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ABSTRACT

This paper focuses on inverter technologies for industrial and grid connected applications. The injection of photovoltaic
power into the utility grid has gained attention in renewable energy generation and distribution. The development of
modern and innovative inverter configurations have improved parameters like efficiency, size, weight, reliability etc.
which in turn influences the cost of producing inverters. In this paper, various inverter topologies are presented depending
upon the number of power processing stages, the type of power decoupling between the PV module and grid, whether they
utilizes a transformer (either line or high frequency) or not and the type of grid-connected power stage. Single-stage
inverters provides a simple structure and low cost but suffers from limited range of input voltage variations whereas
multiple stage inverters provides a wide range of input voltage variations but suffers from high cost, complex structure and
low efficiency. Some transformer-less topologies based on hybrid and multilevel techniques and some soft-switching
inverter topologies are also discussed which are desirable for high efficiency, low cost and compact structure. The use of
advanced semiconductor devices and de-coupling capacitor are also indicated for further increase of efficiency and

lowering the cost.

Keywords: Photovoltaic power, single-stage inverters, multiple stage inverter, soft-switching inverter, de-coupling, multilevel inverter.

1. INTRODUCTION

Renewable energy, now a days is considered
essential in order to meet present and future energy needs [1].
Photovoltaic power is clean and unlimited source of energy
and is considered best amongst all renewable energy sources.
For proper utilization of PV power, grid connection of PV
systems is required. The injection of PV power to the utility
grid is fastest growing areas and has drawn a lot of attention
of policy makers [2]. Photovoltaic (PV) power supplied to the
utility grid is becoming more popular due to increase in
world’s power demand. But cost of PV modules comprises
30%-50% of total cost of the grid connection of PV systems
[3]. PV systems are relatively more costly as compared to
other traditional energy sources such as oil, gas, coal, nuclear,
hydro and wind. Solid-state inverter acts an interface between
PV power and grid which enables the injection of PV power
into the grid system. The price of PV modules contributes a
major part in cost of these systems. But due to large scale
production of PV modules, the price of PV modules is
declining. A cost reduction per inverter watt makes
interconnection of grid with PV modules more attractive [4].
The grid connected inverters have evolved in the last 2-3
decades and now it is considered as one of the fastest
developing technologies in field of power electronics. The
development of modern and innovative inverter
configurations have improved efficiency, size, weight,
reliability, installation costs etc. significantly which in turn
influences the cost of grid connected PV systems. The further
research in reduction of cost of these systems is still
undergoing.
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The inverter with high frequency transformer has
less volume and weight as compared to inverter with line
frequency transformer. Transformer-less inverters are
produced now a days due to high efficiency and low cost [4-
5]. If more than two-level output voltage is producer, the
inverter cost is further reduced. Due to this reason, a lot of
research has been done in the field of multilevel inverters [6].
The application of two-level voltage source inverters were
restricted to low-voltage and medium power applications due
to voltage and power ratings constraints on semiconductor
devices. These types of inverters also suffer from high
switching losses due to high switching frequency operation.
These drawbacks give rise to concept of multilevel inverters.
The MLI came in to existence in 1975.The proposed topology
which comprises of series connection of full-bridge power
cells and each cell is made of isolated DC source and four
switches [7]. This topology produces a staircase AC voltage
at then output side and it was named as cascaded inverter.
Baker proposed a new three level voltage source invertor
topology named as diode clamped or neutral point clamped
(NPC) inverter in 1980. In this topology, diodes were used to
clamp the voltage across the switch to mid-point DC link
voltage or voltage across a DC link capacitor [8].

Related to reducing the number of components in
CHB ML inverter and according to a binary or tertiary
sequence manner the selection of unequal DC voltage sources
was presented in [9-11], thus these topologies is further
classified as an asymmetric topology [12]. Barbosa et al. in
2005 combined the attributes of NPC and FC MLIs and
developed the active neutral point clamped (ANPC) converter
topology [13]. Barbosa et al. in 2005 combined the attributes
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of NPC and FC MLIs and developed the active neutral point
clamped (ANPC) converter topology [13]. A novel seven-
level asymmetric hybrid MLI was presented by Manjrekar et
al. in 2000 for high power applications by cascading high
voltage (HV) and slow switching IGCTs based on H-bridge
with the fast switching and low voltage IGBT based on H-
bridge inverter [14]. A high frequency transformer based on
27-level asymmetrical inverter was implemented by Dixon et
al. and they use a single DC source for traction drives and
EVs of power rating up to 150 kW with regenerative braking
capability [15]. A novel three phase hybrid MLI for MV
application was proposed by Batschauer et al. in 2012. In this
topology, a conventional three — phase VSI is in series with
half-bridge inverter at each phase which reduces the
requirement of DC sources significantly [16]. A seven-level
inverter and a boost converter composed to solar power
generation system is introduced by Wu and Chou in 2014
[17]. For medium voltage and high power applications, Ruiz-
Caballero et al. introduced a novel symmetric hybrid MLI
topology which was based on a three level switching cell with
reduced dc sources [18]. Madhukar and Sivakumar in 2015
proposed a fault tolerant single-phase five-level inverter
consisting of a half bridge inverter unit and three-level diode
clamped inverter when PV generation system is considered.
This topology have an advantage like reduction in switch
count, fault tolerant capability, energy balancing, and
capability [19]. The recent trends in MLIs are concentrated on
reducing the switch count, DC supplies, and gate driver
circuits. This helps in improvement of power quality and
increases fault tolerant capability. It makes them economical
for grid connected renewable energy applications [20]. This
paper presents various MLI topologies and analyses their

influence on grid connected applications. The performance of
various inverter topologies have been evaluated and
compared.

The efficiency of inverter is another important factor
which can be improved further due to usage of soft-switching
technologies in inverters. Soft switching reduces switching
losses in power switching devices used in inverter circuit. The
efficiency of inverter can be brought up to 98% but further
1% increase in efficiency is very challenging. For
improvement in efficiency, different topologies incorporating
soft switching technologies are also presented and discussed.

This paper starts with standards and specifications of
grid connected PV inverter. It is followed by an overview of
some existing power inverter topologies for interfacing PV
modules to the grid. It considered some transformer-less
inverter topologies based on- multilevel concept, half-bridge,
full-bridge configuration and some soft-switching inverter
topologies are mention which are desirable for grid connected
single-phase PV inverters with the consideration of designing-
structure, high efficiency and low cost. An organized and
systematic approach has been taken to describe the overview
of grid-connected single-phase inverters expanded till date.
The historical overview of inverter technologies, standards
and specification, summary of inverter topology,
classifications of inverter topologies are presented one after
the other.

