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Widespread oapplications of power electronic based loads in industry have increased the
importance and application of power gquality studies. Decrease in the cost of power electromnic
devices, fast switching characteristics of converters and improvements in the efficiency of both
power converters and emnergy storage compoments have increased the applicability of mew
technological solutions such as Custom Power (CP) and Flemible AC Transmission Systems
(FACTS) Devices. Unified Power Quality Conditioner (UPQC, o combination of series and
shunt power filters) s one of the CP devices and compensates woltage and current quality
problems. UPQC has become very popular in recent years both in low woltage and medium
voltage applications. In this study, o comprehensive review om circuit topologies and control
algorithms of UPQC studies is presented. The drowbacks and advantages of each presented
techniques are also presented. The study also helps the researchers to select the optimum
control strategies and power circuit configuration for UPQC applications.
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1. Introduction

Power quality issues are becoming more and more significant in these days because of
the increasing number of power electronic devices that behave as nonlinear loads. A wide
diversity of solutions to power quality problems is available for both the distribution
network operator and the end user [1]. The power processing at source, load and for
reactive and harmonic compensation by means of power electronic devices is becoming
more prevalent due to the vast advantages offered by them. The shunt active power filter
(APF) is usually connected across the loads to compensate for all current related problems
such as the reactive power compensation, power factor improvement, current harmonic
compensation and load unbalance compensation, whereas the series active power filter is
connected in a series with a line through series transformer. It acts as controlled voltage
source and can compensate all voltage related problems, such as voltage harmonics, voltage
sag, voltage swell, flicker, etc [2]. UPQC is a Custom Power Device and consists of
combined series active power filter that compensates voltage harmonics, voltage unbalance,
voltage flicker, voltage sag/swell and shunt active power filter that compensates current
harmonics, current unbalance and reactive current as shown in Figure 1, [3].

UPQC is also known as universal power quality conditioning system, the universal
active power line conditioner and universal active filter [4-5]. UPQC system can be divided
into two sections: The control unit and the power circuit. Control unit includes disturbance
detection, reference signal generation, gate signal generation and voltage/current
measurements. Power circuit consists of two voltage source converters, standby and system
protection system, harmonic filters and injection transformers.

The findings of the comprehensive literature survey summarize the available studies
related with control unit and power circuit of the UPQC. Therefore, the paper is organized
into the following sections: The power circuit configurations are presented in Section 2.
The control unit of UPQC is examined in Section 3. Section 4 includes field applications of
UPQC and future trends. Finally, the conclusions of this study are given.
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Figure 1. Basic representation of UPQC
2. Power Circuit of UPQC

UPQC is a combination of a shunt (Active Power Filter, APF) and a series compensator
(Dynamic Voltage Restorer, DVR) connected together via a common dc link capacitor,
which facilitates the sharing of the active power. Each compensator consists of IGBT
inverters, which can be operated in current or voltage controlled mode. Depending upon the
location of the shunt compensator with respect to series compensator, the UPQC model
could be named as Right Shunt-UPQC or Left Shunt-UPQC. Typically the active power
generated in one unit is consumed in the other unit maintaining the energy balance Overall
characteristics of the Right Shunt-UPQC are superior to those of the left shunt-UPQC [6].
Basic topologies of UPQC are shown in Figure 2.

The paper has been mainly focused on the circuit topologies and control algorithms of
UPQC and a number of topologies have been reviewed. UPQC can be used for medium
voltage and low voltage applications. In case of low power applications, it is not convenient
to install an UPQC, since the DVR spends most of its time in standby mode [7]. UPQC is
generally designed as 3-phase 3-wire (3P3W) systems [8]. 3-phase 4-wire (3P4W) system
is also realized from (3P3W) system where the neutral of series transformer used in series
part UPQC is considered as the fourth wire for 3P4W system [9]. There are also single
phase UPQC systems [10]. Various topologies such as H bridge topology [11], multilevel
topology [12-13], single-phase UPQC with two half-bridge converters [10] and single-
phase UPQC with three legs [10] are the examined for UPQC applications. A new topology
consists of the DC/DC converter and the super-capacitor is presented in [14]. Series and
parallel units do not have a common DC link (OPEN UPQC) in [15]. Advanced renewable
generation based distributed power generation system is developed in [16]. UPQC is
connected between two independent feeders to regulate bus voltage of one of feeders while
regulating voltage across a sensitive load in the other feeder in [17]. A new configuration
named multiconverter unified power-quality conditioner (MC-UPQC) for simultancous
compensation of voltage and current in adjacent feeders has been proposed in [18].
Compared to a conventional UPQC, MC-UPQC topology is capable of fully protecting
critical and sensitive loads against distortions, sags/swell and interruption in two-feeder
systems.
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Figure 2. Power circuit topologies: (a) Left Shunt-UPQC, (b) Right Shunt-UPQC
(c) OPEN UPQC, (d) Interline UPQC and (¢) Multilevel UPQC

