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ABSTRACT

Because of their increased efficiency and environmental advantages, renewable energy sources like photovoltaic (PV) and wind

energy are simple to incorporate into the system. Distributed generating networks are built on grid connected inverters, however
their performance can be impacted by changes in voltage and current harmonics. To solve these problems, static vector generators,
passive filters, and dynamic energy filters (APFs) are employed. On the other hand, the cost, dimensions, and mass of passive
filters increase directly with the unit’s degree. The goal of this study is to evaluate improved APFs to address grid related issues
with weight, cost, scale, and power switches. various topologies for various APF inverter grid-related taken into account,
including three-phase AC-AC, single-phase, back-to-back, and Alternatives including reduced inverters, multifunctional
inverters, wind-assisted conversion systems, and APF-based PV transformers being investigated in research to identify less
expensive choices.

Keywords: photovoltaic (PV), power quality, active power filter (APF)

LINTRODUCTION

The demand for electricity has increased significantly in
the modern age across a number of sectors, including
families and companies. This is putting stress on the
infrastructure supporting the energy supply and causing
network interruptions. Numerous distributed power
solutions have been put into place to address this issue
and raise the effectiveness and dependability of energy
generation. Photovoltaic (PV) systems, energy storage
systems, optimization strategies, wind turbines, fuel

cells, and distributed power systems are all included in

these solutions. PV and wind energy are two of the most
significant renewable energy sources in terms of
reducing the load on national utilitie The stability of
current and voltage sine waves can be impacted by
harmonic distortion, thermal problems, and other power
quality-related difficulties that arise when PV and wind
power are integrated into the grid. These problems may
result in decreased system efficiency, transformer
overheating, motor and cable faults, and higher power

losses.
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In order to improve solar grid systems' dependability,
energy and harmonic reduction measures must be used.
Unbalanced grid management, load balancing, harmonic
mitigation, neutral current management, reactive power
compensation, and electrical device intervention are just
a few of the methods that have been suggested. Passive
filters are frequently employed in grid-connected
systems in conjunction with active filtering techniques to
reduce harmonic distortions. Passive filters do have
certain drawbacks, too, like limited filter range, constant
correction, and quick degradation.

For linked devices like wind turbines and inverters,
advanced filtering methods like static synchronous
compensators, active power filters (APFs), dynamic
voltage regulators, multistage inverters, and consistent
power quality control systems are being investigated.
The shunt active power filter (SAPF) is one of these
technologies that is very useful and widely used. APF
efficacy is dependent on a number of variables, such as
controllers, inverter parameters, and current filters; these
variables are controlled by methods like synchro
detection and p-theory. In order to produce reference
signals that comply with international standards such as
IEEE-59 and IEC 61000-3-2, which regulate the
architecture and functioning of electrical networks,
harmonic load detection techniques are utilized.

As the demand for loads, power capacity, and prices
continues to rise, there is a corresponding increase in the
rating of APFs. Hybrid APFs (HAPFs) are being utilized
to customize SAPF and PF configurations, with the aim
of eliminating low-order harmonics. HAPFs combine
SAPF filters and PFs to address high-frequency
harmonics, thereby reducing load disturbances and
enhancing compensation for harmonic voltage and
current. The role of power filters based on power rating

and response speed is illustrated in Figure 1.

CLASSIFICATION OF POWER
FILTERS

LOWER
POWER
APPLI(S"&HDN AP‘PLI(S::’L'I'IDN
POWER POWER
RATING< RATING =
100EVA 10EVA-10

) MVA
10us-10ms for 101 Cems for 1
1 phaze

phasze
100m=z-10ms 100has-10ms for 3
for 3 phaze

phaze

HIGH
PFOWER
A.PPLII:TI.‘.&T 10

POWER
RATING=
10MVA
10s for 3
phases

Figure 1 illustrates the segmentation of power filters

based on their power rating and response speed.

The rating of APFs rises in tandem with the sustained
increase in prices, power capacity, and load demand. In
order to get rid of low-order harmonics, SAPF and PF
setups are being customized using hybrid APFs
(HAPFs). In order to handle high-frequency harmonics,
HAPFs integrate PFs and SAPF filters. This minimizes
load disturbances and improves harmonic voltage and
current compensation. Figure 1 shows the function of

power filters based on response speed and power rating.

