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Abstract: This paper investigates the impact of different FACTS devices on critical power quality (PQ) 

phenomena including voltage sags, harmonics and unbalance from the perspective of both mitigation 

effect and potential negative impact. The FACTS devices, including SVC, STATCOM and DVR, are 

modeled in commercially available software PowerFactory/DIgSILENT to study their impacts on the 

critical PQ phenomena. Two control strategies, voltage regulation and reactive power compensation, are 

considered for STATCOM. For DVR, a PI-controller is developed for the purpose of voltage sag 

mitigation. The merit of the proposed controller is presented by the dynamic response of during-fault 

voltage and the capability of post-fault voltage recovery. The study is carried out on a large-scale generic 

distribution network. The impact of various devices on PQ phenomena is assessed using appropriate 

evaluation methodologies, and the results obtained with and without mitigation are presented and 

compared using heatmaps. 

 

1. Introduction 

Power quality (PQ) issues have attracted significant attention from both utilities and customers due 

to the substantial financial losses caused by inadequate power quality [1, 2]. Voltage sags, as one of the 

most critical power quality problems, has become a focal point for many researchers in the area of PQ in 

the past. This phenomenon causes frequent disruptions to industrial processes and malfunction of 

electronic equipment, consequently resulting in substantial financial loss to Distribution Network 

Operators (DNOs) and end-users [3, 4]. Voltage unbalance issues are also becoming more important as the 

penetration of single phase distributed energy resources (generation and storage) grows continuously. This 

phenomenon imposes thermal aging/stress to power system equipment and user-connected devices, causes 

additional power/energy loss in the network, and consequently reduces the efficiency of load and overall 

network [2, 5]. Apart from voltage sags and unbalance, harmonics phenomenon is also one of the main 

concerns in power networks, due to the increasing number of non-linear loads, electric vehicles and power 

electronic interface connected distributed generators (DG) and loads. Harmonics phenomenon causes 

thermal stress and losses to both power system’s and customers’ equipment. Besides, it increases the peak 

voltage resulting in thermal stress of insulation, i.e., reduced life time of the insulators, and disruption of 

operation of sensitive loads. Its presence can also cause telephone interference (high harmonic orders in 

particular), mal-operation of protection devices and switchgears, problems in the metering and 

instrumentation, and damage of capacitors and cables under resonance conditions [6].   
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A number of standards have been developed to specify the performance requirement and evaluation 

techniques with respect to various PQ phenomena. For instance, international standards IEEE 1346 [7] and 

IEEE 1564 [8] have been set up to provide guidelines for system/tool design in terms of ride-through 

capability to voltage sags. EN 50160 provides recommended levels for voltage characteristic in public 

distribution systems [9]. IEC 61000-4-30 provides measurement methods, accuracy levels, aggregation 

periods and evaluation techniques for unbalance phenomena [10]. IEEE 519 defines the harmonics 

performance allowed in the networks [11]. Violation of the standard specified thresholds could potentially 

result in heavy penalties imposed to DNOs. Thus it is important to meet the requirements as specified. To 

ensure provision of appropriate PQ levels, various methodologies have been explored in literature to 

mitigate PQ phenomena [12, 13]. Flexible ac transmission system (FACTS) devices are becoming more 

and more popular option for PQ mitigation in power systems, due to their undisputed mitigation 

capabilities and fast development of power electronic components resulting in decreasing cost of these 

devices. They have been reasonably and widely investigated in power systems for various purposes, e.g. 

restoring bus voltages locally or globally [14], enhancing transfer capability [15] and maximizing power 

system loadability [16], etc. Due to their flexibility, FACTS devices have also been considered as 

promising solutions for mitigating PQ phenomena. Even though these devices are still relatively expensive, 

placing FACTS devices for PQ mitigation is potential and beneficial in the long run, as the financial 

benefits resulting from their installation will cover the investment, which has been proved in the past 

studies [17, 18]. So far, FACTS devices have been mainly studied for mitigating one particular PQ 

phenomenon [19-21]. However, generally the installation of these devices will also affect the performance 

of other PQ phenomena. Thus comprehensive investigation on the impact of FACTS devices on different 

PQ phenomena is still required. 

