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= ABSTRACT - Most of the renewable sources generate power at lower voltage levels in the range of 20-50V which cannot
be utilized by the loads. Therefore, stacking multiple modules in series increases the voltage level or using conventional boost
converter or QZSis helpful. However, due to series stacking and boost converter or QZS there is a great power loss and also have
reliability issues.The QZS inverter has very less boosting gain in the range of 2times. Theconventional boost converter or QZSis
replaced with SZSC for voltage boosting and inverter operation. The SZSC boosts the voltage 4-5 times to the input voltage level.
For further mitigation of harmonics, the conventional 6-switch inverter is replaced with switched capacitor MLI. Multiple
renewable sources are at the input which include PV array, battery unit and PMSG wind module. The battery unit is a support to
the renewable sources PV array and wind module. The DC link voltage stability is achieved by the battery unit placed in parallel
to the renewable sources. The renewable sources share power to the grid through the SZSC and switched capacitor MLI. For DC
voltage stability a CV control is integrated to SZSC. And for synchronized power sharing to the grid, a grid voltage feedback
synchronization control is included for the control of MLI. A low rating renewable system is modelled and integrated to grid using
Simulink MATLAB software. A comparative analysis is carried out operating the system with QZS and SZSC. The performances
of the SZSC and ML are evaluated by the graphs generated by the simulation of the modelled system.

Keywords: QzS (Quasi Z-Source), SZSC (Switched Z-Source Converter), MLI (Multi-Level Inverter), PV (Photo Voltaic),
PMSG (Permanent Magnet Synchronous Generator), CV (Constant VVoltage).
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generally created by renewable sources like PV plants, fuel

cells, battery and super capacitor units etc [1]. In order to
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Traditional method of integrating Renewable Sources
comprises of a conventional boost converter connected to 6-
switch inverter [2]. The QZS increase the input voltage levels
by 2 to 2.5 times which later on converted to AC by the 6-

#1. INTRODUCTION

Due to utilization of fossil fuel technology for generation of
electric power is leading to disasters in environment. Fossil
fuel power generation has to be replaced with renewable
power which generates electricity using natural resources like
solar irradiation, wind speeds, tidal energy etc. It is a greater
challenge to integrate renewable energy sources to the grid as
these sources are unpredictable, unreliable and always vary
with respect to the available natural sources. There is also a
drawback of low voltage levels created by the renewable
Sources. In order to increase the voltage levels multiple
power electronic devices, have to be used which introduce
power loss and switching losses. The low voltage levels are

switch inverter. In this paper this traditional QZS is replaced
with SZSC connected to the Renewable Sources [3]. The
SZSC boosts the voltage of the renewable source with a high
gain of 4 to 5 times. The high gain DC voltage is fed to a
switched capacitor MLI converting it to multi-level AC
voltage [4]. The multilevel AC voltage has lesser harmonics
as compared to two level voltage generated by the 6-switch
inverter. The SZSC has a single power electronic switch with
variable duty ratio (D) determined by the required output
voltage. The MLI operates in synchronization with the three-
phase grid by taking feedback from the grid source.The
structure of the proposed test system with Renewable Sources,
SZSC and MLI can be observed in figure 1.
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Figure 1: Proposed system structure with renewable sources, SZSC and ML

As per figure 1 the DC distribution generation is the
photovoltaic array and ac distribution generation PMSG wind
farm. To support these two Renewable Sources a battery
storage element is connected for DC link voltage stabilization
[5] [6]. There will be an exchange of power between the
storage element and the Renewable Sources as per the power
generation. The common DC link is connected to SZSC which
boosts the low DC link voltage to higher voltage. the DC high
voltage generated by the SZSC is converted to AC by the
switched capacitor MLI. An AC load is connected between the
utility grid and the switched capacitor MLI [7]. The AC load
consumes power either from the renewable module or the
utility grid as per the availability of renewable power. The
renewable power is injected to the utility grid either during
low load demand or no-load condition. The required DC
voltage at the output of SZSC is acquired by CV control with
reference voltage set as per requirement. The switched
capacitor MLI is controlled by level shifted multi carrier Sin
PWM (Pulse Width Modulation) technique. The reference to
the PWM is provided by synchronization voltage reference
estimator with feedback from grid voltages.

