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Abstract— This paper presents an analysis of the Unified
Power Quality Conditioner-Photovoltaic (UPQC-PV) system
under sag aa interruption voltage with variable irradiance.
The PV is connected to a three-phase three-wire (3P3W)
distribution system with 380 volts (L-L) and a frequency of 50
hertz, through UPQC-DC link. This system is used to maintain
and supply sensitive loads. This paper shows that in the sag
voltage and irradiance levels of 200 W/m? to 1200 W/m?, the
3P3W system uses UPQC-PV with proportional-integral (PT)
still able to maintain the active load power above 3714 W,
However, in the interruption voltage and same irradiance level,
the load active power drops to between 2560 W and 2805 W.
This research also shows that in the sag voltage and same
irradiance levels, the 3P3W system uses UPQC-PV with PI still
able to generate PV power between 500 W to 920 W. In the
interruption voltage and same irradiance levels, the power that
can be generated by PV increases between 1300 W to 1635 W,
Otherwise, at 25°C and 1000 W/m?, the increase in PV pow
on interruption voltage has not been able to meet the load acti
power consumption, so it finally drops to 2650 W. This paper is
simulated using Matlab/Simulink.

Keywords—UPQC, P voltaic, Sag, Interruption, Irradiance

I. INTRODUCTION

The decreasing of fossil energy sources and increasing
concerns about environmental impacts have caused
renewable energy (RE) sources ie., photovoltaic (PV) and
wind, to develop into alternative energy on power generation.
Solar or PV generator is one of the most potential RE
technologies because it only converts sunlight to generate
electricity, where the resources are available in abundant and
they are free and relatively clean. Indonesia has a huge
energy potential from the sun because it is located in the
equator. Almost all regions of Indonesia receive around 10 to
12 howrs of sunshine per day, with an average irradiation
intensity of 4.5 kWh/m? or equivalent to 112.000 GW.

Even though, PV can generate power, this device also
has a disadvantage: it results in several voltage and current

disturbances, as well as harmonics due to the presence of

several types of PV devices and power converters and
increasing the number of non-linear loads connected to the
source, causing a decrease in power quali Q). To
overcome this problem and to improve PQ due to the
presence of non-linear load and integration of PV into the
grid, UPQC is proposed. This device has been a function to
compensate for problems of voltage source quality i.e. sag,
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swell,ﬁalance, flicker, harmonics, and load current quality
problems i.e. harmonics, imbalance, reactive current, and
neutral cuqn, UPQC is part of an active power filter
consisting of a shunt active filter and series active filter
connected in parallel and serving as a superior controller to
solve several PQ problems simultaneously [1]. UPQC series
component is responsible for reducing the number of
disturbances on source side ie. sag/swell voltage, flicker,
unbalanced voltage, and source voltage harmonics. This
equipment has served to inject a certain amount of voltage to
keep load voltage at desired level so that it returns to balance
and distortion-free. UPQC shunt component is responsible
for overcoming current quality problems i.e. low power
factor, load current harmonics, and unbalanced currents. This
equipment has been a function of injection current into the

SINus 1 and in phase with source voltage [2]. The design
and dynamic performance of integrated PV with UPQC
(PV-UPQC) under variable irradiance condition and voltage
sag/swell, and load unbalance has been gestigated [3]. The
proposed system was able to combine both the benefits of
distributed generators (DGs) and active power filters. The
PV-UPQC combination was also able to reduce harmonics
due to nonlinear 10% and was able to maintain total
harmonics distortion (THD) of grid voltage, load voltage and
grid current below the IEEE-519. The system was found to be
stable under radiation variations, voltage sag/swell, and load
unbalances conditions. 9

The dynamic performance-based auto-tuned Pl for

s?stem so that the current source becomes a balanced

B’QC-PV system has been analyzed [4]. This online

optimization methodology is implemented for PV-UPQC to
determine the best value of PI gain. The Vector-Proportional

ral (UV-PI) and Proportional Resonant-Response
(PR-R) caro]]crs in shunt and series converters significantly
increase PV-UPQC performance by reducing convergence
time, settling time, switching harmonics, complexity, and
dynamic response so that tl become more effective.
PV-UPQC performance using a control algorithm based on
Synchronous Reference Frame (SRF) with the qse Lock
Loop (PLL) mechanism has been presented [5]. Unbalanced
load voltage containing harmonics and pure unbalanced pure
load voltage has been compensated and balanced so that the
load voltage is maintained constant. UPQC was supplied by
64 PV panels using boost converters, Pl controllers,
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Observer (P and O), and having a momentary reactive power
theory (p-q theory) which has been proposed [6]. The system
has success fully carried out reactive power compensation and
reduced source current and load voltage harmonics.
However, this study did not address the mitigation of sag
voltage and other disturbances caused by PV penetration.

PV supported by UPQC using Space Vector Pulse
Width Modulation (SVPWM) compared to hysteresis control
in a three-phase distribution system has been proposed [7].
The system was used to improve PQ and to reduce the burden
of 3 phase AC network by supplying power obtained from
PV. The UPQC system can supply reactive power needed to
increase power factor, reduce voltage and current distortion,
and PV helps active injection power into the load. A
conceptual study of UPQC on three-phase four-wire (3P4W)
system connected to linear and non-linear loads
ultaneuusly has been carried out [8]. The sinusoidal
current control strategy drives UPQC in such a way that the
supply system has drawn a constant sinusoidal current under
steady-state conditions. Besides, the shunt converter also
produced reactive power as required by load so that it can
improve power factor and reduce THD of source current.