2. STANDARDS AND SPECIFICATIONS OF
GRID CONNECTED PV INVERTER

Table 1: Important standard dealing with interconnection of PV system and grid are IEC 61727, IEEE 1547-2003 and IEEE 929-2000.

S. No. Issues IEC 61727[10] IEEE 1547-2003[11] IEEE 929-2000[8]
1 Introduction Utility Interface Characteristics Standard for Interconnecting Distributed Standard containing guidance regarding equipment and its functions
of PV Resources with Electric Power Systems. necessary to ensure compatible operation of PV systems that are
connected in parallel with the electric utility.
2 Formation UK USA USA.
3 Nominal Power Up to 10 kw Up to 10 MVA. It provides sufficient requirements up t010 kW for PV systems and
also contains reasonable guidelines up to 500 KW.
4 Guidance on 1. PV systems connection to low 1. Types of DR technologies and the issues 1. Necessary equipment and their functions for its compatible
voltage utility grid. associated in interconnection with grid. operations.
2. Techniques and thumb rule for 2. Power quality, equipment protection and safety,.
implementing DR project. 3. Protection during Islanding.
5 Harmonic currents 4.0% for (3-9)th < 4% for (2-10)th 4.0% for (3-9)th

(Order-h) limits 2.0% for (11-15)th
1.5% for (17-21)th

0.6% for (23-33)th

< 2% for (11-16)th

< 1.5% for (17-22)th
< 0.6% for (23-34)th

2.0% for (11-15)th
1.5% for (17-21)th
0.6% for (23-33)th

In these listed ranges the even < 0.3% above 35th

harmonics shall be less than 25%

of the odd harmonics limits.
6 Max. current THD 5.0% <5% THD 5% of the fundamental frequency current at rated inverter output
7 Voltage ranges to + 10 -15% of rated voltage. - 88-110% of rated voltage.

normal operation.

Inverter should sense the abnormal voltage and respond.

Voltage at point of common coupling Trip time.
V < 50% 6 cycles
50% <V < 88% 120 cycles
88% <V <110% No operation
110%< V < 137% 120 cycles
Above 137% V 2 cycles
8 Frequency range to 50+1Hz - 59.3 -60.5 Hz
normal operation.
9 Power factor at 50% | 0.90 - -
of rated power
10 DC current injection Less than 1.0% of rated output Less than 0.5% of rated output current Under any( either normal or abnormal) operating conditions the P\V/
current system should not inject DC current greater than 0.5% of the rated
inverter output current into the AC interface.
11 Island - Shall detect and isolates within 2 seconds of An inverter that will cease to energize the utility line in ten cycles

the formation of island

or less when subjected to a typical islanded load in which either of
the following is true

(a) There is at least a 50% mismatch in real power load to inverter
output. (b) The islanded load power factor is < 0.95 (lead or lag)
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The Distribution sectors operators are responsible for
providing reliable, safe and good quality electric power to
their customers. The PV developing industry needs to be
aware of the issues related to good quality and safety power
and also assist in setting standards as this would ultimately
lead to increase the acceptance of the grid-connected PV
inverter technology by electric power users and the electricity
utility industry. For the system to be operated in safely and
reliable manner, the standards must be endorsed, which will
serve to build electricity consumer's trust, reduce costs and
further flourish grid-connected PV inverter development [21].
The standards in the market which deals with the
interconnection of PV energy system with the utility grid are
International Electro technical Commission (IEC), Institute of
Electrical and Electronics Engineers (IEEE) and National
Electrical Code (NEC). Amongst them the most popular
standards are IEC 61727 [22], IEEE 1547-2003 [23], IEEE
929-2000 [24] etc. which are discussed in Table 1.

These standards fix the limits for its operating
frequency changes, the inverter voltage change, power factor,
and harmonics in the current injected into grid and injection
of DC current into the grid to avoid distribution transformers
saturation [25]. These also contain islanding information of
PV systems when the utility grid is not connected to control
voltage and frequency of the inverter, as well as techniques to
avoid islanding of PV energy sources. In islanding state, the
utility grid has been disconnected from the inverter, which
then only supplies power to local loads. In addition to the
above standards, there are also some more standard among
which are- IEEE 1373 standard as it is recommends as a
practice for procedures and field test methods for a grid-
connected PV system, IEC 62116 standard recommends as a
test procedure for islanding prevention for a grid-connected
PV inverters, IEC 61173 standard provides guidance on
overvoltage protection for a PV power generating system,
IEC 61683 standard recommends for efficiency measurement
procedure of the PV system.

3. SUMMARY OF GRID CONNECTED PV
INVERTER TOPOLOGY

In the grid-connection of PV system, the DC output
power of PV array is converted into AC power and then this
AC power of proper voltage magnitude, frequency and phase
sequence is fed to the utility grid. For this, an inverter is
required which will convert the obtained DC output from PV
array into AC power and therefore inverter consideration an
important part in grid-connected PV systems [26-27].

Inverter

1
I % . 1

Self Commutated

Line Commutated
Inverter Inverter

1
I 1

Voltage Source

Current Source
Inverter Inverter

1
I 1

Voltage Control Current Control
Mode Mode

Figure 1. Classification of inverter type [26]
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The classification of inverter types are shown
through figure 1. There are mainly two types of inverters one
is line-commutated inverter and other self-commutated
inverter.

The line-commutated inverter uses commutating
thyristors as power switching devices as its commutation
process is dictated by utility grid. The gate terminal in this
device is used for turn-on operation, but the same gate
terminal cannot be used for turn-off operation. The turn-off of
the device is carried out with the help of additional circuit.
Whereas in the self-commutated inverter, with the help
power switching device the current is transferred from one
switching device to another switching device in a controlled
manner. During this switching the potential at the gate
terminal can manage both turn-on and turn-off operation. The
switching devices used are MOSFET and IGBT. The use of
Power MOSFETS are for low power less than 10 kW and for
high-frequency (20-800 kHz) switching operation, whereas
IGBTSs are for medium and high power and also exceeding
100 kW, but not preferred for very high-frequency switching,
its frequency limited to 20 kHz. But for a grid-connected
inverter, high-frequency switching is needed in order to
reduce an inverter's output-current harmonics, size of the filter
and the weight of the inverter [1]. Now a day due to
darwinism of advanced switching devices like Power
MOSFETs and IGBTs, most inverters for distributed power
generation systems such as PV systems is now adopting a
self-commutated inverters rather than line-commutated
inverters. As switching technique used in self-commutated
inverter is Pulse Width Modulator (PWM), is used to generate
sinusoidal waveform at the output i.e. AC output. The self-
commutated inverters controls both the voltage and current
waveforms of AC at the output side of inverter and
adjust/correct the power factor and suppress the harmonics in
the current waveform which is required for grid-connected
PV system, and is highly resistant to utility grid disturbances.

