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Abstract— This paper presents literature review for improving the power quality by using the distributed power flow controller(DPFC).
There is a more complex network in the power system, in which generating station is connected with the load center through long
transmission and distribution line. For improving the performance of distribution network the new concept came into existence known
as custom devices. One of the custom power device is distributed power flow controllers oneof the custom power devices. The different
configurations of DPFC system for single phase and three phases are well discussed in this paper. The various researchers have given
different names to the DPFC according to their function, topology and application. The various topologies of DPFC explained are, left

shunt (DPFC-L), right shunt (DPFC-R), open DPFC, Interlined DPFC (DPFC-I), Modular DPFC (DPFC- ML).
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I. INTRODUCTION

Nowadays the end users and electric utilities are focusing on
the electric power quality. The power quality issues are not new,
but the electric utilities are becoming aware of these quality
problems [1]. The main reason for focusing on the quality of
electric power is increase in use of electronic loads, which are
nonlinear in nature. Mostly, the electronic equipment’s used are
microprocessor based and they are muchsensitive to the electric
power quality. The various issues of power quality like voltage
swell, sag, interruptions, harmonic current and voltage
harmonics are becoming a challenge to theutilities [2]. The
current harmonics results into several problems like, Increase
in losses of the power system, over heating of conductor, burden
of reactive power,malfunctioning of relays, poor power factor.
The reason for focusing on the quality of electric power is the
economicvalue. The automatic impacts on quality of electric
power on the utilities, customers and suppliers are explained in
[1]-[3]. Hence for maintaining the quality of power is always a
great task. For mitigating the voltage and current harmonic,
voltage swell and voltage sag the active power filter (APF) is
one solution. The extensive survey is collected on active power
filter in [4]. In this paper, the section II describes the custom
power devices; section III explains the various configurations
of DPFC, and finally the conclusion.

II.CUSTOM POWER DEVICES

Custom Power Devices
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Fig. 1. Different types of custom power devices
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Voltage sag from grid effects on the sensitive load. For
protection of such sensitive loads, the custom power devices are
taken into consideration. Custom power improves the reliability
and quality of power, which is delivered to thecustomers. The
improvement in power quality results into low unbalanced
supply voltage, harmonic distortion is low, Reduction in flicker
of supply voltage, voltage sag and swell are reduced. The
custom power devices are shown in above flow chart Fig. 1.

1. Dynamic voltage restorer (DVR)
2. Distribution static compensator (D-STATCOM)
3. Distributed power flow controller(DPFC)

The main function of DVR is to increase the quality of
power. Whereas the D-STATCOM compensates the harmonic
and unbalance in current of loads which are nonlinear. The
DPFC is the combination of DVR and D-STATCOM. The
explanations of custom power devices are given below.

1. Dynamic Voltage Restorer (DVR)

DVR is the custom power device which is power electronic
convertor based used for improving quality. According to
survey [5], [6] the DVR is the device which is economical and
suitable solution for compensating the sag in voltage. Along
with the sag in voltage compensation, a DVR is used to mitigate
load voltage harmonic. The [6] presents one of the control
strategies for mitigating the selective voltage harmonics. The
power quality problems related to power are eliminated by use
of DVR.
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Fig. 2. Dynamic Voltage Restorer (DVR)
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voltage Restorer (DVR) to the distribution line. For correcting
load voltage, DVR injects the voltage in phase and magnitude
by using a coupling transformer. DVR consists of VSI, i.e.,
voltage source inverter, storage device, coupling transformer,
LC filter, series connected coupling transformer. Mostly for
storing the energy, capacitor DC link is used. The main
important role of DVR is a reduction of voltage sag, which
causes damage of sensitive load.

2. Distribution Static Compensator (D-STATCOM)
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Fig. 3. Distribution static compensator (DSTATCOM)

The variation in voltage like, voltage sag, swell, flicker in
voltage is minimized by using the static compensator
(STATCOM). The STATCOM used in the distribution side is
called as DSTATCOM [7], [8]. By use of the coupling
transformer the DSTATCOM is connected in parallel to the line
as shown in Fig. 3.

The main function of DSTATCOM is to eliminate all the load
harmonics, which are given to the supply The DSTATCOM
connected in parallel to the load act as a current source.
DSTATCOM has the capacity to absorb as well as inject the
reactive power very vastly. The main functions of DSTATCOM
are compensation of reactive power, mitigating harmonic,
improving power factor.

