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Abstract - The Deregulated structure of Modern Power
System (MPS) enforces the service provider to maintain
power quality at aspects. The MPS is highly burdened with
non-linearity in current and voltage. This is because there
has been a high penetration of power electronic based load
which injects harmonics into the system. This non-linearity
may interfere the whole system and can results in voltage
and frequency instability. Hence it is important rectify
various Power Quality Issues (PQl) due to system non-
linearity. In the beginning Active Power Filter (APF) were
used to mitigate PQlL. APF may be connected in shunt or
series combination with the system and has selective
features. Unified Power Quality Conditioner (UPQC) is a
compensator which can be connected both in series and
shunt simultaneously to mitigate various PQI and has wide
range of features. UPQC has numerous topologies as per the
system requirement. This paper presents the topological
survey of all the available topologies of UPQC.

Key Words: Modern Power System (MPS), Power Quality
Issues (PQI), Active Power Filter (APF), Unified Power
Quality Conditioner (UPQC), Voltage Source Inverter (VSI).

1.INTRODUCTION

Power sector reforms begun in late 90’ century. Earlier
power sector was regulated structure in which authority
was owned by single entity. But in late 90’ century and in
the early 20’ century power sector was converted into
deregulate structure in which multiple entities can be
involved to participate in power sector operation and
management [1]. In deregulated market structure it is the
responsibility of service provider to maintain the good
quality and continuity of supply [2].

The Modern Power System (MPS) has undergone
numerous reforms. Also, the technological development in
semiconductor devices has leads to high efficiency and
precise equipments. The Power Semiconductor Devices
(PSD) induces harmonics in the current as well as voltage
waveforms. Also, to meet increasing power demand and
reduce carbon emission Renewable Resources (RR) are
used. To integrate RR into existing network topology, PSD
are employed. This in-turn injects harmonics. High
harmonic content distorts the voltage and current
waveforms and generate numerous Power Quality Issues

(PQD) [3].

To safeguard the precise equipment of the system and to
improve the quality of supply at consumer end, it is
required to mitigate PQI. As the importance of quality of
supply started with the deregulated structure, earlier filter
elements were used. Filters are designed with lumped
parameters of inductance, resistance and capacitance
(LRC). When a fixed parameter of LRC is used in filter
design it is a passive filter [4] and it suffers from high
losses and low efficiency. Hence an active filter design is
developed [5,6]. As the technology evolve further, a new
class of PSD is developed named Custom Power Devices
[7,8] which are the specifically designed to meet the
particular requirement of PQI of Distribution System (DS).
The CPD are classified as network regenerative and
compensating type as shown in fig. 1. The network
configuring types are based on GTO/thyristors devices
generally meant for fast current limiting, current breaking,
voltage stabilization and load switching. The CPDs of
network reconfiguring type are [9,10]:

e Solid State Current Limiter (SSCL)

e Solid-State Transfer Switches (SSTS)
e  Static Electronic Tap Changers (SETC)
e Solid State Circuit Breaker (SSCB)
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Fig-1: Classification of Custom Power Device

The compensating types are used to resolve various power
quality issues like load balancing, voltage regulating and
improving power factor. The compensating types of CPDs
are most popularly used in present scenario. It is specially
customized power electronic converters to meet the
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consumer specifications. The compensating type CPD
[11,12] are:

. Distribution-STATCOM (D-STATCOM)
. Dynamic Voltage Restorer (DVR)
. Unified Power-Quality Conditioner (UPQC)

This paper presents the comprehensive review on
numerous topologies available in literature for mitigating
various PQI.

2. UNIFIED POWER QUALITY CONDITIONER
(UPQQ)

UPQC is one of the powerful tools used for PQ
compensation, where shunt and series converters
functionalities are integrated together to accomplish
superior control over several PQ problems at the same
time [13-14]. The basic circuit topology of UPQC is
presented in figure 2, which comprise of two converters.
One converter is connected at source side which is
generally a series converter coupled using inter-link
transformer. Another is shunt converter which is shunted
directly at load side. And the two converters are coupled
using DC-link capacitance. Series-converter behaves as
sinusoidal-voltage source which has the capability to
eliminating load current harmonics. In conventional UPQC
topology the two coupled converters are designed using
two level Voltage Source Inverters (VSI) [15]. VSI is a PSD
designed using IGBT, GTO etc. It is used to inoculate
compensating current in a way to remove load current
harmonics hence the current taken from source is
completely sinusoidal.
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Fig. 1.4 Single-phase UPQC

UPQC performs the operations of a Distribution Static
Compensator (DSTATCOM) and Dynamic Voltage
Regulator (DVR) simultaneously. It is installed where
simultaneous operation shunt and series compensation is
required. A DS may encompass unbalance, distortion and
even dc components. Hence UPQC operate with all these
aspects in order to provide shunt or series compensation.

