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In recent days, the integration of the grid-connected load system with hybrid
renewable energy system (HY-RES) to improve reliability and reduce losses
are cheered. In order to satisfy the requirement of the load demand, the HY -
RES is incorporated with the grid-connected load which leads to the power
quality (PQ) problems in the system. Hence, the UPQC based HPSO-GWO
are proposed in this paper. With the utilization of the UPQC device, the PQ
issues are minimized by satisfy the load need in the HY-RES system to solve
the PQ issues is the major goal of this work. To mitigate the PQ issues, the
HPSO-GWO optimization algorithm with an inverter for SAPF and SH-APF
is introduced to enhance the UPQC’s performance. HY-RES is originally built
in this study with a PV system, WT, and BESS, all of which are connected to
the load system. The load is connected to the system to produce PQ difficulties
in order to examine the suggested technique's presentation. With the help of
the HY-RES system, PQ problems are minimized and load demand is
reimbursed. The proposed method has been implemented in the

MATLAB/Simulink platform, and its results have been evaluated. In this
paper, for validating the performance of the proposed technique, three various
cases such as sag, swell, and fluctuation is analyzed. In addition, the total
harmonic distortion (THD) is analyzed. Furthermore, the suggested strategy is
compared to existing methods such as GWO and PSO algorithms to prove the
proposed technique is superior to existing techniques.
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1. INTRODUCTION

Power system (PS) networks have faced a number of challenges in the past few years including the
use of fossil fuels and thermal production, which produces electricity with key emissions such as depleted fuel,
pollution, and high costs [1], [2]. Renewable energy system (RES) have the potential to overcome traditional
resource constraints such as pollution and global warming, [3]-[5]. To provide the stability and flexibility in
the PS there is need of a global assessment of global warming, power safety, and environmental challenges.
The RES is producing a high rate of increased flexibility and stability during the RES used in PS. The
penetration of RES also has an impact on the stability of distribution and transmission systems [6], [7]. To
ensure the maintenance of the stability, safe operation, and effective consistent operation, the system must be
coordinated and monitored due to the RES causes continual development in transmission and distribution
system. With RES, the system will be continuously monitored, which will increase the system's competency.
Controlling power electronic devices in the PS can help the RES system run more efficiently. With RES, these
controlling mechanisms improve the quality of consumers in a distributed system (DS) [8]. The usage of hybrid
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research is undoubtedly affected by RES operations. A hybrid system is a collection of one or more renewable

resources that are linked together in a system. To fulfill the load demands, the HY -RES can be combined with

a DS. The most advanced renewable resources among the RES are PV and wind energy conversion systems

(WECS). When HY-RES is coupled to distribution systems, it produces an instability situation [9]. Sag, swell,

harmonics, interruptions, and disruptions, among other PQ issues, will become more prevalent in the system.

The voltage level of the distribution system will oscillate due to PQ issues and causing a tripping problem. The

system's reliability was harmed as a result of the emergence of continual tripping behavior [10]. By operating

grid standards, the tripping problem con is recovering.

PQ concerns, like sag and voltage swell, are the most serious problem in the PS. The voltage swells
and sags generate power on the consumer side by supplying minimum power from HY -RES, affecting loads
and power electronic devices. To reduce these PQ difficulties, the PSs Filter and flexible AC transmission
systems (FACT) devices can help [11], [12]. Numerous devices are available and divided with respect to the
shunt and series devices. The voltage is compensated in a REG based PS via series devices such as DVR and
SSSC. In the same way, in a PS, the shunt devices such as DSTATCOM, TCR, and STATCOM compensate
the voltage [13]. By maintaining a steady voltage and injecting the required voltage level, the FACT device
compensates for the PQ issues. DSTATCOM includes two control modes: one that controls the load voltage
and the other that injects harmonic components and reactive in the current mode [14], [15]. The FACT device
is also equipped with a critical control approach for maintaining distribution system stability. To avoid PQ
problems and keep a steady condition with HY-RES-based distribution systems, adequate control is essential.
Research contribution:

This research is mainly focused on mitigating PQ problems in HY-RES systems with grid-connected
loads. To mitigate PQ problems in the system, the correct optimization and FACT device must be selected.
The following is a summary of the main contribution of the paper:

—WT, PV, and BESS are incorporated in the HY-RES system. The WT and PV have created the power based
on wind speed and irradiation levels. When WT and PV struggle to meet needed load demand due to partial
shadowing and environmental factors, to store extra power and deliver needed electricity to meet load demand
by BESS. The grid system is linked to the HY-RES system, and the load is connected to it.