3. Distributed power flow controller(DPFC)

Many researchers [9]-[11] have studied one of the ways for
improving quality of power by using unified power quality
conditioner (DPFC). The use of separate shunt and series active
power filter may not be economical. Hence, the Moran [12]
introduced oneof the devices combining both shunt and series
active filter. After that the Akagi and fujita [13] developed the
concept of DPFC. After this, many of the researchers used this
concept of DPFC.

The Fig. 4. Represents the Distributed power flow controller.
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Fig. 4. Distributed power flow controller
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The various components used in DPFC are as follows:

1. Series inverter - The inverters connected in series to the
supply known as the series active filter. This inverter
behaves as a voltage source line which eliminates a voltage
interruption.

2. Shunt inverter - The inverter connected in shunt to the
supply line is known as shunt active filter. It eliminates the
current related harmonics also minimize the reactive current
in the load circuit.

3. DC link - The capacitor or inductor can be used as common
DC link. As shown in fig. 4 the capacitor is used as DC link,
which supplies the DC voltage.

4. LC filter - The output of the series active filter produces high
switching ripples. The LC filter minimizes the ripples in a
system. The LC filter acts as the low-pass filter.

5. Lsn Filter - The Lsn filter act as a high-pass filter. The ripples
during switching mode are minimized by Lsh filter.

6. Injection transformer - The series injection transformer
connected to series convertor.

III. VARIOUS CONFIGURATIONS OF DPFC

The classification of DPFC depends upon the-
1) Topology of converter

2) Supply system

3) Configuration of system

4) Voltage sag compensation

The classifications of DPFC above given are explained below:
1) Classification on topology of converter

The classification on topology is divided into two types,
i.e.,Voltage source inverter and current source inverter.

a) Voltage source inverter:

One of the topologies of DPFC is VSI i.e. voltage source
inverter based DPFC. The VSI is controlled by pulse width
modulation (PWM). There is the energy capacitor for storing
the energy. The Fig. 4 Shows the DPFC based on VSI with
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Fig. 5. Classification of DPFC

based devices are preferred as there is common DC link for
storing the energy [14]. Also, some of the advantages of DPFC
based on VSl are it can be expanded up to multilevel converter,
chain converter or multi step converter for improving the
performance where the frequency switching is low and the
handling capacity of power is increased, Overall control is
flexible, blocking diodes are not needed, light in weight,
cheaper.
b) Current source inverter

The DPFC is developed by using the modulation of the
Pulse width (PWM) current source inverter (CSI) [14]. The Fig.
6. Shows the DPFC based on the current source inverter. In this
the inductor Ladc stores the energy, and it acts as a common DC
link.
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Fig. 6. Current Source Inverter

2) Classification on supply system

The Classification of DPFC depending on the supply system
is further divided into single-phase and three-phase supply
system [ 15]. Further the Single and three phase can be
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Classified as single phase two wire and three phase three wire
or three phase four wire System.
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Fig. 7. Configuration of H- Bridge (1P2W)

V.’a‘ b
Vs abe i_v;a 1, T
2 L2 | Non-Linear
lo, | SAANS [ Load,
[ YYYY SeLnsiléve
Supply a‘ 2
Voltage LC Filter i

A

=
v:a’e.‘

_{

Series Inverter Shunt Inverter

Fig. 8. DPFC of three phases three wires (3P3W)

The problems of power quality related to voltage harmonics
are same in three phase and single phase system. But in the
system of a three phase the compensation in unbalance of
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voltage 1s required. 1he problems related to Current harmonics
and reactive current of load are issues in the system of single
phase [16]. The unbalance in the current is considered in the
system of 3P3W. Also it needs the compensation of neutral
current [15], [16]. For Minimizing the problems related to
power quality are compensated by configuration of DPFC into
the 1P2W system it consists of two inverters of H-Bridge with
total eight switches.

This Configuration is based on VSI [17], [18]. The
reduction part in the configuration of single phase DPFC is
described in [ 17] by using three, six and four switches as shown
in Fig. 7 and Fig. 8.

