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PV Based Grid System for Power Quality

Enhancement using Instantaneous P-Q Theory

Suresh K. P., Ramesh S.

Abstract: The SPV interfaced grid system with battery storage
unit, bidirectional VSI interconnected shunt active filter, an
adaptive Proportional Integral (P1) controller is employed for
improve current and voltage profile enhancement. The p-q theory
is the common employed technique to extract the basic
fundamental current harmonic components from affected or
polluted power supply by means of diode rectifier or non linear
load. The basic concepts of reactive power (IRP) theory includes
it’s a time domain model and it can be applicable for both 3P3W
and 3P4W. Initially, the control technique called instantaneous
real and reactive power theory or p-g theory has been developed
for three phase three wire system and then later it was extend to
three phase four wire system. This system is valid under steady
state as well as dynamic state. The bidirectional VSI based shunt
APF is controlled by the PI based instantaneous reactive power
theory. The proposed PI Controller interfaced shunt Active Power
Filter is used to maintain DC-Link voltage.SPV system is
interfaced with incremental conductance MPPT algorithm. This
SAPF control scheme has to provide the following benefits like
current harmonic mitigation as well as reactive power
compensation

Keywords: Solar photovoltaic system, Proportional Integral
controller, P-Q theory, DC-DC boost converter, Current
harmonics.

I. INTRODUCTION

Usage of non-linear loads such as power electronic devices,
diodes, thyristor controlled rectifiers (TCR), uninterruptable
power supplies (UPS), solid state drives, battery chargers,
and house hold electronic components are increasing day by
day. This frequent usage of electronic devices creates
harmonic problem in distribution power network which
reduces the power quality [1]. These loads directly inject
harmonics into the power distribution network which directly
affects the input voltage supply and source current at the
distribution sector is not remains sinusoidal. The current
harmonics related issues are reduced by various techniques
like active, passive and hybrid filter with shunt and series for
1P2W, 3P3W and 3P4W systems. The 3P4W system is
mostly used in residential purpose, industrial and commercial
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sectors. The current harmonics in the power network reduces
the efficiency of apparatus and creates major impacts like
overheating of conductor, reduced power factor, vibrations in
motor drives, voltage fluctuations, busting of capacitor, noise
in the equipments and excessive neutral current. Moreover,
the harmonics causes reduce the power factor in system
which makes the major loss and this problem stated as main
problem in power quality . These impacts especially reduce
the expected life time and withstand capacity of the end user
equipments connected at PCC.[2] Moreover it causes
dangerous disturbances such as electromagnetic interference
(EMI) and mal-functioning of meters associated with
sensitive power electronic devices under continuous
operation. In all modern industries, the automated controllers
and energy efficient devices is used and it is very sensitive in
power supply deviations also. Hence, the maintenance of
power quality is very much essential based on these issues
may occur in distribution network[3-8].

Harmonic issues are slightly reduced with passive filters in
conventional method, but it’s not providing the good results.
The passive filter creates resonance problem, improper
reactive power compensation and consumes more space
when compared to active filter. The passive filters are not
suitable for unbalanced supply and it’s only applicable for
specific load condition system [9-11]. The main advantage
of active filter is easily adopts under dynamic load
fluctuations and it plays major role in present compensation
scenario [12].

Il. SYSTEM DESCRIPTION

The active power filter is mostly recommended tradition
power filtering device for reducing harmonic disturbances
and to reactive power disturbances continuously even at
unbalanced load changing condition. Shunt filter is
interconnected at the junction called Point of Common
Coupling (PCC) of the distribution network which injects the
compensating SAPF current to minimize current harmonics
by means of non linear loads (Salim & Toufik et al 2001).
Figure 1 exhibits the schematic diagram of 3 phase shunt
active power filter (SAPF) connected with grid system.
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Fig 1. Schematic diagram of 3 phase shunt active power
filter connected with grid system[13]

The effectiveness of the proposed system interfaced with
Solar Photo Voltaic (SPV) system based shunt APF mainly
based on which controlling type technique employed for
generate compensation current through extended reference
current signal generation strategy, compensation time,
parameter consideration of the system to compensate and
circuit connection( El-Habrouk et al 2000). Commonly
employed reference current signal generation strategies are
p-g theory. The proportional integral controller based p-g
theory is utilized to minimize above said power quality
problems by injects the extracted compensated current signal
at the point of PCC in grid system. The important aspect for
compensation is to maintain constant capacitance voltage at
DC side of VSI, Vg in the storage DC capacitor which
supports the operation of Voltage Source Inverter (VSI)
interconnected with SAPF. Due to addition of non-linear load
or sudden changes affects the DC voltage of VSI magnitude
directly which may above or below its fixed reference
value.[14] The smooth operation of shunt active power filter
requires constant magnitude DC-Link voltage, so the
proportional integral (PI) controller based SAPF is employed
to maintain the magnitude within the reference level for
instantaneous reactive power theory[15].