—PQ problems like as swell, sag, fluctuations, and harmonics can be introduced into the coupled system in
both voltage and current signals. PQ difficulties have an impact on the system’s stability and reliability, which
can be mitigated. The UPQC device proposes the HPSO-GWO optimization-based control technique, which
allows the HY-RES to minimize PQ faults and compensate for load demand.

—To balanced load requirement and receive excess energy, the controller supplied continuous electricity from
the HY-RES system. The appropriate power is injected by the HY-RES to compensate the load demands and
reduce the PQ issues. The two different types of controllers are created in the UPQC device such as shunt
active power filter controller (SH-APF) and series active power filter controller (SAPF). By incorporating
the load on the grid side, the recommended control strategy is designed and validated.

—Three various PQ issues are examined, including sag, swell, and fluctuation, all of which are caused by
applying load. In addition, harmonics are examined in two scenarios: before and after the UPQC device is
connected. The proposed methodology's performance is compared to those of existing approaches such as
GWO and PSO.

The paper’s organizations:

This paper is consisting of the following section which is organized as follows, in section 2, the review
works towards PQ mitigation are discussed. Section 3 explains the proposed system architecture and provides
descriptions. In addition, this section consists of the RES in proposed design explanations, HPSO-GWO
algorithm, and UPQC algorithm explanations are given. Furthermore, the result and discussion of the proposed
method and comparison with existing methods are demonstrated in section 4. In section 5, the conclusion of
the paper is given.

Literature review

Various researchers have used the FACT devices to alleviate PQ difficulties in this part. In this section,
the PQ problem mitigation-related works are reviewed. Morshed and Fekih [16] presented WECS which is
based on DFIG and a fault-tolerant control system for a hybrid PV/wind microgrid. For maintain the resilience
and reduce the grid faults against the mismatched uncertainty, implements a fault-tolerant control system for
the DFIG converters. The converters of PV and Wind are used as STATCOM for shared reactive power support
strategies. When providing robustness against the mismatched uncertainties, the stability of the DFIG dynamics
has been improved. Furthermore, the shared support strategy allowed the RES to supply required reactive
power (RP) to the grid for optimizing the use of RES in the microgrid.

Liao and Milanovi¢, [17] have discussed different compensating devices for mitigation of the PQ
issues such as voltage sags, unbalance, and harmonics from their potential negative impact and mitigation
effect. Some FACT devices, like as STATCOM, static VAR compensator, and DVR, have been modelled using
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commercially available software power factory/dig silent to investigate the effects on crucial PQ concerns. The
STATCOM employs two different control strategies: reactive power compensation and voltage regulation. The
impact of various devices on PQ phenomena is investigated, and the results are analyzed with and without
mitigation, using the proper assessment procedures.

Rajendran [18] have discussed the mitigation of PQ issues using a comparison of various control
strategies. In this paper, artificial neural network (ANN), neuro-fuzzy controller (NFC), adaptive neuro-fuzzy
interference system (ANFIS), and fuzzy logic controller (FLC) are the various intelligent methods.
Furthermore, various optimization control techniques are utilized for the SAPF and SH-APF. Furthermore, this
work was designed in the MATLAB/Simulink platform, and the proposed work's superiority was assessed by
comparing it to existing approaches. The ANFIS was utilized to increase the PQ of the UPQC and reduce
voltage sag and swell.

Naidu and Meikandasivam [19] have proposed the fractional order PID(FOPID) controller and PQ
theory in DPFC to enhance the PQ in an HY-RES incorporated with the grid. The custom power devices
(CPDs) are used in this paper to overcome PQ problems in the DS. Furthermore, to address PQ difficulties,
DPFC was linked to FOPID controller and PQ theory. Against demonstrate superiority, the suggested technique
FOPID was compared to FUZZY, PI, and ANFIS controllers. In addition, CPDs were used with the IEEE 12
bus system in the case study.

Al-Ammar et al. [20] have presented CPD bhased DVR power electronics which are incorporated in
the DS for enhancing the PQ by mitigating the voltage sag problem. A versatile control technique based on
SRF (synchronous reference frame) theory was incorporated with DVR for sensitive loads in the distribution
system for balancing the voltage sag. In this paper, the fuzzy logic-based automatic switch was introduced with
DVR for the detection of voltage sag. The author failed to design the DVR-based FLC and Sliding mode control
(SMC) in this paper.