Table 1. Analysis of APFs in the grid-interconnected

scheme.
Switd DC Interconne
Ref. | Methodol| Control | Capacif hing | THD |Link |ted
ogy Scheme |y Freqy (%) | Voltage| Grid
ency Scheme
(kHz
SINGLE PHASE TOPOLOGY
[14] |[FOUR SPWM/PI <2KVA(18 .83 [160V  [PV-Grid-A
BRIDGE IPF
[16]  [FULL SPWM/PT 1.5 KVARO 4.2 P40V [PV-Grid-A
BRIDGE IPF
[17]1  [FULL SPWM/PI <1.3KV [16.4 K3 R50V  [PV-Grid-A
BRIDGE A IPF
[18]  [FOUR IHYSTERE [1.1 KVA- 3 R30V  [PV-Grid-A
BRIDGE SIS PF
[19] |[FULL SPWM/PI B KVA | 2 HOOV  PV-Grid-A
BRIDGE IPF
[21]  |[FULL SPWM/LYB.4 KVARO R49 P40V  PV-Grid-A
BRIDGE |APUNOV IPF
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THREE PHASE TOPOLOGY

(28] [H- IHYSTER |[1.3 16 1.35 P40V |PV-Grid-A
BRIDGE ([ESIS KVA IPF

[31] [FOUR SPWM/P [10 12 R5 B0V  [PV-Grid-A
BRIDGE [ IKVA IPF

[30] [FULL SPWM/P [7.6 10 B.6% P40V [PV-Grid-A
BRIDGE [ IKVA IPF

[35] HKL-NPC [SPWM/T [10 8 4.36% B60V [PV-Grid-A
CL IKVA IPF

Compared to standard topologies, a simplified
transformer topology produces units that are cleaner,
more stable, and need less space, which improves
cost-effectiveness and space usage. A succinct
comparison of different grid-connected PV system
topologies is given in Table 1. Three primary parameters
are used to determine the total cost of the device:
galvanic isolation, input pole-to-ground voltage
variations, and safety, transmission cost, and system
efficiency concerns.

While direct current (DC) is essential to the production
of green energy, alternating current (AC) serves as the
foundation for electrical transmission networks and
powering loads. Inverters are necessary to convert AC
electricity to DC in both standalone and grid-connected
setups. They are widely used in large-scale wind and
photovoltaic applications, and they create AC output
with sinusoidal waveform utilizing a variety of
electronics, from low-power kilowatt (KW) to
high-power megawatt (MW) levels.

Inverters face difficulties when dealing with
like MOSFETs

insulated gate bipolar transistors (IGBTs), even though

power-switching components and
they are in high demand. Reducing pure shunt active
power filters (SAPFs) improves utility component
rectification and current harmonic compensation.
Higher-power classification components help achieve
this. On the other hand,

harmonic waveform distortion, and reduced system

increased switch losses,

efficiency result from the widespread use of
semiconductor switching components in increasingly
grid-connected systems. Power electronics advances in
power semiconductors, circuits, sensors, and control
circuits are used to minimize switch counts in advanced
systems.

There is little research on lowering APFs, despite the
fact that lowering components is essential for solving

energy-related issues. The focus of research is on

decreasing APF switching and highlighting the size,
weight, and cost reduction of grid-connected inverters.
This study provides a thorough, methodical review of
grid-connected photovoltaic (PV) and wind energy
systems' power transmission systems and reduction
strategies. Research topics include wind energy
conversion systems (WECS) and PV APFs, as well as
module reduction, fewer inverters, and multispeed
multifunctional inverters (ML-MFIs).

The new architecture provides improved efficiency
and benefits in harmonic mitigation, active and reactive
power control, component speeds, and other areas as
compared to the current total harmonic distortion
(THD)-based topologies. The development and testing of
additional strategies to avoid switching is a growing
area of emphasis for researchers. The paper is divided
into sections, with an overview at the beginning and
discussions  on
grid-connected PV and WECS systems in the middle. A

comparison of topologies is done, coupled with an

power quality problems in

exploration of the effects of recent and fundamental
APF  topology.

compensation strategies, general control strategies, and

advancements in Included are
an overview of the results and potential future paths.
The ending section provides a summary of the findings

and recommendations for the future.

2. DISTRIBUTED DEVICE GENERATION AND
HARMONICS MITIGATION

21. APF-PV BASED GRID-SYNCHRONIZED
INVERTER

There is little research on lowering APFs, despite the
fact that lowering components is essential for solving
energy-related issues. The focus of research is on
decreasing APF switching and highlighting the size,
weight, and cost reduction of grid-connected inverters.
This study provides a thorough, methodical review of
grid-connected photovoltaic (PV) and wind energy
systems' power transmission systems and well as
module reduction, fewer inverters, and multispeed
multifunctional inverters (ML-MFIs).

The new architecture provides improved efficiency
and benefits in harmonic mitigation, active and reactive
power control, component speeds, and other areas as
compared to the current total harmonic distortion
(THD)-based topologies. The development and testing of
additional strategies to avoid switching is a growing
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area of emphasis for researchers. The paper is divided
into sections, with an overview at the beginning and
quality
grid-connected PV and WECS systems in the middle. A

comparison of topologies is done, coupled with an

discussions on  power problems  in

exploration of the effects of recent and fundamental
in APF topology.

compensation strategies, general control strategies, and

advancements Included are
an overview of the results and potential future paths.
The ending section provides a summary of the findings

and recommendations for the future.