PI controller is commonly used control technique because
of its very simple implementation and computation features,
the voltage error manipulation approach is utilized to find out
the voltage difference  between the desired reference
voltage[16], Vacerer and actual DC Link capacitor voltage, Vc
by proportional integral controller. Hence, the entire
performance of proportional integral controller is based on
the tuned gain value of K, and K; parameter. Based on PI gain
parameter , the proposed control scheme generate required
reference current and maintain constant magnitude voltage
across Cqc (Direct current link capacitor) .To validate the
effectiveness of available harmonics reduction and voltage
disturbances  are  verified by  simulation in
MATLAB/Simulink.[17]

I11. CONTROL STRATEGY

This proposed method used control strategy techniques is
employed to retrive the fundamental harmonic
component[13]. The preferred technique must be suitable for
mainly two states such as stable (or steady state) and transient
state condition [14-18]. In this section, steady state analysis
and transient analysis is done with the help of Fast Fourier
Transform (FFT) for the following control techniques. Fig 2
depicts the block diagram of 3PSAPF connected with grid
system [19-20].
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Fig 2. 3Phase - SAPF with grid system block diagram

From the source side, the voltages are represented as (Va, Vb,
V. ) and currents are represented as ( la, I, Ic ). Similarly the
current at load side are considered as( ILa, Ib, Ic ). Parallel
connected SAPF generates the current references (1"fa, 1"fb,
I"fc) based on instantaneous reference current or p-q theory
and fed into grid at PCC [21] . The performance of
proportional integral SAPF controller is based on constant
DC side VSI voltage and p-g scheme is employed to
compute the reference current and inject the suitable
compensation current into grid[22].

IV.COMPENSATION REFERENCE CURRENT
GENERATION

In this P-Q control scheme, first transforms three phase abc
coordinates to af0 coordinates by Clarke transformation,
where of represents orthogonal, and O represents zero
sequence component. After this algebraic transformation,
then calculate active, p and reactive power q. Reactive power
must be compensate by undesirable component.[23]

Switching pulse to SAPF

Figure 3. Proposed instantaneous p-g scheme

The proposed solar photovoltaic interfaced SAPF with
proportional integral based P-Q scheme is used to
compensate the 3P load currents. Harmonics occur due to
nonlinear loads and some power electronic switches in
bidirectional VSI is filtered by the coupling inductance Lf.
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In Fig 3 depicts the designed PI - SAPF with instantaneous
p-g control technique where 1s, 1", and "y represents the
reference current for all three phases(A,B and C)[22]. The
actual current (ls, I, Itc) and reference SAPF are given as
input to constant frequency hysteresis current controller
(HCC) which is employed to limit ripple current passes
through the coupling inductor L. Pl Controller interfaced
shunt APF with p-q scheme.

This controller maintains injected current into the load
distribution system. The instantaneous P-Q power
components like active power (p) and reactive power (q) are
regulated by the control signal generated from SAPF[19].
The input signal given to the Pl based shunt APF controller
are all 3P reference voltage and current in the distribution
system. PI controller based DC side VSI voltage is employed
to regulate magnitude at junction of DC side voltage between
converter and shunt APF

c A Vv

Yo

Figure.4 Three phase coordinates

Three phase coordinates are shown in the Figure .4 which
represents all three phases mutually orthogonal in structure.
The Instantaneous active (or real) and reactive ( or
imaginary) power can be expressed as p and g.

The source voltages (Va,Vh,Vc) and source currents (la,lb,lc)

are expressed the form of vectors as V and | respectively,
that is

Vv

a

V=1V, @

=1, @)

The active power, p of the 3P circuit is expressed by clarke’s
transformation formas (1 & 2)
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Where, V, and V, ,Vﬁ represents zero sequence voltage and

axis voltage respectively. It can be represented as in the
following equations

p= VI, +V,l, (5)
q=V,l, -V,1, (6)

The instantaneous active and reactive power consists of two
components according to the equation (5 & 6)

p=p+p )
q=q+q (8)

Where the components, ﬁ and ﬁ represents an average
component of active power and zero mean oscillatory
component, { and G indicates the average and zero mean
oscillatory internal components of the reactive power.