This paper is organized with introduction to the proposed
system structure included in section 1 followed by renewable
sources modelling in section 2. The section 2 has the internal
circuit structure modelling of renewable sources with specified
operation and control. In section 3 the design of SZSC,
switched capacitor MLI is configured and the operating
principles are explained as per switching modes. The
simulation modelling and results are discussed in section 4,
where the graphs of different parameters are plotted and
studied. The graphs are analysed for validating the
performance of each module and its capability. A comparative
analysis to conventional circuit structure is done determining

the quality of the proposed system. The final section 5 has the
conclusion to the paper finalizing the result parameters and
proposed design significance. The conclusion is followed by
references of the topics covered in this paper.

=: 2. RENEWABLE SOURCES
MODELLING

As mentioned in introduction section the input to the SZSC is
renewable sources connected with battery pack supporting the
system. The renewable sources used are PV array and PMSG
wind farm which generate power using solar irradiation and
wind speed respectively [8].

For maximum power extraction from these renewable sources
DC-DC converters are connected operated by maximum
power point tracking (MPPT) algorithm. The PV array is
connected to a boost converter and the wind farm is integrated
with buck-boost converter. Both the boost and buck-boost
converters are unidirectional converters which only extract
power from the sources. Along with the PV array and wind
farm, a battery pack is connected with bidirectional DC-DC
converter [9].

This battery converter switches are controlled by CV control
with reference DC link voltage (Vdc ref). The proposed
structure of the input source module can be seen in figure 2.

The MPPT controller takes feedback from PV panel voltage
and current for estimation of the required duty ratio for
maximum power extraction. The connection of multiple panels
in parallel or series makes a PV array which is represented as a
solar plant. This PV array connected to the booster converter
controlled by the MPPT controller circuit structure is shown in
figure 2.
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Figure 2: Input source module with renewable sources and battery
unit

The boost converter switch (Syp) is controlled by P&O MPPT
method by taking feedback from PV array voltage and current.
The duty ratio of Sy, is varied as per the voltage and current
(Ppv and Ip) change occurred in the PV array [10]. These
values change as per the variation in solar irradiation. The
update of new duty ratio (Dnew(t)) is expressed as:

Dnew(t) = D(t - 1) +

IfP(t) >P(t—1) and V(t) > V(t — 1)}

AD {If P(t) < P(t — Damd V(E) <V(E—1)f D

Dnew(t) =D(t-1) -

AD {If Pt)<P(t—1andV(t) >V(t— 1)} @
If P(t) > P(t — Damd V(t) <V(t—1)

In the given expressions (1) and (2) ‘P(t) V(t)’ arepresent and
‘P(t-1)V(t-1)’ are pastPV array powers and voltages
respectively. AD is the update duty ratio value to the past duty
ratio D(t-1). The updated Drew(t) is compared to high
frequency carrier sawtooth waveform generating pulse for the
switch Shh. As per the change in the Dpew(t) maximum power
is extracted from the PV array. The wind farm module has
standalone generator (PMSG) driven by wind turbine
propelled by wind flow.

