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Abstract— A three-phase multifunctional grid supported solar energy generation system with a two
stage circuit topology is proposed. A two stage circuit topology is divided as boost converter serving
MPPT and as a grid tied four-leg VSC (Voltage Source Converter), which serves for feeding the
extracted solar photovoltaic energy into the grid and also serves for power quality improvement. SOGI-
Q (Second Order Generalized Integrator-Quadrature) based control algorithm is proposed for the
control of this multifunctional four-leg VSC. A feed-forward term for the solar PV contribution is used
to enhance the dynamic response for CPI voltage variation. Simulations have been done in SIMULINK
software of MATLAB14a. The performance of the proposed control algorithm is validated through the

simulation results.

Index Terms— MPPT; Power Quality; SOGI-Q; Solar PV; VSC

I. INTRODUCTION

Electricity has been considered as an important requirement
for existence of human life. In order to avoid the lack of
electrical energy several initiatives have been carried out and
results are focused towards generation of electricity through
renewable energy sources. The electrical energy from
photovoltaic (PV) cells is considered as a natural energy
source that is more useful, since it is free, abundant, clean, and
distributed over the world. A grid tied solar energy conversion
system is shown in [1].

Solar energy conversion system can be classified as
standalone generating unit and grid connected generating unit
depending on the availability of a grid nearby. In standalone
PV system batteries become an integral part and they require
frequent maintenance and timely replacement. Therefore, grid
interfaced PV generation systems are mostly preferred.
Standalone PV generation system with battery unit is shown in
[2]-[3].

Solar PV characteristics are nonlinear and there is a unique
operating point from which peak power can be extracted from
a given PV array. This peak power point changes with varying
climatic conditions, such as irradiance level and temperature.
Several methods has been used for maximum power point
tracking such as perturb and observe method, incremental
conductance method, constant voltage method, fractional open
circuit voltage, constant current method, etc. Various MPPTs
and their power analysis are shown in [4]-[6]. In this paper,
composite InC algorithm is proposed which is the combination
of incremental conductance and fractional open circuit voltage
MPPT algorithm.

Non-linear loads with power electronics devices are mostly
used in grid utility system. The unbalanced operation of these
loads may inject harmonics into the grid and causes several
power quality problems at CPl. Harmonics may increase
losses in electrical devices and cause malfunction to the

electrical system. To reduce the harmonic problem in the
system several passive and active power filters (APF) has been
implemented. Shunt APF is mostly used which is a power
electronic converter based device which is intended to
mitigate the PQ problem. Series and parallel active power
filters used to mitigate the power quality issues are shown in
[6]-[13]. The D-STATCOM (Distribution Static Compensator)
provides an adaptive solution for these power quality
problems. For the control of DSTATCOM several soft-
computing- based control algorithms are proposed such as an
adaptive theory-based strategy control and a complicated
neural-network-based control strategy has been proposed as
shown in [8]-[10].

In a three phase system, under a balanced linear load the
current in the neutral conductor is zero. But with nonlinear
loads at the CPI, all triplen harmonics and zero sequence
currents flow through the neutral conductor. These neutral
current increases losses in the distribution system and the
excessive neutral current may burst neutral conductor.
Comparison and analysis of different neutral current
mitigation technique is shown in [11]. A zig-zag transformer
based active filter for neutral current compensation is shown
in [12].

The distribution generation (DG) system interfaced with
VSC (Voltage Source Converter) is shown in [13] and [14].
The two stage solar energy generation system is shown in [13]
and [14]. First stage is boost converter which serves for MPPT
and next stage is VSC which feed the extracted PV power to
the distribution system. SOGI control algorithm is used for
generating an orthogonal set of voltage vectors in single-phase
PLL’s [15].

In this paper two stage distribution generation system is
implemented. The first stage is boost converter which serves
for peak power tracking from solar PV array. The second stage
is four-leg VSC which feeds the extracted power from solar
PV array to the distribution generation system and also serves
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Fig. 1 System Configuration

for power quality improvement such as harmonic mitigation,
grid current balancing and reactive power compensation. For
the control of four-leg VSC SOGI-Q control algorithm is
implemented. SOGI-Q-based control algorithm is used to
with neutral current compensation. The main contribution of
this work is given as
1. A composite InC control algorithm for boost
converter is used to extract maximum power from the
solar PV array.
2. SOGI-Q based control algorithm for four-leg VSC is
implemented to diminish the neutral current in DG
system.