In this paper, the impact of FACTS devices (including SVC, STATCOM and DVR) on critical PQ 

phenomena (including voltage sags, harmonics and unbalance phenomena) is comprehensively studied by 

modelling them in DIgSILENT. The control strategies of voltage regulation and reactive power 

compensation are considered for STATCOM. A PI-based controller is developed for voltage sag 

compensation, and its capability of compensating during-fault voltages and fast recovery of post-fault 

voltage are presented by comparing its dynamic voltage response with those obtained by STATCOM and 

SVC. The study is carried out on a large-scale generic distribution network. The simulation results 

demonstrate the strengths and weaknesses of various FACTS devices in terms of mitigating different PQ 

phenomena. This study provides useful reference to understand the impact of the installation of FACTS 

devices on PQ phenomena including those that were not originally targeted by the installed devices. 
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2. Modelling of FACTS devices  

In the study, commercially available DIgSILENT/PowerFacotry software is used to model Static 

VAR Compensator (SVC), Static Compensator (STATCOM) and Dynamic Voltage Restorers (DVR) and 

to perform all dynamic simulations. 

 

2.1. Static VAR Compensator (SVC) 
 

SVC, as a shunt device, provides rapidly controllable reactive shunt compensation for dynamic 

voltage control through its utilization of high-speed thyristor switching/controlled reactive devices. The 

model of SVC is given in Fig. 1. It consists of harmonic filter and a Static Var System (SVS) which 

comprises Thyristor Controlled Reactor (TCR), Thyristor Switched Capacitor (TSC), and Mechanically 

Switched Capacitor (MSC). SVC regulates the voltage by controlling the reactive power generated into 

(via TSC) or absorbed from (via TCR) the power system. The TSC provides a “stepped” response and the 

TCR provides a “smooth” or continuously variable susceptance.  
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Static Var 

System (SVS)

PCC

LoadGrid

Transformer
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Positive 

Sequence
DQ 

transform

PLL

Voltage 

controller
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   a       b 
Fig. 1.  Configuration of SVC connected to grid and SVC Model 

a Configuration 

b Block diagram 

 

2.2. Static Compensator (STATCOM) 
 

STATCOM, connected in shunt to the AC power system, regulates the voltage by adjusting the 

amount of reactive and active power transmitted between the power system and the Voltage-Sourced 

Converter (VSC). The model of STATCOM is illustrated in Fig. 2, which mainly consists of a power 

transformer, a VSC on the secondary side of the transformer and a DC capacitor working as an energy 

storage device. The VSC provides a multifunctional topology which can be used for various purposes, e.g., 

voltage regulation and compensation of reactive power, correction of power factor, and elimination of 

current harmonics [22]. In the study, the first two control strategies are investigated. 



>ACCEPTED VERSION OF THE PAPER< 

 

4 

 

PWM based 

VSC

PCC

LoadGrid

Transformer

DC Capacitor
                                   

Voltage DC 

measurement PLL

PWM 

converter

VDC/VAC 

controller

Voltage 

(PCC) 

measurement 

Q (PCC) 

measurement 

 
a                            b 

Fig. 2.  STATCOM model  

a Configuration 

b Block diagram 

 

 

2.3. Dynamic Voltage Restorers (DVR) 

 

DVR, a device connected in series with the grid, is capable of protecting sensitive loads against the 

voltage variations or disturbances via a VSC that injects a dynamically controlled voltage in series with 

the supply voltage through transformers for correcting the load voltage. With proper control design, DVR 

can be used to mitigate key PQ disturbances like voltage sags [23]. 
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Fig. 3.  DVR model and voltage/current controllers  

a Configuration 

b Block diagram 

c DVR voltage/current controller 

 