Liao and Milanovic [21] presented a thorough technique for assessing the techno-economics of PQ
mitigation. Based on the devices, network, and optimization, PQ mitigation technique for offering
differentiated PQ in-network combined with RES is proposed in this study. Because of several essential PQ
occurrences, this work is based on the assessment of financial losses and the adoption of a particular diagnosis,
as well as the cost of various mitigation measures and payback. Furthermore, this technique takes into account
a variety of client needs and provides varying amounts of PQ across the network.

The many forms of FACT devices for mitigation of PQ problems like as voltage swell, dip, and flicker
due to the rising number of nonlinear loads have been presented by Gidd et al. [22]. SVC, TCSC, STATCOM,
DVR, UPFC, and DSTATCOM are types of FACT devices presented in this paper for power conditioning
where DSTATCOM is mainly discussed here to overcome the PQ issues. The DSTATCOM modelling and its
effectiveness across different loading conditions are the subject of this effort. DSTATCOM modeling and
control performance are verified using MATLAB Simulink during normal operation and also when loading
conditions change.

Kumar et al. [23] have presented PQ issues in HY-RES incorporated with grid and FACT device also
interconnected. In this paper, PV, Wind, and generators are presented as energy sources. Future trends and
common in RES's discussion were offered based on the maturity and reliability of each technology. The various
technique was used in this paper to mitigate the PQ issues. However, there are several challenges with RES
grid integration, and in light of the aforementioned tendencies, it is vital to look into potential solutions.

Soomro and Almelian [24] have presented the design of a single tuned passive filter (STPF) to limit
harmonic distortion generated by nonlinear loads in a PS. It minimizes the requirement for a capacitor to
provide additional kVAr. The design and implementation of the Passive filter can be discovered in various
researches due to these two appealing properties. The main challenge with filter design has been a difficult
one. The best design of a STPF is presented in this paper, and its application is to minimize harmonics in power
frequency. Using the Lagrange interpolation approach, the best parameters of this filter were computed.

The STATCOM which is based on voltage source converter (VSC) with high bandwidth presented by
Morati et al. [25], is meant to mitigate voltage flicker in a 100-MVA EAF installed in Europe. The addition of
an active current component to the STATCOM's current reference is recommended as a novel control strategy.
This control method greatly improves the STATCOM's performance in terms of voltage flicker reduction. The
suggested control makes use of the VSC's DC-voltage margin to generate an active compensating current while
avoiding oversizing the STATCOM converter's capacitor.

Although the solutions for mitigating PQ issues with integrated FACT devices have been successful,
they do not completely solve the problem. To compensate for the PQ issues, the authors combined the
coordinated PQ theory with DPFC. However, because the VSI's voltage and current grades were high in this
manner, it reduced cost. To compensate for PQ difficulties, UPQC with WECS was introduced. Nonetheless,
dc-link voltage maintenance was challenging with the UPQC device. For PQ difficulties, an enhanced UPQC
was employed, although no active power injection was used in this technique. The majority of the issues
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identified in the previous literature should be addressed by a suitable PQ issue mitigation strategy. As a result,
a unique control technique will be improved and constructed with HY-RES based on the FACT device to
compensate for PQ problems such as swell, voltage sag, and fluctuations, among other things.

2. PROPOSED METHODOLOGY

As a result of urbanization and industrialization, the demand for utilities grows, putting more strain
on the system. Because of security and power dependability issues, conventional generation sources are unable
to meet today's power demand. Distributed energy (DE) RES have been employed to address these issues. The
HY-RES system, the most modern technology, improves the system's efficiency and reliability.

The HY-RES system is connected to the DS to fulfil the required load demand from the consumer
side, resulting in PQ issues such as stability and flexibility. Allowing the system to be more flexible and stable
while eliminating PQ issues caused by the use of HY-RES in a grid-connected system. Swell, voltage sag,
harmonics, and volatility are all problems that the FACT device may help with.

