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Abstract - PV (Photovoltaic) fed UPQC (Unified Power Quality Conditioner) systems are innovative solutions for improving
Power Quality (PQ) in microgrids that incorporate solar PV arrays. These systems combine the advantages of solar power
generation with the power conditioning capabilities of UPQC technology to enhance the overall efficiency and reliability of
microgrids. Super-Lift Luo Converter, which significantly contributes to optimizing the utilization of solar power and improving
the power quality of the microgrid, is implemented in this work. By integrating the converter into UPQC, the PV system actively
compensates for PQ issues in the microgrid. The Type-2 Fuzzy Logic Controller (T2 FLC) based MPPT (Maximum Power Point
Tracking) control mechanism helps regulate the output voltage and assures a constant and high-quality power supply to the
loads. Additionally, battery storage allows for the capture and storage of excess energy generated by PV arrays during periods
of high solar irradiation. This stored energy is used in periods of low solar generation or high load demand, effectively balancing
the energy supply and demand. Furthermore, the current harmonics are eliminated using the PI controller-assisted DQ theory.
The entire proposed system is verified using the MATLAB platform.

Keywords - PV system, UPQC, Super-Lift Luo converter, microgrid, T2 FLC-based MPPT.

1. Introduction

The emergence of microgrid systems signifies a pivotal
shift in power distribution paradigms. These innovative
networks leverage a diverse array of technologies and
strategies to enhance energy resilience, efficiency, and
sustainability. By seamlessly integrating distributed
generators, renewable energy sources, energy storage
solutions, and advanced control algorithms, microgrids offer a
robust platform for addressing the evolving needs of modern
society. [1].

The handling of power flow among the AC to the DC grid
and the mitigation of power quality concerns are two major
tasks that need to be performed during the implementation of
the power distribution grid and microgrid [3, 2]. In microgrids,
Power Quality (PQ) issues are broadly classified into utility-
related challenges and consumer-related issues.

Consumer-related problems include Total Harmonic
Distortion (THD), unbalanced loads, reactive power demand,
and delayed power factor. Utility-related concerns involve

voltage sag/swell, flicker, notches, unbalanced sources, and
interruptions. The most substantial PQ distortions arise on the
side of utility as voltage loss and on the consumer side as
distortion caused by harmonics. Such PQ distortions degrade
the effectiveness of the power system connection and degrade
the lifespan of the corresponding devices [5].

Recent studies indicate that Point of Common Coupling
(PCC) uses the inexpensive tailored power device known as
the UPQC to guard against PQ distortion for both the utility
and the customer. Currently, many researchers are focusing on
merging both storage and renewable energy, as well as custom
power devices, to address the criteria of increased PQ,
renewable energy generation, and continuous power supply
for essential loads. When functioning in stand-alone mode,
battery energy storage is crucial for green energy systems [6].

The battery’s higher cost becomes acceptable when the
system is utilized for essential uses, which include healthcare
facilities, electronics industries, and so on when a constant
supply of high-quality power is required.
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DC-DC converters serve diverse purposes within power
electronics applications. Boost converters are commonly used
in PV applications for converting voltage; however, a step-up
voltage ratio is only achievable [8, 9]. Buck-Boost [10, 11]
converters are used to operate MPPT, although they face
higher transitioning stress and poor voltage conversion
efficiency. Furthermore, buck-boost converters necessitate
huge input capacitors, and their discontinuous input current
limits their capacity to conduct optimum MPPT in their lack
of big decoupling capacitors.

The Cuk [12], SEPIC [13, 14], and Luo [15] converters
are now available to solve the drawbacks of buck-boost
converters. These converters have low switching losses,
excellent efficiency, and voltage moderation, allowing for
adaptable operation. However, these converters lack the
ability to adjust voltage levels rapidly. Henceforth, this
research suggests a Super-Lift Luo converter to overcome the
aforementioned limitations. In addition, this converter further
improves the system efficiency with reduced ripple content.

