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Abstract—In most of the distribution systems Electric Power Quality plays a major role for 
commercial, industrial and residential applications. The new concept of advanced power 
electronic based Custom Power Devices mainly distributed static synchronous compensator (D-
STATCOM), dynamic voltage restorer (DVR) and unified power quality conditioner (UPQC) 
have been developed due to the deficiency in the performance of conventional compensating 
strategies in order to minimalize the power quality disturbances.  
This work presents a comprehensive review on the various custom power devices which are 
used in order to improve electric power quality. This paper aims to present an extensive outline 
on the different possible intelligent controls used with Custom power devices that are connected 
to renewable energy systems. In this survey a set of innovative technical measures are presented 
in order to alleviate the key power quality issues and also some future scopes on the same for 
the benefit of research scholars and industrialists is provided. 
 
Index Terms— Power Quality, Disturbances, Distributed Generation, UPQC, D STATCOM, 
DVR. 

I. INTRODUCTION 

In this contemporary era, we are entirely reliable on the electric power which is effective, efficient and prevalent 
in nature. However, if the quality and continuity of the electric power supply is not attained, the effectual 
working of the system becomes a challenge. Most of the equipment used in commercial and industrial systems 
require good power quality and also it has to be uninterrupted. Therefore, the quality of electric power is very 
significant. A lot of recent advanced trends are available in power electronics through which reduction of these 
issues in a power system is possible and reasonable. One such recent technique is FACTS, through which 
improvement of power quality and reliability is attainable. Many semiconductor methods are used today in 
several loads that are constructed of power electronic mechanisms. Some of them to mention are desktop 
computer systems, adjustable speed drives, SMPS, etc.  
An alternative cause of power quality disturbance is the integration of several renewable energy systems which 
are in trend making a path for eco-friendly awareness, upgraded technology and consistency.  
However,  these  renewable  energy  sources can be major suppliers of power quality issues which in turn hinders 
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the functioning of the equipment. The main concern of a utility system is to provide pure sinusoidal form of  
electric power and the correct magnitude of current at right frequency at PCC (points of common coupling) to 
their customers. There are various Custom Power devices.  
Some of them are Distribution Series Capacitors (DSC), Dynamic Voltage Restorer (DVR), Distribution Static 
synchronous Compensators (DSTATCOM), Battery Energy Storage Systems (BESS), Solid State Fault Current 
Limiter (SSFCL), Active Power Filters (APF), Solid-State Transfer Switches (SSTS), Static Electronic Tap 
Changers (SETC), Static VAR Compensator (SVC), Superconducting Magnetic Energy Systems (SMES), Surge 
Arresters (SA), UPS Systems and UPQC.  
In this paper, the main focus is on custom power devices like DSTATCOM, DVR and UPQC. Power quality 
comprises all the features including magnitude of voltage, frequency and waveforms of current in the power 
circuits. Sometimes, the quality of power may be negotiated due to transient conditions or from the loads that are 
non-linear in nature. The devices that are mentioned above will regulate the power quality at the point of 
delivery to customers [5].  
IEEE provides an alternate definition "Power Quality is defined as setting up standards for electrical equipment 
regarding their grounding and powering. These standards are useful for the operation of the electrical equipment, 
and also are compatible with wiring system and other connected equipment". These circumstances can yield to 
Power Quality issues which can be modification in voltage, surge in power, voltage and power sags. A very 
simple approach could be developed to determine what power quality is, it is the precision of features and 
parameter defined in the system [4]. Power quality difficulties can be fixed in the power system by means of 
FACTS devices in order to protect the sensitive loads in the power system.  

A. Power Quality 
When we consider a healthy grid, the power quality is referred to the par level of consumer fulfilment in terms of 
continual power supply and sustaining voltage, current and frequency within the acceptable limits defined by the 
grid codes [13]. Any deviation of the above parameters from the acceptable range might result in the mis-
operation and failure of both the utility grid and the customer apparatus. Renewable Energy dispersion into the 
grid might additionally depreciate the quality of power due to the intermittent productivity of the Renewable 
Energy sources and the various power electronic converters used for their incorporation with the grid [21], [25]. 
Henceforth, IEEE has led down the guidelines in terms of Power Quality, which is evaluated based on the 
fluctuations of voltage, voltage and current flickers, and frequency distortion in the grid with Renewable Energy 
dispersion [18].  
These limit the dispersion level of non-conventional sources into the grid. Therefore, mitigation of power quality 
issue is a major challenge for the smart grids [14]. The commonly experienced Power Quality disturbances, their 
symptoms, sources of these disturbances, their effects on apparatus and possible mitigation methods are detailed 
in Table below. Likewise, some of the probable alternate solutions for the mitigation of these issues are 
comprised in the Table I that might give the basic idea for diminishing of the power quality issues. 

