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= ABSTRACT- The configuration and control of a Unified Power Quality Conditioner (UPQC) coupled with Photovoltaic
(PV) system is proposed in this work. By integrating PV to UPQC, the twin advantages of decarbonized clean energy generation in
addition to enhanced Power Quality (PQ) is obtained. The series and shunt compensators, which together constitute the UPQC are
sequentially interfaced to the common dc-link. In addition to infusing active PV generated power, the UPQC shunt compensator
diminishes the load side power quality concerns. The role of a series compensator is to ensure that both the load and source voltages
are in-phase perfectly. The PV system is integrated to the UPQC through a DC/DC Interleaved Cuk-converter and by regulating the
duty cycle of the Interleaved Cuk-converter, utmost possible power is derived from the PV using Crow Search Algorithm (CSA)
assisted Perturb and Observation (P&O) Maximum Power Point Tracking (MPPT) technique. The designed hybrid MPPT technique
is capable of operating at Maximum Power Point (MPP) under both Partial Shading Condition (PSC) and uniform insolation
condition. A d-q theory-based control is employed with the assistance of Proportional Integral (PI) controller for controlling the
working of UPQC. The dynamic working of the PV based UPQC is evaluated on the basis of simulation outcomes attained from
MATLAB.
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#1. INTRODUCTION

The ubiquity of sensitive power electronic loads like switched
mode power supplies, computers, variable speed drives, and
others have expanded with the evolution of semiconductor
technology. In spite of being highly efficient, these loads have
the unfavourable property of drawing nonlinear currents, owing
to which considerable distortions in voltage arise at the point of
common coupling in case of distributed power systems
[1].Additionally, there is a growing focus on the production of
clean energy through rooftop PV system installations in both
commercial and small apartment buildings [2, 3].However, on
the other hand grid voltage fluctuation occurs as a consequence
of the intermittent nature of the PV and their increased infusion
leads to grid instability. Furthermore, several PQ issues such as
flickering, interruptions, sags/swells etc., develops on the grid
side. These issues, which influence the voltage quality, have
detrimental impact over the sensitive power electronic devices

interfaced to the network, consequently leading to severe
economic losses [4, 5].

So, for improving the PQ of the distributed power system,
several custom power devices like Dynamic Voltage Resonator
(DVR) [6, 7], Distribution Static Compensator (DSTATCOM)
[8, 9] and UPQC [10, 11] are employed. The DVR secures the
load from breakdown or tripping by curtailing significant PQ
issues such as sags/swell, harmonics, flickers and interruptions
but on the downside, they are not effective in balancing voltage
sags of high magnitude [12]. The DSTATCOM is
comparatively better at delivering the required reactive power
injection for enhancing the system reliability and moreover, it
is exceptional in dealing with situations like abrupt load
removals and non-linear working conditions. The operation of
DSTATCOM, however is affected by significant amount of
power losses if the load voltage reference value is 1.0 p.u. [13].
The DVR is able to provide series compensation, while the
DSTATCOM is able to provide shunt compensation. The
UPQC is capable of providing both series and shunt
compensation and it is also effective in delivering overall PQ
enhancement for both grid current and load voltage.