The UPQC operates as a series-shunt converter with a
shared DC link capacitor. Precise DC link voltage control is
vital for enhancing the compensating capability. Unlike
traditional UPQC devices, which rely on PI controllers for DC
link voltage regulation, achieving optimal control of DC link
voltage is essential for maximizing compensating capacity
[16]. Yet, conventional Pl controllers require linear
mathematical equations, which cannot effectively regulate DC
link voltage during high voltage loss and dynamic operating
conditions. Currently, many scientists have proposed several
MPPT algorithms for obtaining the utmost power from solar
panels with stabilized DC link voltage. As addresses to the
drawbacks of the aforesaid procedures, the Perturbation and
Observation Incremental Conductance approaches are
proposed [17-19]. This algorithm represents the best way to
identify the ideal power-point.

Nonetheless, these approaches have minimal size
fluctuation while the climate condition changes often. In [20,
21], FLC is considered one of the greatest effective manners
for managing system unpredictability and non-linear behavior.
The FLC is extremely useful for dealing with PV’s unexpected
and randomized nature, which has been mimicked in the
dynamic behaviors of PV. However, this method is less
accurate in tracking the maximum power from the PV system.
Thus, these limitations are tackled by using a T2 FLC-based
MPPT controller. It effectively enhances the converter’s DC
link voltage and conversion efficiency.

In [22], the SVPWM technique is used to improve the
compensation capability of the UPQC system. However,
SVPWM is not a suitable technique in terms of handling
harmonic content. Moreover, its sensitivity to noise and errors
affects the output waveform stability and quality. In [23], an
optimized FOPID controller is implemented for UPQC
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control, but this technique grapples with its heightened
sensitivity to parameter tuning. PI controller-based UPQC
control implemented in [24] struggles with limitations in
transient conditions in spite of providing quick power balance.

This work identifies a significant research gap in
improving converter performance and PQ management in
microgrid systems. Conventional UPQC control approaches
often falter in dynamic conditions and high-voltage loss
scenarios. The P&O and IC MPPT algorithms, while effective
under stable conditions, struggle with fluctuations caused by
varying climatic conditions. Furthermore, the FLC offers
improved management of system unpredictability and non-
linear behavior but lacks the precision needed for optimal
power tracking in PV systems.

To address these gaps, this work suggests the
implementation of a Super-Lift Luo converter, which aims to
overcome the limitations of existing converters by enhancing
system efficiency and reducing ripple content. Additionally,
this work explores the novel application of T2 FLC-based
MPPT controllers to improve DC link voltage stability and
conversion efficiency. This approach promises to significantly
advance the performance and reliability of microgrid systems,
offering a more effective solution to the challenges of PQ and
energy management.

2. Proposed System Description

In this research, a PV-powered UPQC layout, as shown
in Figure 1, is established with the intention of reducing such
PQ problems and encouraging the production of green energy.
The DC link voltage stays at the appropriate intended value
using an efficient control system.

The produced output from PV is improved with fewer
switching losses with the adoption of a Super-Lift Luo
converter. The T2 FLC-based MPPT receives the output of the
PV system current and voltage as input, and it delivers the
necessary variation in the duty cycle command. The resulting
signal is received by the PWM generator, which controls the
operation of the converter by producing pulses. The
converter’s regulated output, which has the expected voltage
level, is sent to the DC link.

The series and shunt converters of UPQC are regulated
using Pl controller-assisted d-q theory. Here, the series
converter reduces the load side harmonic, sag, and swell
concerns at the PCC. The shunt converter regulates the DC
capacitor voltage, supplying both voltage source converters
and eliminating reactive and harmonic currents on the source
side. D-Q theory is employed to generate reference current
signals. Pulses produced from the PWM generator regulate the
functioning of series and shunt compensators in accordance
with reference current and regulation signal from the PI
controller. Henceforth, the PQ problems are mitigated with
high precision.
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Fig. 1 Schematic representation of the proposed PV-fed UPQC model

3. Proposed Modelling
3.1. Modelling of UPQC

The UPQC enhances power quality in electrical networks
by addressing issues like current harmonics, reactive power,
voltage regulation, and interruptions. It includes shunt and
series compensators: shunt for voltage fluctuations and series
for current disruptions.