The self-commutated inverters may be current
source inverter (CSI) or voltage source inverter (VSI)
depends on the current or voltage waveforms at the input DC
side. In CSlI, the input side comprises of DC current source
holds the same polarity. The direction of the average power
flow depends on the polarity of input voltage and output AC
waveform. The constant amplitude and variable width of AC
current waveform can be obtained using CSI. A relatively
large inductor is connected in series with input DC side of
CSI to maintain a continuous current flow. In VSI, the input
port comprises of a DC voltage source and this input voltage
holds the same polarity. The direction of the average power
flow depends on the polarity of input DC current and output
AC voltage waveform. The constant amplitude and variable
width of an AC voltage waveform at the output side can be
obtained. A tie- line inductor is used to prevent excessive
current flow to the grid and it is connected between inverter
and utility grid. A large capacitor is connected in parallel with
input DC side of VSI. This large capacitor resembles like
large voltage source. A VSI operates in voltage control mode
and current control mode. VSI operated in current control
mode is preferred for grid connected PV system. Figure 2 and
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3 shows configurations of line-commutated CSI and self-
commutated VSI respectively [27]. A voltage control mode is
used for the stand alone PV system without any grid
connection, but in case of grid connected PV system, both
voltage control mode and current control mode is used. In
order to obtained high power factor an inverter operated in
current control mode is normally used for grid connected PV
system. This arrangement is also prevent transient current
flow when any grid disturbances occur in the utility grid.

N N
() 8
o N A\

Figure 2. Line-commutated current source grid-connected
inverter [27]

PR S
Vac—

Grid Lgria

Figure 3. Self-commutated voltage source grid-connected
inverter [27].

4. INVERTER TOPOLOGY CLSSIFICATION

The classification of inverter topologies are
presented in this section, the classification is carried on the
basis of different categories like number of power processing
stages, location of power decoupling capacitor, whether they
use transformer or not and if used, then whether it is a line-
frequency transformer or high-frequency transformer etc.

4.1. NUMBER OF POWER PROCESSING STAGES

Classification of inverter topologies is according to
the number of power processing stages, figure 4(a) is a single
stage inverter which is used to perform MPPT, voltage
amplification and then the inverter current is feed to the grid.
The inverter is so designed that it should handle a peak power
which is twice that of nominal power as in equation below.

Pgrid = 2Pgrid Sin2(ogridt)
Where Pgrid is the grid peak power, agrid is the grid frequency

Figure 4(b) shows an inverter with two power
processing stages. The first power processing stage is dc-dc
converter performs two tasks one is voltage amplification and
other is MPPT. The output of a dc—dc converters is either a
pure dc voltage (in this case the dc—dc converter is designed
to handle the nominal power), or the output current of the dc—
dc converter is modulated to follow a semi-sinusoidal wave
(in this case the dc—dc converter is designed to handle a peak
power of twice the nominal power) depending upon the
control mode of the inverter.
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PV Grid PV Grid
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a) b)
Figure 4. Two types of PV inverter (a) Single stage inverter,
(b) Two stage inverter [27].

In the previous case, the current to be injected in to
the utility grid by an inverter is controlled by means of pulse
width modulation (PWM) or bang- bang operation. In the
latter case, the semi-sinusoidal wave current is modified to a
full-wave sinusoidal current in the inverter by switched it to
line- frequency and in this case, the dc—dc converter controls
the AC current to be injected in to the utility grid. If the
nominal power is high, it is better to operate the inverter in
PWM mode. On the other hand, if the nominal power is low
latter case is employed to achieve high efficiency.

4.1.1. SINGAL STAGE

A single-stage buck inverter topology with line-
frequency transformer is shown in figure 5. As the line
frequency transformer increases the size and weight of the
inverter and is also responsible for losses of around 2% in
peak efficiency [28]. The design of topology with high-
frequency transformer or without transformer are more
compact, cheaper, efficient, lighter and therefore line
frequency transformer topologies are replaced by high
frequency transformer and transformer-less designs. Several
single-stage buck, boost or buck-boost inverter topologies
were proposed in [29-36], which performs voltage
amplification with MPPT and DC-AC conversion in a single
power processing stage. The buck, boost and buck-boost
inverters technology are DC-DC converters, they are use as
DC inductors for energy storage and in most cases single
stage inverters uses high-frequency transformers which
performs both energy storage and electrical isolation. The
electrical isolation in single power processing stage is
required mostly for safety reasons.

L | BB

: Filter

\|

PV

’ ‘ Grid
I @ Line Frequency

Transformer

Figure 5. Self-commutated grid-connected full bridge PV
inverters with line-frequency transformer [34].

Figure 6 shows buck-boost inverter topology with
four power switching devices. In this topology the DC input
voltage source is split in to two [37]. This spitted DC input
voltage is feed to two buck-boost converters which operates
for each half cycle of the grid voltage and share same output.
This inverter can be suitable for residential purpose PV
system with MPPT control.

Figure 7 shows another buck-boost inverter topology
with six power switching devices. This topology energy
storage inductor is use and which is charged from two
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different directions and due to which it generates AC output
current [33]. This topology incorporates two additional
switching devices along with four switching devices provides
the grounding of both the grid and PV system.

09
C el O o] [

PV 5 (=9 Grid
[

PV ;

\% 54 1,

| . \\ H
b lu]

Figure 6. Single stage buck-boost inverter topology with four
switching devices [37].

= @®Grid

Figure 7. Single stage buck-boost inverter topology with six-
switching devices [33].

Figure 8 shows a topology with two boost converters
and each boost converters will work during each half cycle of
the grid voltage. a non-isolated boost inverter by Céaceres and
Barbi [29]. In non —isolated boost inverter, DC inputs of two
identical boost DC-DC converters are connected in parallel.
The load is connected across two outputs. Each converter is
modulated to produce a unipolar DC-biased sinusoidal output,
180 out of phase with the other. Thus, a pure sinusoidal
waveform is obtained across the load. Sliding mode control
was employed to optimize inverter dynamics in [29]. But this
topology suffered with a drawback of switching losses as all
power switching devices are switched at high-frequency.