Artificial neural networks based on SRF theory as a
control to compensate for PQ problems of 3P3W system
through UPQC for various balanced/unbalanced/distorted
conditions at load and source have been proposed [9]. The
proposed model has suc@ssfully mitigated harmonic/reactive
currents, unbalanced source and load, and unbalanced
current/voltage. Investigation on enhancements PQ including
sag and source voltage harmonics on the grid using UPQC
provided by PV array connected to DC links using PI
compared to FLC has been conducted [10]. The simulation
shows that FLC on UPQC and PV could increase THD
voltage source better than PI. The improvement of PQ using
UPQC on microgrid supplied by PV and wind turbine have
been implemented using PI and FLC. Both methods can
improve PQ and to reduce distortion in output power [11].
Research on the use of Battery Energy Storage (BES) in
UPQC supplied by PV to improve PQ in 3P3W system using
FLC validated PI on various disturbances in source and load
side has been invesflgated [12]. The research showed that
FLC on the UPQC-Battery Energy Storage (BES) system
supplied by PV was able to significantly reduce load current
harmonics and source voltage harmonics in the number of
disturbances, especially in interruption voltage that occurs on
the source bus. 1

This research presents an analysis of the UPQC-PV
system model under sag and interruption voltage with
variable irradiance. The PV is connected to a 3P3W system
with 380 volts (L-L) and a frequency of 50 hertz, through
UPQC-DC link. This system is used to maintain load voltage
and lo@lsiictive power constant, as well as to supply sensitive
loads. This paper is presented as follows. Section 2 explains
the proposed method, UPQC-PV model, parameter
simulation, PV model, active filter series and shunt filter
control, application of P1, as well as UPQC model efficiency.
Section 3 shows results and discussion of load voltage, load
current, source active power, load active power, series active
power, shunt active power, PV pm' using PL. In this
section, six disturbance scenarios are presented and the
results are verified with Matlab/Simulink. Finally, this paper
is concluded in Section 4.

A. Proposed Method 31

Fig. 1 shows the proposed model n this paper. The PV is
connected to a 3P3W distribution system with 380 volts (L-L)
and a frequency of 50 hertz, through UPQC-DC link circuit.
This system is known as the UPQC-PV system and it is used
to maintain and supply sensitive loads. The PV array
generates DC po at a constant temperature, variable solar
tradiance, and it 18 connected to DC-link via a DC-DC boost
converter. The MPPT method with the P and O algorithm
helps PV to generate maximum power, result in an output
voltage, which then becomes an input voltage for the DC-DC
boost converter. This device has a function to adjust duty
cycle value with PV output voltage as an input voltage to
produce output voltage according to the DC-link voltage of
UPQC. The PV has been a function as an alternative source by
injecting power to keep load voltage constant, in the case of an
interruption voltage that occurs on the source or points
common coupling (PCC) bus.

The analysis of the proposed model is carried out by
determining sag and interruption voltage scenarios on the
sowce bus in 3P3W using the UPQC-PV system. The
measurement parameters are carried 0 fixed temperature

25° C) and variable irradiance i.e. 200 W/m?, 400 W/m?,
600 W/m?, 800 W/m?, 1000 W/m? and 1200 W/m?. Each
disturbance scenario at variable iradiance level amounts to 6
disturbance, so the total number of scenarios is 12
distrbances. The UPQC-PV system uses PI to maintain
voltage in a series active filter and current in an active shunt
filter to keep the voltage at sensitive loads remains constant.
The parameters investigated i.e. voltage and current on source
bus, voltage and current on load bus, active source power,
series active power, shunt active power, load active power,
and PV power. The next step is to determine the efficiency
value of the UPQC-PV system on sag and interruption voltage
scenario in variable irradiance to show the contribution of PV
in the mitigation of both voltage disturbances on source bus.
Fig. 2 shows power transfer using the UPQC-PV system.
Then, the simulation parameters for the proposed model are
shown in Appendix Section.
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Fig. 3 shows the ivalent circuit and V-I
characteristics of a solar panel. It consists of several PV cells
that have external connections in series, parallel, or both
combination [13].

F’lg.@quiv&lem circuit of solar panel

The characteristic of V-1 is shown in Eq. (1):
V+Rsl V4Rl
I =1Ipy—I, [ex 1| —— 1
PV [ P( Ve ) ] (1)

Rp
Where Ipy is PV current, I, is saturated rmie
current, ‘a’ is the idealfpllode constant, Vt = NsKTq ™! is the
thermal voltage, Ng 1s the number of series cells, g is
clectron charge, K is Boltzmann constant. T 1s temperature

-na'xcticn, R and Rp are series and parallel resistance of

solar panels. Ipy has a linear relationship with the light
intensity and also varies with temperature variations. I, is

dependent value on the temperature variations. The value of

Ipy and I, are determined using Eq (2) and Eq. (3):

Ipy = (Iovn + KiAT) = @)
_ IscatKidl
? 7 exp(Voca+KyaT)/avp—1 (3)
E Where Ipy . Iscn,. and Ve, are PV current,
short-circuit current, and open-circuit voltage under standard
ditions (T, = 25°€C and G, = 1000 W /m?),
respectively. The K;value is a coefficient of short circuit
ent to temperature, AT =T —T, is temperature
deviation from standard temperature, G is light intensity and
is a coefficient of open-circuit voltage ratio to
perature. Open-circuit voltage, short-circuit current, and
voltage-current related to maximum power are three
important values of I-V characteristics of a solar panel. These
ints are changed by variation in atmospheric conditions.
using Eq. (4) and Eq. (5) derived from PV model,
short-circuit current, and open-circuit voltage can be
calculated under different atmospheric conditions.

