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ABSTRACT 
 

The authors have examined a simulation study on the application of distribution static compensator (DSTAT-
COM) in a microgrid to solve power quality (PQ) problems. Integrating renewable energy sources (RES) to 
realise microgrids at distribution corridor further aggravates customer’s power quality, which is often defined 
asany deviation from the fundamental, of either voltage or frequency signal. Traditionally, the solution is 
sought through careful design of proportional-plus-integral (PI) controllers for DSTATCOM interfaced mi-
crogrid network. The PI parameters would normally involve internal current and external voltage control 
loops, as well as the DC-link voltage regulator. In this paper, modeling and simulation ofDSTATCOM based 
9MW wind turbine generators (WTG) representation of microgrid system is implemented in Simulink’s Sim-
PowerSystems for solving two distinct PQ problems: that is, voltage sag and voltage swell. The results ob-
tained conformed to the requirement of the IEEE Standard 519 of 1992. 

Keywords: DSTATCOM; Microgrid; Proportional-plus-Integral Controllers; Power Quality; Wind Turbine Genera-

tors; Microsource.

1. INTRODUCTION 

1.2 Background of the study  

Technological growth and electricity market deregula-

tion have recently created an opening for lumping mi-

crosources and loads together, as a single “microgrid” 

system, to provide the basis for co-generation, other-

wise called combined-heat-and-power (CHP) genera-

tion system (Robert and Paolo, 2006). 

Microgrid technologies can be configured in either grid 

connected or islanded modes. In its grid connected 

mode, compensation of over-or-under power flow is 

achieved through careful design of local-control (LC) 

or micro-control (MC) for both system voltage and 

frequency. This technique provides higher penetration 

of the distributed generation (DG) systems, as well as 

eliminating over reliance on the central control (CC). 

Hence, microsources such as the intermittent wind tur-

bine induction generators (WTIG) can seamlessly be 

integrated without needing additional system stabilisa-

tion (Chowdhury et al., 2009). In its islanded mode 

using a static-switch, the microgrid can autonomously 
island in accordance with the IEEE Standard 1547 of 

1992, to deal with disturbances, faults and general 

power quality issues. However, a general requirement 

for that condition is; striking a constant balance be-

tween generated and consumed power.  

After islanding, reconnection of the microgrid is at-

tained at the disappearance of the fault event. Synchro-

nization is provided through frequency difference be-

tween the islanded microgrid and the utility grid. This 

ensures a transient free operation without having to 

match frequency and phase angles at the point of 

common coupling (PCC). Each microsource can then 

speedily balance the power on the islanded microgrid 

using a reactive-power versus voltage, or active-power 

versus frequency droops (Piagi, 2005). 

This paper proposes a wind farm based microsources, 

inVolt-VAR droop control as a microgrid. The mi-

crogrid is to be interfaced to the utility grid via a dis-

tribution static compensator (DSTATCOM) fitted with 

a proportional-plus-integral (PI) control structure. The 
aim is to mitigate power quality (PQ) problems such as 
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voltage sags and voltage swells, on a case by case basis 

due to general system disturbances, and/or sudden 

changes in customer’s load profile due to switching 

actions. Both system modelling and simulation were 

performed in Matlab/Simulink environment. Results 

obtained showed remarkable improvement against the 

industry IEEE standard 519 of 1992 for total harmonic 

distortions (THD)

1.2 Power Quality Control 

Power quality (PQ) issues are increasingly becoming 

relevant in the advanced research frontier. PQ has often 

been defined in relation to all aspects of events in the 

system that deviates from normal operation according to 

Freitas(2005). The principle causes are: increased use of 

power electronic devices, nonlinear loads and unbal-

ance in power systems. Dynamic loads cause power 

quality problems usually by voltage or current varia-

tions such as voltage dips, voltage sag, fluctuations, 

momentary interruptions, harmonics distortion etc. This 

section reviews recent works on power quality control 

as generally applied to flexible ac transmission systems 

(FACTS) compensators. 

Yome (2004) compared the shunt capacitor, static 

voltage compensator (SVC), and the static compensator 

(STATCOM) in static voltage stability improvement. 

Various performance measures compared under dif-

ferent operating system conditions for the IEEE 14 bus 

test system. A methodology was also proposed to alle-

viate voltage control problems due to shunt capacitor 

compensation during lightly and heavily loaded condi-

tions. Singh et al (2007) identify the prominent concerns 

in the area and thereby recommend measures that can 

enhance the quality of power, keeping in mind their 

economic viability and technical repercussions. In this 

paper electromagnetic transient studies are presented for 

the following two custom power controllers: the dis-

tribution static compensator (D-STATCOM), and the 

dynamic voltage restorer (DVR). Comprehensive re-

sults were presented to assess the performance of each 

device as a potential custom power solution. 