The limitation associated with the intermittency of the PV
system is overcome by employing a significant MPPT
technique in conjunction to a DC-DC converter. The former
regulates the duty cycle of the latter for maximizing the
magnitude of power derived from the PV array [14]. The boost
converter is frequently employed for improving the output
voltage of the PV module but it not efficient in high gain
applications, due to large amount of conduction losses and
switching losses. The buck-boot converter, which is effective
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for both step-up and step-down voltage conversion is affected
by the limitation of irregular input current owing to which, it is
unable to maintain its operating point around MPP. The Cuk-
converter has continuous input current and it comes from the
buck-boost converter family but the presence of large amount
of input current ripples affects its MPPT operation. So, an
Interleaved Cuk-converter, which is effective in curbing current
ripples in addition to having continuous input and output current
is selected in this work for improving the PV output module
voltage [15, 16]. The choice of an appropriate MPPT technique
is instrumental in heightening the PV system efficiency. The
conventional MPPT techniques of Perturbation and
Observation (P&O), Hill-Climbing (HC) and Incremental
Conductance (IC) display exceptional performance under
uniform insolation but they are rather in effective under PSC.
Several metaheuristic algorithms such as Particle Swarm
Optimization (PSO) [17], Cuckoo Search (CS) [18], Genetic
Algorithm (GA) [19], etc. are effective under PSC but they are
hindered by limitations such as large tuning parameters and
structural complexity. Thereby, a hybrid MPPT approach
obtained by combining both P&O and CSA [20] is proposed for
guaranteeing optimal MPPT operation under both uniform
insolation and PSC.
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A PV fed UPQC, which supports both decarbonized power
generation in addition to enhanced PQ is proposed in this work.
The non-linear nature of the PV system is overcome by
implementing Interleaved Cuk-converter with CSA assisted
P&O MPPT. The control of the series and shunt compensators
of UPQC is established by the application of d-q theory. The
dynamic nature of the presented PV-UPQC is analysed
according to the simulation results acquired from MATLAB.

i 2. PROPOSED SYSTEM DESCRIPTION
The expanded influx of power electronic loads in the
distribution system, has to lead to the existence of numerous PQ
issues. Therefore, with the aim of subduing these PQ issues in
addition to promoting the generation of clean energy, a
configuration of PV fed UPQC is designed in this paper as seen
in figure 1. The interfacing of the PV to the UPQC is achieved
by the employment of an Interleaved Cuk-converter. The choice
of an Interleaved Cuk-converter is due to its continuous input
and output current along with its remarkable ability to reduce
current ripples. For aiding the extraction of maximum power, a
novel CSA assisted P&O MPPT, which is successful under both
uniform insolation and PSC is proposed.
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Figure 1: Proposed PV integrated UPQC configuration

The output voltage and current of the PV module (Ipy, Vpy) is
provided as input to the hybrid MPPT and the required change
in duty ratio command is obtained as output. The PWM
generator receives this output signal and governs the working
of the converter by generation of gating pulses. The controlled
output of desired voltage level, acquired from the converter is
fed to the DC link. The PI controller along with the d-q theory
is used for controlling the working of the series and shunt
compensators of the UPQC. The actual and reference DC-link
voltages (Vp¢, V) are compared and the estimated error is
given for processing to the PI controller. The reference current
signal is generated on the basis of d-q theory, by considering the
source current and source voltage (IsqucVsane) @long with the
reference current and reference voltage (Isapc(resy Vsabcres))-

In accordance to the reference current and the control signal
from PI controller, the PWM generator produces pulses for
controlling the working of the series and shunt compensators.
Thus, the PQ of the both the grid current and load voltage is
improved.

3. PROPOSED SYSTEM MODELLING

3.1 Modelling of PV System

The modelling of each PV cells, which together constitute the
PV module, is based on single-diode model as given in figure
2. This model encompasses a current source coupled parallel to
a diode (D) and a resistance (Ry,) in addition to another
resistance (Rg), which is linked in series.

Website: www.ijeer.forexjournal.co.in

PV Integrated UPQC with Intelligent Control Techniques

203


https://www.ijeer.forexjournal.co.in/

FOREX

Publication
Open Access | Rapid and quality publishing

—
1 o l I i

e
b
Q T> D Rp Vev

POWER (W)

CURRENT (A) 3

VOLTAGE (V) Vapp Vo

(a) (b)

Figure 2: PV cell (a) single diode equivalent circuit and (b)
Characteristic curve

The current derived from the PV cell is expressed as,
Ipy = Iph — Iy — I 1)

Where, the photocurrent is indicated using the term I, the
diode current and the current flowing acrossRgy, is indicated
using the terms I; and I, respectively. On replacing I, and I,
with appropriate expressions, eq. (1) becomes,