(~)

Figure 8. Single stage boosts inverter [29].

The another topology derived from Zeta and Cuk
convertor is shown in figure 9, which eliminates the drawback
of previous topologies [38] where in all power switching
devices are switched at high frequency simultaneously. In the
positive half cycle of the grid voltage, switch S1 is switched
at high frequency while switches S2 and S4 are continuously
kept on. During S1 switching or positive half cycle current is
injected to the grid based on buck-boost principle. During
negative half cycle of the grid voltage, switch S2 is switched
at high frequency while switches S1 and S3 are kept

ITEE, 9 (4), pp. 8-25, AUG 2020

continuously on. During S2 switching or negative half of grid
voltage, the current injected into the grid based on boost
principle. This topology suffers with this asymmetrical
operation and hence dc current injection into the grid creates a
problem in this topology. The dc current injection into the
grid becomes a problem as it injects a current based on buck-
boost operation during positive half and boost operation
during negative half cycle of the grid voltage.

P’_zig{( . [*’g}l.

Figure 9. Single stage inverter derived from Zeta and Cuk
converter [38].

Figure 10 shows a topology comprises of a high
frequency transformer. This high frequency transformer
provides isolation between PV modules and utility grid. This
topology is suitable only for low power applications i.e. less
than 500 W. This topology suffered from this drawback due
to primary side inductance value of the transformer [39].

S, —_— (V) aGrid
PV S > 8
AT

o B, 3

Figure 10. Single stage isolated flyback inverter [39].

Figure 11 shows another inverter topology based on
buck-boost principle [40]. During the positive half cycle of
the grid voltage, switch S1 switched at high-frequency while
S2 is kept continuously on. During the negative half cycle,
switch S3 is switched at high-frequency while switch S4 is
kept continuously on. An optimum number of switching are
carried at any given time in this topology. Two switches are
operated during each half cycle of the grid voltage which
drastically reduces switching loss and hence this topology has
the advantage of low switching loss.

Y )’%,)] -LN’VV\_C’%W
T
— L~~~ N

Figure 11. Single stage boosts inverter with improved features
[40].

Figure 12 shows a similar buck-boost inverter which
was proposed by Vazquez et al. [30]. This topology is
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connected in similar fashion as it is done in Fig. 8. This
topology uses two buck-boost dc-dc converters and it
generates an AC output voltage either lower or higher than
the DC input voltage depending upon the buck-boost
operation.

Figure 12. Four-switch buck-boost inverter by Vézquez et al.
[30].

Figure 13 shows a dual fly-back inverter and it was
proposed by Kjer and Blaabjerg [36]. The main circuit is
formed by using two bidirectional fly-back converters and the
load is differentially connected across their outputs. Both
bidirectional fly-back converters share a common input
source. The input to the converters is connected in parallel.
The mode of operation is similar to that presented in [29] and
[30]. In this topology, high frequency transformer provides
galvanic isolation. But the use of two high frequency
transformers increases the cost, weight and size of the system.

I Grid® ql:nilc T2
1
Ia “

Cact || iLY ” . Caca |
T Sac1 Socit T soe SM;-‘
1 L 1 L

PWM1 2 -

Figure 13. Four-switch isolated bidirectional buck-boost
inverter by Kjer and Blaabjerg [36].

Figure 14 shows a zero-current-switching (ZCS)
buck-boost inverter topology which was proposed by Wang
[35]. During positive half cycle, switches S1, S3, and diode
D2 operate and during negative half cycle, switches S2, S4,
and diode D1 operate. Switches S3 and S4 can be turned on at
ZCS by LC series resonant tank in order to achieve
discontinuous conduction mode operation. Due to operation
in discontinuous conduction mode, low switching power loss
is obtained in this topology.

D2 D1
_ _
s2 s1 L
€ L2 L1 )
-_— C
‘ 17T

Cs

| ’<1 sa | K S3

Figure 14. Four-switch resonant buck-boost inverter by Wang
[35].
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Figure 15 shows an isolated flyback buck-boost
inverter by Nagao and Harada [32]. This topology combines
two buck-boost converters in a four-switch bridge. This
topology also uses additional two switches for synchronous
commutation in each half cycle of ac output. The main
advantage of this inverter incorporates a desired output power
irrespective of the input voltage and the electrical isolation
between the PV and utility grid.

c TZL
Figure 15. Six-switch isolated buck-boost inverter by Nagao
and Harada [32].

A non-isolated six-switch buck-boost inverter
topology by Kusakawa et al. is shown in figure 18. This
topology consists of an energy storage inductor which gets
charged from different directions in each half cycle of utility
grid and hence produces an alternative output [33]. The
grounding of two more additional switches as compared to
four switch topologies provides grounding of both the PV
modules and utility grid. This topology is transformer less
which makes system more compact and appropriate for an AC
module in PV systems.

In addition to above topologies, Myrzik had also
derived single-stage boost or buck-boost non-isolated four-
switch topologies and isolated five-switch topologies in [34].
These topologies are derived by connecting a pair of Zeta
converters, Cuk converters, or D2 converters in parallel-
parallel or parallel-series connections. These new inverters
can be applied in grid-connected photovoltaic systems or
stand-alone.

a—ilil—a

—
Figure 16. Six-switch buck-boost inverter by Kusakawa et al.
[33]

Elimination of low frequency transformers is an
important feature in single stage buck-boost inverters. The
elimination of low frequency transformers makes single stage
inverters more compact as compared to conventional buck
inverters with line-frequency transformers. It is observed, in
such an inverter, the currents through main switches are
usually discontinuous triangular pulses, and the output current

Int. j. inf. technol. electr. eng.

13



Volume 9, Issue 4
August 2020

ITEE Journal ISSN: - 2306-708X

Information Technology & Electrical Engineering

©2012-20 International Journal of Information Technology and Electrical Engineering

cannot be controlled directly by the current through power
switches even in the continuous conduction mode (CCM)
operation. Single stage inverters are generally efficient and
low cost but these types of single stage inverters suffers from
limited power capacity, compromised output quality, and
limited operation range. Therefore, in applications requiring
high power, high performance and wide input voltage range,
multiple stage inverters are used.

4.1.2. MULTIPLE STAGE

An inverter with more than one power processing
stage and in which one or more stages accomplish voltage
amplification, electrical isolation and the final stage performs
DC-AC conversion task is defined as multiple-stage inverter.
Let us considered a two stage inverter, in which each stage is
controlled individually or synchronously. In two stage
inverter the first stage provides necessary boosting and
isolation while the second stage completes the inversion
process. There are various multiple-stage topologies where
buck-boost function of an inverter implemented. A DC-DC
converter or DC-AC-DC converter is used in the first stage
for the buck or boost function. The system can be configured
with a dc-link followed by a PWM inverter or a pseudo-dc-
link followed by a line-frequency operated inverter. The dc
link can be chosen by either of two ways.