The 3-ph uncertain voltage from PMSG are converted to
unregulated DC with a diode bridge rectifier (DBR). The
unregulated DC voltage is stabilized and maximum power
extraction from PMSG is achieved by buck-boost converter. A
buck-boost converter is adopted for voltage stability during
high and low wind speeds. The wind farm converter switch is
controlled by Power Signal Feedback (PSF) MPPT algorithm
[11]. The PSF algorithm takes rotor speed (w,) as reference for
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generation of required duty ratio of the switch Shbc. The
reference power (Prr) generated from the w; variable is
expressed as:

Pref = Kopt- W‘r3 (3)

Here, K, is the optimal MPPT gain tuned as per the
reference signal generation. From the Py signal generated, the
duty ratio Dy.s(t) is generated as per given expression:

Dy-s(®) = (Ky + [ K. dt) (Z) @
The MPPT regulator is a Pl controller with proportional and
integral gains (K, andK;) tuned as per the damping of
Dy, _,(t).The buck-boost converter output terminals are
connected in parallel to the boost converter of PV array for
sharing power to the SZSC. As both the renewable sources are
unpredictable, unreliable and unstable, a battery module need
to be connected at the DC link. The connection of the battery
module stabilizes the DC link voltage and also provide storage
facility for the renewable power. During low renewable power
generation conditions, the battery module provides stored
power to the load. Therefore, for charging and discharging of
the battery pack (as per the renewable power availability) a
bidirectional converter is included in the battery module.

The BDC is included with two switches Swl and Sw2 which
are boost and buck switch respectively. These switches are
operated alternatively with a NOT gate connected to one of the
switches. The Ly is the energy storage element which
provides boosting voltage to the DC link. When the ON time
of switch Sw1 is higher than the Sw2 the converter operates in
boost mode which discharges the battery. This mode is
activated when the load demand is higher than the renewable
power generation. When the renewable power generation is
greater than the load demand, the excess power needs to be
stored in the battery module. During this mode the battery Sw2
ON time is higher than Swl making the BDC to operate in
buck state where the battery is charged by the excess
renewable power.

The switches of the bidirectional converter are controlled by
CV control with DC link voltage reference (Vac rer) [12]. The
Ve ref IS Set as per the required input voltage magnitude for the
SZSC. In figure 2 switches Swl and Sw2 operate alternatively
by a NOT gate connected to Sw2. The pulse to the switch Swl
is generated by comparison of high frequency carrier sawtooth
waveform to the duty ratio Dy generated by CV control
expressed as:

Dyac = (Kpdc + fKidc- dt) (Vdcref — Vicmeas)(5)

All the modules are connected in parallel as input to the SZSC
which further boosts the voltage to higher magnitudes for
utilization by loads. The modeling of SZSC and MLI are
configured in next section.
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i 3. COVERTERS DESIGN

3.1 QZS configuration

The QZS converter is considered to be basic initial converter
in the family of Z-source converter topologies. The QZS has
two capacitors and inductors connected in ‘Z’ pattern for
voltage boosting purpose. The circuit structure of 3-ph QZS
inverter can be observed in figure 3.

SW1 SW3 SWS
T e

- %} SW4 4} SW6 g} SW2

Figure 3: 3-Ph QZS inverter topology
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The major limitation for the QZS converter is it can be
integrated to only 6-switch voltage inverter circuit for shoot
through mode. For voltage boosting the 6-switch inverter is
operated in shoot through and non-shoot through modes.
During the shoot through mode, any of the two switches in a
leg of the 6-switch inverter are turned ON for small instant of
time charging the inductors L1 L2. During non-shoot through
mode the Sin PWM operates the inverter received with high
voltage than the input voltage magnitude. The output voltage
for the QZS converter is expressed as:

Vo= Vin (1/(1-2D)) (6)

Considering the duty ratio (D) of the shoot through switches at
0.2 (20%) updated in equation (6), the gain is calculated as:

Vo = Vin (155m03) = 166 Vin

As per the mathematical equation the output voltage is 1.66
times of the input voltage. This gain can be maximum
increased to 2 times with D set to 0.25 (25%).

Along with the limitation of 6-switch inverter integration (for
shoot through) and low voltage gain (2times), the QZS also
has very high voltage ripple content. This high ripple in the Vo
creates harmonics on the AC side which leads to further
damage to the load. Therefore, it is viable to upgrade the 3-ph
QZS 6-switch inverter with a better converter topology to
overcome these issues of power quality on both DC and AC
sides.