The protection of a UPQC against voltage surges and short circuit conditions to prevent
its malfunction or destruction is discussed in [19]. The power circuit of UPQC generally
consists of common energy storage unit, DC/AC converter, LC filter and injection
transformer.

2.1 Energy Storage Unit

DC link (energy storage unit) supplies required power for compensation of load voltage
during voltage sag/swell or current harmonics. UPQC generally consists of two voltage
sourced inverters (series and shunt) using IGBT which operate from a common DC link
storage capacitor [20]. DC link (DC-DC converter) connected to the battery energy storage
system is used in [21]. Voltage interruption can also be eliminated by the use of a UPQC
with distributed generation [22]. Split capacitor topology is used in [4]. Photovoltaic
generation as well as the functions of a unified power quality conditioner is presented in
[23].
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2.2 DC/AC Inverter

Inverter circuits convert DC power to AC power. Types of inverter are voltage source
(fed) inverter (VSI) and current source (fed) inverter [24]. VSIs are preferred for both shunt
and series sides [20]. The series converters are generally composed of 6 bridge VSI [25]
and rarely composed of three single-phase H bridge VSIs [11]. Shunt converters are
generally composed of 6 bridge VSIs for three phase [26]. There are also some studies
using 6 bridge inverters for series converter [8] and three single phase H bridge inverters
for shunt converter [11]. Current source inverters are preferred for both shunt and series
sides in [27].

2.3 LC filter

The effect of harmonics generated by the inverter can be minimized using inverter side
and line side filtering [28-29]. Inverter side filtering scheme has the advantage of being
closer to harmonic source thus high order harmonic currents are prevented to penetrate into
series injection transformer but this scheme has the disadvantages of causing voltage drop
and phase angle shift in the fundamental component of the inverter output. In line side
filtering scheme, harmonic currents penetrate into series injection transformer but voltage
drops and phase shift problems do not disturb the system. Inverter side LC filtering is
generally preferred for both series sides [30] and inverter side L filtering is generally
preferred for shunt side [31]. Inverter side C filtering is preferred for shunt side in [17].
UPQC incorporating an LCL filter is presented in [32].

2.4 Injection Transformer

Series converter of UPQC is most of time in standby mode and conduction losses will
account for the bulk of converter losses during the operation [33]. In this mode, the series
injection transformer works like a secondary shorted current transformer using bypass
switches delivering utility power directly to the load. UPQC without injection transformer
has been designed and reported in [34]. A novel configuration of UPQC which can be
connected to the distribution system without series injection transformers is presented in
[35].

3. Control Unit

The control unit is the most important part of the UPQC system. Rapid detection of
disturbance signal with high accuracy, fast processing of the reference signal and high
dynamic response of the controller are the prime requirements for desired compensation
[36]. As shown from Figure 3, the main considerations for the control system of a UPQC
include:

= Series inverter control: Sag/swell detection, voltage reference generation, voltage
injection strategies and methods for generating of gating signals.

= Shunt inverter control: Current reference generation, methods for generating of gating
signals and capacitor voltage control.