For similar PQ challenges in the HY-RES with grid-connected system, UPQC is proposed in this
study. Figure 1 depicts the architecture of the proposed UPQC with HY-RES grid connected system. Battery,
PV, and wind systems are included in the planned HY-RES that is connected to the grid in this paper. The PQ
concerns at HY-RES, which is connected to the grid, developed as a result of the load. This interconnection is
the source of voltage stability and reactive power mismatch issues. UPQC is the best device choice for
improving voltage control in grid-connected HY-RES by reducing PQ concerns. The appropriate regulation of
UPQC is improved with the use of a hybrid optimization technique known as PSO-GWO. Furthermore, with
the assistance of PSO-GWO, the controlling parameters of UPQC are reached. Battery, PV and WT battery are
connected with grid system which is given in Figure 1 and consumer load requirements are compensated with
the help of RES. The extra electricity from PV and WT systems is stored by the battery which provides the
necessary power in critical situations. The vital trouble to maintaining stability and reliability conditions in
grid-connected HY-RES systems is the PQ problems. Then the PQ issues like swell, sag, and interruption are
compensated by the UPQC with the grid-connected HY-RES system. With the help of control strategies in
series as well as shunt filter, PQ problems are compensated by UPQC. The PSO-GWO filter is used to inject
the necessary power to compensate for sag and swell. The HPSO-GWO optimization is used to optimize the
gain parameters. The PV system is the optimum choice for generating power from solar energy while
minimizing greenhouse gas emissions, having a long lifetime, stability with non-rotating units, little
maintenance, and maximum reliability. The photovoltaic system in which cells are connected in series to get
the desired voltage.

Load

DC-DC —
Converter >

Transformer

— Inverter —

Filter Grid

AC-DC

Converter > r -1 T —
| .
I
|

bc
DC-DC >
Converter
Control Current Grid
BATTERY A Signal PSO-GWO | oniroller Voltage
A
Pref Qref

Figure 1. Structure of proposed UPQC with HY-RES grid connected system
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Battery:

The battery is utilized to meet load demand when the HY-RES produces insufficient electricity. The
battery range is estimated and developed based on the reference autonomy day (AD*), which is specified in
equation, in the situation of the system's needed energy need (1).

AD*xp]
N xnpxdod*

€]

Battery® =

AD™ = Autonomy day,
p; = Demand power,
n; = Efficiency of Inverter,
n;, = Battery efficiency,
dod* = Battery’s depth of discharge rate.
The autonomy day refers to the total number of days the battery can generate enough power to meet
load demand. The battery is charged with excess electricity generated by RES. As shown ini (2) illustrates the
battery power.

* * * (t
By = By(0) + P (0) = 212 2

p; (t) = System’s load demand,
By, = Power of battery.

In HY-RES [26], the SOC (state of charge) is the most important battery metric that is linked to energy
generation and insufficiency. As shown ini (3) demonstrates the SOC formula.

(50C°(e = 101 = 1) + (Bu(®) + Pie(®) =22} s, Bio() + P (®) > pi ()

S0C*(t) = 3)

SoC* (t—-DA—-p) + (”’n—(” — Py (O + PJ;c(t)> X Np, Byu() + P (0) < pi ()
u* = Battery’s self-discharge rate.
Equivalent circuit of PV cell:

Several solar modules are connected in series and parallel in a PV array to define voltage, current,
short circuit current (SCC), and open-circuit voltage (OCV) [27]. The equivalent circuit of the PV cell is shown
in Figure 2. There are mainly three components namely current source, series resistors, and a parallel diode.
Commonly, the expected power is provided from the PV cells which are assembled concurrently to make
modules of PV based on the combination of series and parallel.

An ng = the number of PV cells in series,
ny, = the number of PV cells in parallel, correspondingly. The affinity between the output current and voltage
can be expressed by (4).

i, = 05—y 0 (exp [ ¢ (”L + i)] - 1) @)

aktc \ ng ny

The generated photo current i is represented as solar irradiation, as (5).

ig = (i;“c +K(te — fref))los? i

Based on the subsequent relationship, i} is represented as saturation current of PV cell varies with the
temperature (6).

3 *
x| _te Qe 1 1
ls B lRS [tref] exp [ ak (tref tc)] (6)

Equivalent circuit of DC-DC Converter:
The equivalent circuit of the DC-DC boost converter is shown in Figure 3. Switch swl is initially
closed, but switch sw2 is initially open [28]. Now the inductor current L (I,) raising from zero. The next step
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is to close switch sw2 and open switch swl, then the inductor current goes to load, and the capacitor stores the
charges. In the stable state, the ON-OFF state of the switches swl and sw2 are fairly be the contingent extreme
value of the output voltage v,

The DC-DC converter's input and output voltages with duty cycle are given in (7) to (9):

v 1

= - 7
u;n l_Dc*iuty ( )
v — t':ise +1 (8)

";n t;all

D* — t;ise 9
duty = T )

Dgyey = duty cycle,

trise = period for raising inductor current,

switch swl is in closed condition.

trqu is the time for decreasing inductor current, switch sw1 is in open condition.