The modelling of DVR is given in Fig. 3 (a) and (b). In the study, a PI-based control strategy is 

developed for the purpose of voltage sag mitigation, as shown in Fig. 3 (c). The control structure consists 

of a PI-based current controller and a PI-based feedback voltage controller, together with a proper time-

delay function. Pmr and Pmi, the signals coming from the controller, are modulation indices which will be 

used by PWM VSC to determine the real and imaginary parts of the voltage at AC-side respectively based 

on the following equations: 

𝑈𝐴𝐶𝑟 = 𝐾0𝑃𝑚𝑟𝑈𝐷𝐶                                                                     (1) 

𝑈𝐴𝐶𝑖 = 𝐾0𝑃𝑚𝑖𝑈𝐷𝐶                                                                      (2) 

where 𝐾0 is a constant that depends on the modulation method applied in PWM, and 𝑈𝐷𝐶 is the voltage at 

DC-side. 

 

3. Evaluation Methodologies  

To evaluate the mitigation effect of FACTS devices on various critical PQ phenomena (including 

voltage sags, harmonics and unbalance), appropriate evaluation methodologies/indices should be applied 

in order to account for the factors of concern for each phenomenon. In the study, Bus Performance Index 

(BPI) [24, 25] is adopted to evaluate the severity of voltage sag phenomena from the perspective of 

utilities and customers in distribution networks. This index takes into account various sag characteristics 

simultaneously as well as sensitivity of equipment to voltage sags. It accounts for sag magnitude, sag 
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duration, sag occurrence frequency, the sensitivity of equipment to voltage sags, the uncertainty of voltage 

tolerance curve, the stochastic nature of load variation and the uncertainty of sag characteristics. It reflects, 

to a good approximation, the practical consequence of voltage sags from the point of view of 

system/equipment operation. With this index, voltage sag performance across the network can be assessed, 

and customer requirements can be evaluated. 

Voltage unbalance factor (VUF), defined as the ratio of negative to positive sequence voltage, is 

applied to assess the unbalance severity at buses [10]. 

The performance of harmonics is characterized by the total voltage harmonic distortion defined as 

below: 

𝑇𝐻𝐷𝑉 = √
∑ (𝑈ℎ)

2𝐻
ℎ=2

𝑈1
                                                                  (3) 

 

4. Mitigation Capabilities of FACTS Devices 

The response of various devices to different PQ phenomena is mainly determined by control design. 

In this study, the controllers of FACTS devices are designed to achieve optimal performance for 

predefined/specific purposes, and the controller parameters are tuned to serve these purposes while at the 

same time taking into account the characteristic of the network they are connected to. In the study, SVC is 

equipped with unbalanced controller to mitigate unbalance; DVR is designed for voltage sag mitigation, 

with its series connected injection transformer responding to the detection of voltage sags; STATCOM-V 

(i.e., the STATCOM used for voltage regulation) is to maintain the voltage at nominal value; STATCOM-

Q (i.e., the STATCOM used for reactive power compensation) is to compensate required reactive power in 

downstream branches. Three-phase converter with PWM is used to model DVR and STATCOM operation. 

The impact of FACTS devices on various PQ phenomena is tested in a large-scale distribution 

network, 295-bus generic distribution network (GDN), as shown in Fig. 4 [24, 26]. It comprises 275 kV 

transmission in-feeds, 132 kV and 33 kV predominantly meshed sub-transmission networks, and 11 kV 

predominantly radial distribution network. The network consists of 276 lines including overhead lines and 

underground cables, 37 transformers with various winding connections, 297 loads (including 10 unbalance 

loads) representing industrial, commercial and domestic loads, 26 distributed generators (including 5 wind 

turbines, 9 fuel cells and 12 photovoltaic (PV) generators) connected to 11 kV distribution network. The 

locations of unbalanced loads and distributed generators are marked by different labels in Fig. 4. The wind 

generators were modeled as three phase asynchronous generators of DFIG type with max output of 0.6 p.u. 

based on their full capacity. The fuel cells were connected as single phase static generators. As for the 12 
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PVs, three PVs are connected as three-phase generators (to simulate larger PV installations), and the 

remaining nine as single-phase.  
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Fig. 4.  Single line diagram of 295-bus generic distribution network  

 

STATCOM and SVC devices are placed at bus 217, and DVR is connected in the line between buses 

216 and 217. Although a DVR is typically used to provide customized power supply to an individual 

sensitive load (individual plant), the application here considers protecting a number of downstream 

sensitive loads from upstream voltage sags. For the convenience of comparison, only one representative 

operating point is used, and one device is activated at one time. In Fig. 4, the two downstream branches at 

bus 217 are denoted as feeders 1 and 2 respectively. 