3. CLASSIFICATION OF UPQC

The UPQC has broad 2 classification based on 1) physical
structure [16]- [18] and 2) Compensation it provides [19].
Available research witnesses’ numerous configurations to
form a UPQC system as shown in Fig. 2. [20]. UPQC is sub-
classified based on 1) converter topology; 2) supply
system and 3) System configurations for single and/or
three-phase system. Furthermore, as per the application-
oriented topologies are, UPQC-P, UPQC-Q, UPQC-L, UPQC-
R, UPQC-D, UPQC-DG, UPQC-I, UPQC-L, UPQC-MC, UPQC-
MD, UPQC-ML, UPQC-P, UPQC-Q, UPQC-R, and UPQC-S.

The converter of UPQC cab be designed using voltage
source or Current Source Inverter (CSI)configuration [21].
The CSI shares a common energy storage inductor Ldc to
form the dc link. A voltage blocking diode connected in
series with switch is required to realize this topology as
shown in fig-3. The VSI is another topology which is widely
adopted and very popular in designing UPQC as already
discussed in fig-1. The advantages offered by VSI topology
over CSI include lighter in weight, no need of blocking diodes,
cheaper, capability of multilevel operation, and flexible overall
control.

The electrical supply system is single and three phase based.
Hence UPQC can be designed for both the configuration. Fig-4
presents the most popularly adopted 1-phase topology [22].
For 3-phase system the topologies can be based on 3-phase 3-
wire and 3-phase 4-wire. The widely adopted 3P3W topology
is presented in fig-5 [23]. Apart from the three-phase loads,
many industrial plants often consist of combined loads, such
as, a variety of single-phase loads and three-phase loads,
supplied by 3P4W source [24]. The fourth wire is neutral
conductor which causes an excessive neutral current flow and,
thus, demands additional compensation requirement as shown
in fig-6.

Based on the system UPQC configuration, it can be either right
shunted as previously discussed in fig.1. or it can be left
shunted as shown in fig-7 [25]. There could be also interline
type of topology that is UPQC-1 as shown in fig-8. UPQC-I
can be connected between two feeders through which
simultaneous compensation of two DS can be achieved [26].
Another unique topology is multi-converter based, in which an
additional converter is connected to support the DC-bus as
shown in fig-9 [27]. With advent in development of multi-level
inverter (MLI) topology, the UPQC converters are replaced by
ML in place of VSI/CSI as shown in fig-10. This improves the
performance of UPQC [28].

Now, based on the application different topologies are also
available. Particularly to provide active power control UPQC-p
can be designed. For reactive power control UPQC-R is
available in literature. For apparent power control UPQC-S is
available. Hence UPQC presents versatility in topology to
meet the complete system requirement [29-30].
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~N ’.s"v | “«» fp, || MR source as well as load current, sag in voltage, swell in
= v o voltage, momentary interruption, transients in voltage and
Supply _ ‘ current, power factor, etc. DS suffers random and frequent
YoRee ”T L, issues of voltage sag which may be the result of faults in

power system. Faults may be symmetrical (three phase)

: and unsymmetrical (involving 1/2 phases). In case of

J_v symmetrical-faults, only magnitude compensation is

‘{ ’|‘ = |_ required. While for unsymmetrical both magnitude and

: phase correction is required. UPQC has the capability of
; Shuntlnverter Series Inverter ; simultaneous magnitude and phase angle compensation

for voltage and current and its application is reported in
literature [31-37]. Another increasing area of research in
UPQC is its application in integrating RR such as solar and

Iy I L k. wind with the utility system. This research work is not
@—P——IF“W"} * »—| Load-1 much reported [38,39], since this area is not much
explored. In case of PV fed UPQC (PV-UPQC), UPQC

: L,
li"T? 7 LB perform dual function of integrating UPQC with grid as
E‘\(‘ well as mitigating numerous PQI. PV-UPQC can supply

|_ Shunt Inverter active .as well as reactiyg power tg DS simultaneously,

hence increases the stability and reliability aspects of the
S system. Which is the most desirable feature of MPS, hence
the application of UPQC in MPS is increasing day-by-day. It
is attracting researchers to explore its numerous
applications.

Series Inverter

LAY
{;‘! 4. CONCLUSIONS

For customer satisfaction it is the responsibility of service

Load-2 provider in a deregulated power sector to provide good

quality of supply. Modern distribution system is highly

LB-2 burdened with non-linear loads and high rating PSD.

Fig-8: Interline UPQC topology Numerous topologies are available in literature to improve

PQ of the supply system. Particularly in DS, UPQC is widely
adopted for precise power flow control and harmonic less

v1| i [ on-Linear supply. This paper presents a comprehensive review on
1] o UPQC topologies with its application. Also working
| Load principle overviewed with its system configuration. As per

\?;fapg';; i T the application there are numerous variants of UPQC is
"1 3L, available in literature. All the variants with their design

aspects are shortly discussed in this paper.
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