Load (grid, DC load)

The 3¢ electric PS is the gold standard in ac (alternating current) generation, distribution, and
transmission. It is a type of polyphase system that is, for the most part, the most widely used mechanism for
transporting power in electrical grids around the world. Large motors and other large weights can also be
powered using this [29]. A three-wire 3¢ circuit is more cost-effective than a two-wire single- ¢ equivalent
circuit on the same transmission line to ground voltage because it needs less material for the conductor to
transfer a certain quantity of electrical power. After the PQ has been boosted and the loss has been
compensated, the energy is stored in the grid for subsequent consumption. The transmission line is used to send
power to both three-phase loads and the grid. As a result, the proposed methodology was used to achieve
effective power compensation.

-
Ipy
Iseries e
_—

i l Rseries
a Ishunt

o .yl o=

Figure 2. PV cell equivalent circuit

sw2

CL =y

=

*
Vg

swl

Figure 3. Equivalent circuit of DC-DC boost converter
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2.1. Control strategy of UPQC

UPQC mainly depends on the SH-APF and SAPF controllers are responsible for the majority of
UPQC’s whole function. A HPSO-GWO optimization algorithm-based Pl controller is suggested for PQ
correction. A SAPF has a high impedance for current harmonics, blocks load headings and source streams, and
supplies voltage as a voltage supply in time. The primary goal of series compensators is to eliminate the
harmonic mechanism in the voltage supply [30].

SAPF the rated voltage and load bus sine curve are tracked by the UPQC's SAPF. As a result, the
simplest method is to directly load the voltage of load bus sine curve to prepare a series of converters including
matching motions. In a typical home, for example, single-phase 230-volt AC/ 50 Hz energy with a fixed power
output is used. At fixed range of load voltage, the sine curve voltage sensitivity is therefore safeguarded at
fundamental frequency (e.g., 50 Hz), and (ii) for proper load, the two basic factors are expressly rated to offer
accurate load bus control. As a result of unwanted occurrences, the power supply voltage may be twisted in a
comparable feeder, such as capacitor bank, a high-frequency load is turning on/off, and so on, generating droop
or voltage spikes. If the fixed of sine curve voltage and the critical voltage of load, the range of load voltage
may be undesirable and recognized problems or events can be removed easily. This is the voltage required for
the state to create a perfect sine curve voltage when the prescribed range has been reached, allowing the SAPF
to be changed and the power voltage distortion to be eliminated. In other words, a series of filters transform
the voltage applied by the power to the appropriate voltage. The controller for the series APF in UPQC is
shown in Figure 4.

i PSO GWO
DC Link
Voltage > based PI
controller
dg0 = || Pulse for
@_> Transformation PWM e AR
Reference
Voltage I
Source o dg0
Voltage »| Transformation

Figure 4. Control structure for series APF

SH-APF to construct a reference current signal for the SH-APF, the unit vector template is employed.
The SH-APF's main function is to maintain a steady DC voltage, which aids current synchronization and
reactive power. Compressing the source current sinusoidal wave is the simplest way to compensate for the
aforementioned load issues. Figure 5 depicts the APF shunt controller in UPQC.

A fault was injected into the transmission line to test the power adjustment. This method tests and
evaluates the suggested technique's power stability. Finally, the defects are eliminated utilizing the above-
mentioned proposed mechanism, which utilizes a UPQC controller with a PSO-GWO-based Pl controller.
Once the faults and distortions are corrected, the stabilized electricity is stored in a three-phase grid.

DC Link
+
Voltage . ¢
dgo . Pulse for
Transformation PWM shunt APF
Reference
Voltage
Source _ dqo
Voltage " | Transformation

Figure 5. Control structure for shunt APF
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2.2. Background of PSO and GWO techniques

The gain parameters such as k,, and k; are the parameters of PI controller of UPQC, which is regulate
for reducing the steady state error, rise time, overshoot and eliminate the error. The PSO-GWO is used to
determine the PI's best parameters.
—PSO

The PSO is one of the most basic and widely used optimization methods. Through this technique, a
number of particles are allowed to move in a multidimensional search space. The velocity of each particle must
be updated while searching [31].

Vi = 0V + cirand; (p]’-fpbest - X]-K) + c;rand; (p;-(_gbest - X]-K) (10)

w™ = Initial Weight, range between 0.4 to 0.9,

rand; and rand; = random variables in between 0 to 1,
¢ and c; = acceleration coefficient.