Q(VPV,C'”PV,CRS)) _ 1] _ VPV,C+1PV,CRS(2)

Ipy,c = Ipn — 1o [exp( nkTe Rsp

Where, the reverse saturation or leakage current is denoted
as I, the output current derived from a single cell is denoted
as Ipy ¢, the cell output voltage is denoted as Vpy ¢, the cell
temperature is denoted as T,, the Boltzmann’s constant is
denoted ask, the electron charge and the ideality factor of the
diode is denoted using the terms Qand n respectively. The
output current from a module is given as,

Ipym = Ipn — I [exp (Q(VPV'A;::;\;:;SV'MRS)) - 1] -

Vpy.M+Nslpy,MRs (3)
NsRsh

Where, the number of PV cells linked in series to form a module
is represented using the term N,. The PV modules are connected
in parallel or/and series combination to give the PV array, so the

eg. (3) is modified as,
Q(VPV,M+%1PV,MRS)
exp L 1| -

IPV,M = Ithp - IoNp NemkT,

Ns
VPV,M"’NpIPV,MRS @)
T Ny

Np( sh
Where, the number of parallel linked cell strings are specified
using the term N,,. The PV cell characteristic curve is given in
figure 2 (b). The cell temperature and solar irradianceG have a
significant influence over the photo current,

G
Iph = (Iph,n + KlATc)a (5)

Where, the solar irradiance at Standard Test Condition (STC) is
specified as G,, while the photocurrent at STC is specified
as I,n . The change in cell temperature is specified using the
term AT,. The diode saturation current is given as,

Te \3 QEgo) (1 _ 1
o =lon (5,) e [5= (5, )] ®)

nk Tc,n
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Where, the materials energy band gap is denoted as Eg,. At
STC, the diode saturation current is given as,

_ QVocn)
Io,n - ph,nexp [ NnkTe (7)
By the effective management of the slope of current and voltage

relationship, the performance of the cell is enhanced by both the
series and shunt resistance.

10V
Rsh > (8)
01vs
Ry > 2o ©)
Isc

Where, the terms I; and V. represent the short circuit current
and the open circuit voltage respectively. The CSA assisted
P&O MPPT algorithm, improves the efficiency of the PV by
regulating the duty cycle of Interleaved Cuk-converter.

3.2 Modelling of Interleaved CUK Converter

The Interleaved Cuk-converter comes with the exceptional
capability to minimize the distortions in its input in addition to
having an excellent transient performance and enhanced
efficiency. The circuit topology of the interleaved Cuk
converter entails two switches, four inductors and capacitors,
two diodes in addition to one load resistor as seen in figure 3 (a)
and its four distinct operational modes are represented as,

Mode 1(t, — t1): During this mode (t, — t,), the switch S; is
in ON state, while the other switch S, is in OFF state as seen in
figure3 (b). The inductor L, is in the state of charging, whereas
the inductor L, is in the state of discharging. The capacitor C,
discharges and supplies to the load. The ripple current is given
as,

t1—t .

Al = ( = 0) (Voy — Ruiy,) (10)
ti—to ,

Ay, = (222) (Vpy = Ve, = (Ry + Rin,) (11)

On considering,L; = L, = Lq,R; = R, andi,, = i;, then

ALy = Ay, = ALy, = (Ve, + Ryiy,) (2 (12)

Lqg

(b)
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(d)
Figure 3: Interleaved Cuk converter (a) Circuit (b) Mode 1 (c) Mode
2 and (d) Mode 3

Mode 2(t; — t,): As seen in figure 3 (c), both the switches are
turned OFF during this mode. The capacitors C; and C, are
charged by the energy discharged from inductors L,
and L,respectively. The discharged energy from inductors L,
and L, is transferred to the load. The ripple current is given as,

Ay, = () oy = Ve, = (R + Re)i,) (13)
By, = (52) Voy = Ve, = (Ro + R, (14)