3.2 SZSC configuration

The proposed SZSC is a combination of conventional quasi-Z-
source converter (QZSC) and a switching module [13]. The
figure 4 illustrates the proposed SZSC with single switch and
passive elements.
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Figure 4: SZSC circuit structure

In the given circuit structure, the diode D1 is used to avoid
reverse current flow to the renewable module [14]. The
proposed SZSC has a very high voltage gain for very small
duty ratio (D) of the switch S1. The output voltage of the
SZSC is expressed as:

Vo = 1/((1-4D)) Vi (7)

With this high gain a large range of voltages can be accessed
with variable D value as per the requirement.

The proposed SZSC has the capability to operate in both
continuous (CCM) and discontinuous conduction (DCM)
modes. In DCM mode the inductor current reaches to zero for
every switching cycle of the switch and in CCM mode the
current doesn’t not touch zero [15]. As per the switching of S1
the converter operates in two states with each state having a
different current cycle.

State 1: When S1is ON

During this state the switch S1 is turned ON charging the
passive elements L1 and L2through D3 by Vi (generated by
renewable module) [16]. The output capacitor C3 is
considered to be in charged initially making the diode D2 to be
in reverse biased condition. The C3 capacitor provides voltage
to the ML for conversion of DC to AC during this state. The

current conduction path is given in figure 5 for state 1.

L;
Figure 5: State 1 operating current conduction path

The capacitor C1 and C2 reduces voltage stress on L1 L2 and
mitigating voltage spikes in these elements helps to improve
their reliability [17]. The currents and voltages areexpressed
as:
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g1 = Ipg +igp (8)
Vit = Vei; Vig = Vi 9)

State 2: When S1 is OFF

At this state the switch S1 is turned OFF with the inductors L1
and L2 release their charge in series with the input voltage. As
the capacitor C3 is discharge in previous state, in state 2 C3
charges through D3 with the combined voltages of Vi, VL1
and VL2. The current conduction path during state 2 is shown
in figure 6.

Ly
Figure 6: State 2 operating current conduction path

As the voltage of C3 is now less than the input voltage the
diode D2 goes into forward bias condition providing voltage to
the MLI. The voltages and currents of the elements are
expressed as:

Ves =Vo = VintVi1 +Vp (10)
ipy = ig1 — lc1;
ipy = ip1 +icz ;
lc3 = lp — Ip3 (11)

Here i, is the output current of SZSC. As per equation (6) the
voltage developed at the output of SZSC depends on duty ratio
of the switch S1 [18]. With higher duty ratio D, higher charge
stored in L1 and L2 increases the output voltage during
discharge.The parameters of the passive elements of the SZSC
are calculated by the below expression:

— . — 2viba-D)
Ll - L2 - YA lLinfs (12)
€, =Cp= — (13)

%AV cVi(1-2D)

Here, %Al;, and %AV, are the % current ripple and % voltage
ripple tolerated by the inductor and capacitor respectively. ‘f;’
is the switching frequency of the switch S1.
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3.3 Switched Capacitor ML

MLI are considered to be an optimal solution for
interconnecting renewable sources to the grid. As most of the
renewable sources are static sources the power generated by
the sources are in DC voltage. To replicate a PWM AC
voltage as Sin AC voltage, MLI concept is invented. The MLI
creates staircase shaped voltage waveforms with increasing
voltage levels decreasing the total harmonic distortion (THD)
[19]. With increased number of voltage levels, the size of the
LC filter reduces, decreasing the size and economy of the
inverter. The proposed switched capacitor MLI has the
capability to create multi-level AC voltage and also with
increased magnitude [20]. The switched capacitor MLI circuit
integrated to the SZSC fed renewable source is shown in
figure 7.