Basic Phasor Operation: The UPQC is represented by an
ideal current source and an ideal voltage source in its essential
specification. The reference voltage for the UPQC (V;) is
obtained from

Vins0 = Voen 2P + Vpp 26 1)

Where V,,.,the UPQC’s penetration voltage and V,,), is the
load voltage. Determining the amplitude and constant phase
angles of V.., is essential for stabilizing the load voltage at its
maximum rating during a power factor-provided load and
voltage sag. However, there exist infinite possibilities for V/,,,,.
To optimize the loading of UPQC, the unique control
approach proposed in this paper recalculated this injection
angle. The expression for load current from the source is

[phs6—6 =126 +1.28 2

This indicates the angle at which the load current (I,,)
lags behind the peak current (V,,;,). Since the power supply is
considered to be the primary active element of load
current, § = 0. The supply voltage is initially enough in Stage
1:

@)

Vin = Vph1 = Vin; = Constant =V,
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Accordingly, the current is provided by IC;, when angle
B = +90; it is assumed that the power factor lags the voltage
phase angle in power systems.

In Stage 2, the electrical supply voltage magnitude has
dropped to V;,,,, necessitating action from the UPQC to raise
Vo2 back to its previous magnitude (|V,p1| = [Vppzl). This is
accomplished by the injection of series voltage V;,; and
selecting the load voltage between 0 and 90°, along with the
appropriate magnitude of V;,,;.

linzcosP = Iy, cos0 4
Inh2sin(6—PB)
ICZ == 2cosB (5)

Both active filters infuse reactive power into the load
ifa < ¢. It’s significant to note that this drooping voltage is
such that, for a certain load power factor, angle equals, and
from Equation (4) it is able to be deduced that I, = I;,. Itis
assumed that the load current is stable.

(6)

In a basic lagged power factor of cos¢p. The load
maintains a constant demand for active power, which is
balanced by the performance of the power source.

=l =1

™

Sag occurs whenever |V,,|<|Vy,| and per-unit voltage sag
is indicated as x.

Vg = VI cos@ = Constant

Vo = (1 =x)Vsy = (1 =x)Vy ®)
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To maintain a constant active power during a voltage
sag,Vyy, Is; = Vg, I, and,

__ Vplpcosp cos@

27 Voo %(av ®
Hence,

Vi zsin o= V;;siny (10)
Vi,c0s x= Vg, + Vj;cosy (11)
From the Equations (5) to (10),
Viy = Vex? + 2V§ (1 —x) (1 — cos ) (12)

The following formula represents the series converter’s
apparent power:

Vx2+2(1-x)(1—cosx)

[Vinj 1152 ] = V,Igcos® — (13)
Which results,
Iepc0s o= Iy, + Vipsin(@—ox) (14)

The perceived power rating consequently is modelled by,

in(@—o) in(@—o?
IeoaVip + 18 Zg1c = I, (Vo 2R 4, (Sm = )ZSLC) (15)

COSxX COSX

Where ZSLC is the synchronous linked converter’s

impedance when (13) and (15) are added together, the overall
apparent power consumption of UPQC is written as,

(VA —UPQC = Voplop (6%, B) + G2(8,B)) +13,G5 (6, B)Zsvc
2+2(1-x)(1—cosp)
4' G1(6,x,B) = cose% (16)
__ sin(g-B)
L G2(8,B) == 5

As a result, the VA loading relies on a forward angle of
VL for a particular load power factor angle a and voltage sag
x p.u. The minimal VA is reached when ¢ = a, resulting
inlg,, =I,and I, =0. In these circumstances, the
recommended injected voltage is provided by,

Vinj = Vojv/x2 + 2(1 —x)(1 — cos® a7
Similarly, the voltage advance angle of the source current
is provided by,

v1-cos2a

sy = \/;+2(1—x)(1—cos(2)) (18)

Thus, (17) and (18) are control formulas that determine
whether UPQC uses a proper control approach to achieve the
optimal angle of voltage injection.

3.2. Modelling of PV System

Solar PV-based power plants are emerging as significant
sources of clean energy due to their advantages over other
forms of renewable power, including no fuel requirement, zero
pollution, minimal upkeep, and reduced noise. The equivalent
solar energy system circuitry schematic is depicted in Figure
2.

N
lop

N\ 5 @
@® |y |3~

I'N

Fig. 2 Equivalent circuit representation of PV

Following is an equation connecting the PV panel’s
voltage and current.

AKT nplsc—Ipy+nply
Vpy = ng 9 In {%} - :_z IpyRs (19)
Poy = Vpy * Ipy (20)

The PV system operates efficiently at MPP for each
parameter. Figure 3 demonstrates the effectiveness of the PV
array.