On considering,Ly = Ly, V¢, = V¢,, Ry = Ry and Ry = Ry,
AIZ = AILl - AILZ = 0(15)
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vSu
0 Ton = 2t Torr
>t
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1 ON 1 .
ty L ot tz3 =1t
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Figure 4: Interleaved Cuk converter operational waveform
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Mode 3(t, — t3): In this mode, the switch S, is turned ON and
the switch S; is turned OFF as illustrated in figure 3 (d). Unlike
Mode 1, the inductor L, is in the state of charging, whereas the
inductor L, is in the state of discharging during Mode 3. The
capacitors C; is charged by the energy transferred from
inductors L,. Here, the energy from capacitor C, furnishes the
load and figure 4 displays the operational waveform of the
Interleaved Cuk-converter. The ripple current is given as,

AL, = (%) (Vpy = Ve, — (Ry + R3)iy,) (16)
AIL2 = (t3l;t2) Vpy — RZiLl) (7)

On considering,L; = L, = Lq,R; = Ry and i, = i;,, then

. t3—t
MLy = Ay, = Al = (—Ve, — Ry +iy,) (252) (18)

Lq
Mode 4(t; — t,): This mode is similar to mode 2, since the
switches are in OFF state. However, during this mode, the
cancellation of ripple current takes place,

Al, = Al — Al (19)
The voltage across capacitor C; is given as,

Ve, = Vpy + Ve (20)
For switch S;, the volt-sec balance is given as,

P25 4 (Vey — Ve )A = D) = (21)
By substitution of eq. (20) in eq. (21),

Vor = — 225 (22)

Where the duty cycle is specified using the termD. The duty
cycle of Interleaved Cuk converter is varied with the intention
of ensuring maximum transfer of power using the CSA assisted
P&O MPPT.

3.3 Modelling of CSA Assisted P&O MPPT

The P&O, which is a prominent MPPT technique is known for
its simple algorithm and ease of implementation. Moreover, it
identifies the MPP on the basis of trial-and-error method. In this
method, the value of current and voltage are studied periodically
for evaluating the PV power. Then on the basis of the variance
in power value, the converter’s duty cycle is perturbed. The
MPP position as seen in figure 5 is obtained according to the
following equations,

4PPV _ 0 = MPP (23)
dvpy
2PV - 0 = Left side of MPP (24)
dVpy
2PPV < 0 = Right side of MPP (25)
dvpy
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Figure 5: Operating principle of a PV panel

dapP
The value of =¥

o is positive on the curve’s left side, while it is
PV

negative on the curve’s right side. For a positive power
variance, the operating voltage is incremented, whereas, for a
negative power variance, the operating voltage is decremented
in order to reach the MPP. However, this technique is less
efficient under PSC.

The CSA, which is a bio-inspired population-based
metaheuristic optimization algorithm displays excellent
performance under PSC. Its design is mainly based on the
characteristic trait of a crow to conceal and procure food.
Moreover, the crow also keeps an eye on other crows for
uncovering the location of their concealed food.

On the flip side, if the tracked crow becomes aware that it is
being followed, it alters its position to deceive other crows.
Consider two crows, crow i and crow j, among which the
former is the tracker and the latter is the one being tracked.
According to the value of Awareness Probability (AP), two
states are considered for updating the position of the crows,
which are:

State 1:7 > AP: In this state, the crow j is ignorant and clueless
about being followed and its food location is approached by
crow i on the basis of the subsequent equation,

iter+1 _ ..iter iter
X; =x; " +r X flx(mj

= x{*") (26)
Where, an arbitrary number between [0 1] is specified as r and
the flight length is specified using the termfl. At iteration
(iter + 1), the crow i’s position is specified asx/®"** and at
iteration (iter), the memory vector of crow j is specified
as miter,
f)

State 2: r < AP: In this state, the crow j is fully aware of being
followed and it misleads crow i by shifting to an arbitrary
location in the search space. The crow i’s position is given as,

iter+1

; = arandom location

x (27)
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The crow’s smart movements in search space are displayed in
figure 6. At each iteration, according the current and prior
fitness values of every vector, the values of x;*" and m/*" are
updated. In case of applying CSA as MPPT, the power Py, is
considered as the fitness, while the crow i’s position x; is
considered as duty cycle D;.