S Sal Sa3 Sas $
7 P 7 |
A0 i
Sel Shi Sg Sb2 Sc3 Sh3 S
SZSC
+ + + +
\o;:]lpm V57< Ci VE=-= C2 VE7<(_', Vf7< Ca
SJE_ Sa
Cat e e v S
Sa2 Sad Sa6
~ Load+

Figure 7: Switched capacitor MLI circuit structure

The proposed MLI has 9-levels of voltages with 4 on the
positive side, 4 on negative side and zero is considered to be
one level [21]. There are 11 body diode includedn-p-n IGBTs
(S1-S4, Sb1-Sh3, Sc1-Sc4), 6 only n-p-n IGBTs (Sal-Sa6) and
4 capacitors (C1-C4). Different switching states of the IGBTs
create four positive and four negative stair voltage levels. The
switching states to the switched capacitor MLI switches are
created by positive biased Sin waveform comparison to four
level shifted triangular waveforms [22]. The gate pulses
generation with the reference and carrier waveforms can be
observed in figure 8.
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Figure 8: Gate pulses for the IGBT switches of MLI

The capacitors C1-C4 charge (C) and discharge (D) as per the
switching cycle provided by figure 7 gate pulse generation
[23]. The voltage levels and capacitor C and D are with
respect to the switching states of the IGBTSs is represented in
table 1.
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“iTable 1: Voltage levels and capacitor states as per s s g

switching cycle T s
Turned ON switches Cl|C2|C3|C4| Vout vt . . .
LS Vems( Vemps( Ve
Sb1, Sh2, Sh3, S1, S2, S3 C D D D | 4Vvdc .
Sal, Sa2, Sh2, Sh3, S1, S2, S3 C C D D | 3vdc I—F A \5,}
Sal, Sa2, Sa3, Sa4,Sb3,51,S2, | C | C | C | D | 2vdc - (@ You
s3 . .
Sal, Sa2, Sa3, Sa4, Sa5,Sa6,S1, | C | C | C | C | Vdc i &
S2,S3
Sal, Sa2, Sa3, Sa4, Sa5,Sa6,S1, [ C [ C | C [ C | O vtk o, vl
S2,S4 B b
Sal, Sa2, Sa3, Sa4, Sc4, S1, S2, C C C D | -vdc ; st
S4 1 Sl A
Sal, Sa2, Sc3, Sc4, S1, S2, S4 c|C|D]|D - - Vo ¢ b
2vdc ®
Sc2, Sc3, Sc4, S1, S2, S4 C|D|D]|D - i
3Vdc
Scl, Sc2, Sc3, Sc4, S4 D D D D -
4Vdc

The capacitors C1-C4 provide voltages for a small instant of
time creating voltage levels on the output side [24]. These
capacitors are charged later during free-wheeling operating.
For better voltage stability capacitors can be considered in the
range of 1-5mF.

As per the switching table 1 the modes of operation of the
proposed MLI are shown in figure 9a to 9h.

S84
X
a

w

5 i by 5 5 . + -
Y ] - a i Vou
Ao Virsc Versc Vel Vi Figure 9: (a) Vo = Vdc (b) Vo = 2Vdc (c) Vo = 3Vdc (d) Vo = 4Vdc
. (e) Vo =-Vdc (f) Vo = -2Vdc (g) Vo = -3Vdc (h) Vo = -4Vvdc
Tt FR - 2
| = Vo . . The figures 9(a) — (d) are the switching patterns for positive

® levels generation Vdc to 4Vdc. At the initial mode the

capacitors C1 — C4 are charged with the input voltage. For
every consecutive mode these capacitors come in series with

5
vart— Vi vimsc. Vi N( the input voltage. The positive output voltage levels are

fe
pr
b

expressed as:

2 e e
I = VS . Vo = Vin (level 1); Vo = Vin + Vc4 (level 2); Vo = Vin + V¢4
L @ ‘ +Vc3 (level 3); Vo = Vin + V¢4 + Vc3 + V2
£ ~ '