The compensation effect of various devices on voltage sag performance is studied by applying a 

fault at upstream bus. The dynamic response of voltage at bus 217 is given in Fig. 5. Without the 

connection of any FACTS device, the voltage at bus 217 is larger than 1 p.u. With the connection of 

STATCOM-V, SVC or DVR, the pre-fault voltage is 1 p.u. When STATCOM-Q is connected, the pre-

fault voltage is the same as that obtained without the connection of any device, as seen from Fig. 5(b). 

Although STATCOM-Q and STATCOM-V perform similarly during fault, they present different 

capability of post-fault voltage recovery. During the post-fault period, the performance of STATCOM-Q 

and STATCOM-V is similar when the rating is small. However, as the rating increases, STATCOM-V 

results in more pronounced voltage oscillations compared to STATCOM-Q. SVC is generally used for fast 

voltage regulation and to improve voltage recovery after the fault clearing. In this case, the SVC   

improved voltage recovery performance when its rating was relatively small. The application of larger 
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SVC, however, led to pronounced post-fault voltage oscillations as in its control design TSC is not 

blocked during severe voltage sags to prevent excessive transient voltage on fault recovery. It was 

observed that once the ratings of devices (SVC, STATCOM-Q and STATCOM-V) reached a certain value, 

the support they provide with respect to voltage sags performance reduces and   even if their rating is 

further increased there is no improvement in performance. In this case, DVR provides much better voltage 

dynamic response at B217 compared to other devices. DVR, equipped with energy storage for sag 

compensation, is not only able to compensate the voltage up to 1 p.u. (given sufficient energy storage), but 

also able to recover the post-fault voltage fast and does not result in post-fault voltage oscillation. 

 
a                                                                   b  

   
c                                                                     d 

Fig. 5.  Dynamic response of voltage with FACTS devices  

a SVC 

b STATCOM-Q 

c STATCOM-V 

d DVR 

 

The mitigation effect of various FACTS devices on harmonics and unbalance phenomena is given in 

Tables 1 and 2 respectively. STATCOM-Q outperforms other FACTS devices in terms of harmonics 

mitigation, and SVC has the best performance in terms of unbalance mitigation. 
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Table 1 THD obtained with various FACTS devices 

 
 None SVC STA-Q STA-V DVR 

THDA at B216  2.143 0.040 0.046 0.045 0.536 

THDB at B216  0.636 0.031 0.026 0.028 0.437 

THDC at B216  1.974 0.072 0.078 0.087 0.759 

THDA at B217  2.154 0.009 0.007 0.007 0.108 

THDB at B217  0.639 0.004 0.001 0.001 0.018 

THDC at B217  1.983 0.011 0.011 0.013 0.206 

THDA at B178  2.183 0.009 0.007 0.008 0.109 

THDB at B178  0.647 0.004 0.001 0.001 0.018 

THDC at B178  2.005 0.011 0.011 0.013 0.209 

 

 

Table 2 VUF performance with various FACTS devices 

 
 None SVC STA-Q STA-V DVR 

VUF at B216 (%) 4.1 0.2 0.6 0.5 4.0 

VUF at B217 (%) 4.1 0 0.5 0.4 4.4 

VUF at B178 (%) 4.1 0 0.5 0.4 4.4 

 

To see the influence of each device on its neighbouring buses, BPIs at all buses are given in Fig. 6(a). 

SVC, STATCOM-Q and STATCOM-V have similar performance. DVR improves the sag performance at 

downstream buses significantly, i.e., the buses on feeders 1 and 2. 