The position of swarm is updated by (11):

XNV = X+ V) (11)

The most excellent solution can be obtained with more iteration is given by (12):

X]’-k otherwise

Xinew if F(X;new )<F(X}

XjK+1 ={ JNEW ( J W) ( 1)} (12)
— Grey wolf optimization (GWO)

The GWO is a new metaheuristic technique based on swarm intelligence that is inspired by grey wolf
hunting mindset. Grey wolves are placed in a spot and remain as a pack to carry out the hunting activity. To
mathematically describe the hunting process, the best fittest answer is given to the a* group of wolves, who
are then followed by the 8%, y*, and 6 groups [32]. The wolves perform a loop around the victim during the
first phase of hunting. The (13) and (14):

D, = [C.X,.(8) = X.(0)] (13)
X.(t +1) = |X,.(t) — 4, .D. (14)
t = Current iteration,
X, = Grey wolf,
Xp. = Victim position,
A, and C, = Coefficient vectors
A, =2.a.7%—a (15)
C. =27 (16)

r, and r, = Random vectors in between 0 to 1,
During the iteration, a, decreases from 2 to 0. The process of hunting can be formulated as (17) and (18):

Dy = |G X5 = X°| D = |G. X5 = X*| Dy = |G X5 = X° (17)
X; =X, — A(Dy), X; = X3 — A5.(Dp.), X3 = X;5. — A5.(D;) (18)

The most excellent position of prey is found by the average value of positions of a*, * and &*wolves which
is given as (19):

X1+X54X3

Xt +1) =27

(19)
—HPSO-GWO

When confronted with a severe constraint, the PSO technique has the drawback of getting stuck in
local minima; yet, it has some advantages, such as simplicity, robustness, and ease of implementation. GWO,
on the other hand, avoids becoming stranded in one location and maintains a healthy mix of exploration and
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exploitation. The HPSO-GWO algorithm thus incorporates both of these exceptional qualities of PSO and
GWO.

Operation of PSO:

Step 1: Determine each particle's fitness function.

Step 2: Compute the global gbest and the individual pbest.

Step 3: As shown in (10) is used to keep track of swarm velocity.

Step 4: As shown in (11) is used to update the position of the swarm.

Step 5: Determine each particle's fitness values.

Step 6: The optimal solution is chosen for the next iteration based on a comparison of each particle's fitness
value (12).

Operation of GWO:

Step 7: The final population of the PSO is the initial population of GWO

Step 8: The parameter A, , C.and a, are updated using (15) and (16).

Step 9: For each search agent, random position is generated.

Step 10: The grey wolves' fitness levels are calculated using the objective function.

Step 11: Updating the parameters and position of grey wolves.

Step 12: By comparing the fitness functions, best solution is chosen for next iteration.

Step 13: The optimal solution for subsequent iteration is chosen by comparing fitness functions.
Step 14: X+, Xz« and X5 are updated.

Step 15: The aforementioned step is repeated until the halting requirement is met.

Step 16: The optimal controller parameters are finally obtained.

The below flowchart shows the PSO-GWO.

Including swell, sag, and voltage fluctuation using the current, voltage, and fault situations with THD,
with the help of proposed controller the HY-RES with grid-connected system is estimated. Simulink is used to
implement the proposed method. The proposed technique is compared to GWO and PSO techniques that are
already in use Figure 6. Table 1 demonstrates the parameters of the Simulink.

Initialize pop of GWO
is the final pop of PSO

’ Parameters of ‘ ¢
PSO Generation of
\ 4 ’ Random position ‘
Randomly initialize the
particle position and ‘
elocity Estimate the fitness
of Grey wolves
Increase the
maximum Iteration ki

v Update the current
Evaluation of objective position
function Fitness(old)

v v

Initial pbest and Update the
gbest evaluation coefficient vectors

¥ v

—_— Increase lteration
’ Evaluate the

objective function ‘

.

Update the position of
alpha, beta and del wolves

Compute Fitness
(new)

Fitness(new)<
Fitness(old)
A 4

No
Y
’ pbest(old)=pbest(new) ‘ ’ Unchanged pbest ‘
Yes

No
Update velocity
Yes
No Yes
Max Iter Optimal solution

Figure 6. The flowchart of PSO-GWO
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Table 1. Parameters of simulation

S. No Description Parameters Values

1 PV Irradiance 1000 wh/m2
Temperature 25 deg Celsius

2 Wind Base wind speed 12m/s
Base Rotational speed 1m/s
Nominal mechanical output power 8.5 KW
Stator phase resistance 0.425 ohm

3 Battery Type Lithium lon
Nominal voltage 440V
Initial SOC 100 %

4 Grid Phase voltage 600 V
Frequency 60 Hz

5 Load Nominal voltage 100 KV
Nominal frequency 60 Hz
Active power 250 KW

6 PSO-GWO Maximum iteration 500
Number of Search agents 30

3. METHOD

The proposed method is estimated in the system by introducing PQ issues such as swell, sag, and
voltage variation. The calculation of proposed design structure under three types of fault conditions: swell, sag,
voltage fluctuation, and error signal levels in the system. The system performance is analyzed using three
different cases, which are described below. Figure 7 demonstrates the Simulink diagram of the proposed
structure without UPQC.