Jose (2005) proposed a new type of single phase static 

compensator (STATCOM) with low rating used at the 

customer side. This new STATCOM is constructed by 

cascading a full bridge voltage-source inverter (VSI) to 

the point of common coupling (PCC). A so-called si-

nusoidal pulse width modulation (SPWM) unipolar 

voltage switching scheme is applied to control the 

switching devices of each VSI. Zhang (2006) catego-

rized the literature relevant to optimal allocation of 

shunt dynamic VAR source SVC and STATCOM based 

on the voltage stability analysis tools used. The tools 

Include static voltage stability analysers such as for P-V 

and V-Q curve analysis, continuation of power flow 

(CPF), modal analysis, saddle-node bifurcation analy-

sis, and dynamic voltage stability analysis ones such as 

Hopf bifurcation analysis and time domain simulation. 

Abido (2009) presents a comprehensive review on the 

research and development in the power system stability 

enhancement using FACTS damping controllers. The 

main purpose of introducing FACTS devices to power 

systems is to increase stability and transmission capa-

bility (Hingorani, 2000). 

Zhangang et al. (2009) look at microgrid control from 

two main methods, which are master-slave control and 

peer-to-peer control. In the former, there is a main con-

trol unit to maintain the constant voltage and frequency. 

The main control unit adopts voltage/frequency control 

while other distributed generations adopt PQ control to 

output certain active and reactive power. In peer-to-peer 

control, each unit is equal. The control method based on 

drooping characteristics is widely used in this method. 

Marnay (2004) emphasize on the importance of DG in 

relation to power quality and reliability. They asserted 

that in terms of energy source security, that multiple 

small generators are more efficient than relying on a 

single large one for lowering electric bills. Having 

multiple DGs on a microgrid makes the chance of all out 

failure much less likely, particularly if extra generation 

is available. Reliability of DGs is further enhanced 

when used in grid connected form. In this form, there is 

a single point of connection to the utility called point of 

Common Coupling (PCC).  
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Chen (2006) studied the impact of DSTATCOM on 

induction generator with prime mover as a variable 

speed wind turbine. The duo are of opinion that the most 

effective way to control a wind turbine captured power 

is to adjust the blade pitch angle. They likened the blade 

pitch to the throttling valve in a conventional turbine, 

except that its response is much faster than that of steam 

turbines. 

Kumar et al. (2003) in describing the control mecha-

nism of a Wind Turbine Induction Generator (WTIG), 

emphasize that the pitch angle is controlled in order to 

limit the generator output power to its nominal value for 

high wind speeds. In order to generate power, the in-

duction generator speed must be slightly above the 

synchronous speed. The pitch angle controller regulates 

the wind turbine blade pitch angle β, according to the 

wind speed variations. A proportional – integral (PI) 

controller was used to control the blade pitch angle in 

order to limit the electric output power to the nominal 

mechanical power. The pitch angle is kept constant at 

zero degree when the measured electric output power is 

under its nominal value. However, when it increases 

above its nominal value the PI controller increases the 

pitch angle to bring back the measured power to its 

nominal value.  

 

2. MATERIALS AND METHODS 
 

2.1. Materials 

2.1.1 Graphical Model: The main utility grid is repre-

sented by 11-kV distribution network model using a 

simple R-L equivalent source of short-circuit level 500 

kVA with a load of 5 kW. The grid is integrated into the 

MT via a 200kVA, three-phase, 50 Hz, 11/0.415 kV and 

Y–Δ transformer. The MT coupled alternator is mod-

elled as a standard MATLAB Simulink synchronous 

machine block. The interconnection between the main 

grid and the MTG is shown in Figure 2. The MTG is 

capable of supplying its own loads as well as operating 

in synchronism with the grid. In this arrangement, the 

MTG can be connected to or disconnected from grid by 

closing or opening the circuit breaker (CB) at the point 

of common coupling (PCC).  

 

 
Figure 3: Interconnection between main Grid and MTG 

 

Table 1 presents relevant parametric values adopted in 

the simulation exercise for the connected network and 

DSTATCOM, respectively. 

 

Table 1: Applied System’s Parameters 

 

Parameters of the grid-connected power system 

Parameter Value 

System frequency                                50 Hz 

Grid-system voltage                                                                               415/220 V 

Grid short circuit fault level                   500 kVA 

Microsource generated volt-

age                   

575 V 

Microsource capacity                                                                   6X1.5 MW (9 MW) 

DSTATCOM parameters 

Switching frequency, fsw  1620 Hz 

DC link capacitance, cdc                                                     3000 µF 

DC link voltage,  vdc                                                           700 V 

Interfacing resistance, R                                  1 Ω 

Inductance, L                                                                                      5 mH 

Modulation index, m                                                                                                 1 

Angular frequency, ɷ                                                        377 rads/sec 

Switching angle, α ±30°(±0.5326𝑟𝑎𝑑) 
 

 

The initial PI controller parameters involved in the 

system design are approximated according to (Xue et al., 

2007), for AC voltage, DC voltage, and AC current 

loops, respectively. The well-known Ziegler-Nichols 
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approach was used to identify the equivalent 

first-order-plus-delay-time (FOPDT) model needed for 

this purpose. Parameters of interest like, system gain k , 

time delay t , and time constant T are readily calculated 

and read off from the table.  