Harmonics performance at all buses due to the connection of various FACTS devices is presented in 

Fig. 6(b). It can be seen that the performance of SVC, STATCOM-Q and STATCOM-V is similar. For 

DVR, the obtained THDs at the downstream buses are better than those at the upstream buses. 

The unbalance performance at all buses with various FACTS devices is given in Fig. 6(c). In this 

case SVC outperforms other FACTS devices. When SVC is installed, the obtained VUFs at the buses 

which are close to the installation location are greatly improved. Between STATCOM-V and STATCOM-

Q, the former provides better performance at the buses which are close to B217, while the latter provides 

better mitigation effect at the buses which are relatively further away from B217. DVR has minor impact 

on the upstream buses while causing slightly higher VUFs at the downstream buses. 
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a                                                                   b  
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Fig. 6.  PQ performance at all buses  

a BPI 

b THD 

c VUF 

 

5. Optimal Placement of FACTS Devices for Mitigation of Individual PQ Phenomena 
across GDN 

Instead of using only one operating point, a comprehensive simulation is performed on GDN based 

on probabilistic approaches. The simulation accounts for various uncertain factors in the network, e.g., the 

probability nature of the system fault statistics, the uncertainty of the fault clearing time and unbalance 

severity, and the variation of harmonic current injection. The variation of load profiles and network 

parameters are also taken into account in order to evaluate the sag performance more accurately. Annual 

hourly loading curves were extracted from 2010 survey of different types of loads (including commercial, 

industrial and residential loads), and 8760 operating points are obtained. Since there are different variation 

patterns for industrial load, commercial load, domestic load and PV outputs in terms of day and season, 

some operating conditions re-occur during the year. In the study, Cluster Evaluation of Statistics Toolbox 

in Matlab is used to find the representative operating conditions. With this approach, 9 representative 

points are obtained. Additionally, 7 more operating points are considered in the simulation, and these 
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operating points are corresponding to the maximum load, the maximum DG output, the maximum wind 

output, the maximum PV output, the maximum industrial load, the maximum commercial load, and the 

maximum domestic load. In total there are 16 characteristic operating points taken into account. The PQ 

evaluation based on these 16 operating points is taken as the reference for the optimisation procedure 

which is applied to select the optimal set of FACTS devices for mitigating a specific PQ phenomenon. 

Before applying the optimisation procedure, a pool of potential solutions, which consists of locations, 

types of devices and ratings, are made available initially for selection. Location of FACTS devices (in total 

59), including SVC, STATCOM and DVR, are pre-selected based on PQ performance and the sensitivity 

of voltage variation at a bus due to the injection of active or reactive power. Passive filters (PF) are also 

selected as the potential solution to harmonic phenomenon, as they have been, and are still being used to 

mitigate harmonic pollution for utilities or industrial installations. The buses exposed to severe THD and 

at the intersections of two relatively long branches (with more than three downstream buses) are made 

available for the placement of double-tuned PF (tuned to compensate two harmonics with   the largest 

magnitude at the specific location). In total, 77 devices (21 SVC, 21 STATCOM, 17 DVR and 18 PF) are 

made available initially for optimisation procedure. For each device the range of ratings is given, divided 

into 10 intervals, and a rating is selected by randomly generating a value within the interval. 

Given the initial pool of devices, greedy optimisation algorithm is applied to select the optimal 

mitigation solution for each PQ phenomenon separately. The optimal device is selected among the 

available devices, and the number of devices is increased iteratively until the improvement of the 

corresponding PQ index becomes smaller than a given threshold (2% of the PQ index evaluated without 

mitigation). Based on this approach, the optimal mitigation solution is obtained for each PQ phenomenon. 

All simulations are carried out in DIgSILENT/PowerFactory software. Heat-maps are used to present the 

variation of PQ performance obtained without and with mitigation. 

