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Abstract - The rising demand of green energy across the world
has given popularity to Grid connected PV system. Now a day's
there are various topologies of Multilevel Inverters are
developing day by day. Using these multilevel inverters can
enable t0 interface the PV systems with Grid easily and
effectively. But there are lots of issues occur while using PV
systems like power flow control and output voltage disturbances
due to irregular output voltages produces by PV systems. With
the fast growth of distributed generators, including the PV, the
quality of their produced power needs to be further improved in
order 10 not adversely affect the hosting network’s
performance. This can be achieved through utilizing
appropriate inverter structures, inverter control schemes,
and/or better bridge systems. In this work to improve power
quality a photovoltaic systems based large scale grid model has
been proposed With active and reactive power control utilizing
of cascaded modular multilevel inverters.
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I INTRODUCTION

PV systems can be interfaced to the grid through single-phase or
three-phase connections. The single-phase inverters, which
connect the smaller PV arrays to the grid, sufferer from a double-
frequency pulsation in DC-link voltage, which decreases the
power efficiency of the PV array. Depending on the operational
and functional requirements of the system, the specific
components required such as a DC-DC power converter, a DC-
AC power inverter, battery bank along with its controller,
supplementary energy sources and the specified electrical load or
appliances. A standalone PV system is shown in Figure 1.1,

[
-
L [
DC I DC B T | §
Cy (& S -
DC T AC T i g
2
PV Module Boost Converter Single Phase Filter
Inverter
1] - - A
= DC
T DC
Battery Bank Bidirectional

DC-DC Converter

Figure 1.1 Battery connected standalone PV system.

along with battery backup, all the interfacing components like
DC-DC converter and DC-AC inverter, and local load. PV
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systems are mainly design to give the electric supply to load and
load can be AC type or DC type. Supply for load or appliances
can be needed in day time or evening time or both time. PV
system can supply only in day time and for supply required
during night hours, it requires batteries, where power can be
stored and utilized.

Voltage source inverter control method regulates phase angle of
the grid mainly through receiving voltage signals from the dc side
of the inverter which is called the outer loop to control the grid
voltage while it regulates voltage reference from ac side load
voltage to control inverter output current which is called inner
loop. In PV systems, the control task is normally performed in
synchronous dq frame synchronized with the grid voltage, which
results in decoupled real and reactive power control through the
decoupled d- and g-axis current control-loops. During the normal
operation of a PV system, the d-axis current control-loop is
utilized for the DC-link voltage regulation which results in
maximum power production (operation of PV array at MPP
voltage). In the case of over frequency in the network, however,
the power setpoint is calculated depending on the network
frequency and is applied to the current control scheme, which
results in the operation of a PV array with an operating voltage
different than the MPP(Maximum Power Point) voltage. On the
other hand, the reactive power setpoint for PV systems in normal
operating condition is set to zero or an small value to deliver
unity power factor at the network connection point. However, in
case of required dynamic or static voltage support, the reactive
power setpoint is calculated accordingly, depending on the
network voltage

1. SYSTEM MODEL

Grid connected PV generation system is mainly composed of the
PV array, the inverter device with the function of maximum
power tracking and the control system.

The control tasks of a grid connected inverter can be divided in
two parts: (1) The input side primarily tasked with extracting the
maximum power from the pv modules. (2) Grid side controller
tasked with control of active and reactive power, ensuring high
quality of injected power and maintaining synchronization with
the grid.

Traditionally the control strategy applied to the grid-side
converter consists mainly of two cascaded loops. Usually, there is
a fast internal current loop, which regulates the grid cur- rent, and
an external voltage loop, which controls the dc-link voltage. The
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current loop is responsible for power quality issues and current
protection; thus, harmonic compensation and dynamics are the
important properties of the current controller. The dc-link voltage
controller is designed for balancing the power flow in the system.
Usually, the design of this controller aims for system stability
having slow dynamics.

A photovoltaic array is a linked assembly of PV modules. Most
PV array use an inverter to convert the dc power produced by the
modules into alternating current. The modules in a PV array are
connected in series to obtain the desired the voltage, the
individual string are then connected in parallel to allow the
system to produce more current.

A solar or PV inverter converts variable direct current (DC)
output of the photovoltaic solar panel into a utility frequency
alternating current that can be fed into a commercial electrical
grid or it is used by the local or off grid electrical network. It is a
critical component in the photovoltaic system allowing the use of
ordinary commercial appliances. Solar inverters have special
functions adapted for use with the photovoltaic arrays including
maximum power point tracking and anti islanding protection.
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Figure 2.1 Schematic of grid connected power generation
structure.