Isc = (Isc + KiAT) ;- )
Voc = (Voc.+ Ky AT) (5)
2
C. Control of Series Active Filter

The main function of a series active filter is to protect
the sensitive load from several voltage disturbances at the
PCC bus. The algorithm of a source voltage and a load
age control strategy in a series active filter circuit is
in Fig. 4. This control strategy generates the unit
vector template from a distorted input source. Then, the
template is expected to be an ideal sinusoidal signal with a
ity amplitude. Then, the distorted source wvoltage is
measured and divided by peak the amplitude of base input

voltage V,, as stated in Eq. (6) [6].

2
Vi = ’E{K% + Vi +V2) (6)
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Fig. 4 Series active filter control

2

!three-phase PLL is used to produce sinusoidal unit
vector templates with phase lagging through the ucf sine
function. The load voltage of the reference signal is
determined by multiplying unit vector templates by the peak
value of base input \foltage alitude V.. The load
reference voltage (Vi,, V5, Viz) 1s then compared with
sensed ]a:l voltage (Vig, Vip, Vic) with a PWM controller
which is used to generate the desired trigger signal in a series
active filter. Fig. 4 shows the control of a series active filter.

D C%mi of Shunt Active Filter
e main function of an active shunt filter is to mitigate
@pmblems on the load side. The control methodology of a
unt active filter is that the absorbed current from the PCC
bus is a balanced positive sequence current including an
unbalanced sag voltage on the PCC bus, an unbalanced, or a
non-linear load. To o satisfactory compensation caused
by interference due to non-linear load, many algorithms have
been used in some references. This research uses the mefi§d
of instantaneous reactive power theory or "p-q" theory.
voltages and currents in Cartesian coordinates can be
transformed into Cartesian coordinates aff as stated in Eq. (7)

and Eq. (8) [6].
V,
-1/217].¢®
Wl e

e [ —-1/2
[Es] = [0
iq
ol ®

v3/2

-1/2
V3/2

] =1

Calculation of real power (p) and imaginary power (q)

is shown in Eq. (9). Real and imaginary power are measured

power instantaneously and expressed in matrix form. The

presence of mean and fluctuating components in an
instantaneous component is shown in Eq. (10) [14].

p Yo Vp[ia
(o= wlli] ©)
p=p+pP 1 q=q+§ (10)

Where p = the average component of real power, =
the fluctuating component of real power, § = the average
component of imaginary power, § = the fluctuating
component of imaginary power. The total of imagimw
.wm (gq) and fluctuating components of real power (§) is
selected as power references and current references and is
utilized through the use of Eq. (10) to compensate for
harmonics and reactive power [15]. Fig. 5 shows a shunt
active filter control [15].

[ ] uﬂwﬂ "cr "B][ P+Pim] (n
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The py,e signal is obtained from the voltage regulator
and is used as average real power. It can also be expressed as
instantaneous active power associdled with resistive losses
and switching losses from UPQC. The error is obtained by
comparing the actual value of DC-link capacitor voltage with
the reference value processed using a PI controller, driven by
a closed voltage control to minimize stead§®state errors from
voltage through DC-link circuit to zero. The compensation
current (i, i;s) is needed to meet load power demand as
shown in Eq. (12). The current is expressed in coordinates
a — [5. The compensation current is used to obtain the source
phase current by using Eq. (13) for compensatio e source
phase current (7., i, 0i,) is expressed in the abc axis
obtained from the compensation current in a—f
coordinates and is presented in Eq. 12 [15].

1 0 -
SR

To operate properly, The UPQC-PV must have a
minimum DC-link voltage (Vy.) . The general DC-link
voltage value depends on the instantaneous energy that can
be generated by UPQC which is defined in Eq.13 [16]:

Vge =2 (13)
Where m is the modulation index and V;; is the voltage
of UPQC. Considering the modulation index of 1 and the grid
ltage between line-line (V,, = 380V), V. is obtained
620.54 V and chosen as 650 V. 1
The input of active shunt filter shown mn Fig. 6 is DC
voltage (V,.) dan DC voltage reference (V3.), while the
outputis Py, using the PI cuntru‘. Furthermore, Py, of
the input variables produce a reference source current
(isqrlsq icq). Then, the reference source current output is
compared with the current source (iy,, g, i) by hysteresis
current controllg¥Mo generate a trigger signal in the IGBT
circuit of shunt active filter. In this paper, the PI controller as
a DC voltage control algorithm on an active shunt filter, is
proposed.

D. Efficiency of UPQC-PV

The research on the use of 3-Phase 4-Leg Unified
Series-Parallel Active Filter Systems using Ultra Capacitor
Energy Storage (UCES) to mitigate sag and unbalance
voltage has been investigated [17]. In this paper, it is found

ernational Conference on Smart Tigghnglooy3Nd:APRIGRTIPNSHICOTTES can help the system

reduce suur current compensation when sag voltage on
source bus to keep load voltage constant and balanced.
During disturbs UCES generates extra power flow to
load through a series active filter via dc-link and a series
active filter to load. Although providing an advantage of sag
voltage compensation, the use of UCES in this proposed
system is also able to generate losses and to reduce the
efficiency of the system. Using the same procedure, the
authors propose Eq. (14) for efficiency of UPQC-PV in the
formula below.