For the negative direction voltages with the updated switching

Se2 Sk
Ve Vi Vi 3 \.% Vil pattern as per table 1 the negative output voltage levels are
o . ‘ ’ . expressed as:

Vo =-Vc4 (level 1); Vo = -Vc4 —Ve3 (level 2); Vo =-Vced -

+

-3 4

2l

B © Ve ’ Ve3 - Ve2 (level 3); Vo
S 3 =-Vc4 -Ve3-Ve2-Vcel
vt N X4 il As per the switching pattern and the current conditions paths
i - the nine level voltages are created. For PWM voltage
N generation the figure 8 modulation technique is used providing
V gate pulses to the switches of the MLI.
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4. SIMULATION RESULTS

The modeling of the proposed test system with renewable
sources and battery module connected SZSC MLI is done in
MATLAB  Simulink  software.  The blocks from
‘Powersystems’ were considered for the modeling and for
THD analysis FFT (Fast Fourier Transformation) analysis tool
is used. The graphs of different parameters are plotted for
variable operating conditions created by changing solar
irradiation (Ir) and wind speed (Vw) at specific time intervals.
The performance of the SZSC and MLI are validated with
these conditions of the renewable sources. The power
balancing table is also given determining the efficiency of the
converters. Table 2 includes the system parameters for
updating of the model with the given values.

Table 2: Configuration parameters

Name of Parameters
the
module
PV unit PVA: Vmp = 13.5V, |mp = 5.65A, Voc = 16.2V, Isc
= 6.02A, Ns = 1, Np = 10, Ppv = 762W. Boost
converter: Lp = 1mH, Cin = 100pF. Rigrt = ImQ,
fs = bkHz.
Wind farm | PMSG: 6Nm 300Vdc 4500rpm, Rs = 0.62Q, Ls
unit = 2.075mH, ¢ = 0.08627V.sBuck-Boost

converter: Lobe = 100pH, Right = 1mQ, fs = 5kHz.

Battery unit Battery: Vmom = 12V, Capacity = 45Ahr.
Bidirectional Converter: Lbdc = 161.95pH,

Cout = 12mF, Rigot = 1mQ, fs = 5kHz.

SZSC L1 = L2 = 360pH, C1 = C2 = C3 = 330puF,
Rmostet = 0.1Q, Cdc = 1200uF, Vdc ref = 100V,
Kp=0.05, Ki = 0.0035, fs = 5kHz.
MLI Vin = 100Vdc, Vout = 240Vac ms, fs = 2kHZ, Rigbt
=1mQ, Cl1=C2=C3=C4=1mF.
Grid 400Vms ph-ph 50HZ
Load 500W 400V ms ph-ph 50HZ

The simulation of the test system with the parameters given in
table 2 are included and run for 3s with different operating
settings. In order to validate the performance of the system,
solar irradiation of the PV module and wind speed of the wind
module are changed at specific intervals of time. The
irradiation is changed from 1000W/mt2 to 500W/mt2 at 1s and
wind speed is varied from 12m/s to 8m/s at 2s of simulation
time. Graphs of measurements taken from the powers and
voltages of the modules are recorded and plotted vs time. All
the plotted graphs are generated by ‘powergui’ tool of the
Simulink presented below.
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Figure 10: Active powers of sources and DC link voltage