Power (W)

15 20 25

0 5 10
Voltage (V)
—1200 W/m’ 600 W/m’
1000 W/m? — 400 W/m’
s 800 W/m’

Fig. 3 PV system performance at T = 25°C
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A Super-Lift Luo converter is chosen to attain the desired
output voltage from PV, which is elaborated on in the
subsequent section.

3.3. Modelling of Super-Lift Luo Converter

It is derived from the conventional Luo converter and
features additional circuitry that enables it to achieve even
higher voltage conversion ratios. Such converters are
frequently employed in switch mode power supplies,
manufacturing processes, and computer interface equipment,
particularly for high-voltage applications. Figure 4 depicts the
super lift Luo converter. It has the power switch (IGBT) S, the
diodes D,and D,, the capacitors C;and C,, the inductor L,
and the load resistance R. The working operation of the
proposed converter operating in continuous conduction mode
is illustrated in Figures 5(a) and (b). When switch S is in the
ON position in Figure 5 (a), the voltage across the capacitor
C; charges toV,,. With voltageV;,, the current i, passing
through the inductor L rises. In Figure 5 (b), the inductor
current i; drops with voltage (V, — 2 V) while switch S is
in the off state. Consequently, the inductor’s current i, ripple
is,

Vo—2

: Vin Vin
AIL = L_,dT = L—ldT (21)
2—-d
Vo =7 Vin (22)
The obtained transfer gain of voltage is,
— Yo _2d
G= Vin T 1-d (23)

When the S is activated, the input current i;, is equal to
(i, +ic,), and when turning off, it is just equal to i, . The i, and
ic, are the same during the switching-off of the capacitor. The
average charge over the capacitor C; is supposed to stay
constant in steady condition.

lin—off = IL—off = lc1-off (24)
iin—on = iL—on + ici—on (25)
dTici—on = (1 — d)Tici—ofr (26)

...':({‘.l.......... .
] cesssuss

Fig. 5 (a) Stage 1, and (b) Stage 2.
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The i, issimilar to its average current i, if inductor L is
sufficiently high. Thus,

iin—off = icl—off = IL (27)
. 1-d I

lin—on = IL + TILl = EL (28)
. 1-d

lci—on = 4 IL1 (29)

In addition to the average input, the current expression is
given by,

Lip = diin—on + (1 - d)iin—off =1, + (1 - d)iL = (2 - d)IL

(30)
Taking T = 1/f into consideration,
Vin _ (id)zﬂ — (1;‘1)2 R 31
Ln \2-d/ 1, \2-d (31)
The inductor current i, fluctuation ratio is,

_Aig/2 _ d@-d)TVi, _ d(1-d)?

b= L 2Ly 2Q-dfL (32)
When output voltage V, is rippled, it is
AV, = 22 - LU-IT_ 124V (33)

C, C, fC, R

Consequently, the output voltage’s variation ratio, V, is

__AVe/2 _ 1-d
€= Vo  2fRC, (34)

The T2 FLC-based MPPT technique is used to derive the
optimum energy possible from solar panels. Additionally, it
has other advantages, including reducing fluctuations and
providing an instantaneous response to changes in solar

irradiation (shading effect). The following section discusses
the proposed MPPT approach in more depth.

3.4. Modelling of Type-2 Fuzzy-Based MPPT Controller

The FLC, which has many applications specifically in
control theory using FLC reduces the demand for a reliable
mathematical model of a system, and it is also non-linear,
adaptable, and robust to both parametric and non-parametric
variation. FLC transform linguistic control inputs into
numerical control data by simulating human cognitive
processes for control actions. The decision-making capacity of
a fuzzy controller allows it to incorporate expert information.
Fuzzification, inference, and defuzzification are the three
components of fuzzy logic.

Using a proper transformation function, the fuzzification
converts an uncertain parametric value into a set of fuzzified
values. Triangular fuzzy functions have been evaluated in the
current work. These functions have any number, but the more
functions that are taken into consideration, the better the
accuracy is obtained. However, this is going to increase
processing time and memory constraints, whereas the
accuracy level decreases with a lower number of functions.
Five membership functions that have good accuracy without
complicating the system have been chosen to address these
shortcomings.