Figure 17 shows a two-stage boost inverter which is
normally used in small wind systems [41]. This two stage
boost inverter is formed by adding a boost dc-dc converter in
front of a buck inverter. The first stage provides an increased
dc voltage with tolerable ripple. The second stage is a high
frequency buck inverter to produce desirable ac waveforms.
The output power is controlled in second stage and no
synchronization is required between two stages.

The same topology can be controlled in a different
way. In the same topology, first stage is controlled in such a
way that the dc link appears a rectified sine waveform. The
second stage will then convert the rectified sine waveform
into a line frequency ac output. This type of controlling
improves the efficiency of two stage inverter and reduces the
overall switching losses. This control approach was
demonstrated by Yang and Sen [42], Kang et al. [43], and
Chomsuwan et al. [44]. Line frequency inverters are used in
the final stage and the entire system is then applied to grid
connected PV system.

_"‘H JTi D1 _ITEM}

JK} = Cde n,

1a| Da 1 o2

i |

Figure 17. Two-stage boost inverter [41].
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Figure 18 shows the two stage non-isolated buck-
boost inverter by Saha and Sundarsingh in [45]. This non-
isolated topology is designed for grid-connected PV systems.
This structure is simple in nature and it has a limited dc
voltage variation range and limited voltage conversion ratio.
This is operated with a dc input voltage not more than 100V
for the safety of system. Isolated topologies with a high
frequency transformer can extract power from the renewable
energy source even when the dc voltage is very low.
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Figure 18. Two—stage non-isolated buck-boost inverter by
Saha and Sundarsingh [45].

The two-stage isolated buck-boost inverter by Saha
and Sundarsigh is shown in figure 19 where a fly-back
transformer is used which provide electrically isolation of the
utility grid from the input for safety and protection. The
second stage is normally a current source inverter which
operates in line frequency to implement half-wave inversion
which is seen in figures 18 and 19[45].
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Figure 19. TWo—stage isolated buck-boost inverter by Saha
and Sundarsigh [45].

A capacitor is added to the charging loop of the
energy storage device to form a buck-boost inverter by
Funabiki et al. [46], as shown in figure 20. A capacitor is
generally added to expand the dc input operation range
without a high frequency transformer. Due to insertion of
capacitor, this inverter can operate with a good response even
if input dc source changes from zero to a level exceeding the
output voltage. This is done at the cost of more complex
operations and additional switching components.

~—
Figure 20. Buck-boost inverter by Funabiki et al. [46].
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Figure 21 shows another isolated fly-back buck-
boost inverter by Shimizu et al. [47] and Kjaer [48]. The
MPPT control of PV modules provides a constant input power
and this constant input power is processed in the first part of
the switching cycle by the buck-boost converter. This
processed energy is stored in the intermediate capacitor. The
energy stored in the intermediate capacitor is processed by the
fly-back converter in the second part of cycle. In the third
stage the energy stored in the magnetizing inductance is
transferred to the secondary side of the transformer and
injected into the single-phase grid by the AC switches through
an LC filter. Thus, the voltage across the intermediate
capacitor comprises of DC component and AC component
having frequency two times the frequency load that is 100Hz.
The main advantage of this topology is small intermediate
capacitors which can replace large electrolytic capacitors,
which in turn increases the operating life of the invertor.
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Figure 21. Fly-back inverter with enhanced power decoupling
by Shimizu [47] and Kjer [48].

Multiple stage inverters generally consist of a high
frequency dc-ac-dc converter and a high frequency or line-
frequency inverter. A high frequency dc-ac-dc converter is
used to realize a controlled dc voltage from a variable dc
voltage and high frequency or line-frequency inverter used to
realize the required ac output. Multiple stage inverters provide
a high voltage boosting ratio. There are different types of
topologies which is distinguished by two classes of
intermediate dc link. A DC-link between two stages is shown
in figure 22, where first stage is a inverter which takes care of
boot and control of constant voltage DC-link. A high
frequency step-up transformer, a rectifier, and a dc filter
forms the second stage. These two stages operated at high
swathing frequency which results in high switching losses and
high cost.
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Figure 22. Multiple-stage inverter with a high frequency
transformer.

i

Figure 23 shows a multiple-stage boost inverter
promoted with a PWM dc pulse train is so-called “pseudo-dc-
link.” The pulse train consists of multiple pluses whose
widths distribute in semi-sinusoidal or sinusoidal way
repeating in half of an AC output period. The inversion to ac

ITEE, 9 (4), pp. 8-25, AUG 2020

from the high-frequency dc pulse train is carried in the last
stage is a line-frequency switching inverter. The ac output of
a low-pass filter is needed to ensure an acceptable THD of ac
output.

i}

Figufe 23. Multiple-stage boost inverter with pseudo-dc-link.

Figure 24 shows a multiple-stage boost inverter [49]
and a current source inverter is placed in last stage. The two
half sinusoidal current waves are obtained by controlling the
power switches of first inverter. The line frequency inverter
present in the last stage then converts half sinusoidal current
waves into full sinusoidal current wave. This line frequency
feeds AC current into the grid which is phase with line
voltage. In this, configuration, an AC output filter is not used
to deliver AC current in to the grid. Thus topology was
commercially developed by General Electric Company (GE).
This configuration is available for 10kW grid connected PV
system [50].

J JK} N J
Figure 24. Multiple-stage boost inverter by GEC [49].

