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Abstract— Demand for renewable energy sources has increased
due to the limited nature of fossil fuel reserves, which lead to carbon
emissions into the atmosphere. Presently, solar and wind power stand
out as the most widely adopted renewable energy options for
integration into the power grid. Solar energy, specifically harnessed
through photovoltaic systems, has become increasingly affordable and
is characterized by its cleanliness and lack of pollution. Consequently,
photovoltaic power generation has garnered significant attention,
particularly in developing nations. Within the realm of photovoltaic
energy systems, there exist two primary categories: grid- connected
systems and stand-alone systems. Among these, grid-connected
photovoltaic systems offer an effective means to incorporate solar
energy into the existing electrical grid infrastructure. A pivotal
component within these grid-connected photovoltaic systems is the
inverter, which can exert a substantial influence on the system's
overall performance. This influence extends to factors such as total
harmonic Distortion (THD) and efficiency. Over the past decade, the
concept of multilevel inverters has gained popularity in the field of
renewable energy applications. In the context of this dissertation,
various topologies of grid-tied Photovoltaic systems are thoroughly
examined to demonstrate the potential of such systems. Additionally,
the dissertation attempts to conduct simulations of grid-connected
photovoltaic systems, incorporating Maximum Power Point
Tracking (MPPT) techniques in conjunction with multilevel inverters,
using MATLAB/SIMULINK software.

Keywords- Maximum Power Point Tracking (MPPT)
techniques, Multilevel Inverter,Three phase three level CHB ,grid
connected pv system.

I INTRODUCTION

Importance of Renewable Energy System

The demand for renewable energy systems is growing day
by day because of continuous in-crease in energy demand,
increase of global economy, rapid industrialization and
population growth. In addition, the effects of fossil fuel energy
sources like world climate changes (greenhouse gas emissions),
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which may leads to serious health issues of humans. The
early day challenges like, uncertainty and high initial
installation cost are limiting the efficient uti-lization of all
renewable energy sources.

RE Installations in India, as of 31st
March 2023
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Fig. 1 Renewable power capacity growth rate , 2019-2023

The tremendous growth in harvesting technology, easy
installation, reduced costs ,low environmental impact, and
recent developments in semi-conductor fabrication technology
has considerably reduced the initial cost and brought the
renewable energy sources back to focus. The power capacity
growth rate of renewable power capacity from 2019 to 2023 is
shown in Fig.1 [2].The renewable energy sector added 125.2
GW of generating capacity nationally during 2019-2023.

New renewable energy capacity as a percentage of installed
capacity almost doubled compared to last year, according to
data released by the International Renewable Energy
Association. The total installed PV capacity in the world could
reach 1177 GW by 2023, according to the most recent data from
Statista.com.
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I1. GRID- CONNECTED PHOTOVOLTAIC SYSTEM

Grid connected photovoltaic (PV) power conversion systems
are getting more and more at-tention in the last decade, mainly
due to cost reduction of PV modules and government
incentives, which has made this energy source and technology
competitive among other energy sources.

In an isolated system, the solar electricity capacity is not
enough to supply the load in bad weather conditions. The excess
power produced by an isolated solar system is a loss on summer
days. When we connect solar energy to the grid, the quality of
electricity in the system is negatively affected. Traditional
inverters have poor power quality. Low efficiency of PV in grid
inverter.

So, using MLI to enhance the overall performance and
power quality of the PV system.

11 BLOCK DIAGRAM OF PROPOSED SCHEME
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Fig.3 The power electronic converter as an interface
between the renewable energy source and the load/grid.

In this paper, a comparative study of multilevel inverters is
executed, Some topologies of inverters have been studied: two-
level inverters, Neutral-Point clamped inverter types and

cascaded H- bridge inverter etc. for the basic understanding
refer[13].

Cascaded H-Bridge Multilevel Inverter
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Fig.4 Three Phase Three Level Cascaded H bridge
MLI

The CHB has many cells connected in series. The dc link of
each cell is isolated. Each cell produce three level of
different voltages : 0,+Vdc,-Vdc. Number of Switch
Required : 2(L-1).

Now we have comparison between conventional inverter
and multilevel inverter shown below Table 1.

Table.1 Comparison between conventional inverter and
multilevel inverter

Switching loss High Low
dv/dt and EMI High Low
Voltage stress on More Less
switches
Switching frequency High Low
Levels of voltage in Two More then Two
output
Harmonics More Less

Maximum Power Point Tracking Method(MMPT)

The main advantage of this method is the simplicity and
accuracy of the algorithm, so it can be calculated accurately
even with an inexpensive microcontroller. The main idea of
this modified P&O is to add a control algorithm to the
modified P&O MPPT.