Moreover, the fuzzy membership set of values is a defined
collection of values. To solve the real problems, including
partial shading application, the T2 FLC is employed. Because
the values of fuzzy in these situations typically fall within the
footprint of the uncertainty band rather than being sharp. The
centre of the membership function is more sensitive for the T2
FLC. It provides greater flexibility in data uncertainties,
including unclear weather conditions, and it overcomes the
drawbacks of type-1 FLC. The representation of T2 FLC is
shown in Figure 6. The fuzzifier is given the PV array’s
sensing outputs. The inference engine uses the output
processing block to further defuzzify the output from the
fuzzifier based on the knowledge base.

Sensor PV
Array Voltage P

(o

oP PO/P(n)_PO/P(n-l)

ala
T

eole X

>+
Unit A
Dela;
_ Unit
| ] Delay
O/P(n) " O/P(n-1)

Sensor PV
Array Current]

Change in Error

Delay

Type-2 Fuzzy Logic Controller
1
Fuzz Fuzzy |
Inpu¥ Output | T = == == | Type-Reduced
sets [ inference | 3¢ | | ji et (vet)
Fuzzifier > i s Type
Engine I Reducer |
I
S S -
I e | |1} Output
i RuIeZ I : Defuzzifier .ﬁ—;
I I il
| | —H]
| Fuzzy | Output Processmg-! I
| Set | |
I I 1
: Knowledge Base : :

Fig. 6 Proposed fuzzy logic controller (Type-2)
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The main elements (rule base, fuzzy logic, and interface
machine and output processing unit) of the T2 FLC structure
are identical compared to its T1 FLC analogues. Meanwhile,
the output processor for a T2 FLC is comprised of type
reduction to an IT1 FLC and defuzzification. The type
reduction methods and fuzzy operators of a T2 FLC’s
inference machine correspond to the T1 FLC, with the
exception that a T2 FLC has T2 FLCs for its inputs and
outputs.

D Error

-B -S Zy +S +B

Error

-B Zy Z, +B +B +B
-S Zy oz +S +S S|
-Z, +S Zy % Z, -S
+S -S -S -S iz Z,
+B -B -B -B %y Z,

Fig. 7 Fuzzy rule with two input variable (error and change in error)

The rule base matrix is displayed in Figure 7. Depending
on the active state of the input membership function, control
action is modified. For inferencing, Mamdani’s MAX-MIN
approach is utilized in this work. Each rule output membership
is given by the minimum operator. Meanwhile, the maximal
operator produces combined fuzzy results.

0.9

He(Y)

-1

-0.8 -0.6

-04 -0.2

Fig. 8 Type reduction and defuzzification

Figure 8 displays the defuzzification and type-reduction.
Using the Matlab computer program, the type-2 with
accompanying operations is implemented to obtain certain
outcomes. Thus, the proposed T2 FLC-based MPPT algorithm
extracts the most power from the PV panel and enhances the
converter performance.
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3.5. Reference Current Generation Using Pi Controller
Assisted D-Q Theory Method

The dq0 transformation is utilized for converting the
reference current produced from the load current, which
includes the harmonic elements i, ,, i;, and i, to give iy, iq
andi,. The DQ transformation is used to govern the grid-
coupled circuit.

iLa—’

L

iLc—’

Vs PLL

Fig. 9 Reference current generation by DQ theory

The id is then reliably sent via an LPF filter, as shown in
Figure 9, the structure in order to optimize the efficiency of
the process and output production speed.

When the dynamic DC element is subtracted from the id
on the d axis, an AC component with a harmonic value and no
fundamental ti; is produced. Furthermore, to maintain the
transient state and magnitude of the reference current and
approach, the inverter DC voltage regulator, a power supply
connected to an inverter circuit with PI regulation, is used to
create id, which is later modified by i,,,, .

However, for null axis and quadrature currents, the
magnitude is reversed. Additionally, the dq0 axis function
performed a second transformation that produced the amount
abc and the elementsi =, ,, i *,, and i *,.. The suggested PI-
based control solution also successfully synchronizes the grid
while achieving reduced harmonic contents.

3.6. Shunt Compensator Control

In a PV-UPQC system, a shunt compensator performs
multiple functions, including the maintenance of DC link
voltage, compensation of reactive power demand, mitigation
of harmonics, and extraction of maximum power from the
solar PV array.