Figure 8 demonstrates the structure of the proposed Simulink model with UPQC. Initially, the HY -
RES are linked at the source side, followed by grid and load connections at the load side, and finally, the UPQC
is connected via the transformer and filter.
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Figure 7. The proposed structure of the Simulink without UPQC
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Figure 8. The proposed structure of the Simulink with UPQC
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4. RESULT AND DISCUSSION

The irradiance and temperature of the PV is given as 1000 wh/m2 and 25 degrees Celsius. Figure 9
illustrates the outcomes of one of the RES which is the PV. This figure demonstrates the voltage, current and
power of the PV. The generated voltage of the PV is 200 V and attain the steady state in 0.1 sec and current is
312 A and power of the PV is 60 KW.

Wind voltage, current and power of that is illustrated in the Figure 10. Voltage of the wind turbine
attain 130 V at 0.1 sec, current generated by the wind is 50 A and power of the wind is 6 KW at 0.1 sec. The
wind speed, rotor speed, generator torque, and pitch angle of the wind turbine are all depicted in Figure 11.
The wind speed varies from 12 to 15 m/s depending on the direction of the wind, the rotor speed is 1500 rpm,
the torque is 3.5 N/m, and the wind turbine pitch angle is zero to one. In Simulink, the base wind speed is set
to 12 m/s, the base rotational speed is set to 1 m/s, the nominal mechanical output power is 8.5 KW, and the
stator phase resistance is 0.425 ohm.

Furthermore, parameters of the battery are given in the Table 1, in this work, the lithium-lon type
battery is selected. Then nominal voltage of that battery is 440 V and initial (SOC) value id set as 100% then
it will be discharging condition. From Figure 12 voltage of the battery generated in the Simulink 250 V attained
at 0.1sec which is in discharging condition. Then current of the battery reached 1150A at 0.1sec. Finally given
the SOC which is decreasing from 100%. Figure 13 shows the analysis of the DC link voltage. The DC link
voltage is attained steady state voltage 225V at 0.1 sec. This DC link capacitor is connected in between the
series APF and Shunt APF of UPQC.
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Figure 9. Analysis of PV voltage, current and power Figure 10. Analysis of wind voltage, current and
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Figure 14 demonstrates the analysis of converter input voltage, current and output voltage. This
converter is incorporated after the PV for boosting purpose and converter the dc signal into dc for inverter. The
input voltage of the converter attained steady state voltage 200 V at 0.1 sec, current of the converter is 300 A
and output voltage of the converter is attained steady state voltage 265 V at 0.1sec.

— Case 1: sag mitigation

Adding a load to the HY-RES with a grid-connected system causes sag faults in the system during
this time, and the PV irradiance is set at 1000 wh/m2 in this scenario. To satisfy the demand of load, the system
produce the energy based on the amount of PV irradiation; the WT speed is set to 12 m/s depending on the rate
at which the WT generated the power. As a result, HY-RES was able to match the load demand while also
adjusting for PQ issues. The battery in a PV or WT energy storage system can only be used in certain scenarios.
In order for the system to perform linearly and consistently, the voltage sag must be resolved. The UPQC is
used to ensure that adequate power is delivered to meet load requirements while avoiding PQ issues.

The study of the voltage sag situation (source voltage, load voltage, and injection current) is shown
in Figure 15. In this figure source voltage is attained 455 V, from the time interval 0.15 sec to 0.3 sec the sag
signal is created and then the injected current is given by the UPQC to compensated the sag signal to blunt the
PQ issues. The final graph shows the load or compensated voltage. From 0.15 sec to 0.3 sec that sag signal
compensated in the load voltage.
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Figure 13. Analysis of DC link voltage Figure 14. Analysis of converter input voltage,
current and output voltage

— Case 2: swell mitigation

The proposed methodology's performance is evaluated using the swell condition. By connecting the
load with fault, swell conditions are formed in the system. Sources are diversified and performances are
analyzed in this swell condition analysis. The WT speed and PV irradiance conditions are changed, and the
effects of voltage and current swell on PQ are investigated.