Eff (%) — PsowrcetPseriestPshunt+Ppyv+Ppes (14)
PLoad
I11. RESULT AND DISCUSSION

The proposed model analysis is UPQC connected 3P3W
(on-grid) system through a DC link supplied by PV known as
UPQC-PV system. The system then supplies sensitive voltage
devices[h the load bus. There are two disturbances scenario
l.e. sag voltage (Sag) andnten‘uptiun voltage (Inter). In the
sag voltage scenario, the system is connected to a sensiF
load and the source has a 50% sag voltage disturbance for 0.3
s betweelfll= 0.2 s to t = 0.5 s. In the interruption voltage
scenario, system is connected to a sensitive load and
source experiences a 100% source voltage interruption for 0.3
sbetweent=0.2 sto t=0.5 5. The UPQC-PV systemuses a PI
controller constant Kp and K; are 0.2 and L5,
respectively. Pl controller is used as a DC voltage controller
on an active filter series and current controller on active shunt

er to keep load voltage constant in case of disturbance
voltage happens on the source bus.

The proposed filibdel analysis is carried out by determining
sag voltage and mterruption voltage on the source bus in
3P3W of the UPQC-PV system. The measurement parameters
are carried out at fixed temr ture conditions (T = 250 C) and
the different radiation i.e. 200 W/mZ, 400 W/m2, 600 W/ m?,
800 W/m’, 1000 W/m’ and 1200 W/m?. The disturbance
scenarios at the variable irmdiance level amounts to 6
disturbances so that the total number of scenarios is 12
interruptions. The UPQC-PV system uses controls mounted
on the 3P3W System to keep the voltage at sensitive loads
remains constant. Then, using Matlab/Simulink, the model is
run followi ith the scenario that was previously desired to
obtain the source voltage curve (V), load voltage (V).
compensation voltage (V,), source current (/). load current
(1), and DC-Elk voltage (Vp). Based on this curve, the
average values of source voltage, load voltage, source current
and load current are obtained from value of each phase of
voltage and current parameters previously obtained. The next
research is determining the value of power transfer of active
source power, active series power, active shunt power, active
load power, PV power contribution, and system efficiency.
The measurement of the value offjllase voltage, phase current,
power transfer, and PV power 1s determined in one cycle,
starting at t=0.35 s. The results of the average source voltage,
source current, load voltage, and load cu in the
UPQC-PV system model are presented in Table 1.
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PV SYSTEM UNDER SAG AND INTERRUPTION WITH VARIABLE IRRADIANCE LEVEL

Irr Source \’oltnge Vs (Volt) | Load Voltage V. (Vol
(W/m?) A PhB [ PhC | Avg [ PhA [ PhB | PhC | Avg |

t)

Source Current Is (Ampere) |

Load Current I (Ampere)

A [PhB [ PhC [ Avg | PhA [PhB [ PhC | Avg
Sag Voltageand T =25"C
200 153.9 1539 153.9 153.9 310.1 310.1 310.1 310.1 11.77 11.79 11.35 11.63 8590 | 8589 | 8587 | 8589
400 154.1 154.1 154.1 154.1 310.1 310.1 310.1 310.1 1091 10.98 10.94 10.94 8.589 | B.590 | 8588 | 8589
600 154.1 154.1 154.1 154.1 310.1 310.1 310.1 310.1 10.92 10.88 10.98 10.93 8.580 | B.588 | 8589 | 8589
800 154.0 154.0 154.0 154.0 310.1 310.1 310.1 310.1 11.45 10.38 11.49 11.11 8588 | 8589 | RS589 | BS589
1000 153.8 1538 153.8 153.8 310.1 310.1 310.1 310.1 13.39 13.33 13.41 13.38 8.589 | H.589 | 8.588 | 8589
1200 153.8 1538 153.8 154.8 310.1 310.1 310.1 310.1 13.69 13.58 13.69 13.65 8.580 | H.589 | 8588 | 8.589
Interuption Voltage and T = 25" C

200 1229 1.350 1274 1.284 | 2328 | 2532 2472 244.4 11.65 12.65 12.23 12,18 | 6561 | 6.798 | 6974 | 6778
400 1322 1416 1367 1368 | 2457 | 2642 2611 257.0 1222 12.66 12.87 12.51 6946 | 7051 | 739 | 7131
600 1.333 1.414 1363 1.370 2466 | 2639 2618 257.4 12.25 12.57 12.85 12.56 6.904 | 7.033 | 7406 | 7.134
800 1.304 1.385 1344 1.341 240.1 258.5 2558 251.5 12.13 12.37 12.71 12.40 6788 | 0.885 | 7234 | 6969
1000 1.190 1.316 1237 1.247 2292 249.1 2428 240.4 11.31 11.86 11.91 11.69 6443 | 6.698 | 6289 | 6477
1200 1227 1.319 1269 1.272 2275 246.8 2437 239.2 11.50 11.80 12.06 11.78 6433 | 6557 | 6882 | 6.624

(ajBaures Valtage UPQIC-PV Using PI (25 Dag and 1000 Wim2)

I

|t||“I|'|'|'||||“'|i|'|||-|\!|:||'||||“|5|||'||i=|:'ll|||'|'|'||||’|'|'Ii||i|:|%#é

LR
|

[eyamp Valtage UPQC-PV Using PI (25 Dag and 1000 \82}

~100) 100)
© —Ph A ? _

& —PhB E ]

£ 50 —Phol 50) =600
= 2 Fy

§ o T § O %400
3 E >

5] 3 =

B 50 =50 & 200
3 3 8
100 -100

03 04 01 0.2
Tima (Secand)
dyEaurce Currant UPQC-PV Using PI (25 Deg dan 1000 Wim2)

0.3
Tima {Second)

(e}oad Current UPQC-PV Using P (25 Deg and 1000 W/m3)

0.4 0.5 0.6 o7 0.1 0z 03 0.4

Tima (Second)

0.5 0.6

(1DC-Link Voltage UPQC-PV Using P (25 Deg And 1000 W im2)
800 . - . T . .