3.1 Sag/Swell Detection

Voltage sag/swell must be detected fast and corrected with a minimum of false
operations for 3 phase systems. Monitoring of [V+v?z or Vg in a vector controller is the
q

simplest type of sag/swell detection, which will return the state of supply at any instant in
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time and hence, detect whether or not sag has occurred [37-38]. The sag/swell detection
methods for series inverter side are root mean square method, Fast Fourier Transform
(FFT) method [39], Peak Sequence Analysis (PSA) method [40], Synchronous frame (dq)
detection method [41], analogical method of perturbation detection for voltage [42].

3.2 Reference Signal Generation

To generate reference signals for shunt converter, p-g-r instantanecous reactive power
theory (IRPT) is generally preferred for reference current calculation [43]. An extended
method based on IRPT in a rotating reference frame is used to suppress the harmonics and
to correct the power factor. Adaptive detection technique is evaluated in [44] that
minimizes the affects of noise or parameter variations. Besides, sinusoidal template vector
algorithm [45], DC link voltage, neuron based [46] and proportional-integral (PI) controller
method [30] and fuzzy control [47] are used. To generate reference signals for series
converter unit; vector template generation method [48], adaptive detection [49], dq
transform [50], using peak detector and averaging method [51], using band pass filter and
positive sequence calculation [52] and FIR filter [53] are used. To generate reference
signals for both series and shunt converter simultancously; linear quadratic regulator [54],
unit vector template generation method [48], positive sequence component method [55],
wavelet transform [41], multi variable regulator based with Kalman filters [56], Artificial
Intelligence Based [22], neural network [34], Pole shift control [57], least squares algorithm
[58] and abc-dq transform method [59] are employed.

The overall power balance of the UPQC is maintained through the DC-link capacitor
[60]. DC voltage control can be fulfilled by the traditional DC voltage feedback control or
the composite control [8], PI control [30]. UPQC implemented in [61] uses a control circuit
without reference calculation. The control of the UPQC can be implemented using DSP
[62], FPGA or combination of them with passive circuits.

3.3 Generating of gating signals

The outputs of controller process are the control signals that are used in generation of
switching signals of the inverter. To generate gating signals for only shunt converter,
hysteresis controller [30] and predictive current regulation current controller [63] are
employed. To generate gating signals for only series converter;, sinusoidal pulse width
modulation (PWM) [30] and hysteresis controller [64] methods are employed. Space vector
PWM in [65], fuzzy hysteresis in [3] and sinusoidal PWM strategy in [66] are preferred for
both series and shunt side inverter signal generation, respectively.

4. UPQC in Service and Future Trends

Digital controller based UPQC has been developed for a laboratory prototype in some
of the studies [2], [30], [62], [67]. As a large scale structure, a 250kVA UPQC is developed
at Centre for the Development of Advanced Computing (C-DAC), Trivandrum, India and is
under field trial at the centre [68]. Hykon Group Company installs IGBT based UPQC in
the range of 10kVA to 250kVA connected to a low voltage level [69].

Most of the proposed or practiced control strategies for power quality conditioners have
been reviewed with regard to performance and implementation. The research reveals that
there has been a significant increase in interest of UPQC and associated control methods.
This could be attributed to the availability of suitable power-switching devices at affordable
price as well as new generation of fast computing devices (microcontroller, DSP, FPGA) at
low cost [36]. However, deregulation of electricity market may contribute to rising
penetration level of distributed generation (DG) from renewable energy sources (wind,
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solar, biomass, etc.) in the near future. This can lead to an increase in the number of UPQC
studies based on DG [70].
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Figure 3. Control unit of UPQC with a specified power circuit topology
5. Conclusions

Unified Power Quality Conditioner can mitigate the some types of power quality

disturbances such as voltage sags/swells, voltage harmonics, unbalances, current harmonics
and poor power factor. These disturbances can cause misoperation of highly automated
systems, malfunction of sensitive loads which increases the economical cost of fault,
decrease of system efficiency and increase of the power losses and overheat transformers.
UPQC can be very effective solution such a high technology industrial plants or the group
of customers having sensitive loads in Custom Power Park.
The paper has been mainly concentrated on the converter topologies and the control
algorithms. A number of UPQC topologies have been reviewed. With this study, the
findings about UPQC studies in the literature and the application notes of UPQCs in service
are presented and thus the trends of UPQC through the years are clearly observed
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