In figure 10 the active powers of the sources on the input side
of the SZSC are presented. During 0-1s the PV module
delivers 600W and wind farm unit generates1800W. The total
renewable power generated is 2400W, in which 800W is
delivered to AC side through the SZSC and MLI. The
remaining unutilized power of 1600W is stored in battery pack
for utilization during deficit conditions. The PV module power
is dropped to 300W at 1s and wind farm unit power is dropped
to 600W at 2s as per the dynamic conditions created in the
simulation. As per the change in the renewable powers the
battery pack power storage varies accordingly. However, the
power delivered to the inverter remains same at 800W in any
given condition of irradiation and wind speed.
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Figure 11: Input and output voltages of (a) QZS (b) SZSC
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As observed in figure 11a the input voltage is at 600V which
is boosted to 1100V for the inverter to generate 440 Vrms AC
voltage. Whereas in figure 11b the input voltage to the SZSC
is maintained stable at 30V for any changes in the operating
conditions of renewable sources. The SZSC ML topology can
operate at input voltage level as low as 30V which is suitable
for low rating renewable sources. This DC input voltage (Vin)
is stabilized by the CV controller of the battery module. The
Vin is boosted to 95V by the SZSC circuit operated by voltage
controller set with required reference output value. The input
power to the SZSC (Pin), output power of MLI (Pout) and
total power loss (Ploss) of the circuits are presented in figure
12.
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Figure 12: Input, Output and loss of power

As per the Pin graph it is validated that the power delivered to
the SZSC is 800W-900W and the Pout is maintained at 600W.
The Ploss is however is between 200W-300W varying as per
the conditions on the source side.

From the powers of input and output of the converters in the
system, the efficiency of the converter is calculated as:
Efficiency = % x 100 (14)

=29 4100 = 75%
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Figure 13: Multi-level inverter output voltage

Figure 13 represents the multi-level voltage output of the
proposed switched capacitor MLI with 9 voltage levels
generated for reduction of harmonics on the grid side. The
figure 14 has the graphs of power supplied by renewable
sources (Pres), Power of the grid (Pgrid) and load demand
power (Pload).
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Figure 14: Renewable module, Grid and load active powers

As per figure 14, the power Pres delivered to the AC side
through the SZSC MLI is 600W, Pload demand is 500W and
the power excess power of 100W from renewable source side
is injected to grid. The negative power of Pgrid in the graph
represents injection of power to the grid. A harmonic analysis
is carried out on the load voltage using FFT analysis tool to
determine the THD of the waveform.
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Figure 15: THD of load voltage(a) QZS (b)SZSC

The THD of the load voltage analyzed when the system is
stable is shown in figure 15a and 15b with QZS and SZSC
topologies respectively. The analysis indicates that the THD of
the inverter voltage is maintained at 7.77% and 4.23%, THD
of inverter current is maintained at 6.76% and 3.83% for QZS
and SZSC MLI respectively. The SZSC MLI has lower THD
as compared to the QZS system validating the performance of
the SZSC MLI topology. As per IEEE Std 519-

harmonics are maintained below 5% making it a stabl

:5. CONCLUSION

The low voltage renewable sources are inter-connected to grid
sharing power to the load integrated with high voltage gain
capability SZSC switched capacitor MLI. The DC link voltage
with magnitude of 30V feeding from PV source, wind farm
unit and battery module is successfully converted to 3-ph
415V AC voltages. The DC link voltages at the input and
output of the SZSC are stabilized by individual CV controllers
with specific reference values. The SZSC creates nearly

2022 the
e system.
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3times gain DC voltage of 95V which is further converted to
multi-level 3-ph AC voltages by the switched capacitor MLI.
The complete system is stable with very low ripple in the DC
input and output voltages even during variable conditions of
the renewable sources. The current THD is recorded at 6.76%
and 3.83% for QZS and SZSC MLI respectively calculated
using FFT analysis tool available in ‘powergui’ toolbox. The
THD is same for both load voltage and current. Comparatively
the THD of the SZSC MLI is lower than QZS topology. The
renewable power is shared to the grid and load on the AC side
also charging the battery pack through the bidirectional
converter on the DC side. The system delivers 600W of
renewable power to the grid with an efficiency of 75% out of
800W. The proposed topology has high gain capability, low
harmonic content and moderate efficiency as compared to
many traditional methods of renewable source interconnection
to grid.
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