A bidirectional power flow is required in inverter
control for stand-alone or autonomous systems. The provision
is provided for the power to flow from the output side to the
input side. This structure is proposed by Beristain et al. [51]
as shown in figure 25, where the second stage comprises of
bidirectional ac-ac converter. This second stage eliminates an
intermediate DC-link where bulky components are most
prominent feature. This topology also incorporate high
frequency transformer which is used for electrical isolation
between two stages.

i< JI@
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Figure 25. Bidirectional DC-AC-DC converter by Beristain et
al. [51].
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Table 2 Evaluation of different types of inverter according to fheir categories, fopology's, components, parameter's, capability’s and

application’s

Sr. | Fig. | Technical Specification Components Used Electrical Paramefers Range Capability’s and Applicafion’s
No. | No. | Category | Topology | Capacifor | Indo | Trans | Di | Swit | Power | Voltage | Frequency | Dual-Grounding Standalone Applic
FC | EC | ctor | fomer | ode | ches | Rating Range & Isolation Grid Connactad ation
1 5 S8 Buck 1 1 1 LFT 4 4 | »10kW | Wide 3-12kHz | Ves, Tsolated Bath Wind
range
2 6 58 BB 1 2 2 2 4 S00W 42V 9 6kHz Tes, Non- Grid only PV
] 81V Tsolated
3 7 58 BB 2 2 2 6 30W Wida High e, Non- Both PV
j j range frequency | Tsolated
4 8 S8 2xBoost 2 1 2 4 4 =3kW MV 30Hz NO, Non- SR&GE UPs
j 65V Isolated
3 9 S8 Zeta-Cuk 2 2 2 4 S00W- MV High Yeas, Non- GR&SE UPs
derive j ] 3kW 65V fraquency | Tsolated
6 | 10 38 Flyback 1 1 HFT | 2 3 0w | 4v High Tes, Isolated Standalone BV
B 81V frequency
7 11 58 BB 1 1 3 2 4 >3kW Low High NO, Non- SR&GE UPs
j ringe frequency | Tsolated
3 12 S8 BB 2 1 2 4 4 2I5W 42V 30kHz NO, Non- SR&GE UPs
. 81V Tsolated
9 | 13 88 2xFlyback | 2 1 2x 4 4 160W | Wide 30kHz | Yes, Isolated GR&SE BV
j HFT range
10 ] 14 58 ZC8 2 1 3 2 4 S00W 42V 40kHz NO, Non- SR&GE UPS
BB ) 81V Tsolated
11 ] 15 58 FlybackBB | 1 1 1 HFT 2 6 140W Wida 30kHz Tes, Tsolatad Both PV
range
12 ] 16 S8 BB 2 1 2 2 6 30W 42V T0kHz Tes, Non- Both PV
- 81V Tsolated
13 | 17 MS BB 1 2 2 6 3 kW MV NO, Non- Both Wind
B 63V B Tsolated
14 ] 18 MS BB 1 1 2 b] 6 kW 42V 36kHz NO, Non- Grid only PV
] 81V Tsolated
15 | 19 MS Flyback 1 1 1 HFT | 2 5 2kW Wide 36kHz | Yes, Isolated Grid only PV
Ko rangs
16 | 20 MS BB 1 1 2 6 7 G40W | 9V/I6V | 33-17KHz | NO, Non- SR&GE PV,
. Tsolated Wind
17 | 21 M8 FlybackBB | 3 | 0 1 HFT | 8§ 6 160W | Wide Yes, Isolated Grid only BV
range )
18 | 22 MS BB 1 2 3 HFT 12 § | =10kW | Widz 5-12kHz | Yes Tsolated Both Wind
range
19 | 23 MS Boostwith | 1 1 2 HFT 12 8 Wida Tes, Tsolatad Grid only Wind
Pseudo-de- - range B
litk, BB
20| M4 MS Boost 0 1 1 HFT 8 8 kW Wide 10-16kHz | Ves, Isolated Grid only PV
range
21| 25 MS Bidirecion | 1 1 1 HFT 12 ] 12 kW Wida 50Hz Ves, Tsolated Both PV
al-de-ae-ac range

SS— Single-Stage, MS - Mulfiple-Stage, BB — -Buck-Boost, FC - Film Capacitor, EC — Electrolytic Capacitor, LFT - Line Frequancy

Transfomer, HFT - High Frequency Transformer

S_R &G_E - Standalone Reported & Grid connected Expected, G R & S_E — Grid connzcted Reported & Standalone Expectad. ZCS- Zero

Current Switching

The review of multiple stage topologies provides the
valuable information about a high frequency transformer and
line frequency inverter. The multiple-stage topology review
says that it is desirable to use high frequency transformer in
the front stages to increase the voltage boosting ratio and to
provide the necessary electrical isolation. Whereas it also says
that line frequency inverter is to be used in the last stage to
reduce switching losses. As the multiple stage inverter has
more stages, so it is normally used to achieve a wide input
voltage range and a large power capacity whereas it is not
possible in single-stage inverter. This is possible only at the
cost of additional power components and increased losses.

ITEE, 9 (4), pp. 8-25, AUG 2020

5. POWER DECOUPLING

In single stage inverter capacitor is either placed in
parallel with the PV source whereas in multi-stage inverter
capacitor is connected in parallel with PV module or in dc-
link. Power decoupling is required to filter out voltage spikes
and to pass only the DC component of the input source
through it. Power decoupling is achieved by using electrolytic
capacitor of large capacitance. The capacitor is either placed
in parallel with the PV modules or in the dc link between the
converter stages as shown in figure 26. High frequency

Int. j. inf. technol. electr. eng.

16



Volume 9, Issue 4
August 2020

ITEE Journal

ISSN: - 2306-708X

Information Technology & Electrical Engineering

©2012-20 International Journal of Information Technology and Electrical Engineering

switching is used to convert DC power to AC power in
inverter circuits but it generates large transients at switching
frequency. Capacitors used for power decoupling prevent
transients from going back to input. These capacitors are
normally large in size and costly. Their lifetime is shortened
when used in a high temperature environment in comparison
with other devices. Due to use of capacitors, some practical
problems have appeared. These capacitors have low power
conversion efficiency and low reliability. A significant effort
has been made to eliminate these problems and it is done by
using small film capacitors or by reducing the capacitance of

electrolytic capacitor.

= Grid PV 7 Grid
v [av)

b)

Figure 26. Different positions of power de-coupling capacitor.
(a) Capacitor is placed in parallel with the PV
modules, in the case of a single-stage inverter. (b)
Capacitor is either placed in parallel with the PV
modules or in the dc link, in the case of a multi-
stage inverter.
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6. SOFT SWITCHING INVERTERS

Now days, soft switching techniques have been
applied in grid connected inverters in order to obtain better
performance, higher efficiency and higher power density. The
operation of PWM inverters at high switching frequency and
sudden change in switch voltage and current waveforms
causes high switching losses and electromagnetic interference
problems [52-53]. High voltage and current spikes occurs in
power switching devices due to parasitic capacitances and
stray inductances around switches. These high voltage and
current spikes occurred during switching transients. This is
termed as hard switching of power switches. In soft switching
topologies, a high frequency resonant network is incorporated
in conventional hard switching circuits. A high frequency
resonant network consists of passive components like
inductors, capacitors or auxiliary diodes.