Figure 16 shows the survey of voltage swell condition supply voltage, injection current and load
voltage. The swell signal created in the source side from the particular time interval 0.15 sec to 0.3 sec. Then
the UPQC injected current is given to compensate the source signal from the interval 0.15 sec to 0.3 sec. Further
last graph shows the compensated load voltage.

— Case 3: Fluctuation mitigation

The system's performance is assessed in this scenario under fluctuation conditions, which are caused
by a load with a failure in the HY-RES. Source voltage, injection current, and load voltage are all analyzed in
Figure 17. In source voltage, the voltage of source side attained 455 V and the fluctuation is created in between
the time interval 0.15 sec to 0.3 sec. Then the injected current used to compensate by the UPQC which 0.2 A
from 0 to 0.15 sec after 0.15 sec it will be raised and fluctuate till the 0.3 sec. This injects current compensate
the load side voltage. However, the load voltage reaches steady voltage which is 455 V.

Analysis of comparison:

The proposed methodology is evaluated using a comparison study under a variety of sag, swell, and

voltage fluctuation situations. The HY-RES system’s actual and reactive power can be compared to existing
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PSO and GWO algorithms. The signals' harmonics were also investigated and validated, both with and without
UPQC. The comparison is taken for the sag mitigation of proposed with the existing of PSO and GWO
algorithm in Figure 18. In Figure 18, the proposed method is reached 455 V and then the time duration from
0.15 sec to 0.3 sec the sag issue is mitigated. The mitigation of the proposed voltage is better than the other
techniques such as PSO and GWO. Figure 18 demonstrates the comparison of the sag mitigation. Where blue
color line which is denoted the proposed work, the pink line denoted the GWO and green line denoted the PSO.
In addition, the particular mitigation part is magnified to confirm the difference between the proposed and
xisting work.
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Figure 17. Source voltage, injectio rent, Figure 18. Comparison of voltage sag condition
and load voltage fluctuation analysis

Figure 19 demonstrates the comparison of the swell mitigation. The fact that the suggested approach
outperforms the PSO and GWO is evident from this graph. Unlike the PSO and GWO, the swell signal is
considerably reduced. Therefore, the proposed line is below the PSO and GWO. Here also blue line shows the
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proposed technique, pink and green shows the PSO and GWO respectively. Furthermore, particular time
interval is magnified to see the superior of the proposed technique. Figure 20 illustrates the comparison of the
fluctuation mitigation. The fact that the suggested approach outperforms the PSO and GWO is evident from
this graph. Compared to the PSO and GWO, the fluctuation signal is considerably reduced. Therefore, the
proposed line is above the PSO and GWO. Here also blue line shows the proposed technique, pink and green
shows the PSO and GWO respectively. Furthermore, particular time interval is magnified to see the superior
of the proposed technique.

Figures 21 and 22 demonstrates the THD of the proposed technique with and without UPQC.
Figure 21 shows the THD of the proposed technique without UPQC. In this figure the harmonic mitigation is
3.28% only, in Figure 22, With respect to the frequency in Hz, the total harmonic mitigation value is 0.01
percent. Furthermore, it is well known that the suggested UPQC with HPSO-GWO technique outperforms the
existing PSO and GWO strategies. The PQ issues mitigated greatly by this UPQC with PSO-GWO techniques.
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Figure 19. Comparison of voltage swell
condition

Figure 20. Comparison of voltage fluctuation
condition
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5. CONCLUSION

In grid-connected PS, PQ mitigation in HY-RES has become an attractive topic of analysis. The
employment of load and high frequency switching characteristics on the output side has an impact on the PQ
in an HY-RES, PS. As a result, to solve PQ concerns, FACT devices have been integrated into the system. To
reduce the PQ concerns and satisfy the demand of load, an appropriate controller with the HY -RES and UPQC.
PV, WT, and BESS systems are used in the proposed HY -RES system. Under certain environmental conditions,
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the BESS system is utilized to adjust load demand. Two controllers make up the UPQC: an SAPF and an SH-
APF, with a parameter adjustment Pl controller with PSO-GWO. The suggested UPQC system addresses the
voltage-related PQ issues. In MATLAB/Simulink, the proposed method is simulated and implemented. Voltage
sag, swell, fluctuation, and harmonics are used to evaluate the system's results. Finally, the suggested strategy
is compared to existing optimization-based controllers such as PSO and GWO.
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