3. HARMONICS MITIGATION AND DISTRIBUTED
DEVICE GENERATION

3.1. GRID-SYNCHRONIZED APF-PV
INVERTER

The main goal of setting up a Point of Common

BASED

Couplings (PCC) is to maximize power delivery systems'
functionality and efficiency. To reduce rising power
circuit costs, it is typical practice in interactive PV grid
designs to combine a PV inverter with an Active Power
Filter (APF) and a voltage and reactive control
superstation. The PV inverter filters load current
harmonics in addition to converting solar photovoltaic
device electricity into a form that may be used. The
grid-connected PV system's overall performance,
dependability, and reduction of current harmonic
distortions are all enhanced by the addition of an APF.
According to Multispeed
Multifunctional Inverter (ML-MFI) is one of the most

cutting-edge power generation innovations included

recent evaluations, the

into PV grids. When paired with magnetic field
these

distortion-free output waveforms when running at high

induction devices, inverters preserve crisp,
DC-rated voltages by reducing harmonic distortion.

Multifunctional inverters face a number of challenges,
including reactive energy compensation, Point of
Common Coupling (PCC) wvoltage regulation, grid
power and harmonic imbalance mitigation, and PV and
power grid synchronization during APF operations.
Reactive power correction and APF functionalities in
grid-integrated PV inverter installations are examined in
Table 2. Pulse-Width Modulation (PWM) space vector
twist-driven technology is used in the construction of
three-level photovoltaic systems with Space-Vector
Pulse-Width Modulation (SVSPWM), as demonstrated

in references. This technique enables power balancing,

compensatory management, and grid filtration.

Reactive energy compensation, Point of Common
Coupling (PCC) voltage control, grid power and
harmonic imbalance mitigation, and PV and power grid
synchronization during APF operations are just a few of
the difficulties multifunctional inverters must overcome.
Table 2 analyses APF functions and reactive power
correction in grid-integrated PV inverter installations.
Three-level PV systems with Space-Vector Pulse-Width
Modulation (SVSPWM) are built using Pulse-Width
Modulation (PWM)

technology, as shown in references. Grid filtration,

space vector twist-driven
compensating management, and power balancing are

made possible by this technology.

Table 2. Parameters of reactive power compensation

control impacted devices.

PARAME | RC AV | DB | SD STATC | SV | TCS | UP
TER BA C R BR oM C C QC
NK

Voltage fi2:8:4 #H # #HH #H # 3334

Stability

Flicker # #H # # #H ## #itHH
#

Power # #H f:5:5:4 # - #t

Flow

Oscillatio | # - fid:44 ## #iH b:3:3:34

n

Damping

Active - - # # bid:54 - # fig:5:51

Power

Harmonic | # # # # # - bid:d:8

Reductio #

n

# Symbolizes the effectiveness of the technique.

3.2. WIND ENERGY APF GRID-INTERLINKED

In the energy sector, renewable energy has grown in
importance. In particular, wind energy has seen
improvements in usability, affordability, and legality.
Wind energy provides a progressive and scalable way to
meet electricity demand while promoting a more
ecologically friendly distribution network. It is a clean
energy source that emits no greenhouse gases. It is
notably less expensive than solar energy and fossil fuels,
making it a sensible substitute. Nevertheless, there are
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obstacles in the way of obtaining an effective power
economy in grid-connected Wind Energy Conversion
Systems (WECS).

Reactive control, voltage spikes, switching,
flickering, and performance at the Point of Common
Coupling (PCC) are all impacted by the integration of
WECS with the main grid. In WECS, the primary uses of
variable speed are for controlling nonlinear and
imbalanced loads and for active and reactive regulation.
Nonlinear control devices can improve thermal
efficiency but decrease system efficiency, which can
result in degradation of tension, current, and WECS
output in addition to decreased durability.

WECS

compensation and harmonic reduction methods to

uses a variety of reactive power
improve energy efficiency. By running an Active Power
Filter (APF) and maintaining a Permanent Magnet
Synchronous Generator (PMSG), one can help reduce the
harmonics that are already there. For APF operation in
island mode, complex techniques such variable
frequency-based methods are used. Using a fixed-rpm
Doubly  Fed (DFIG)

reduced-count topology to save conversion costs, WECS

Induction Generator and
uses electricity from APF in insulating mode.

Essential components of the power supply system
are reactive capacity monitoring and offsetting, which
guarantee a steady voltage profile and minimize losses
in reactive electricity transfer to the power grid. To
improve reactive output and dynamic stability in wind
turbines, a variety of technologies are used, such as
DFIG systems, Static Var Compensators (SVC), and
Static (STATCOM).

Through the maintenance of voltage homeostasis in

Synchronous  Compensators
grid-connected networks, these technologies enable the
exploitation of greater wind energy.

Automatic Voltage Control (AVC), On-Load Tap
Changers (OLTC), Dynamic Voltage Regulators (DERS),
Synchronous  Back-to-Back  Converters  (SBBR),
STATCOM, Static VAR Controls (SVQC),
Thyristor-Controlled Series Capacitors (TCSC) are some

and

of the reactive power compensation technologies that are

compared in Table 2.