Il. SYSTEM DESCRIPTION

The system configuration of solar PV distribution
generation system is shown in Fig. 1. The proposed system
consists of solar PV array, boost converter, DC link capacitor,
four-leg VSC, interfacing inductor, ripple filter(R&C),
distribution system and linear and non-linear loads. The PV
array is connected to the boost converter and maximum power
is extracted from PV array by MPPT. The output of the boost
converter is fed to the DC link capacitance. The input to the
VSC is obtained from DC link capacitance. The output of the
VSC is fed to the distribution generation system through
interfacing inductor. The ripple filter is used to reduce the
switching ripples in VSC. The VSC of the proposed system is
also serves for power quality improvement. The control
algorithm for VSC is shown in Fig. 2.

a. Design of Boost Converter

The boost converter consists of boost inductor, diode,
capacitor and controlled switch. The boost converter is used to
step up the input voltage to a higher magnitude output voltage.
The parameter of boost converter is calculated as:
The DC capacitor voltage is determined from

v, =22V (1)
/3m
where V= AC line voltage
The duty ratio for boost converter are calculated as,
D. = Vdc _Vspv (2)
" Vdc

where V. = DC link voltage and Vg, =solar PV voltage
The inductance of the boost converter is obtained by,
Vspv x Dy

f < Al

L, = ®3)

estimate the active power component of the load currents,
which helps in fast dynamic response during load variation at
the CPI. The four-leg VSC topology is used to enable
connection with a four-wire distribution generation system
where f = frequency and Al= 1% of I
The DC link capacitor between the boost converter and
voltage source converter is given by,
Pac/Mac
2 x>V,
where Vy = DC ripple voltage and Pyg = DC output
power.

(4)

Cdc =

b. Control Approach for Boost Converter
Composite InC control algorithm is implemented for
the control of boost converter which is the combination of
incremental conductance and fractional open circuit voltage
based control algorithm. The range of voltage at peak power is
obtained from fractional open circuit voltage algorithm lies
between 0.7V gmax 10 0.9V oemax- The power slope of PV is zero
(dP/dV=0), in the InC method at MPPT also it is noted that
positive in the left and negative in the right. The duty ratio for
the boost converter is estimated based on reference PV voltage
and DC link voltage. The reference PV voltage is obtained
from InC control algorithm. For calculation of incremental
conductance Al and AV are estimated as
Al =1 (k) -1 (k-1) (5.9)
AV =V (k) - V (k-1) (5.b)
The governing equations for InC based MPPT algorithm

is as,
AL _ 1 a5t MPP
AV \V;
£> 1 Leftof MPP on P v/s V curve
AV
AL 1 Right of MPP on P v/s V curve
AV "V

The reference duty ratio is used to generate the
switching sequences for boost converter is given by,

Dot = 1= (Viueer (Ve (K)) (6)
c. Control Approach for VSC

For the control of VSC, line voltages (Vs and V),
DC link voltage Vg, grid currents (ig, ign, Igc), l0ad currents
(iLa, iLbyiLe), PV array voltage and PV array current have been
sensed. From the sensed line voltages the phase voltages is
determined and then the synchronization signals are estimated
from the phase voltages.



The amplitude of phase voltages is determined as,

The feed forward term for PV array contribution in reference
grid current is calculated from solar PV current and voltage.
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This peak voltage is used to determine the in-phase

and quadrature unit vectors of CPI voltages, which contain the

phasor information of all phase voltages. The in-phase unit
vectors are estimated as,

Zun=ValV, (8.)
prh = Vsb / Vp (Sb)
Zeon = Vs IV, (8.c)

The quadrature unit templates are estimated as
Zaqt = ~ZogN3 + Zey/\3 (9.2)
Zogq = 3Zapl2 + (ZopZep)/2V3 (9.b)
Zagt = N3Zayl2 + (Zoy~Zep)/273 (9.c)

A SOGI-Q-based algorithm is used to estimate the
average power-consuming component of load currents, which
is determined independently for all three phases. Fundamental
part of the load current is obtained by inserting the load
current to SOGI block. The SOGI-Q block not only filters the
load current for harmonics but also provides a phase shift of
90° to the fundamental component with respect to the actual
load current. The transfer function of the SOGI-Q block is
given as

F(S) = lagu (8)/1i(s) = yo?/(s*Hyws+o?) (10)

where © is fundamental frequency. The active power
component of the load current is as follows

Zap1 = sin(ot) (112)

The fundamental current by the SOGI-Q can be
represented as

lag1 = Ima sin(wt-0,-11/2)

= ~(I;na cosmt X cosB,+ Ipsinwt x sind,) (12)
The sample and hold at every zero crossing can be expressed
as

lagt = lma sin(ot-g-1/2) = £(In, cosby)sinot =0 (13)