We have depicted an easily understandable and executable
algorithm for Perturb & Observe method above in figure 5.
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I The parameters for our simulation are tabulated above in

|Read»r[kh,ltkafmmrhepanel table 2. With 10 module connected in series, we get output
power 1500 watt and current 4.51 Amp.
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IV. SIMULATION AND RESULTS Dé_san- 7 .
e
PV Module Simulation 60F - 1
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1000 Insolation —» e
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roduct | | Time (seconds)
25 Temp Ipy D Fig.8 Output waveform of PV curve
Constant2 >
Scope As per the graphs shown in the figure 7 above, we can observe
/ Vou that the output power is 1500 watt and current is 4.51 Amp. It
F is seen that the PV curve reaches up to 1500 W and IV curve
Constantd  Rate Limiter o reaches up to approximately 4.51 A.
WS-150W-24V P&O MPPT
Fig.6. Ten module connected in series
I ~
Basic simulation of PV module is shown in the figure 6 ,f‘ !
above. Ten modules are connected here in series with each
other. We simulated the system with single module first, and "
then we are now simulating the system with ten modules.
Table 2 Parameter and value of PV Cell B Rt
PARAMETER VALUE
Ini Outi Ppv
Nominal Maximum Power(Pm) in Watt 150 Watt
—
Open circuit Voltage (VOC) 44.30 Volt
Short circuit current (ISC) 4.51 Amp
Voltage at Maximum Power (Vmp) 36.10 Volt Fig_g P & O for Boost Converter
Current at Maximum Power (Imp) 4.16 Amp
Number of Module connected in series 10 i i i
—— Figure.9 presents the Simulink Model of Perturb and
Number of Parallel Ce 1 Observe Method for Boost Converter.
Number of series Cell 72
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The re_sults from the Simulation o_f PV _module_ using P&O
method with Boost Converter are depicted in the figure 9 here. — —

We can observe that the output of PV module was 361 V
without connecting the MPPT system to it. s

After the using of MPPT system with the PV module, we
could succeed in boosing the output voltage to be around 722

V. This clearly shows that the MPPT system can improve the :
overall efficiency of the grid-connected PV system. Fig.15 Model of Voltage Controller

V. SIMULATION OF PV BASED GRID CONNECTED Hysteresis Current Controller

CHB MULTILEVEL INVERTER The HCC is a technique which can be used to control
inverter.To produce switching pulses for the inverter.
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Fig.12 Simulation model of PV based grid connected CHB : U U U L J U U I_”
MLI -

lower switch on

Sub-System of PV cell shown in fig.13
a2 . Hysteresis current _control_lgrs(HCCs_) are among the
D e TE] o P e i ™ many methods that provide resilience against variations in the
D output load parameter, fast dynamic response, and ease of
implementation.

A variety of HCC strategies for grid-connected systems
have been presented in [16]. Sliding mode controllers (SMC)
and other non-linear controllers can reduce chattering by using

<D HCC techniques [17].
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Fig.13 Sub-System of PV cell
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Here, each H-bridge's linked PV panel is independent of
Fig.16 Hysteresis current Controller the panels connected to other H-bridges and can run at its

own MPP voltage. As a result, more solar energy may be

captured, increasing the PV system's total efficiency.

Waveform Of Hysteresis Current Controller
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Fig.17 Hysteresis current Controller

The output waveform of three phase three level H-bridge

. grid connected multi-level inverter shown in fig. 19. There

De Link Voltage Waveform is some out phase of the current waveform that is indicates
the current injected ingrid.

w0 . DC link of Phase A . . ‘ Power injected per phase is 1500 watt , so in three phase

a0 Vader system approximate 4480 watt power injected to grid,
ﬁg which is shown in fig.20
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THD Analysis Of Grid Current
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Fig.21 THD Analysis Of Grid Current

The grid current has a power factor of one and the same phase
as the grid voltage. As seen in Fig.21 the grid current's THD is
6.03%, which is near about 5% and satisfies power quality
requirements.

This

VI. CONCLUSION

research presents a cascaded H-bridge multilevel

inverter designed for grid-connected photovoltaic applications.
If the voltages of the various DC links are managed separately,
the multilevel inverter topology will aid in increasing the
utilisation of linked PV modules. In order to boost the overall
efficiency of PV systems, an Individual MPPT control method
has been implemented for three-phase PV systems.
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