 

5.1. Mitigation of Voltage Sags 
 

In this study, BPI is used to evaluate voltage sag performance. Faults are simulated throughout the 

network based on probabilistic methodology proposed [24]. The components at different voltage levels 

have different fault rates, and the detailed system fault statistics in the distribution network are given in 

Table 3 [24, 27, 28]. The mean and standard deviation of the distribution of fault clearing time are given in 

Table 4, together with the failure probability of primary protection relays. 
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Table 3 System fault statistic for components in GDN network 

 
Components Buses Lines  Lines Lines Cables  

Fault rate (Number of events/year*100km) 0.08 8.6 3.7 0.6 4.9 

Type of faults SLGF LLGF LLF LLLF  

Percentages 73% 17% 6% 4%  

 

Table 4 Fault clearing time for primary and back-up bus and line protection relays 

 
Components Relays Mean (ms) Std (ms) Failure probability 

Buses Primary 60 3 1.09% 

Back-up 800 5 N/A 

Lines Primary 300 13 2.22% 

Back-up 800 40 N/A 

 

Based on the pool of potential mitigation devices, greedy optimisation algorithm is applied to select 

the optimal FACTS devices to mitigate voltage sags. The selected optimal solution will be discussed in 

Section 5-4. The heatmaps of BPIs obtained without and with the mitigation are given in Fig. 7 (a) and (b), 

in which the area exposed to severe sag disturbance is marked in red. It can be seen that the sag 

performance at the critical area is significantly improved by the placement of the optimal set of FACTS 

devices. To further observe the sag performance, BPIs at all buses are given in Fig. 7(c). It can be seen that 

the peak of the solid red curve, which is corresponding to the critical area in Fig. 7(a), is significantly 

reduced with the installation of the optimal mitigation solution. 
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c 

Fig. 7.  Comparison of BPI performance without and with mitigation  

a Heatmaps of BPIs obtained without mitigation 

b Heatmaps of BPIs obtained with mitigation 

c BPI performance at all buses 

 

 
5.2. Mitigation of Unbalance 

 

A number of loads are selected as potential sources of unbalance in the network. For these unbalance 

loads, the real power demand at each phase is set based on the true load profiles, while the reactive power 

is set based on power factors, which are generated randomly according to a preset normal distribution. In 

the study, 10 unbalance loads are applied. The mean of the normally distributed power factors is set to 

0.95 which represents a general load [29], and the standard deviation is set to 0.053. 

The optimal mitigation solution is obtained with the application of greedy algorithm optimisation 

procedure. The heatmaps of the VUFs obtained without and with mitigation are given in Fig. 8 (a) and (b) 

respectively. It can be seen from Fig. 8(a) that there are two areas suffering from unbalance, marked in red. 

The unbalance issues experienced in the two critical areas are eliminated with the installation of the 

obtained optimal mitigation solution, as shown in Fig. 8(b). The VUFs at all buses are given in Fig. 8(c), 
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which shows that VUFs of all buses are improved to some extent with the application of mitigation 

solution. 
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Fig. 8.  Comparison of VUF performance without and with mitigation  

a Heatmaps of VUFs obtained without mitigation 

b Heatmaps of VUFs obtained with mitigation 

c VUF performance at all buses 
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5.3. Mitigation of Harmonics 
 

In the study, 30 loads in total are selected as non-linear loads. Ten of these are fixed non-linear loads, 

which inject harmonic current into the grid at fixed locations. Further 20 loads are randomly selected (their 

location varies with different operating points) from the rest of the load buses and taken as non-linear 

loads. The ratio of the magnitude of the injected harmonic current to that of the fundamental component 

follows pre-set normal distributions. Based on the types of the non-linear loads, the mean of the normal 

distribution varies, as given in Table 5. The harmonic current injection from DGs follows pre-set normal 

distributions as well, and the mean of the normal distribution is also given in Table 5 [30]. The standard 

deviation of the aforementioned normal distributions is set to 10% of the mean. 

The heatmaps of THDs obtained without mitigation and with the optimal mitigation solution are 

provided in Fig. 9 (a) and (b) respectively. The THDs evaluated at all buses are provided in Fig. 9(c). It 

can be seen that the harmonic performance is significantly improved with the installation of the optimal 

mitigation solution. 