The PV array contribution term PVFF (Photovoltaic Feed
Forward) is given by,
2xVspyXlspy
lpvg = 31\/p . (14)
The load and loss components of all three phases are
added to estimate the net power consumption at CPI, whereas
the PV contribution term is subtracted from this component

for estimation of the amplitude total average power-
consuming component of the grid current which is given as,

Ignet = Ipa""lpb'l'lpc'l'lloss 'Ipvg (15)
The reference grid currents are estimated as,

Igar= Ignet X Zaph/3 (16.&)

Igbr = Ignet x prh/3 (16-b)

Igcr = Ignet X Zcph/3 (16-C)

The sensed and reference currents are given as the
inputs to the hysteresis current controller and logic switching
pulses obtained from the current controller is given to VVSC.

I1l. RESULT AND DISCUSSION

Performance analysis of the control algorithm is
obtained from the MATLAB simulink model. Grid currents
(igane), load currents (iianc), PV array voltage (Vp,) and current
(Iv), DC link voltage (Vpc) and VSC voltage (V) are
sensed for the control approach.

TABLE.l SYSTEM SPECIFICATION

Parameters Range
Vv, Voe 350 V, 600V
[ 60 A
Vic 700 V
Interfacing Inductor 3mH

Ripple Filter Resistor and Capacitor R =5 o0hm, C =5uF

Three Phase Grid Voltage and frequency V =415V, f=50 Hz

Supply Resistor and Inductor R=0.50hm,L=2mH

Linear Load Power 30 kW
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Fig. 3 DC Output Voltage and Current from Boost Converter

The Fig. 3 shows the output voltage and current from
the boost converter with Composite InC control algorithm.
The output voltage obtained from the boost converter is 700V
across the DC link capacitor. The DC link capacitor regulates
the dc voltage and then fed it to the VVSC.
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(c) Voltage at CPI with Linear and Non-Linear Load
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Fig. 4 Output current and voltage of DG interfaced solar
system without control algorithm

The Fig.4 shows the output current and voltage of
DG interfaced solar system without control algorithm. Figs.
4(a) & (b) show the distribution grid system voltage and
current. It is observed that with control algorithm the grid
currents are balanced. Figs. 4(c) & (d) show the output voltage
and current of the load.
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(d) Voltage at CPI with Linear and Non-Linear Load
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Fig. 5 Output current and voltage of DG interfaced solar system with SOGI-Q

control algorithm

The Fig.5 shows the output current and voltage of
DG interfaced solar system with SOGI-Q control algorithm.
Fig. 5(a) shows the output voltage from voltage source
inverter. Figs. 5(b) & (c) show the distribution grid system
voltage and current. The grid current are balanced (can be
observed from magnitude) and sinusoidal. The VVSC currents
are so adjusted that the grid currents are balanced and
sinusoidal. From the above figure, it is observed that with
control algorithm the grid currents are balanced while without
control algorithm the grid current is unbalanced. Figs. 5(d)-(f)
shows the output voltage and current of linear and non-linear
load. The power is being supplied by the grid and the power is
absorbed by the load.
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(b) With SOGI-Q Control Algorithm
Fig.6 Neutral Current of Distribution Grid System

Fig.6 shows the neutral current of distribution system without
and with SOGI-Q control algorithm. With nonlinear loads at
the CPI, all triplen harmonics and zero sequence currents flow
through the neutral conductor. The neutral current increases
losses in the distribution system. Neutral current in the grid
can be mitigated by SOGI-Q control algorithm.
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Current without control algorithm
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Fig.7 and 8 shows the FFT analysis of the DG system
without and with SOGI-Q control algorithm. It is observed
that, the THD of grid current is 5.73 % however that of load
current is of order of 0.20%. The THD of VSC current is
higher as compared to grid current as it consists of load
current harmonics. From the performance analysis, with
SOGI-Q control algorithm the THD value of grid current, grid
voltage and load current is decreased when compared to the
THD value without control algorithm.

IV. CONCLUSION

A two-stage grid tied multifunctional solar energy
generation system has been proposed. Maximum power has
been extracted from the solar PV by composite InC control
algorithm. SOGI-Q based control algorithm has been proposed
for the control of multifunctional four-leg VSC. The proposed
system not only feeds the available solar energy into the grid
but also helps in power quality improvement at CPI. Neutral
current of the distributed grid system is mitigated by SOGI-Q
control algorithm. A PVFF term has improved the dynamic
response for CPI voltage variation. The performance of SOGI-
Q control algorithm is validated through the simulation results.
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