AC grid

Inverter can control the switch state of shut and conduct, thus the
system may form two different working ways which are parallel
operation and independently operation. When the system is
working in parallel operation way, the inverter belongs to the
current mode Equivalent circuit of the inverter in parallel
operating operating mode is shown in figure 2.2 below.
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Figure 2.2 DC Equivalent Circuits.
. PROPOSED METHODOLOGY

The proposed photovoltaic systems based large scale system
model of Active and reactive power control system depends on
utilizing cascaded modular multilevel inverters. Figure 3.1
Schematic of a multi-stage Modular Multi-level Converter. Also,
figure 3.3 demonstrates the model of proposed cascaded modular
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multi level control system. Contrasted with traditional VSC
innovation, Modular Multilevel topology rather offers points of
interest, for example, higher voltage levels, modlar development,
longer maintenance interims and enhanced reliability. A
multilevel approach ensures a lessening of yield harmonics
because of sinusoidal yield voltages: along these grid filters end
up negligible, prompting system cost and many-sided quality
diminishment. Like in numerous other building fields, modular
and distribution systems are turning into the proposed topology to
accomplish present day project necessities: this arrangement
guarantee a more Solid operation, encourages diagnosis,
maintenance and reconfigurations of control system. Especially
in fail safe situations, modular configuration allows control
system to isolate the problem, drive the process in safe state
easily, and in many cases allows one to reach an almost normal
operation even if in faulty conditions. the concept of a modular
converter topology has the intrinsic capability to improve the
reliability, as a fault module can be bypassed allowing the
operation of the whole circuit without affecting significantly the
performance.
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Figure 3.1 Schematic of a three-phase Modular Multi-level
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Fig.3.3 Proposed Cascaded Modular Multi Level Control System.
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Fig.3.3 Proposed Multi Level PWM
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The common structure of a MMC is appeared in Fig. 3.1, and the
arrangement of a Sub-Module (SM) is given in Fig. 3.1 Every
SM is a straightforward chopper cell made out of two IGBT
switches (S1 and S2), two hostile to parallel diodes and a
capacitor C. Each stage leg of the converter has two arms, every
one constituted by a number N of SMs. In each arm there is
likewise a little inductor to adjust for the voltage contrast
amongst upper and lower arms delivered when a SM is changed
in or out. In a MMC the quantity of ventures of the yield voltage
is identified with the quantity of series associated SMs. With a
specific end goal to indicate how the voltage levels are created, in
the accompanying. A proposed pulse width modulation has been
given in figure 3.3 is having a multi level modulation scheme for
producing alternate levels, as a rule there are a few conceivable
switching designs that can be chosen with a specific end goal to
keep the capacitor voltages adjusted. In MMC of Fig. 3.3, the
switching succession is controlled so that at every moment just N
SMs (i.e. half of the 2N SMs of a stage leg) are in the on-state.

V. SIMULATION RESULTS

Implementation and simulation of proposed system has done on
Matlab Simulink. The simulation outcome of proposed work has
given in figure 4.1, figure 4.2 and figure 4.3. From the analysis of
simulation result it is clear that proposed work has better control
as compared past existing work. Fig.4.1 shows the waveform of
Dynamic Response (Real and Reactive Power) of the proposed
System having voltage sag. Fig.4.2 shows waveform of the
traditionally the control strategy applied to the grid-side converter
consists mainly of two cascaded loops. Usually, there is a fast
internal current loop, which regulates the grid current, and an
external voltage loop, which controls the dc-link voltage. The
current loop is responsible for power quality issues and current
protection; thus, harmonic compensation and dynamics are the
important properties of the current controller. The dc-link voltage
controller is designed for balancing the power flow in the system.
Usually, the design of this controller aims for system stability
having slow dynamics Dynamic Response (Real and Reactive
Power) of the System when Subject to Frequency Variations of
Proposed System. Fig.4.3 shows the waveform of Dynamic
Response (Real and Reactive Power) of the System due to
Different Speed Controller parameters of Proposed System.

Fig.4.1 Dynamic Response (Real and Reactive Power) of the System when Subject to 90% Voltage Sag of Proposed System.
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Fig.4.2 Dynamic Response (Real and Reactive Power) of the System when Subject to Frequency Variations of Proposed System.

Fig.4.3 Dynamic Response (Real and Reactive Power) of the System due to Different Speed Controller parameters of Proposed System.

V. CONCLUSION AND FUTURE SCOPES

Solar energy has turned into a promising, prominent and elective
source as a result of its favourable circumstances, for example,
pollution free, sustainability and zero maintenance cost. The
CMMI offers several interesting characteristics. I1ts modularity
makes it highly scalable and enables it to meet conceptually any
voltage level requirement. The high number of voltage levels
yield superior performance, reducing or even eliminating the
need for ac side filters. The performance of proposed system is
evaluated on Matlab Simulink simulator. The cascaded modular
multilevel inverters have been used to control active and reactive
power. From the analysis of outcome waveform it is clear that
proposed control strategy has better dynamic response compared
to existing previous work. In future experimental set up will be
developed to wvalidate the effectiveness of the proposed
controllers system and extended by connecting with the utility
grid to exchange the power from PV source to grid and vice-
versa.
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