3) Classification on configuration of system

As compared to other devices, DPFC performs the two
activities at the same time i.e. minimizes voltage disturbances
as well as the current disturbances. The system configuration
is one of the classifications of DPFC. Different configurations
of DPFC are explained in this section.

a) Right and left shunt DPFC

The two inverters are connected Back to back in DPFC.
Hence we can classify the DPFC based on the location of a
shunt inverter in connection with series inverter. The shunt
inverter placed at the right side is named as the right shunt
DPFC (DPFC-R) [13], where as the shunt inverter placed at the
left side called as the left shunt DPFC (DPFC-L) [19]. The
configuration of DPFC-R is represented in Fig. 4.
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Fig. 9. System configuration of DPFC-L

The Fig. 9 shows the configuration of DPFC-L. Out ofthese
two configurations, the DPFC-R is used significantly. The
sinusoidal current flows from the series transformer in DPFC-
R. This sinusoidal current is not same as that of load current. In
this configuration, the shunt inverter minimizes the current
harmonics. In some cases, the DPFC-L is used, suchas for
minimizing a difficulty between passive filter and shunt filter.
b) DPFC Interlined (DPFC-I)

Joshi A.et al. [20] explained one of the interesting
configurations of DPFC. In this configuration, the shunt and
series inverter are placed in the middle of two distribution
feeders. This is known as DPFC interlined (DPFC-I). In this
configuration, one feeder is joined with series inverter, and
second feeder is joined with shunt inverter. In this
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configuration the regulation ot the two feeders 1s simultaneous.
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Fig. 10. system configuration DPFC-I

¢) DPFC Multiconnected (DPFC-M)

The improvement in performance of a system, the researchers
have evaluated of adding the third unit of a converter for
supporting the DC bus. M.C. Wong et al. [21] have done
research on use of battery storage and super capacitor for
improving the capacity. The connection of third converter can
be done in different ways like it can be connected in parallel
with the feeder, or adjacently it can be connected in series with
the feeder.
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Fig. 11. System configuration of DPFC-M
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d) DPFC Modular (DPFC- Modular)

The Fig. 11 shows the configurations of DPFC Modular
(DPFC-M). This configuration was introduced by the
researcher Bae et al. [22]. This configuration is obtained by
connecting numerous H-bridges i.e. several DPFC in cascade
for each phase. In [23] by use of multi terminal winding
transformer the modules of H-bridge of shunt side of the DPFC
are lined in series, whereas the modules of H-bridge of series
side the DPFC is linked directly in series without using the
series transformer. If the number of modules goes on
increasing, the voltage of each H-bridge will get reduced.
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Fig. 12. System configuration of DPFC-Modular

¢) DPFC Distributed Generator (DPFC-DG)

The renewable-energy sources such as wind, solar are
preferred nowadays as alternate sources. The DG sources can
be combined to the DPFC [23]. This total topology is called
as DPFC-DG. In this configuration, the DG sources are
connected to DC link. The voltage and current harmonics are
mitigated and also the regulation of DG power is done by
DPFC. The generated power by DG can be stored in battery
as the backup in DG bus. One more benefit of giving power to
the load during voltage interruptions is done by the DPFC
integrated with DG. Next the power of DG is given in
interconnected mode, i.e. to the load as well as to the grid or
islanded mode in this the power is transferred to the selective
loads.
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Fig. 13. System configuration of DPFC-DG

4) Compensation of voltage sag
One of the big problems of power quality is the voltage sag.
For mitigating the sag in voltage the various methods by using
DPFC is explained
1. Control of active power (DPFC-P)
For minimizing the sag in voltage, the active power is in use
with the help of DPFC. Therefore, the name is DPFC-P.
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For mmimizing the sag of voltage, series inverter ot DPFC
supplies the component of voltage in series [24]. The supplied
voltage is equal in phase and opposite in direction for
minimizing the voltage sag.

2. Control of reactive power(DPFC-Q)

The control of reactive power leads to minimize the voltage
sag. As it injects the reactive power from DPFC, it is called as
DPFC-Q. The control of power which is reactive in the voltage
of quadrature there is injection of voltage from DPFC through
a series inverter [25].

3. Loading of less Volt-ampere(DPFC-V A min)

There is need of reducing the load of VA for compensation
of Voltage sag. Besides the injection of series voltage in phase
or in quadrature, in the minimum VA, loading voltage of
optimal angle is injected. Hence, the compensation of voltage
with minimum VA ampere is known as (DPFC-VA min)

4. Active and reactive power simultaneously(DPFC-S)

The working is same as that of DPFCVAmin. It injects the
both active and reactive power [25]. The voltage sag as well as
voltage swell is done simultaneously by controlling series
inverter. The name is given as DPFC-S as it gives active as well
as reactive power (Complex power- S).

IV. CONCLUSION

This paper resents a review of DPFC for improving the quality
of electric power. Now after overall review of DPFC, the
Distributed generation integrated with DPFC is main concern.
In this the solar and wind i.e. renewable sources can be used, by
keeping quality of power in acceptable limits. DPFC is one of
the devices, which eliminates the voltage and current harmonics
simultaneously. Different configurations of DPFC are briefly
discussed in this paper.
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