ROWH CROW i

ORIGIN ORIGIN

@fl <1

by fl > 1

Figure 6: Movements of crow during the process of foraging for food

The steps followed while implementing CSA as MPPT is given
below,

1. Initialize tuning parameters of CSA, memory of crows and
duty cycle.

2. At initial iteration, for determining the current optimal
solution Dp,,, the value of initial objective function P? is
evaluated.

3. Anew solution DF*1 is generated.

In case of state 1, the new duty cycle is given as,
DIt = D +r x fl x (mf — Df) (28)

Where, the duty cycle at k + 1 iteration is represented as D}*?,
In case of state 2, the new duty cycle is given as,

Df*' = arandom duty cycle (29)

Both the above cases are generally summarized as,

D+ _ Df + 1 x flx (mf — Df), ifr > AP (30)
' arandom duty cycle, otherwise

4. The new fitness Pf*! is evaluated and the new duty
cycle DF*1 is updated.

The feasibility relation for the acceptance of the computed
fitness values is given as,
P{*H(Df) > PE(DE) (1)

5. In the flock, every crow’s memory vectorm¥*? is updated.
6. The termination criterion (iter = itet,,,) is checked.
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Figure 7: Flowchart of Hybrid CSA assisted P&O MPPT

A hybrid algorithm is proposed by combining both P&O and
CSA for obtaining effective MPPT operation in both PSC and
uniform shading conditions. The flowchart of the proposed
CSA assisted P&O is given in figure 7. Under uniform
insolation, the MPP is tracked by applying the P&O technique
and under PSC, the hybrid algorithm is employed for tracking
the MPP. The MPPT process is initially carried out using CSA
and after obtaining the global best position, the process is
continued with P&O. By the fusion of both these approaches,
the operation of the MPPT is strengthened further at non-linear
operating conditions.

3.4 Control of UPQC

The UPQC, which is an excellent power conditioning device
capable of both shunt and series compensation, is effective in
delivering overall PQ enhancement by improving both grid
voltage and load current. The shunt compensator has the ability
to subdue the PQ issues like reactive power and harmonics on
the load side through injection of current. The series
compensator possesses the ability to eliminate the sag/swell
issues on the grid side by injecting appropriate out-phase or in-
phase voltage. A DQ theory-based control, which is a time
domain technique, is chosen due to its good dynamic response
and reduced computational complexity.

3.4.1 Shunt Compensator Control approach

The shunt compensator aims to significantly minimize the PQ
issues including reactive power, neutral current and current
harmonics on the load side. Furthermore, the active PV power
is also infused by the shunt compensator. Its overall control
approach is given in figure 8. The generation of reference
current, which has unity power factor in addition to being
sinusoidal in nature, is essential for shunt compensator, since it
operates in indirect control mode. The regulation of the DC-bus
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voltage to a desired value is done by employing a Pl controller.
The transformation of the load current to d-q rotating frame is
carried out initially.

GATING SIGNALS

CITItrtt

PWM
GENERATOR

. | Lan =0

Figure 8: Control structure for shunt compensator

A Moving Average Filter (MAF) is employed for filtering thel,
component to obtain I, 4 and its transfer function is given as,

_M
Guar(2) = %11_2_1 (32)
Where,
Tw
M= (33)

Where, the sampling time and averaging window is specified
as T,y and T,, respectively. The d-axis reference grid current is
given as,

Isg = Iap + Lioss — Ipy (34)
Where, the term I, 4, specifies the synchronous frame active
load current, the term ;¢ specifies the current equivalent of
the loss component. The value of the reference grid current in
g-axis is zero. The currents (ig,,i5;,,i5c) are obtained after
conversion of the d-q domain reference grid current to abc
domain. By analogizing the actual and reference grid currents,
an error signal is generated, which is then provided to the PWM
generator for generating suitable pulses.