It injects voltage which is either in phase or out of phase
with the PCC voltage. The compensation of load current is
achieved by extracting its active fundamental component.
This is accomplished by using the DQ theory to operate the
shunt converter, as seen in Figure 10.
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Fig. 10 Shunt compensator control

3.7. Series Compensator Control

In a PV-UPQC system, the series compensator stabilizes
the load voltage by injecting a voltage with the same
frequency and phase as the load voltage. It also injects a
voltage with the inverse phase when voltage sags or swells
occur. The series compensator also removes distortions in the
voltage waveform caused by harmonics and sags or swells.
Figure 11 provides the structure of control of the series
compensator of UPQC.

Gating Pulse VSI

<

b

3|

abc

dq0

<

3

abc

lg<k<1$<

VS e
Fig. 11 Series compensator control

4. Results and Discussion

This article uses control strategies for each part to expand
on the PQ enhancement. The proposed method is more
effective in resolving PQ problems such as voltage swell and
sag. MATLAB platform is used to verify the performance of
the proposed system. Table 1 outlines the parameter
specifications of the proposed system.

316

Table 1. System parameter specification

Parameter Specification

Photovoltaic System
Short Circuit

Current 8.334
Open Circuit

Voltage 12V
Peak Power 10KW, 10 Panels

Series connected

solar PV cells 36

Super Lift Luo converter

Inductor L 3.6 mH
Capacitor C; 4.7 mH
Capacitor C, 2200 u

The solar panel parameters, including voltage, current,
temperature and irradiation, are represented in Figure 12. The
observation indicates stability in both temperature and
irradiation with values of 35°C and 1000 W /Sq.m. Similarly,
the solar panel’s constant voltage and current attained the
value of 70V and 175 Amps, respectively. The obtained
voltage and current of the PV panel are further improved with
the help of the proposed converter.

Figure 13 demonstrates the proposed converter output
current and voltage. A stabilized voltage of 100V is attained,
and the current requires 0.1 seconds to maintain a constant
value of 10 Amps. The findings are examined for voltage sag
and swell situations, and the remaining two cases are
discussed in detail.
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Fig. 13 Waveforms indication of super lift luo converter output (a) Voltage, and (b) Current.

4.1. Case 1: Step Magnitude (-0.3)

The voltage sag is examined in this part; the sag occurs at
0.4s to 0.6s, as shown in Figure 14; the voltage is originally at
400V, and if there is a sag, it is indicated that the voltage is
dropped; at this point, the current appears to be raised to
55Amps. The equivalent source current and voltage are also
indicated, with a decrease in voltage and a rise in current.
Figure 15 also includes the improved power factor waveform.
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The source voltage and current depiction display PQ
difficulties; thus, the system is evaluated when the control
methods are applied. The T2 FLC method is used to regulate
the converter output, while the PI controller is used for
managing the UPQC. Although the source parameters vary in
voltage, the load current and voltage do not, as seen in Figure
15. The problem of voltage sag is not apparent in load current
and voltage representations from 0.1s to 0.2s.
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Fig. 15 Output waveforms of voltage sag mitigation

Case 2: Step Magnitude (+0.3)

The voltage swell continues to be examined in this part in
the same way as it occurred in case (I); from 0.4s to 0.6s, there
is a voltage swell, and at that point, the voltage achieves 550V,
and at the remaining time, the voltage is at 400V, as shown in
Figure 16, that is also represented in the current waveform.
According to the figure, the source current and voltage are in
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phase and have a unity power factor. Despite the fact that there
is a voltage swell on the source side, Figure 17 shows that the
voltage swell is reduced with the help of the control method.
The load voltage is still 400V, and the load current is
approximately 40 Amps. The system accomplishes reduced
THD of 2.02%, which is the lowest THD value when
compared to another conventional method.