II. DFACTS DEVICES 
The DFATCS strategies are nothing but flexible AC transmission system (FACTS) devices which are used in the 
distribution network to regulate the voltage harmonics, voltage magnitude line impedance, phase angle, current 
harmonics and unbalance loading to uphold the power quality. The DFACTS devices are competent in the 
improvement of Power Quality in the grid which is incorporated with Renewable Energy penetration [15]. The 
Performance assessment of various DFACTS devices has been presented in Table II.  
The key advantages of DFACTS devices for Power Quality improvement is as follows [14] 
• Improved operation of prevailing utility grid.  
• Improved flexibility and reliability in the grid with Renewable Energy penetration.  
• Improvement of transient and dynamic stability limit of the grid.  
• Improved system security.  
• Environmentally friendly.  
• Improved quality of power supply.  
The details related to various DFACTS devices are also provided in the below subsection. 
The focus of this paper is restricted to DVR, DSTATCOM and UPQC. Numerous topologies can be 
comprehended to design a DSTATCOM, DVR, UPQC and it is mainly categorized based on:  
1. The type of Distribution system (3P3W and 3P4W),  
2. Organization of the power electronic switching strategies,  
3. The Nature of converter used. 
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TABLE I: SYMPTOMS,  CAUSES, IMPACTS AND SOLUTION OF PQ DISTURBANCES IN UTILITY GRID [3]– [22] 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE II: PERFORMANCE ASSESSMENT OF VARIOUS DFACTS DEVICES 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The features, topologies, and characteristics of DSTATACOM, DVR, UPQC are explained in the following 
sections. 
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Figure1: Classification of DFacts Devices 

A. Dstatcom Operational Mode & Topography: 
A DSTATCOM is a device which is connected in shunt with the distribution system at the point of common 
coupling through a coupling transformer; where in the distribution system consists of unbalanced and nonlinear 
loads and is shown in figure below. 
Initially, the DC input received from storing element is converted into AC and later this is injected into system to 
compensate the unbalanced system voltage [11]. This complete process is under the control of DSTATCOM. By 
this means, the Voltage Source Inverter compares the injected voltage and the line voltage, thereby providing the 
required amount of balance during variations like lagging/ leading voltage [10-12]. For example, if the voltage 
produced by the of the inverter is larger than the supply voltage, the DSTATCOM functions in capacitive mode 
and thus generates reactive power or it functions in an inductive mode by absorbing reactive power from the 
system [13-15]. Hence the main function of the function of DSTATCOM is to supply the reactive power as per 
requirement to the system in order to regulate the voltage at the point of common coupling. 

 
Fig. 2: Schematic arrangement of a DSTATCOM 

B. Dynamic Voltage Restorer(DVR) Operational Mode & Topography 
The various DSTATCOM topologies are presented in the table III. 
DVR consists of an Energy storing Element and a controller scheme, with a Voltage Source Converter (VSC) 
connected in series with grid through a boosting injection transformer. 
Unlike DSTATCOM this is connected in series with the system. The series voltage from the VSC is injected 
with the help of the converter, each time the system is subjected to a fault or a low voltage condition. This series 
injected voltage will recompense the system voltage. Therefore, the DVR uninterruptedly looks after the supply 
voltage and compares it with the reference AC supply voltage, and later it provides the desirable controlled 
voltage to recompense the voltage fluctuations. The schematic arrangement of DVR is shown below. 
Hence the dynamic voltage restorer plays a major role in compensate the voltage sag or voltage swell issues 
which are major power quality issues that might be most commonly occurred whenever a renewable energy 
source has been incorporated into the grid at the distribution side. 
This compensator mainly is used to regulate the voltage conditions whenever there is a fluctuation due to 
integration of Non-Conventional DG where as DSTATCOMS are used especially when renewable sources like 
Wind turbines are integrated into the grid because they can compensate the reactive power fluctuations which are 
a major concern in DFIGs. The DVR topologies are presented in the table IV. 
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TABLE III: CLASSIFICATION AND TOPOLOGIES OF DSTATCOM 