3.4.2 Series Compensator Control approach

The series compensator ensures that the load voltage and source
voltage are perfectly in-phase by injecting the required out of
phase or in-phase voltage. Its control structure is given in figure

GATING SIGNALS

w TTTTT

dq v'Lb

PWM
GENERATOR

ol wl el

abe v'Le

AMPLITUDE dq

EXTRACTION

]

wlulul

Figure 9: Control structure for Series compensator
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The grid voltage in abc domain is transformed to d-q domain
and the magnitude of load voltage is given as,

2
V, = \/; (Vo + V5 +VE) (35)

The ripple contents in the obtained load voltage are filtered. The
actual and reference load voltages are compared and the
estimated error is supplied to the Pl controller. The PI controller
output is added to the grid voltage d-axis component for
obtaining the load voltage d-axis component. The load voltage
g-axis component is similar toV;, . The reference signals
(via vip Vic) are obtained after conversion of the d-g domain
reference load voltages to abc domain. By analogizing the
actual load voltage and the reference load voltage, the PWM
generator produces gating pulses for the series compensator.

4, RESULTS AND DISCUSSION

The necessity for improved PQ has garnered immense attention
due to the rising prevalence of sensitive loads in the distributed
power system. Hence, the configuration of a PV-UPQC with
suitable control approaches for enhancing the PQ is presented
in this paper. The PV system entails Interleaved Cuk-converter
and CSA assisted P&O MPPT for deriving maximum power in
all operating conditions. Moreover, the UPQC is controlled

THREE PHASE SOURCE VOLTAGE WAVEFORM

500

Voltage (V)
o

-500

0 0.05 0.1 0.15

0.2 0.25 0.3
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using d-q theory and PI controller. Table 1 gives the parameter
specifications of the presented PV-UPQC.

Table 1: Parameter Specifications

Parameters | Specifications
PV panel
Power 10kW
Number of panels 500W, 20 panels
Voclsc 22.6V,41.64
Vsc 12V
Interleaved Cuk converter
Inductors Ly, Ly, L3, Ly 4.2mH
Capacitors Cy, C, 22.6 uF
CapacitorsCyy, Co2 2200uF
Switching frequency 10kHz
Switch IGBT
Non-Linear load
Resistance 100Q
Inductance 10mH
AC Source
Voltage 330 — 470V
Current 0-30A

THREE PHASE INPUT CURRENT WAVEFORM

Current (A)

[} 0.05 0.1 0.15 0.2 0.25 0.3

Time(s) Time(s)
(a) (b)
SOURCE VOLTAGE AND CURRENT WAVEFORM
e L . Bl . _—
g
:
3
V]
&
2
e
-]
]
3.
>
0 0.05 0.1 0.15 0.2 0.25 0.3
Time (s)
©

Figure 10: AC supply waveforms representing (a) Voltage (b) Current and (c) Combined Voltage and current

The waveforms representing the AC supplies voltage and
current is given in figure 10. The magnitude of the AC voltage
is 400V till 0.1s and then it dips to 280V till 0.2s. The voltage
again recovers back to 400V from 0.2s. From the waveform, it

is concluded that the source voltage is affected by the PQ issue
of voltage sag of 120V from 0.1 to 0.2s. On observing figure 10
(b), it is noted that the input current is not stable and it
undergoes incessant variations.
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Figure 11: Interleaved Cuk-converter waveforms (a) Input voltage (b) Input current (c) Output VVoltage and (d) Output current

An input voltage of 245 V is derived from the PV array as seen
in figure 11(a) and it is provided to the Interleaved Cuk-
converter. From figure 11(b), it is noted that the PV output is
not stable and affected by ceaseless fluctuations due to the
influence of operating condition changes. A steady voltage of
600V is obtained from the Interleaved Cuk-converter from