 

Table 5 Harmonic current spectra amplitude ranges of non-linear loads and DG 

 

Harmonic order Type 1 (Domestic & Commercial) 
Type 2 

(Industrial) 

Wind Gen. 
PV Fuel Cells 

1 100% 100% 100% 100% 100% 

3 69% 4.7% - - - 

5 48% 32% 1.9% 0.1% 0.05% 

7 28% 16% 0.4% 0.1% 0.1% 

9 27% 0% - - - 

11 0% 6.5% 0.1% 0.2% 0.15% 

13 - - 0.1% 0.3% 0.2% 
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Fig. 9.  Comparison of THD performance without and with mitigation  

a Heatmaps of THDs obtained without mitigation 

b Heatmaps of THDs obtained with mitigation 

c THD performance at all buses 

 

 

5.4. Comparison of optimal solutions for different phenomena 
 

The optimal solutions for different PQ phenomena are listed in Table 6, which provides the type, 

size and installation location of the selected devices. The optimal solution obtained for sag mitigation 

consists of six DVR and one SVC, which confirms the preference of DVR for sag mitigation. For 

unbalance, the obtained optimal mitigation solution consists of four devices (two SVC, one STATCOM-V 

and one PF). It can be seen that the mitigation solution favours SVC, followed by STATCOM-V, which 

are in line with the results presented in Section 4. PF, working along with other active devices, can also 

contribute to compensation of reactive power and ultimately voltage regulation. As for harmonic, the 

obtained optimal set of mitigation devices consists of 4 FACTS devices (4 STATCOM-Q) together with 

four properly placed PFs in the network. It can be seen that between STATCOM-V and STATCOM-Q, the 

former has better performance in mitigating unbalance, and the latter performs better in mitigating 
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harmonics. It should be mentioned though that due to their cost-effectiveness, the typical solution for 

harmonic mitigation is Passive Filters, rather than STATCOM. This paper however, focuses on providing 

a global picture with respect to the technical capability, impact and limitations     that widely used FACTS 

devices offer in terms of mitigation of different PQ phenomena, hence PFs were not considered as part of 

this study. 

 

Table 6 Optimal solutions for different PQ phenomena 

 
PQ type (size MVA) location 

Sag DVR(4.4) at B72; DVR(6.05) at B167; DVR (5.72) at B189; DVR (5.55) at B197; DVR (7.71) at B210; DVR 

(6.01) at B291; SVC (6.4) at B165 

Harmonic STATCOM-Q (6.71) at B28; STATCOM-Q (1.34) at B29; STATCOM-Q (4.38) at B42;  

STATCOM-Q (6.04) at B209; PF(5.83) at B3; PF(7.77) at B102; PF(5.08) at B146; PF(4.52) at B232 

Unbalance SVC (3.26) at B29; SVC (7.13) at B124; STATCOM-V (1.12) at B136; PF (5.03) at B195 

 

6. Conclusion 

This paper investigates both the mitigation effect and negative impact of FACTS devices (including 

SVC, STATCOM and DVR) on various PQ phenomena (voltage sags, harmonics and unbalance). The 

impact of varying the size of the devices and the selection of different control strategies for STATCOM 

are also studied. A PI-based controller, with properly designed time-delay function, is developed to control 

the voltage injected at the AC-side of DVR in PowerFactory/DIgSILENT. The DVR with the developed 

controller outperforms SVC and STATCOM in terms of mitigating voltage sag phenomena. It not only 

compensates the during-fault voltage as expected, but also has the ability to recover voltage quickly 

without suffering from voltage oscillation as experienced by other devices. The study is carried out on a 

large-scale generic distribution network.  Both the strengths and weakness of each device are analysed and 

demonstrated in the paper. In the case of GDN, the optimal mitigation solution is obtained for each PQ 

phenomenon using Greedy algorithm, and the PQ performance is greatly improved when the obtained 

optimal solutions are applied. 
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