R. Suja et al. / IJEEE, 11(8), 309-322, 2024

: wmmmmlmww T

Three Phase Source Voltage Waveform

m«mm«mmwﬂ«t«ww .‘“\d“‘WﬁW‘hW“"““

-400¢f

Three Phase Source Current Waveform

100
< 5o | | _
= 0 [N
WMMWNM| : sollll! AR

AR AL AT

0 01 02 03 04 05 06 07 08 0 01 02 03 04 05 06 07 08
Time (s) Time (s)
Source Voltage and Current In Phase Waveform Power Factor Waveform
__500F T ™ - v - — . : - - - -
< ~ 1
= > o
g a 05
> f-
o
S0 5 0
S s
© s -05
g 3
o o g } ] I ! ! !
>500k } } } | | | ] ] | ] ] | | | |
0 01 02 03 04 05 06 07 08 09 0o 01 02 03 04 05 06 07 08 09
Time (s) Time (s)
Fig. 16 Voltage swell analysis
Load Voltage Waveform Load Current Waveform
500 ( T B T T I J T T T T
10
50H——
S <
5 £ 0
3 5
> O
-50
-10
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0 01 02 03 04 05 06 07 08
Time (s) Time (s)
Fig. 17 Output waveforms of voltage swell mitigation
Fundamental (50Hz) = 4.736, THD=2.02%
T - : ¥ : v v
1k
]
g 0.8F
S
[+
k=)
c
7 06F
k]
S 0.4+
&
=
0.2F
0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Fig. 18 THD waveform

319




R. Suja et al. / 1JEEE, 11(8), 309-322, 2024

Table 2. Comparative study of efficiency analysis

Converter Types Efficiency (%)
Boost 80 [25]
Cuk 85 [26]
SEPIC 88.82 [27]
Luo 90 [28]
Super Lift Luo 96.4

Super Lift Luo
Luo

SEPIC

Cuk

Boost

o

20 40

Comparison of Efficiency

60 80 100 120

Fig. 19 Comparison of efficiency

Based on Table 2, it is evident that the proposed Super lift
Luo converter outperforms in terms of efficiency in contrast
to other existing converters, including Boost, Cuk, SEPIC, and
Luo converters. The proposed converter attains an improved
efficiency value of 96.4%, as shown in Figure 19. Table 3

represents the comparison evaluation of various converter
components with the proposed converter. According to Table
4, the proposed UPQC system achieves power factor unity
under both sag and swell scenarios as contrasted without the
UPQC system.

Table 3. Comparison with other converters

Parameters Boost [25] Cuk [26] SEPIC [27] | Luo [28] Super Lift Luo converter
No. of Switches 1 1 1 1 1
No. of Diodes 1 1 1 2 2
No. of Capacitors 1 2 3 2 2
No. of Inductors 1 2 2 1 2
G : T :
Table 4. Effectiveness of the UPQC strategy in terms of power factor
Power Factor
Circuits

Sag Swell

With no UPQC 0.69 0.71

With UPQC 0.967 0.977
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Fig. 20 THD Comparison

Figure 20 depicts the THD comparison among the
proposed converter and various current converters. This
explainsthat the proposed Super Lift Luo converter hasa THD
value of approximately 2.02%, which is considerably less than
that of the other converters.

Table 5. Comparison of UPQC control

The proposed UPQC control technique, when compared
with several other techniques, has low source current THD and
quick dynamic response, as seen in Table 5.

The proposed control for UPQC improves PQ by
effectively alleviating any irregularities in voltage. The
optimal control of DC bus voltage and the dynamic adjustment
of UPQC control signals improve the stability of the entire
system. The stable load side voltage and current waveforms
are credited to the exceptional compensation ability of the
proposed work. Moreover, it also achieves a near unity power
factor. The implementation of the Super-Lift Luo converter
also has a crucial role in enhancing the output of the proposed
work. These qualities allow the proposed approach to achieve
better results than existing techniques.

5. Conclusion

In conclusion, the integration of a Super-Lift Luo
converter with a solar energy system and a Battery Integrated
UPQC offers a promising solution for enhancing power
quality and facilitating the incorporation of renewable energy
sources in microgrid systems. The MPPT control structure
using T2 FLCs enables the adjustment of the output voltage

and ensures a reliable power supply to loads. The battery is

Reference Source Current THD % Dynamic employed to store the energy generated by the PV panel.

A B C Response
- The saved energy is utilized when solar power production
[22] 2.18% | 2.24% | 2.26% Medium is low, or the demand for load is extreme. In addition, utilizing
[23] 296% | 2.95% | 2.96% Low Pl controller-assisted DQ theory, current harmonics are
removed. The results accomplished demonstrate that the
[24] 25% | 2.59% | 2.41% Low proposed system achieves a remarkable efficiency of 96.4%
Proposed | 2.02% | 1.98% | 2.04% Fast \évggg,/ effectively reducing the THD to a minimal value of
. 0.
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