IV. PROPORTIONAL INTEGRAL CONTROLLER
BASED SAPF

Error signal, e is calculated with the difference value
between the actual voltage, V4cand reference voltage, Ve ref
.From this error e is estimated as (9)

€=V, -V, (9)

Where, Vdcref is considered as initial reference dc voltage

dcref

and V(¢ represents the recent system DC-Link capacitor
voltage in volts measured across capacitance connected in
VSI

Finally the error has been keep regulate by using PI
technique .The regulated power, Py can be expressed by the
equation (10)

P, = KoE+K, [edt (10)
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The controller maintains the power in capacitor across VSI
to the distribution grid system. The 3P SAPF current (1*r) can
be expressed as in equation (11)

11 1]
ifa* \/E \/E \/E _ifo*
. 2 1 1.
O -3 3 e (11
Ifc 0 \/§ \/g _Ifﬂ
L 2 2 |

V.SIMULATION RESULTS FOR PI CONTROLLER
BASED SAPF WITH P-Q THEORY

The system ability and effectiveness of proposed solar
photovoltaic interfaced Shunt Active Power Filter(SAPF)
with Pl controller is validated under 3 various cases like
balanced input supply voltage with stable state load situation,
balanced input supply voltage with unstable load condition
and unbalanced supply voltage with unstable load
situation.[30]

CASE 1: Balanced input supply and stable state load

Total Harmonic Distortion (THD) result analysis at prior
compensation of connecting Solar Photovoltaic interlinked
VSI-SAPF with PI Controller, source current total harmonic
distortions levels in all three-phases (labc) values are
22.98%, 21.68% and 20.93% respectively and the Load
current magnitude values in Ampere are 23.78, 23.50, 23.75.
Figure .5 shows the current THD value before connect solar
photovoltaic interfaced VSI based SAPF with Pl based
instantaneous P-Q theory control technique [30].
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Figure 5 shows the results of THD level before connecting
SAPF with Pl based instantaneous P-Q theory [31].
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Figure.6 THD analysis after connecting SAPF
Figure .6 shows THD level after connecting SAPF filter
with Pl-based P-Q theory control technique.[17]
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CASE 2: Balanced input supply and unstable load

Fundamental (50Hz) = 21.58 , THD=3.82%

The effectiveness of the solar photovoltaic shunt :120 : : '
active power filter scheme is evaluated under balanced *2100----' :
supply voltage with unstable load condition. THD analysis g
for prior and after compensating with SAPF under balanced s 80
supply voltage with unstable load situation is shown in Figure c 60
7. At this load situation, the performance of shunt active [
power filter with the p-q theory is validated under MATLAB/ ° 40t
simulation, the harmonic distortion level obtained in current s
prior compensation is 22.74(%),23.18(%), and 22.57(%), 2 20¢
and it was decreased as 3.84 (%),3.75 (%) and 3.94 (%) after = : . _
compensation. 0 0 .._,. 5 10 15 20

Harmonic order

~ Fundamental (50Hz) = 18.22, THD= 22.74%
B T . ! Figure.8 THD result analysis for before and after
Em_ o [Wehasey compensating with SAPF
v}
: The above Simulation results depicts that the proposed solar
i 50- | photovoltaic linked filter with Pl controller employed to
? regulate the current harmonic components and other
8 unbalanced non-linear load current as well as voltage
o ] . i variations in electric power distribution systems. Table 1
s 0 B 10 15 20 shows the detailed comparison of each phases based on

Harmonic order simulation results after compensate control techniques.

Figure 9 shows that the graphical comparative analysis of
three cases.[17-23]
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CASE 3: Unbalanced input supply and unbalanced load

The effectiveness of this proposed shunt active power
filter is examined with unstable or unbalanced input supply

voltage with non-linear (unbalanced) load condition. THD 25+
results for prior and after compensating under unbalanced
input supply voltage with unstable load situation are shown in 20

Figure 8. The efficiency and effectiveness of the shunt active
power filter with the p-g theory is examined in
MATLAB/simulation, the obtained harmonic level of the
source current prior to compensation is 22.98(%), 23.52(%),
and 22.68(%), and it is reduced to 3.82 (%), 3.94 (%) and sk
3.72 (%) after compensation. )
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