The conventional buck-boost PWM inverter
topologies have certain drawbacks such as low efficiency,
increased cost, large leakage current, EMI problems. The low
efficiency occurred in PWM inverter topologies due to high
switching frequency which results in higher switching losses.
But, the operation at low switching frequency increases the
weight and size of PWM invertor topology. PWM inverter
also suffers from EMI problems if operated at high switching
frequency. The high switching frequency induces high-
frequency components in PWM inverter. To eliminate the
above drawbacks, resonant soft-switching techniques have
been used. The current through the switch and voltage across
switch is made equal to zero by resonant soft-switching
technique and due to which switching losses in the power
switching devices are eliminated. Some soft-switching
inverter topologies are illustrated.

ITEE, 9 (4), pp. 8-25, AUG 2020

Figure 27 is a voltage source inverter which is based
on a 110-W series resonant dc-dc converter and grid
connected inverter [54]. The inverter which is connected to
the grid cannot be operated as a rectifier when it is viewed
from the grid side. The addition of two diodes in this topology
prevents the inverter to operate as a rectifier. The possibility
of in-rush current is avoided when the inverter is attached to
the grid first time due to this topology.
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Figure 27. Series-resonant dc-dc converter with bang-bang
dc-ac inverter [54].

Figure 28 shows a series resonant soft-switching
inverter topology which consists of a full-bridge inverter, a
series resonant circuit, an isolation high-frequency
transformer. This high frequency transformer has centre tap
winding on secondary side and switching devices are
synchronized with utility grid. The output AC current is
controlled by the discontinuous-resonant modulation using
constant on-time gate signal synched with the resonant
frequency to carry out soft-switching action. The inverter
switching devices are operated under zero current switching
(ZCs).
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Figure 28. High-frequency link series resonant soft-switching
inverter [55].

Figure 29 shows a topology consisting of a
capacitive idling buck- boost converter on the input DC side
which performs soft-switching operation of the inverter. It
also comprises of a single-transistor fly-back inverter at the
output AC side and it has a high-frequency center tap
transformer.
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Figure 29. Soft-switching fly-back inverter based on
capacitive idling [56].

Figure 30 shows a topology consisting of a ZVT-
PWM boost DC-DC converter and a LLCC resonant inverter.
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The switches used in ZVT-PWM boost converter are
switched in soft-switching mode. Due to operation of active
switching devices in soft-switching mode, voltage and current
stresses have been reduced considerably. The LLCC resonant
inverter incorporates series and parallel combinations of
inductors and capacitor. This arranges is known as a series-
resonant tank and a parallel-resonant tank which provide the
AC output voltage with low THD value.

Figure 30. LLCC resonant inverter with ZVT-PWM boost
converter [57].
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Figure 31 shows a topology which is divided into
three stages. The first stage is a ZVT-PWM boost converter.
The second stage is a ZVS- ZCS-PWM buck converter which
operates in ZVS and ZCS modes. It converts the DC current
to semi-sinusoidal current. The third stage is a line-frequency
full bridge inverter which inverts the semi-sinusoidal current
to sinusoidal AC form.
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Figure 31. ZVS-ZCS-PWM inverter with ZVT-PWM boost
converter [58].

The PWM convertors operated at hard switching
faces a problem of higher switching losses. The resonant
convertor utilizes the technique of soft-switching like ZVS
and ZCS which help in reducing switching losses. But, the
increased switching loss increases the high voltage or current
stresses on power switching devices.

But switching losses are reduced only at the cost of
increased voltage and current stresses of power switching
devices. The parasitic reactive energy imposes transient high
voltage, dv/dt, or di/dt stresses on semiconductor switches
used in buck-boost inverters without reactive energy feedback
paths. The parasitic reactive energy occurs due to leakage of
inductors. Therefore, zero voltage transition (ZVT) and zero
current transition (ZCT) is developed to eliminate switching
losses and stresses which helps in increasing the efficiency of
the convertors.

The figure 32 of inverter is based on a 110-W series-
resonant DC-DC converter with an HF inverter toward the
grid [59], and 250 W in [60]. The first converter present in
figure 32 is series-resonant converter. The inverter close to
the grid cannot be operated as rectifier when viewed from

ITEE, 9 (4), pp. 8-25, AUG 2020

grid side. The two additional diodes serve the function of
rectifier. The inrush current will not flow through the inverter
when it is attached to the grid for the first time.

Figure 32. Series-resonant dc—dc converter withmbang-bang
DC-AC inverter [41, 61].

7. MULTILEVEL INVERTER

The reduction in cost of a grid connected PV system
is related to improvement in grid connected inverters. Due to
98% efficiency of grid connected invertor thus the primary
focus over the grid connected PV is shifted. The cost of grid
connected PV inverter are determined by power modules,
magnetic component etc. Multilevel inverters are more
advantageous as compared to two-level inverters. Multilevel
inverters produce staircase waveforms at the output terminal
of the inverter and it is synthesized from several levels of
voltages. The staircase output waveforms approaches towards
a pure sinusoidal waveform and this staircase output
waveform has low harmonic distortion and filter requirements
are reduced. Multilevel inverter topologies are particularly
suitable for PV systems due to the modular structure of PV
arrays. The concept of multilevel converters has been
introduced since 1975 [62]. The term multilevel originates
with the three-level converter [63]. Subsequently, several
multilevel converter topologies have been developed [59, 64-
70].

Figure 33 shows a half-bridge diode clamped three-
level inverter [71] as part of a single-phase transformer-less
grid connected PV system as suggested in [60]. A positive
voltage can be developed at the inverter output terminal due
to simultaneously switching on the switches S1 and S2 and a
negative voltage is obtained by switching on S3 and S4
respectively. When S2 and S3 are switched on a zero output
voltage is obtained. The DC bus voltage is made higher than
the grid voltage amplitude in order to allow power transfer
into the grid. The major advantage of above said system is
that its mid-point of PV array is grounded and because of this
arrangement, it eliminates capacitive earth currents and their
negative influence on the electromagnetic compatibility.

Figure 33. Half-bridge diode clamped three-level inverter
[71].
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In [69] a full-bridge single leg switch clamped
inverter is illustrated and applicable for residential PV
systems. Figure 34 shows a full bridge single leg clamped
inverter which comprises of conventional full-bridge switches
S3, S4, S5 and S6. A bidirectional switches are realized with
S1, D1, S2, D2 and added to control the current flow from the
midpoint of the DC bus. The minimum size of the inverter
with this topology is approximately 1.5 kW.