a7

0.1 0.2

0.5 0.6

01 02 03 04 05 08 07 0 0.3 _ 0.4 0.7 o 01 02 03 _ 04 05 08 07
Time (Second) Time (Second) Tima (Sacond)
Il —PhC
'H“““ |I|||'||I| i
i ||.
A
400y @7 02 03 04 05 08 07 03 04 ; y 5 08 o7
Timea (Second) Time (Second) Time (Second)
1diBource Curment UPQGC-PV Using P (25 Deg and 100 2)  (eMoad Cument UPQC-PV Using Pl (25 Dag and 10004\%1 alfipC-Link Vollage UPQC-PV Using PI (25 Deg and 1000 Wim2)
T ] =
—Ph B =)
E 50 —png| =600
- o
2 g
'E
B 400)
3 50| = 200
o
3 &
106 o1 o0z G4 o5 08 o7 %% 07 02z 03 0i a5 08 o7 % 01 o0z 3 04 05 08 0.7
n; (Sacand) Time (Second) ’ 2 1l el @ ’ ’

Fig 7. Performance of UPQC-PV system under interruption voltage with temaamre 25C and irradiance 1000 W/m*

Fig. 6 shows that in sag voltage, the UPQC-PV system at t
=0.2sto t= 0.5 s, irradiance = 1000 W/m’* and temperature =
25" using PI control, the average source voltage (V5) (Fig
6.a) decreased by 50% from 310.1 V to 153.8 V (Fig. 6.b).
During this duration, the average source current (Ig)
increases slightly to 1338 A (Fig. 6.d) because the PV
contributes power to the load through a DC-link series active
filter by injecting a compensation voltage (V) of 156.3 V
, 6.c) through the injection transformer in the active series
filter so that an average load voltage (V) remains stable at
310.1 V (Fig. 6.b). At the same time, the PI controller on shunt
active filter works to keep DC voltage (V) stable and the
average current source (I5) increases close to 13.38 A (Fig
6.d) to keep the average () stable at 8,589 A (Figure 6.¢).

Fig. 7 shows that il the interruption voltage scenario, the
UPQC-PV system at t =0.2 s to t = 0.5 s, irradiation = 1000
W/m2 and temperature = 25" using PI controller, the average
Vs drops by 100 % to 1.247 V (Fig. 7.a). Under these
conditions, the UPQC-PV system is unable to produce
maximum power to UPQC DC-link circuit and injects the
average V; (Fig. 7.c) Effough injection transformer in the
active series filter. So at t=0.2 sto t= 0.5, the average V; (Fig.
7.b) decreases to 240.4 V. During the interruption period, the
application of a PI controller to the active shunt filter is unable
to maintain the average V. (Fig.7.f) and V¢ to remain
constant, so an average I, also decreases to 6,447 A (Fig. 7.e).
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Table 1 and Fig. 8 show that in sag voltage and irradiance
level of 200W/m? to 1200 W/m?, the 3P3W system using
UPQC-PV with PI controller still can maintain the average
load voltage (V)of 310.1 V. However, in the interruption
voltage and the irradiance levels, are equally sequential, the

2020 International Conference on Smart TeElpigay PRHARPUAIANG Y CBRTAL, the UPQC-PV system

att=0.2stot=0.5 s, irradiance = 1000 W/m? and temperature
= 25" C using PI controller, source power value (Pg)
decreases to 2700 W. Series power (P;,) increased by 2800
W and shunt power (Pg,) decreased by -1800 W, PV power
by 650 W, so that load power (P,) value is equal to 3715 W.
Fill shows that in interruption voltage, UPQC-PV system
att=0.2stot=0.5 s, irradiance = 1000 W/m? and temperature
= 25" C, the value of the source power (Ps) drops to 0 W. The
series power (P;,) increases by 4900 W and shunt power
(Pg;,) decreases by -1900 W, and PV power (Ppy) increases
by 1300 W, so that the load power (P.) dropped to 2650 W.
Table 2 and Fig. 12 show that in sag voltage and
irradiance levels of 200 W/m? to 1200 W/m?, the 3P3W
system uses UPQC-PV with PI still able to maintain active
power above 3714 W. However, in the interruption voltage
and same irradiance level, active load power (P,) drops to
between 2560 W and 2805 W. Table 2 and Fig. 13 also show
that in sag voltage and irradiance levels of 200 W/m?® to 1200
W/m?, the 3P3W system uses UPQC-PV with PI still able to
generate PV power (Ppy) between 500 W to 920 W. In the
scenario of interruption voltage and irradiance levels with the
same condition, the PV power increases (Ppy) between 1300
W to 1635 W. However, the increase on PV power (Ppy) in
interruption, voltage has not been able to meet power on load
side so that load power (P;) Finally it drops to 2650 W.
TABLE I1. POWER TRANSFER IN UPQC-PV SYSTEM