 

Figure 3: Schematic arrangement of DVR with Constant DC link Voltage (Filter) 

C.UPQC Operational Mode & Topography 
A Unified Power Quality Conditioner (UPQC) comprises of a series and a shunt controller with a DC link Capacitor 
connected  between  the  two  controllers.  The  series  controller can be  sued  as a series compensator to regulate the  
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TABLE IV: VARIOUS TOPOLOGIES OF DVR 

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
voltage and the shunt controller can be used to provide shunt compensation to regulate the current and also in turn 
regulate the reactive power but during the process of regulation, the rating of the DC link capacitor must be the same 
for both series and shunt controller. 
The UPQC is a new comprehensive fusion filter arrangement of compensators and it is recognized as a multi-
functional power conditioner used to recompense for the various disturbances in voltage, regulate voltage variations 
and also protect the electrical distribution grid from the entry of hazardous harmonic currents.  
The shunt compensator can generate or absorb reactive power at the point of common coupling. The shunt 
compensator is connected with the distribution grid to control the various parameters of line. 
Hence it can be inferred that an UPQC has a combined operation of a Distribution Static Compensator 
(DSTATCOM) and Dynamic Voltage Regulator (DVR) together. So, whenever there is a requirement of series and 
shunt compensation simultaneously at the same time the UPQC comes into picture. 
The UPQC topologies are presented in the table V. 

III. CUSTOM POWER DEVICES AND RENEWABLE ENERGY SOURCES 

Renewable Energy based Distributed Generation paves the path to enhance the reliability but decreases the 
power quality of the system most of the times through the inverters. This issue or hurdle can be overcome by 
using custom power devices mainly UPQC rather than DSTATCOM or DVR to integrate the Non-conventional 
DG into the distribution grid. However appropriate control of the DC link Capacitor Voltage of the UPQC 
enhances the dynamic stability of the power system during any disturbances.  
In [38], a hybrid DG comprising of fuel cell and DFIG-based wind energy systems are integrated with a weak 
grid by means of the UPQC. In [37], the UPQC is utilized for the integration of a wind energy system with 
enhanced Power Quality, the Firefly algorithm is utilized to improve the control pulses with the help of a 
machine learning a recurring neural network for working out the optimization constraint. In [28], The 
DSTATCOM of the solar PV-UPQC accomplishes double purposes such as recompensing the reactive power 
despite the fact of supplying active power from the PV array into the grid. The DVR of the Solar PV-UPQC 
diminishes the voltage sags and swells.  
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Figure 4: Schematic arrangement of UPQC with DC link Capacitor and filters 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: The classification of UPQC 

TABLE V: UPQC TOPOLOGIES BASED ON CONFIGURATION 
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TABLE VI: UPQC TOPOLOGIES BASED ON THE TYPE OF SUPPLY SYSTEM  

 

TABLE VII: COMPARISON OF VARIOUS CUSTOM POWER DEVICES 

IV. CONCLUSION 

This paper gives a complete survey or review of the various custom power devices, their operation and 
topologies. The necessity for renewable Energy DG remains to rise at a rapid proportion, although the strong-
growing Power Electronic Converter technology makes it probable to incorporate the Renewable Energy DG 
with the grid.  
The UPQC is capable of recompensing for all sorts of source voltage and load current Power Quality 
complications laterally with the incorporation of RES-DG with the main grid. In Comparation with all the 
topologies, it can be concluded that the UPQC-DG, UPQC-MC, and UPQC-ML play a significant role in the 
power system during the integration of RES-DG with the grid.  



 
1225 

Renewable energy (RE) Distributed Generation integration with the electrical utility grid is growing day by day 
and also it affects the quality of supplied power. The weather situations such as intermittent solar insolation and 
wind speed fluctuations affect the power output of the non-conventional sources. The application of custom 
power devices in Renewable Energy Distributed Generation based power system is essential to be explored as 
the custom power devices may be an effective alternative solution for these complications. 
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