4. TAXONOMY OF GRID CONNECTED APF

As shown in Figure 2, Active Power Filters (APFs)
are usually classified into three groups based on their
topology, converter setup, and different stages. The

SAPF (Series Active Power Filter), APF (Active Power
Filter), and HAPF (Hybrid Active Power Filter)
subclasses are represented by these classes. Three (three
cables), four (four cables), and solitary (two wires)
represent the number of phases. The three subclasses
based on topology —shunt, series, and hybrids—are
depicted in Figure 3. By mitigating the adverse effects of
harmonic voltage propagation resulting from unit
resonance, the series APF enhances the electrical
terminal supply. Because of the increasing demand for
high-current energy, the energy sector is currently facing
difficulties like limited filter sizes and a lack of ratings.
Three different APF structures are compared in
Table 3. Three distinct HAPF circuit versions are shown
in Figure 3. Significant insulation is provided at medium
voltage configurations by combining series APF with
shunt Power Factor (PF) correction, which also offers
reactive power, harmonic balance, and voltage
correction for three-phase voltages. Harmonics of single
reactive power and load current are eliminated by SAPF
and shunt PF. The advent of high-performance
technologies has reduced the cost of switching reactive
series  APF
efficiently lower unit volume and expenses while Series
APF  is
appropriateness and intricate control algorithms. On the
other hand, hybrid APF has a higher efficiency than the

other two APFs, but its initial cost is a constraint.

power compensation. Shunt PF and

limited by its moderate frequency

Classification on

power filter

! { }

Passive filter Active filter Hvbrid filter
i
Series, shunt, single, turned, Shunt flter |, Shunt APF +
double turned, low pass, series
i Series filter
high pass, LCL filter : | SeresAPL+
[ ] ] ] parallel
’Capacitor\ Standard| | Lattice | [ Voltage ‘ -
inverter switchedJ structure | regulator| > ShuntAPF+
parallel
\_CS_ I ]—\"S—J _, Series APF +
e § SIS series PF

Figure 2. Subdivision of Power Filters
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Table 3. Methodologies of AC-AC Inverters with

Reduced Switch Counts are Compared.

Schemes/Methodol | Ref [8] Ref [3] Ref [9] Ref
ogy [13]
One Two
Methodology Three arm | Two Arm
arm Arm
. 2.7
Capacity (KVA) 3.6 4 24
Switching 4 5 6 1
frequency (kHz)
Reduced switch 2 3 3 0y
count
Grid voltage (V) 220 205 110 220
THD% 4.2 3.6 3.45 2.8
- . . Medi
Probable Efficiency | High Low Medium um
R/C): linked voltage | 59 320 240 110

Nonlinear
Load
AC Main ll('
Active Power —t
Filter
Nonlinear
Load
AC Main [\’T\fw
Active Power _I
Filter
m
Vde
(b)
Ig |
S L -
f'\J Y'Y Nonlinear
Load
AC Mains T l]c
Lar Shunt Passive
I Filter
Parallel Active =

Filter

3
e

+— Vdc
(©)
Figure 3. (a) Shunt APF, (b) series APF, and (c) hybrid
APF

5. REDUCED APF-INVERTER TOPOLOGIES: A
COMPARATIVE STUDY AND REGULATION

This study investigates AC-AC inverter, back-to-back
inverter, and normal inverter topologies to identify the
most effective APF settings for minimizing turn counts.
Figure 4 illustrates the entire range of interconnected

switch counts, ranging from 12 to three switches, when

utilizing grid architecture.
V. I I
P —
~ PCC Transmission Line Pl
(\J — . Y Y
. Cr Cr o
AC Main i % L i § Diode
L Ly 3 Rectifier
L “ﬁ |
Low Frequency ~ High Frequency
Inverter Inverter

Figure 4. AC-AC inverter topology

5.1. AC-AC Inverter Topology:

The pulse width modulating voltage inverter and a
DC-like capacitor are linked in parallel in this topology,
as shown in Figure 4. Single-phase, three-phase
three-wire, and three-phase four-wire systems all use
these configurations.

