inductance, Ly 7.552 Mh
Stator g-axis Inductance, L 8.348 mH
Magnets flux Linkage Constant, 2o 0.34458 Wb

Table 3 presents the power electronics systems parameters.
The simulation results were also compared to the performance
parameters.

Table 3. Power electronics systems parameters

Parameter Value

Switching frequency of all converters, Fgy 1980 Hz
Line to line RMS Grid Voltage, Veain 220V
DS Bus upper limit, Vpepax) 380V
DS Bus lower limit, Vpepmy 330V
Injected AC current control adjustment, Ai,, 0.05
IBC Inductors, L; and L, 1 mH
DC Bus capacitor, Cpc 3mF
Grid Line frequency, Fuom 50 Hz
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The output of the wind turbine varies with the variation in
wind speed. The output power of the wind turbine varies
between 1.4 kw to 1.5 kw at 10 m/s wind speed. For Wind
Turbine the value of maximum pitch angle is 27 degree and
maximum rate of change of pitch angle is 10 degree/sec. The
value of the sample time is 0.1 s. In the proposed model an
inverter is used to convert the DC output power of the two-
energy system into AC. The DC output power of the wind and
solar system is added and supplied to the inverter. And it is
connected a limiter at the input of the inverter to limit the
amplitude of the input voltage. The upper limit and lower limit
of the limiter is 110v and 1005v respectively. the Solar cells
are inter connected in certain series /parallel combinations to
form modules. These modules are hermetically sealed for
protection against corrosion, moisture, pollution and
weathering. A combination of suitable modules constitutes an
array. A general data for 1m2 of a fixed array kept facing south
yields nearly 1.4 kWh of electrical energy on a normal sunny
day. If it is required to be used during non-shiny hours a
storage system is required. Fig.2 shows the schematic diagram
of wind-solar hybrid system using MATLAB. In this proposed
model a grid is added with the model so that the unused power
can be supplied to the grid. The following Figure shows the
grid connected hybrid system which is connected with the grid
through a transformer.
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Fig.6 shows the schematic diagram of wind-solar hybrid
system which is connected to load and in Fig.7 via UPFC.

Grid Integration of Hybrid Photovoltaic & Wind power system
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Fig.6 Simulink model of the PV-wind hybrid distributed generation power system
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Grid Integration of Hybrid Photovoitaic & Wind power system with UPFC
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Fig.7 Simulink model of the PV/wind hybrid distributed generation power system with UPFC

The UPFC consists of two three-level, 48-pulse GTO-based
converters, one connected in shunt at bus B240 and one
connected in series between two buses. The shunt and series
converters can exchange power through a DC bus.

V.  SIMULATION RESULTS

The study's findings following the use of the suggested
methodology are presented in this section. The proposed
method aims to compensate for the issue in a power system
that has been identified. This has a power source that feeds
into a transformer, which generates two outputs. Then these
outputs are used to analyze the two different systems one with
UPFC and other is without UPFC. Each system consists of a
three-phase dynamic load.

The graphs with and without the UPFC-based power system
model are displayed in Figure 8&9. The graphs show that
there are less voltage variations when UPFC is present,
whereas there are more variations when UPFC is not there.

When the two converters are operated in UPFC mode, the
shunt converter operates as a STATCOM. It controls the bus B
220 voltage by controlling the absorbed or generated reactive
power while also allowing active power transfer to the series
converter through the DC bus. The reactive power variation is
obtained by varying the DC bus voltage. The power quality
analysis in DFIG based wind energy conversion system is
done by using the FFT tool of the powergui; you will find that
decrease in the THD of the current injected in the system.
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Fig.8 The output power transmission voltage of the system model without UPFC

Fig.9 The output power transmission voltage of the system model with UPFC
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Fig.10 the output power transmission voltage of the system model with UPFC
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Fig.11 the output power transmission voltage of the system model with UPFC
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The THD graphs with compensation and without
compensation are given in fig.10&11. The total harmonic
distortion without compensation is 10.27 %, which is reduced
to 7.18 % where UPFC is connected.

TABLE 4: THD WITHOUT AND WITH UPFC

Time Interval THD without THD with

(sec) UPFC (%) UPFC (%)
0-0.02 10.27 7.18
0.02-0.04 2.69 1.52
0.04 —0.06 1.02 0.58
0.06 —0.08 0.93 0.51
0.08 -0.1 1.14 0.54

The THD wave shape of feeder which connect with UPFC
show clearly elimination of total harmonic distortion , on other
hand feeder without UPFC has a large amount of total
harmonic distortion as shown in fig.10&11.

VI. CONCLUSION

This study confirms that using UPFC to enhance power
quality in a grid-connected hybrid wind-solar system can
enhance power quality. The simulations conducted using
MATLAB/Simulink verify that UPFC is an efficient way to
lower THD and improve voltage stability. Future research will
concentrate on exploring practical implementation issues and

refining UPFC control mechanisms.
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