I Power Transfer {Watt) Eff
average load voltage (V,)drops to between 239.2 V and 257 {W;;Z] Source ‘ Series Shunt Load PV Pt
V. Table 1 and Fig. 9 also show that in the sag voltage and the Power | Power Power | Power | Power *
srradis ala o 2 m2 Sag Voltage and T=25C
i f“h‘mce‘ 1?\81; Dct 530 W'lmplm 12?'311 W'."‘] . .tll;e_ EIPSW 200 2700 2800 -1720 3715 680 | 8330
system uses QC-PV with controller is still able to 200 3453 3550 1200 714 930 7260
maintain the average load current (/;) of 8.589 A. However, 500 3455 3550 1200 3714 970 78.52
in the scenario of the interruption voltage and same irradiance 800 2534 2620 -1332 3714 810 80.18
levels, the average load current (I,) drops to between 6.624 A | 1000 2700 2800 -1800 3715 650 | 8540
and 7.134 A. Thus, the UPQC-PV system can maintain the |—12% 2960 J080_| -2250 3713 300 | 86.59

o e if there is the sag volt: he  at tl Interruption Voltage and T= 25" C
load wvoltage (V,), }t t]@e lh‘t]E sag vo tage happens flt the >0 0 2950 2000 3673 1430 | 60.93
source bus. Otherwise, in the mterruption voltage scenario, the 400 0 4600 ~1500 2805 1620 5043
UPQC-PV system can not maintain load voltage (V,), and the 600 0 4650 -1515 2800 1635 | 58.70
load current (I;) remains constant. 800 0 4895 -1850 2754 1544 | 60.01
10t 1000 0 4900 -1900 2650 1300 61.63
B T T T T T 1200 0 4850 -1930 2560 1300 59.79
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Fig. 14 shows that in sag voltage and irradiance level of
200 W/m? to 1200 W/m?, the 3P3W system using UPQC-PV
with PI controller can produce a system efficiency of 78.60%
to 86.59%. Otherwise, in the interruption voltage and
iradiance increases, the efficiency of UPQC-PV decreases
between 58.70% to 61.63%.

IV. CONCLUSION

The analysis of the UPQC-PV system model has been
presented in this paper. The PV is comnected to a 3P3W
distribution system with 380 volts (L-L) and a frequency of 50
hertz, through UPQC-DC link circuit. This system is used to
maintain and supply sensitive loads. This research shows that
in the sag voltage and irradiance levels of 200 W/m? to 1200
W/n?, the 3P3W system using UPQC-PV with PI can
maintain the active load power above 3714 W. However, in the
interruption voltage and same iradiance level, the active load
power drops to between 2560 W and 2805 W. This paper also
shows that in the sag voltage and same irradiance level, the
3P3W system using UPQC-PV with PI can generate PV power
between 500 W to 920 W. In the scenario of the interruption
voltage and same irradiance levels, the power that can be
generated by PV increases between 1300 W to 1635 W.
However, at 25" C and 1000 W/m?, the increase in PV power
on interruption voltage has not been able to meet the load
power so it finally drops to 2650 W. The increase in PV power
close to load power 1s pmaed to overcome this problem.

APPENDIX 1

Three-phase grid: RMS voltage 380 volt (L-L), 50 Hz,
line impedance: R; = 0.1 Ohm Lg = 15 mH; series and shunt
active filter: series inductance Ls, = 0.015 mH; shunt
inductance Lgy, = 15 mH; injection transformers: rating 10
nA, 50 Hz, turn ratio (N;/N;) = 1:1; sensitive load:
resistance R; = 60 ohm, inductance L; = .15 mH, load
impedance R, = 0.4 ohm and L, = 15 mH; unbalance load:
resistance Ry = 24 ohm, R,= 12 ohm, and R; = 6 ohm,
capacitance Cy, C,, C3 = 2.2 pF; DC-link: voltage V. 9650
volt and capacitance Cy. = 3000 pF; photovoltaic: active
power Pp, =0.6 kW temp ¢ = 25" C, irradiance = 1000
W/m?; PI controller: Kp =0.2, K;= 1.5; input: Vie_error and
AV 4. orrors OUtpUt: instantaneous of power losses  (Pygss)-

ACKNOWLEDGMENTS

This work was supported by the Directorate of Research
and Community Service, Directorate General of Research and
Development  Strengthening, Ministry of Research,
Technology, and Higher Education, The Republic of
Indonesia, through Fundamental Research in ac@lidance
with the Decree Letter Number: 7/E/KPT/2019 and Contract
Number: 229/SP2H/DRPM/2019 on 11 March 2019,

wsmaﬂ%ﬂleﬁq?ﬂ?,fmﬂﬁﬂ%'{ﬁ)zﬁ March 2019, and
170/LPPM/IV/2019/UB on 4 April 2019,

1

2

[3

[41

(5]

(el

(71

[8]

9

[1o]

(1]

[12]

[13]

[14]

[15]

[16]