5.2. APFs for Different

semiconductor switches are used in diode-clamped,

Single Phase Systems:

flying capacitor, and switch-clamped inverters in
high-power systems to generate output. Without the use
of floating capacitors or freewheeling diodes, the
single-phase, six-switch reduced-count Voltage Source
Inverter (VSI) offers reactive power compensation,
harmonic reduction, and increased inverter
dependability. Moreover, an extra transformer is not
necessary when using a five-tier, eight-switch
transformer to modify the alternating current's terminal
voltage. Precise volume control, lighter devices, and less
expensive voltage reduction are made possible by the
two flying capacitor units. Table 4 displays the
topologies of four different inverter designs, and Figure
5 shows the circuit of an AC-AC inverter APF with nine
switches. In high-power systems, various semiconductor
switches are employed

in diode-clamped, flying

capacitor, and switch-clamped inverters to produce
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output. The single-phase six-switch reduced-count
Voltage Source Inverter (VSI) provides harmonic
reduction, reactive power compensation, and improved
inverter reliability without the need for freewheeling
diodes or floating capacitors. Furthermore, a five-tier,
eight-switch transformer can adjust the terminal voltage
of alternating current without requiring an additional
transformer. The two flying capacitor units enable
precise volume control, reduced unit weight, and lower
voltage reduction costs. Table 4 presents the topologies
of four distinct inverter configurations, while Figure 5
illustrates the circuit of a nine-switch AC-AC inverter

APF.

Table 4. Topologies of AC-AC Inverters with Reduced
Switch Counts.

Schemes/Methodolo | Ref [8] Ref [3] Ref [9] Ref
8y [13]
H Four arm Full H
Methodology . . . .
Bridge | Bridge Bridge Bridge
Capacity (KVA) 3 43 12 10
Switching f
witching frequency ™ 10 > ¥
(kHz)
Reduced switch
2 3 3 2
count
Grid voltage (V) 220 205 110 220
THD% 42 3.6 345 2.8
Mediu
Probable Efficiency High Low Medium
m
DC linked voltage
220 320 240 110
V)
Vs
I I
Ls sy L, Lac
PCC Transmission Line A
YN
AC Non Linear
Main Load

Figure 5. Nine-switch AC-AC inverter APF circuit

An electrolytic capacitor and an isolated multi-DC
supply are essential components of three-stage inverter
bootstrapping method. To reduce the amount of energy

needed for gate drives, both circuit switches are linked to

a single source or transmitter. Nevertheless, an
electrolytic capacitor's lifespan is shortened by its bigger
size. When compared to a two-stage converter, a
single-stage three-phase converter has less harmonic
content; however, it has worse fault tolerance, less
supply.
Nevertheless, unit cost, switching latency, and state

flexibility, and requires a separate DC
transitions are greatly reduced by lowering part voltage
and raising the system's power factor.

Interactive continuous power supply (UPS) offer a

transformer-less line for battery banking control, DC,
and AC power output to allay these worries and cut
expenses. In this setup, batteries, a set of filter capacitors
and inductors, and a three-leg transformer that acts as a
buffer are all linked in series with a DC driver.
Four to eight converters are used in a three-phase Active
Power Filter (APF) architecture. To reduce DC-Link
voltage fluctuation brought on by harmonic reactive
power problems, a two-arm inverter bridge, a
DC-linking capacitor, and a normal mode current
approach are employed. Because high-resistance
switches require high voltage, the three-phase APF has a
downside.

In contrast to traditional three-stage transformers,
soft-switching converters are utilized to boost overall
power when the DC-bus voltage is halved. This
configuration reduces the size and cost of the
transformer by using a PWM controller made consisting
of four MOSFETs, a floating capacitor, and magnet node
with two-clamp diodes.

Without a transformer, the three-phase Harmonic
Active Power Filter (HAPF) topology consists of a
six-way double-switch inverter with two LC filters
linked in series. The harmonic frequency outperforms
both the Voltage Source Inverter (VSI) and HAPF
topologies in three phases. Furthermore, two half-bridge
inverters with a minimum of three different capacitors
are influenced by the one-leg inverter shown in Figure 4.
On each of the two modules, there are two full, medium-
range converters connected to single- and three-phase

loads.
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Vs Lg &» IL—) Lac
O PCC Transmission Line Y
"\
AC Non-Linear
Main Load

Low Frequency
Inverter

High Frequency
Inverter

Figure 6. APF circuit with twelve switches in parallel

5.3. Four-Wire, Three-Phase APFs:

Three-Phase, Four-Wire APFs The popular
three-phase, ~ six-switch  inverter is used for
standard-mode space voltage comparison and

monitoring. Neutral current is one of the distinguishing
features of a three-phase, four-wire device, in addition to
reactive power, current loading, and unbalanced
currents. Recent studies have shown that sequence
components with zero and negative values have a major
influence. Shunt Active Power Filter Technology
(SAPFT), which operates in three phases and four wires,
is intended to address a range of power output issues in
(2C),

four-leg (4L), and three bridges (3HB) of nonlinear loads.

three distinct configurations: split capacitor
There are six switches with a total of eight DC
connections —a rectifier and an inverter in each switch. A
zero sequence and a zigzag transformer are used in the
four-wire APF approach to reduce negative effects. For
the analysis of power transfer triggers, nonlinear loads,
asymmetrical loads, and power implications, the
inverter-interlaid technique is advised.