K B

Figure 34. Full- brldge single leg switch clamped inverter
[69].
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Figure 35 shows a transformer-less grid connected
PV system where a cascaded inverter [72] is used for DC to
AC power conversion. The topology comprises of two full-
bridge configurations and their outputs are connected in
series. Each bridge configuration produces three different
voltage levels at its AC output which helps in providing five-
level AC output voltage. The advantage of this topology is the
modular character. The concept of more than two full bridge
configurations is suggested for transformer-less PV systems
[59]. The small output voltages of two full-bridge are
connected in series. High power applications using cascaded
inverters are described in [68, 73].
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Flgure 35. Cascaded inverter [72].
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Figure 36. CB MLI

Figure 36 shows a novel topology which is cascaded
basic multilevel inverter proposed by Mokhberdoran et al.[82]
in which fundamental blocks were implemented in series
pattern. Each basic block comprises of two dc sources, six
ITEE, 9 (4), pp. 8-25, AUG 2020

switches and eight diodes are present in each basic block.
This basic block produces five voltage level with symmetric
sources and it generate seven-level output voltage with
asymmetric sources (V1=V and V2=2V).

A cascaded multilevel inverter topology based on
series connection of novel H-bridges units [74, 76] was
proposed by Babaei et al. Figure 37 shows a new H-bridge
unit which consists of six unidirectional switches (SL,1n,
SL,2n, SR,1n, SR,2n, Sa,n and Sh,n) and two isolated dc
sources (VL,n, and VR,n). Here, subscript n indicates the
number of novel H-bridge cells in topology. This novel H-
bridge cell generates five voltage levels for symmetric voltage
sources (VR,n=VL,n=V), and it generates seven voltage
levels for asymmetric voltage sources (VR,n=V, VL,n=2V),

Figure 37. CMB MLI

CCMLI topology was initially in proposed in [81]. It
has both the advantages of the chain cell converter and the
static phase shifter. In [77], Lee et al. have proposed binary
source selection scheme which produces high number of
voltage level at the output. The binary source selection
scheme is in the form of (1:2:4:8) and useful for selection of
DC voltage sources. Figure 38 shows the 7-level
configuration of CCMLI topology. This topology consists of
series connection of three basic cells and each basic cell has
one DC source and four unidirectional switches. The output
voltage of each cell is different in phase and magnitude which
is required to meet the load requirement.

wy
Figure 38. CCMLI technology [81].

Gupta and Jain presented a novel topology in [78-79]
which comprises of alternate dc sources. These alternate dc
sources are connected in opposite polarity manner through the
switches. Due to cross connection of dc sources, this topology
was named as cross-connected based MLI. A symmetrical
structure of this topology is shown in figure 39 for seven-
level voltage waveform. The modified CHB MLI topology
with a self-voltage balancing level doubling network (LDN)
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was proposed by Chattopadhyay and Chakraborty [80] which
is shown in figure 40. This topology utilizes a SCHB MLI
and a series connected half-bridge inverter also called as
LDN. The proposed topology comprising of LDN increases
the number of output levels as compared to the number of
voltage levels obtained from the SCHB MLI.
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Figure 39. CCS MLI technology.
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In figure 40, shows two cascade H-bridge cells and
they are connected in series with the LDN. LDN pre-charged
to voltage V/2 which gets supply by the capacitor. The LDN
generates five-level voltage waveform at the output side. Two
cascaded H-bridges generate five-level output voltage
waveform. When LDN is introduced in the circuit, two
additional levels (V/2, 3 V/2) are obtained in the positive half
cycle (by adding V/2 with 0, and V respectively), while two
voltage levels (—V/2, and -3 V/2) are obtained by adding half-
bridge voltage V/2 with the negative voltage levels (-V, and
—2 V respectively). One important advantage obtained due to
LDN is that the capacitor get discharged when generated
voltage level are positive and odd multiples of V/2 and
capacitor get charged when generated voltage levels are
negative and odd multiples of V/2. Therefore of the
interesting features of LDN is that during the generation of
the voltage levels that are positive and odd multiples of V/2,
capacitor gets discharged whereas during the generation of
voltage levels that are negative and odd multiples of V/2,
capacitor gets charged. Hence, the voltage across the
capacitor in half-bridge will remain unaltered.

.

=

Figure 40. LDNC MLI technology.

A novel topology comprising of switched capacitor
cells and H-bridges was proposed in [75] which is made of
series connection of fundamental units. Each switched
capacitor cell is made of two switches (S, P), a diode, and a
capacitor. The capacitor C1 is charged to the voltage V1 when
switch P1 is turned on and when the switch S1 is turned on
the capacitor C1 is switched in series with the dc source. Both
the switches S1 and P1 are complementary to each other.
When the switch S is turned on diode D1 prevents the
discharging of capacitor to the input dc source. As each

ITEE, 9 (4), pp. 8-25, AUG 2020

switched capacitor cell produces positive voltage levels,
therefor a bipolar voltage waveform is obtained at the output
of each cell with the help of H-bridge as shown in figure 41.
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Figure 41. SCH MLI.

A multilevel inverter is used to improve system
reliability and reduce maintenance cost. A multilevel inverter
is normally used for a wide range of input voltage variations
and a large power capacity. A conventional buck inverter
along with line frequency voltage step-up transformers
increases the size, weight and cost of topology. Multiple-stage
inverters can reduce the system size and boost the dc-link
voltage with dc—dc converters or high-frequency
transformers. Single stage boost or buck boost inverters are
more compact and efficient due to low component count but
for achieving high power and voltage range, additional power
conversion stages are incorporated.

8. CONCLUSION

The grid connected PV inverters is becoming
popular now a days. The cost and efficiency are two
important issues for usage of grid connected PV inverter. The
rated power of the inverter is not only the only factor that
determines the cost of system. The technology to produce grid
connected inverter varies from manufacturer to manufacturer
which causes a difference in efficiency, size, weight,
reliability etc. These factors influence the cost of inverters.
The development has been witnessed in grid connected PV
inverter by reducing the component count. The reduction in
component count increases the power density of grid
connected PV inverter. The innovative topologies have been
emerged which provides reduced number of power switching
devices and effective energy storing and harmonic filtering
devices. Due to emergence of innovative topologies, the cost
of grid connected PV systems reduces which in turn improves
the overall power conversion efficiency. This review work
covers the overview of single-phase grid- connected inverters
including the standards and specifications of inverters,
classification of inverter types, classifications of inverter
topologies etc.
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The standards are presented in the first section of
review which deals with interconnection of PV energy with
the utility grid. The most important standard for
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