(171

REFERENCES
B. Han, B. Hae, H. Kim, and 5.Back, "Combined Operation of UPQC
With Distributed Generation", IEEE Transactions on Power Delivery,
Vol. 21, No. 1, pp. 330-338, 2006,
V. Khadkikar, "Enhancing Electric Power Quality UPQC: A.
Comprehensive  Overview", [EEE Transactions on  Power
Electronics, Vol. 27, No. 5, pp. 2284-2297, 2012.
S. Devassy and B. Singh, "Design and Performance Analysis of
Three-Phase Solar PV Integrated UPQC", IEEE Transactions on
Industry Applications, Vol. 54, Issue. 1, pp.73-81. 2016.
S. K. Dash and P. K. Ray, "PQ Improvement Utilizing PV Fed UPQC
Based on UV-PIand PR-R Controller”, CPSS Transactions on Power
Electronics and Applications, Vol. 3, Issue. 3, pp. 243-253, 201 8.
S. K. Dash and P. K. Ray, "Investigation on The Performance of
PV-UPQC Under Distorted Current and Voltage Conditions", Proc. of
5th International Conference on Renewable Energy: Generation and
Applications (ICREGA), Al Ain, United Arab Emirates, pp. 305-309,
2018
Y. Bouzelata, E. Kurt, R. Chenni, and N. Altin, "Design and
Simulation of UPQC Fed by Solar Energy”, International Journal of
Hydrogen Energy, Vol. 40, pp. 15267-15277, 2015,
S. C. Ghosh and 8. B. Kamnki, "PV Supported UPQC Using Space
Vector Pulse Width Modulation", Proc. of 2017 National Power
Electronics Conference (NPEC) College of Engineering, Pune, India,
pp. 264-268, 2017.
R. Senapati, R. N. Senapati, P. Behera, and M. K. Moharana,
"Performance Analysis of UPQC in a Grid-Connected PV System",
Proceding of Intemational Conferences on Signal Processing,
Communication., Power, and Embedded System 2016,
Paralakhemundi, India, pp. 416420, 201 7.
J.  Jayachandran and R.M.  Sachithanandam, Performance
Investigation of UPQC Using Artificial Intelligent Controller",
International Review on Modelling Simulation, Vol 8, No 1. (2015).
K.R. Rao and K.S. Srikanth, "lmprovement of Power Quality using
FLC In Grid Connected PV Cell Using UPQC™, International Journal
of Power Electronics and Drive System, Vol. 5, No. 1, pp. 101-111,
2014,
K.S. Srikanth, K. Mohan T, and P. Vishnuvardhan, "Improvement of
PQ for Microgrid Using Fuzzy Based UPQC Controller”, Proceeding
of International Conference on Electrical, Electronics, Signals,
Computing, and Optimization (EESCO), Visakhapatnam, India, pp.
1-6, 2015.
Amirullah, O. Penangsang, and A. Soeprijanto, “High Performance of
Unified Power Quality Conditioner and Battery Energy Storage
Supplied by Photovoltaic Using Artificial Intelligent Controller™,
International Review on Modelling and Simulations, Vol. 11, No. 4,
pp. 221-234, 2018,
AR. Reisi, M.H. Moradi, and H. Showkati, "Combined Photovoltaic
and UPQC to Improve PQ", Solar Energy, Vol. 88, pp.154-162, 2013.
S. Y. Kamble and M. M. Waware, "UPQC for PQ Improvement",
Proceeding of  International Multi Conference on Automation
Computer, Communication, Control, and Computer Sensing (iMac4s),
Kottayam, India, pp. 432437, 2013,
M. Hembram and AK. Tudu, “Mitigation of PQ Problems Using
UPQC, Proceding of Third International Conference on Computer,
Communication, Control, and Information Technology (C31T), pp.1-5,
Hooghly, India, 2015.
Y. Pal, A. Swarup, and B. Singh, "A Comparative Analysis of
Different Magnetic Support Three Phase Four Wire UPQCs — A
Simulation Study", Electrical Power and Energy System, Vol. 47 pp.
437447, 2013,
M. Ucar and S. Ozdemir, "3-Phase 4-Leg Unified Series—Parallel
Active Filter System with Ultracapacitor Energy Storage for
Unbalanced Voltage Sag Mitigation, Electrical Power and Energy
Systems, Vol. 49, pp. 149-159, 2013,




Power Transfer Analysis Using UPQC-PV System Under Sag
and Interruption With Variable Irradiance

ORIGINALITY REPORT

224

SIMILARITY INDEX

PRIMARY SOURCES

Amlru'l.lah, Ac?llananda, Ontosenq Eenangsang, Adi 421 words — 7%
Soeprijanto. "A Dual UPQC to Mitigate Sag/Swell,

Interruption, and Harmonics on Three Phase Low Voltage

Distribution System", 2020 Third International Conference on

Vocational Education and Electrical Engineering (ICVEE), 2020

Crossref

Agus Kls.wantono, Eko Prasetyo, Amlrullah.. 269 words — 4%
Mitigation Voltage Sag/Swell and Harmonics Using

DVR Supplied by BES and PV System", 2018 Electrical Power,

Electronics, Communications, Controls and Informatics Seminar

(EECCIS), 2018

Crossref

jurnal.untan.ac.id

ernet 119 words — 2%

Hembram, Mlhlr, and Ayan Kgmarngu. Mitigation 49 words — ’I %
of power quality problems using unified power

quality conditioner (UPQCQ)", Proceedings of the 2015 Third

International Conference on Computer Communication Control

and Information Technology (C3IT), 2015.

Crossref

0
tpea.cpss.org.cn 46 words — 1%0

Internet



B

— —
N -

. 0
www.iaescore.com 20 words — ] o

Internet

Har| Agus S.UJOHO‘, I\/Iohamad-Arlfln N.OV|anto, R|ny30 words — < 1 %
Sulistyowati, Heri Suryoatmojo. "Design Of One

Phase Inverter 250 Watt Third Harmonic Injection Pulse Width
Modulation Method In Mini-Grid Photovoltaic", 2020

International Conference on Smart Technology and

Applications (ICoSTA), 2020

Crossref

_ o 0
ejournal.undip.ac.id 30 words — < 1 /0

Internet

. . . " . 0
Sachin Devassy, Bhlm Singh. "Design and 27 words — < 1 A)
performance analysis of three-phase solar PV

integrated UPQC", 2016 |IEEE 6th International Conference on

Power Systems (ICPS), 2016

Crossref

Amlr'ullah Amirullah, Agus K|swahtono. Power 25 words — < 1 %
Quality Enhancement of Integration Photovoltaic

Generator to Grid under Variable Solar Irradiance Level using
MPPT-Fuzzy", International Journal of Electrical and Computer
Engineering (|JECE), 2016

Crossref

: 0
mafiadoc.com 25 words — < 1 /0

Internet

Amir !—Iasa"n I\/Iogh'ada.sn Hossgln Heydari, M?hdl 23 words — < 1 %
Salehifar. "Reduction in VA rating of the Unified