More specifically, compared to loosely interleaved
inverters, two-level inverters exhibit lower DC-Link
Capacitor Switching losses. Bearing currents, shaft
voltages, and premature motor losses can all be avoided
with the use of strategies like the installation of a DC
voltage management system and a common-mode
voltage removal system. In semi-bridged transition
systems, however, organizational limitations require a
trade-off between switching frequencies and current
faults. Moreover, variations and dead time distortions
become more noticeable as the switching frequency rises.
The (ZVS)

incorporates a three-level DC/DC circuit to control the

Zero Voltage Switching converter

voltages of the two input capacitors and uses a gentle
switching technique, such as a three-level diode limited

by two capacitors.

6. INVERTER TOPOLOGY FOR BACK-TO-BACK
INVERTERS

Both inverters are connected to a shared DC-link
capacitor in reverse in the three-phase inverter
configuration shown in Figure 7. The main benefit of this

configuration is that it increases the APF's compensating

capacity.
%VS T A} _IL_} LAC
o\ PCC Transmission Line
Y
3; Non-Linear
Load

Low Frequency
Inverter

High Frequency
Inverter

Figure 7. APF circuit with eight switches in parallel

6.1. APFs with Two Wires (Single-Phase)

For two single-stage nonlinear loads, the two
full-bridge inverters function similarly to the six-legged
dual switches. With just one converter in the output
circuit, the maximum output pressure can be achieved
without the use of a matching transformer. One way to
make a single-phase system three-phase is to use a
universal Active Power Filter (APF) to reduce the
number of switches in the system. Power outages result
in a brief delay in a half-bridge UPS (Uninterruptible
Power Supply) system. To avoid transitions, an offline
UPS system with a conventional transformer and a
straightforward winding sequence is used. It operates as
an active filter in regular mode and as a standby battery
load in backup mode.

Based on the quantity of switches eliminated, Table 5
three back-to-back

The UPS  half-bridge

architecture consists of a four-switch transformer and a

compares alternative inverter

topologies. eight-switch
four-switch inverter. Because the input and output
neutral materials are standard, it also does away with the

insulation transformer. This configuration uses fewer
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interrupters and static switches than standard UPS

systems.

Table 5. Topologies of common-leg inverters with

reduced switch counts.

Four arm, | Four | Six Three arh
Methodology

Five arm arm | arm
Capacity (KVA) | 1.5 1.5 23 2
Switching

5 3 ] 12
frequency (kHz)
Feduced switch

467 g 4 &
coumt
Grid voltage (V) | 100 110 20 210
THD% 33 16 19 23
Probable Medi

Medium Low High
Efficiency um
DC linked

100 210 230 250
voltage (V)

6.2. APFs with Three Phases (Wires)

As shown in Figure 7, the double Harmonic Active
Power Filter (HAPF) inverter topology consists of two
power converters that are positioned back-to-back and
a DC-link Through

information management, switching operations are

share capacitor. input and
managed. Large capacitors and high DC bus voltages are
necessary in high dynamic load systems in order to
preserve a wider stability margin and lessen the stress on
each capacitor. A split capacitor (B4) on the DC link
capacitor is used in the topology, which has a low cost
and little voltage restriction. The 12-switch power
converter is reduced to an eight-switch power converter
by connecting the third component to the neutral
midway of the split capacitor legs. In an ideal world, the
topology is reduced by connecting the DC link's negative
pole to the third level, improving process efficiency,
cutting expenses, and keeping the DC capacitor's voltage
low —despite the difficult hardware and controller
construction.

The LC Power Factor (PF) is adjusted to 550 Hz in
order to suppress harmonics of lower order and preserve
a steady DC-link voltage. The LC PF is optimized to
tolerate higher-degree harmonics at a frequency of 750
kHz. Rather with the conventional twelve-button twin
bridge inverter, each bridge inverter proposes a dual,

four-button decreased count. The two filters are used for

load balancing and frequency exchange, both with and
without redundancy, in order to maximize grid stability
and harmonic correction. Zero-sequence currents
flowing between the inverters are stopped by using
separate DC transformers or capacitors.

To link three or two-leg series-parallel power
converters, the line-interactive topology is used. To
enable bidirectional power flow, three more
command-line switches are coupled to a three-phase,
unidirectional, seven-phase resonance inverter. The
neutral terminal of a three-phase APF (four wires) is
linked to the DC capacitor's negative end.

Total harmonic distortion (THD) is decreased as well
as source current, module count, DC link voltage,
switching frequency, and switching frequency in the
proposed Unified Power Quality Conditioner (UPQC)
design with neutral clusters. To operate each limb
independently, shunt and series inverters need a
capacitor-voltage balance, which adds to the size and
cost of the system. To maintain the system's
compactness, synchronized compensation devices, a
T-connected transformer (Scott-Transformer), and a
three-stage voltage regulator can be used. The APF
device's DC-link voltage is controlled by an extra
capacitor and an ordinary capacitor, which also controls
the inductor.

