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Abstract---This paper deals with analysis of Total harmonic distortion (THD) for grid connected photovoltaic (PV) systems. In
the utility grid, four different inverter topologies like Z-Source Inverter, Voltage Source Inverter, Current Source Inverter, and
Multi-level Inverter are connected together and Total Harmonic Distortion (THD) analysis are obtained in MATLAB
SIMULINK and simulation outputs are presented.
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l. INTRODUCTION

The continuously increasing energy consumption, overloads the distribution grids by creating problems such as outages, grid
instability, deterioration of power quality, power security etc. To balance the energy demand and generation, renewable energy
resources such as Photovoltaic (PV), Wind, and Biomass could be a good solution. Among these, solar energy is considered to be
one of the most useful sources because it is free, abundant, pollution free and maintenance free. Since the generated voltage from
PV is DC, we need inverter for converting DC voltage from PV to AC before connecting it to grid. Grid is a voltage source of
infinite capability. The output voltage and frequency of inverter should be same as that of grid frequency and voltage. The inverter
can be of any topology like Quasi Z-Source Inverter, Voltage Source Inverter, Current Source Inverter, Multi-level Inverter. By
connecting inverters to the Utility Grid harmonics can be injected into the grid. There is a need of analyzing the amount of
harmonics fed by the inverters to the Utility so that remedy can be done.
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Fig.1 Grid-Connected Solar Inverter System

1. Z-SOURCE INVERTER

The Z-source inverter overcomes the voltage limitation of the traditional inverter. The main advantage of Z-source inverter is the
system able to work with a low DC input voltage to generate higher AC output voltage by using only single stage converter. In order
to employ the voltage boost ability with single stage converter, both switches in the same inverter phase leg must turn "ON" in same
time (shoot-through state). Due to exist of the shoot-through state, the short circuit across any phase leg of inverter is allowed
therefore the reliability of the system is greatly improved. Furthermore, with this configuration, inverter output power distortion is
reduced, since there is no need to phase leg dead time. Comparing with the BC-VSI configuration, the Z-source inverter is higher
performance, higher efficient and lower cost due to uses fewer active components and control circuit [4].
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Fig.2 Z-Source Inverter
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1. MULTILEVEL INVERTER

With the increasing higher power quality requirements for numerous industrial applications and renewable energy sources such as
photovoltaic, wind, and fuel cells, classical three-level inverters have difficulty in meeting these requirements of clean non polluted
sinusoidal waveforms and a minimal distortion factor [6]. As a result, multilevel inverters have been introduced as an alternative in
high power quality situations. For several attractive features, such as near-sinusoidal staircase output voltage waveforms, reduced
dv/dt stress, operating with a lower switching frequency stress, etc., multilevel inverters, as an alternative solution, have been
receiving much attention. As a result, many different topologies and a wide variety of control strategies have been proposed. Based
on the SC technique that has been applied in many applications, a novel multilevel inverter topology connecting a multilevel dc—dc
converter and a full bridge is presented in this paper. With the proposed topology, only one dc voltage source is required, and many
other problems, such as voltage balancing, numerous active switches, and complex gate driver circuits, are avoided. The dc—dc
conversion section is the key point of the whole topology, which is designed by connecting multiple SC cells. Each SC cell consists
of a capacitor, an active switch, and two diodes. Consequently, the output voltage levels of the proposed inverter could be flexibly
varied by employing different numbers of SC cells.

IV.  VOLTAGE SOURCE INVERTER
Single-phase VSIs cover low-range power applications and three-phase VSIs cover the medium- to high-power applications. The
main purpose of these topologies is to provide a three-phase voltage source, where the amplitude, phase, and frequency of the
voltages should always be controllable. Although most of the applications require sinusoidal voltage waveforms (e.g., ASDs, UPSs,
FACTS, var compensators), arbitrary voltages are also required in some emerging applications (e.g., active filters, voltage
compensators). The standard three-phase VSI topology is shown in Fig. 3 and the eight valid switch states are given in Table I. As
in single-phase VSIs, the switches of any leg of the inverter (S1 and S4, S3 and S6, or S5 and S2) cannot be switched on
simultaneously because this would result in a short circuit across the dc link voltage supply. Similarly, in order to avoid undefined
states in the VSI, and thus undefined ac output line voltages, the switches of any leg of the inverter cannot be switched off
simultaneously as this will result in voltages that will depend upon the respective line current polarity. Of the eight valid states, two
of them (7 and 8 in Table 1) produce zero ac line voltages. In this case, the ac line currents freewheel through either the upper or
lower components. The remaining states (1 to 6 in Table 1) produce nonzero ac output voltages. In order to generate a given voltage
waveform, the inverter moves from one state to another. The selection of the states in order to generate the given waveform is done
by the modulating technique that should ensure the use of only the valid states. Out of many modulating techniques like Sinusoidal
pulse width modulation, Selected harmonic elimination technique, Space vector Modulation etc, Space vector modulation technique
is used in VSI presented in this paper. The SV-based modulating technique is a digital technique in which the objective is to
generate PWM load line voltages that are on average equal to given load line voltages. This is done in each sampling period by
properly selecting the switch states from the valid ones of the VSI (Table I) and by proper calculation of the period of times they are
used. The selection and calculation times are based upon the space-vector transformation [7].
TABLE |
VALID SWITCH STATES FOR A THREE-PHASE VSI