Power Quality Conditioner with superconducting fault current

limiters", 2010 1st Power Electronic & Drive Systems &

Technologies Conference (PEDSTC), 2010

Crossref



Yahla'?ou;elata, Ergl Kurtf Rachid Chgnm, Necmi 17 words — < 1 /0
Altin. "Design and simulation of a unified power

quality conditioner fed by solar energy", International Journal of
Hydrogen Energy, 2015

Crossref

Santanu Kumar Dash, Pravat Kumar Ray. 16 words — < ] 06
"Investigation on the performance of PV-UPQC

under distorted current and voltage conditions", 2018 5th

International Conference on Renewable Energy: Generation

and Applications (ICREGA), 2018

Crossref

Akagi. "Shunt Active Filters", | P 0
agi. "Shunt cgve. ilters", nstantaneggs OWer ¢ ords — < 1 /0
Theory and Applications to Power Conditioning,

02/02/2007

Crossref

iosrjournals.or 0

Internit g 15 Words o < 1 /O
o 0

www.texilajournal.com 15 words — < 1 Yo

Internet

i 0
Venkat? Ra(?, R Qajanan Waghmare, and Duc 12 words — < 1 /0
Pham. "Optimization of thermal performance of a
smooth flat-plate solar air heater using teaching-learning-
based optimization algorithm", Cogent Engineering, 2015.

Crossref

Widya Prapti Pratiwi, Katherin Indnawaju. ".F'ault- 12 words — < 1 %
Tolerant Control Strategy Based on Reliability and

Cost Analysis in Heat Recovery Steam Generator Plant", 2020
International Conference on Smart Technology and

Applications (ICoSTA), 2020

Crossref



Mahfudz Al Hgda, Dldle.d.Ha.ryono,'Harlsma 11 words — < 1 %
Nugraha, Annisa Nur Fitriani, Warsito Purwo

Taruno. "Characterization of Magnetic Induction Coil Sensor for

VOID Detection in Steel Plate", 2020 International Conference

on Smart Technology and Applications (ICOSTA), 2020

Crossref

Ruglranarayan Senapati, RaJesh Kumar Sahoo, 11 words — < 1 %
Rajendra Narayan Senapati, Prafulla Chandra

Panda. "Performance evaluation of Sinusoidal current control

strategy unified Power Quality Conditioner", 2016 International
Conference on Electrical, Electronics, and Optimization

Techniques (ICEEOT), 2016

Crossref

Eko Prasetyo, R. Dimas Adityo, Rani 1owords — < ] 06
Purbaningtyas. "Classification of Segmented

Milkfish Eyes using Cosine K-Nearest Neighbor", 2019 2nd

International Conference on Applied Information Technology

and Innovation (ICAITI), 2019

Crossref

Srikanth Yelem, Siddiki Mahbube, Preetham Goli. <1 0%

o~ ) 10 words —
Designing SMC Boost Converter for DVR Using

VSI to Mitigate Voltage Disturbances And Harmonics", 2021

IEEE Fourth International Conference on DC Microgrids

(ICDCM), 2021

Crossref

'I'—Ieyollar.l, Hgsseln, and Amlr Has.san M‘oghadaSL 9 words — < ’I /0
Optimization Scheme in Combinatorial UPQC and

SFCL Using Normalized Simulated Annealing", IEEE

Transactions on Power Delivery, 2011.

Crossref

. 0
etd.lib.metu.edu.tr 9 words — < ] %

Internet



journal.esrgroups.org 9 words — < 1 %

Internet

H " 0
C. Ramakrishnan, R, Prad'eep. Voltage Sensorlgss 3 words — < 1 /0
Controller for Photovoltaic Integrated Shunt Active
Power Filter for Enhancement of Power Quality", Journal of
Testing and Evaluation, 2017

Crossref

Khadkikar, Vinod, and Ambrish Chandra. "Control <1 %
) . 8 words —

of single-phase UPQC in synchronous d-q

reference frame", 2012 IEEE 15th International Conference on

Harmonics and Quality of Power, 2012.

Crossref

SHAILENDRA KUMAR JAIN, PRAMOD AGARWAL. < 1 %
e . . . 8 words —
Design Simulation and Experimental
Investigations, on a Shunt Active Power Filter for Harmonics,
and Reactive Power Compensation", Electric Power
Components and Systems, 2003

Crossref

. . . " . 0
Sachin Devassy, Bhlm Singh. "Design and 3 words — < 1 /0
Performance Analysis of Three-Phase Solar PV

Integrated UPQC", IEEE Transactions on Industry Applications,

2018

Crossref

journals.dbuniversity.ac.in 3 words — < 1 /0

Internet

. . 0
mspace.lib.umanitoba.ca 3 words — < 1 /0

Internet

WwWw.praiseworthyprize.org 3 words — < 1 %

Internet



. . . " . ()
Sachin Devassy, !Bhlm Slngh.- Implgmentatloh of 7 words — < 1 /0
Solar Photovoltaic System With Universal Active

Filtering Capability", IEEE Transactions on Industry Applications,
2019

Crossref

Santgnu Kumar Dash, Pr'a.vgt Kumar Ray.. ".Power 7 words — < 1 %
Quality Improvement Utilizing PV Fed Unified
Power Quality Conditioner Based on UV-PI and PR-R Controller",
CPSS Transactions on Power Electronics and Applications, 2018

Crossref

At?delka-der Abbassi, Rabiag Gammoudi, Moha?'med 6 words — < 1 %
Ali Dami, Othman Hasnaoui, Mohamed Jemli. "An
improved single-diode model parameters extraction at
different operating conditions with a view to modeling a
photovoltaic generator: A comparative study", Solar Energy,
2017

Crossref

OFF OFF
ON OFF