6.3. Three-Phase (Four-Wire) APFs

To reduce the overall size of the UPQC unit, the
neutral terminal of the DC capacitor is connected to the
negative terminal of the unit [18]. The suggested
neutral-clamped UPQC arrangement has a lower source
current total harmonic distortion (THD), a lower average
switching frequency, and a lower DC-link voltage.
Capacitor voltage balancing is required in shunt and
series inverters in order to allow for the independent
operation of each leg, which increases the equipment's
size and cost. The design incorporates a Scott-T
transformer with a t-connection and a three-phase
with  distributed

synchronizers in order to preserve compactness. To raise

voltage source converter static
the DC-link voltage of the APF system, more capacitors
are connected in series with an inductor and a capacitor.
6.4. Common-Leg Inverter Methodology

The configuration of a three-phase inverter with a
common leg is back-to-back. A simple DC-link capacitor
connects an APF correction device and an inverter; this

connection can be used for either single- or double-leg
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sharing [19]. Leg switches are often engaged and are
frequently used in both corrective and inverter
operations. Single-phase (two-wire) and three-phase
(three-wire) layouts are covered in the following
sections.
6.5. Single-Leg APFs

Two DC-link topologies with five and six legs are
produced by using shared single-leg inverters in
conjunction with a single-step, two-wire APF system.
This arrangement combines a DC capacitor system with
an inductor [20] in order to minimize the number of
components in the device. A reciprocal connection
between the half-bridge and full-bridge inverters is used
for traditional APF current harmonic correction. The
power function is tracked by an injection transformer in
parallel series [21]. The topologies of the three
common-leg H-bridges are contrasted in Table 5. One
limitation of the six-arm bridge voltage regulator is the
use of inexpensive AC capacitors. One leg is shared by
the source and load in a three-leg, single-phase converter
[22]. The enhancement of a three-leg converter with six
switches to a four-leg converter with four switches
allows for the regulation of sinusoidal input current, unit
power factor, and bidirectional power transfer [23]. One
leg of a three-leg converter shares the source and the
load in a single-stage converter. In a single-phase UPS
system, converting a three-legged, six-switch converter
into a two-legged structure with four switches increases
management ease and efficiency of voltage fluctuations
[24]. This rectifier's center leg establishes the line
frequency, the third leg controls the output voltage, and
the first leg nonlinearly fills the battery bank [25].
Reactive energy control, low-cost design, and power loss
minimization are used in the general leg to cut down on
the number of switches.
6.6.Three-LegAPFs
The circuits for the rectifying and converting systems
share the center leg of a three-leg converter circuit that
has nine switches [26]. These center switches make it
easier to supply electricity for both input and output. A
virtual DC drive mechanism guarantees waveform
input, waveform output, and unit power factor when it
operates in both fixed and variable frequency modes.
The goal of a double-switch converter is to lower output
costs as opposed to an eighteen-switch converter matrix.
Due to the DC-Link

semiconductors that can tolerate higher switching

capacitor's extra weight,

pressures must be used, which results in a speed that is
comparable to nine-switch converters. But doing so
necessitates raising the switching ratings of IGBT
systems, which results in lower amplitude and larger
losses as compared to twelve-switch converters as well
as phase shift at the terminal's departure [27]. To further
improve the DC-DC converter's performance, two
auxiliary switches—including one auxiliary switch—are
used. Zero voltage and zero current can pass when a soft
switching approach with high switching loss and
electromagnetic interference is used [28].

Multiple legs and loads are shared throughout the grid
in one to three stages within the AC engine driving
mechanism. Eight switches can be used in a four-leg
layout. Instead of ten-switch arrangements, a reduced
switch configuration can be achieved by using a single
leg for sharing [29]. For a variety of four-, five-, and
six-legged conversions with regulated gate drives,
diodes, and fuel, this sharing produces economically
viable outputs. By increasing standard current and
decreasing DC voltage, it also raises unit faults, fault
tolerance, installation size, process complexity, and
capacitor current values [30]. Two voltage sourcing APFs
are linked to the power line via standard mode coils and
a DC capacitor in order to reduce the size of passive
components. Reducing device size and cost can be
achieved by using a typical stage-leg technique without
using passive materials in any converter. To avoid
switching from a passive LC filter to a power filter, the
controller is made to make use of space vector
modulation and high-bandwidth control [31].