T WAVEFORM FOR SHUNT CONVERTER

0.15s with the aid of CSA assisted P&0O MPPT. As indicated in
figure 11(d), an output current of 13A is obtained with
minimum fluctuations. Thus, the proposed CSA assisted P&O
MPPT in addition to Interleaved Cuk-converter is successful in
improving the efficiency of PV.
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Figure 12: Shunt compensator waveforms (a) Reference current and (b) Actual current

The primal objective behind the implementation of a shunt
converter is to compensate the load current harmonics. For
eliminating the effect of current harmonics on the load side, a
reference current of 30 A is generated from 0.15s to 0.2s as seen

_REFERENCE VOLTAGE WAVEFORM FOR SERIES CONVERTER
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in figure 12(a). As indicated in figure 12(b), the series
compensator also generates an actual current of magnitude 30A
from 0.15s to 0.2s in accordance to the reference current.

ACTUAL VOLTAGE WAVEFORM FOR SERIES CONVERTER
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Figure 13: Series compensator waveforms (a) Reference voltage and (b) Actual voltage
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The series compensator aims at stabilizing the source voltage Consequently, as seen in figure 13(b), the series compensator
through voltage sag compensation. The source voltage is generates a voltage of 120V from 0.1s to 0.2s for effectively
affected by a voltage sag of magnitude 120V from 0.1 to 0.2s. stabilizing the source voltage.

In order to compensate this voltage sag, a reference voltage of

120V is set between 0.1 to 0.2s as seen in figure 13 (a).

AR e

Time (s) Time (s)

(a) (b)
Figure 14: Waveforms representing (a) Load Voltage and (b) Load Current
Finally, a stable load voltage of magnitude 450V and steady configuration of PV-UPQC is effective in enhancing the PQ in

current of magnitude 35A is obtained owing to the significance both load and source side.
of the presented control technique. Thus, the designed
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Figure 15: Waveforms representing (a) Real power (b) Reactive power and (c) Power factor

The waveforms representing the real power, reactive power and overall distribution system is improved by subduing the impact
the power factor is displayed in figure 15. A power factor of  of current harmonics and voltage sag. As seen in figure 16, the
value 1 is achieved from 0.05s, which proves that the PQ of the  value of THD is 3.25%.
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Figure 17: DC-DC converters performance comparison (a) Voltage
gain (b) Efficiency and (c) THD

The operational performance of Interleaved Cuk-converter is
analogized to several other available converters in terms of
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voltage gain, efficiency and THD as seen in Figure 17. The
interleaved Cuk-converter operates with an excellent voltage
gain and efficiency of values 1:8 and 96% respectively.
Moreover, the THD of the Interleaved Cuk-converter is 3.25%,
while the other converters have THD values greater than 5%,
resulting in poor PQ.

. CONCLUSION

The growing prevalence of sensitive power electronic devices
has resulted in incurring various PQ issues in modern
distributed power system. These issues if not addressed
properly, have the potential to eventually lead to huge amount
of economic loss due to overall system failure. Therefore, a PV-
UPQC configuration, which enhances the PQ and promotes
greener energy production is presented in this work. The PV
being an intermediate power source leads to voltage instability
if interfaced directly to the UPQC, so an Interleaved Cuk-
converter is implemented for effective linking of PV to the
UPQC. The Interleaved Cuk-converter comes with beneficial
characteristic features such as ripple current elimination and
continuous output and input current. Moreover, by adjusting the
duty cycle of the Interleaved Cuk-converter, the power
extraction from the PV array is maximized by the application of
CSA assisted P&O MPPT. The designed hybrid MPPT
technique operates exceptionally well under both PSC and
uniform isolation conditions. According to the outcomes
derived from MATLAB simulation, it is proved that the
proposed PV-UPQC configuration is effective in improving the
PQ of the load current and source voltage. The Interleaved Cuk-
converter functions with an impressive efficiency of 96% along
with a minimum THD of 3.25%.
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