State State Vb v, 0, Space Vector
1» »and g areonand 4, s,and j are off 1 v 0 —v V,=1+;0.5
5, pand ; areonand g, 4, and 4 are off 2 0 v —v V,=j1.155
y» pand , areonand 4, ,,and g are off 3 -0 v 0 Vy=-—1+;05
4 sand 3 areonand ,, ,,and ¢ are off 4 —v 0 v Vy=-1-—,05
s» ¢and 4 areonand ,, j3,and , are off 5 0 —v v Vs = —j1.155
¢ 1pand g areonand ;, 4 and , are off 6 v —v 0 Vg=1-,0.5
1» pand g areonand 4, 4 and , are off 7 0 0 0 V,=0
4 ¢ and , areonand |, j3,and ¢ are off 8 0 0 0 Vg=0
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Space vector PWM based three phase inverter
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Fig.3 Three-Phase VSI Inverter
V.  CURRENT SOURCE INVERTER

The main objective of these static power converters is to produce ac output current waveforms from a dc current power supply. For
sinusoidal ac outputs, its magnitude, frequency, and phase should be controllable. Due to the fact that the ac line currents ioa, iob,
and ioc (Fig. 4) feature high di=dt, a capacitive filter should be connected at the ac terminals in inductive load applications (such as
ASDs). Thus, nearly sinusoidal load voltages are generated that justifies the use of these topologies in medium-voltage industrial
applications, where high-quality voltage waveforms are required. Although single-phase CSls can in the same way as three-phase
CSis topologies be developed under similar principles, only three-phase applications are of practical use and are analyzed in the
following. In order to properly gate the power switches of a threephase CSI, two main constraints must always be met: (a) the ac
side is mainly capacitive, thus, it must not be short circuited; this implies that, at most one top switch (1, 3, or 5 (Fig. 4)) and one
bottom switch (4, 6, or 2 (Fig. 4)) should be closed at any time; and (b) the dc bus is of the current-source type and thus it cannot be
opened; therefore,there must be at least one top switch (1, 3, or 5) and one bottom switch (4, 6, or 2) closed at all times. There are
nine valid states in three-phase CSls. The states 7, 8, and 9 (Table I1) produce zero ac line currents. In this case, the dc link current
freewheels through either the switches S1 and S4, switches S3 and S6, or switches S5 and S2. The remaining states (1 to 6 in Table
I1) produce nonzero ac output line currents. In order to generate a given set of ac line current waveforms, the inverter must move
from one state to another. Thus, the resulting line currents consist of discrete values of current, which are ii , 0, and Vyii . Out of
Many Modulating Techniques Space Vector PWM technique is used similar to VSI.
TABLE I
VALID SWITCH STATES FOR A THREE-PHASE CSI

State State & b Space Vector
yand ,areonand 3, 4 s, and g are off 1 0 — I, =1+,0.5
>and jareonand 4, s ¢ and , are off 2 0 - I, =j1.155
jand gareonand g, 4 ,and , are off 3 - 0 I =-1+,05
gand gareonand 4, ,, ,,and , areoff 1 - 0 I,=-1-,05
sand gareonand |, , 3,and 4 are off 5 0 — I; = —j1.155
¢and ;areonand ,, 3 4, and g areoff 6 - 0 Ig=1—,0.5
yand jareonand ,, 3 g, and g are off 7 0 0 0 L,=0
yand gareonand , , 4, and g areoff 8 0 0 0 Ig=0
sand ,areonand ¢ , 3, and 4 are off 9 0 0 0 I,=0
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Space vector PWM based three phase CSI
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Fig.4 Three Phase CSI Inverter

VI. INVERTERS CONNECTED TO GRID
For this study four inverters (Z-Source inverter, Three Phase Voltage Source inverter, Three Phase Current Source Inverter,
Switched Capacitor Multi-level Inverter) are connected to the Utility Grid and Total Harmonic Distortion is analysed. Each inverters
are designed to drive load capable of 10 KW to 50 KW. In the Utility Grid, 10 KW Permanent magnet Synchronous Machine is
connected as a load and its performance parameters are analyzed.
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Fig.4 Inverters Connected to the Utility Grid
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VIL. SIMULATION OUTPUTS
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Fig.8 Output Parameters

Total Harmonic Distortion is analyzed for all the three phases of the Utility Grid and parameters of the Utility Grid are also plotted. If the Z-
Source inverter, Three Phase Voltage Source inverter, Three Phase Current Source Inverter, Switched Capacitor Multi-level Inverter are
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connected the Total Harmonic Distortion at the grid is around 93.3%. The distorted waveforms at the grid phases are shown in the figure.

VIIL. CONCLUSION
Thus the Total Harmonic Distortion (THD) for Utility grid is analyzed with the help of Fast Fourier Transform using MATLAB SIMULINK.
With the help of this analysis and output parameters, the design of inverters can be modified or topologies can be changed to reduce Total
Harmonic Distortion.
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