7.DISCUSSION AND ANALYSIS
7.1. Reduced-Switch-Count Inverters
a. A thorough comparison of reduced transformer-less
and reduced transformer grid-related inverter
topologies is shown in Table 6. A larger DC
connecting capacitor and a significantly higher DC
voltage are required in a back-to-back construction
in order to generate huge amplitudes of alternating
current voltage. A modulator interruptive system
and a z-source network are used to combat the
problem of semiconductor overstressing caused by
high voltage [25]. On the other hand, the B8
converter shares a DC connector and uses eight

switches [26].
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b. Conventional back-to-back power converters permit
uncontrolled phase transfer at the output terminals
between the two converters, share lower amplitude,
and restrict the usage of a DC-Link capacitor.

c. Both converters can individually adapt when
separated thanks to the back-to-back topology.
Nevertheless, despite the topological function, it is
limited by the low modulation ratio, which presents
computational difficulties.

d. Depending on the number of switches used,
reducing the number of switches enhances overall
dependability and lowers dissipated conduction and
switching losses. In devices with high power ratings,
the inverter's performance is impacted by high
voltage and current tension, which impacts both
switching components.

e. Comparing the two terminal sets to AC-AC
topologies [36],

inverter-rectifiers, and UPS [38], we find that there is

such two motor drives
restricted phase change and stringent amplitude
sharing.

f. The output terminals are configured for the same
output voltages by substituting two converters for
the carrier, double the semiconductor voltage, and
the DC Switch
topologies with a lower count prevent this doubling

effect.

connection voltage. counting

Tables 4-6 compare the three topologies' respective
levels of efficiency in reduction counts. Considerations
are made for variables such the quantity of fewer
switches, stability, part ratings, and total harmonic
distortion (THD). Studies [36,37] indicate that inverter
switches have a moderately high efficiency level. Three
switches offered the best average performance (94-96%)
even with highly rated modules [35]. The number of
switches and inverter legs needed is largely determined
by the rating of the DC voltage link and the dimensions
of the capacitor. The typical inverter topology is
distributed among the converter legs with a low DC
connection voltage, in contrast to the decreased switch
counting topology [36]. Reducing DC speeds with the
use of a serial combination of capacitors leads to more
active and passive components and a higher reduction in
the advantages of having fewer switches due to unit cost
[98].

7.2. PV Inverter Linked with a Grid
Certain PV grid interactive solutions can be integrated

with multilevel, multifunction inverters centralized on
the Active Power Filter (APF) to improve system
performance and reliability while partially offsetting the
high cost of inverters and the numerous components
needed. Choosing grid-connected PV inverters without
transformers in PV and Wind Energy Conversion
Systems (WECS) is a workable way to optimize system
weight and size while lowering costs. This technique
improves induced leakage resilience, lowers voltage
mode inefficiencies (such as output flaws and protection
difficulties), and lessens safety dangers by doing away
with the necessity for galvanic insulation, which is
common of transformers.

Because of its design, the transformer-less inverter
H5 needs high efficacy and effective leakage current
suppression to function at its best. When in freewheeling
mode, the junction capacity of the switches is essential
for keeping the leakage current continuously high. But
there are two different ways to deal with voltage
fluctuation problems. When solar PV panels are
operating without restrictions, they are first unplugged
from the electrical grid and then attached to a wire on
one end. The capacity to increase voltage from an
alternating current side output is one of the most
desirable aspects of the cascaded H-bridge topology,
even though it comes at the expense of a large number of
switching devices. Other alternatives are High Efficiency
and Reliability Inverters (HERIC) and H5 inverters,
which are especially good for semi-bridge topologies
and other uses. Gate signal synchronization is crucial
since the neutral point is located in the middle of the
input voltage. The transformer-free PV inverter does this
by employing a circuit made up of two diodes and six
switches to stop leakage current while keeping the
normal mode voltage steady. In order to reduce leakage
difficulties, enhanced multi-level inverter topologies are
becoming more and more preferred over old ones.
9.3. Recommendations
> Some reports suggest that grid-connected inverter

circuit topologies and Shunt Active Power Filter

(SAPF) circuit methods are

diminish harmonics and enhance energy quality in

recommended to

transmission systems.
» Recommendations will be provided for both linear

and nonlinear load mode operations.
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» It is essential to propose cost-efficient, effective, and

suitable architectures.

8. FUTURE SCOPE AND CONCLUSION

Renewable energy technology is becoming more
prevalent in the energy consumption sector, influencing
daily life in addition to linear and nonlinear loads like
nonlinear Static Var Compensators (SVCs). Replacing a
transformer presents a number of issues, including as
output loss, security vulnerabilities, leakage current, and
resonance circuit expansion. As intermediaries between
renewable energy sources and energy suppliers, power
converters come in a variety of configurations that are
interchangeable according to their modulation scheme
and topological structure. Unlike traditional topologies,
anomalies in voltage modes and the lack of leakage flux
inside a grid structure can cause variations in voltage
and frequency.

The goal of this review article is to categorize
filter  (APF)

methodologies while taking compensation strategies,

existing  active power utilization
control variables, circuitry type, topology, and control
algorithms into account. Choosing the right APF
technique to use in grid-connected renewable energy
systems is made easier by this classification. This
evaluation is expected to be a useful tool for APF users,
designers, and commercial makers of grid-connected
equipment.

Subsequent talks will cover favored inverter types,
balanced and unbalanced circumstances, and linear and
nonlinear load mode operations. The evaluation will also
go into detail on how to calculate the effectiveness of
deploying APFs in grid-connected renewable energy

systems.
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