2.1.2 Design Algorithm: Figure 4 shows the flowchart 

used in the design algorithm. The first step in the 

methodology is to design a distribution network model 

in MATLAB/SIMULINK environment using Sim-

PowerSystems tool. A disturbance was then introduced 

in the distribution network by inserting a phase–to–

phase fault. Simulation was run for 20 seconds. This is 

applied for 9 MW, 6 MW and 3 MW induction gener-

ators. In each case, DSTATCOM would inject reactive 

current ahead of coupling impedance into the network 

when voltage sag is greater than 0.9 p.u and/or voltage 

swell is greater than 1.1 pu.  

 

 
 

Figure 4: System Flowchart 

Also, LCL passive filter is added to the network when 

total harmonic distortion (THD) is greater than 5% 

and/or power factor is less than 0.8.  

2.1.3 Circuit Description: A 9 MW wind farm consisting 

of six 1.5 MW wind turbines connected to 0.415kV 

distribution system exports power to a 132 kV grid 

through 11 kV feeders. A 400 kVAR capacitive load and 

a 0.9 MVAR filter are connected at the 575V generation 

bus as par Hannele et al. (2006) and Ogunyemi et al. 

(2012). The turbine parameters specifying ratings of 

power components of the wind turbine are saved in a 

companion M file (power_wind_ig_data.m). This file is 

automatically executed at simulation start so that pa-

rameters for the 6 x 1.5 MW turbines are loaded in the 

Matlab workspace.  

Wind turbines using induction generator (IG) consist of 

a squirrel cage induction generator and an AC/DC/AC 

IGBT-based PWM converter. The switching frequency 

is 1620 Hz. The stator winding is connected directly to 

the 50 Hz grid while the rotor is fed at variable fre-

quency through the AC/DC/AC converter. The IG 

technology allows extracting maximum energy from the 

wind for low wind speeds by optimizing the turbine 

speed, while minimizing mechanical stresses on the 

turbine during wind gusts. The optimum turbine speed 

producing maximum mechanical energy for a given 

wind speed is proportional to the wind speed. In this 

project the wind speed is maintained constant at 10 m/s. 

The control system uses a torque controller in order to 

maintain the speed at 1.0 pu. The reactive power pro-

duced by the wind turbine is regulated at 0 Mvar.  

The sample time used to discretize the model (Tsd = 0.8 

second), as well as the sample time used by the control 

system (Tsc= 20 seconds) are specified in the initializa-

tion function of the model properties.  

The turbine mechanical power as function of turbine 

speed is displayed for wind speeds ranging from 6 m/s 

to 13 m/s. For a wind speed of 10 m/s, the maximum 

turbine output is 0.55 pu of its rated power (0.55*9MW 

= 4.95 MW) at a speed of 1.0 pu of the generator. 

Figure 5 shows the study model of the system network 

with DSTATCOM connected. The 9MW wind farm 

comprises of 6 X 1.5MW. All system parameters, not 

shown here forconvenience, used were duly saved and 

utilised, respectively.   
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Figure 5: Network simulation model with DSTATCOM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 shows the network model of a 3 MW 

grid-connected wind farm: (a) without fault, and (b) 

with fault introduced.  

 

 

2.2 Methods 

2.2.1 Mathematical Modeling: Reactive power com-

pensation at PCC by the DSTATCOM has direct in-
fluence on the customer load voltages, hence modelling 

in both transient and steady state becomes significant 

(Anca et al., 2002). In Laplace transform, the single phase 

voltage of the DSTATCOM, assuming zero harmonic 

generation and infinite parallel resistance, can be described 

as 

 

 t s t
1

s (1)
R

I V V
L L


  

  

 

 

 
 

Figure 6: 3MW grid-connected wind farm (a) without fault (b) with fault 
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Where /s d dt , andR L  are series resistance and 

system inductance respectively, s and tV V  are ac side 

voltage and DSTATCOM voltages respectively, as 

illustrated in Figure 2. 

 

The DSTATCOM model in the steady state referred to 

the dq0 axis can be given as (Kishore and Reddy, 2011):  

q q sd td

tqd d

d 1
... (2)

dt

R
i i V VL

VR Li i

L





 
        

       
      

  

  

Where 
,td tqV V  and sdV  are DSTATCOM and system 

voltages in dq axis. DSTATCOM output voltage vector 

may be expressed in dq axis as (Bukata, 2012): 

t,dq dc dc

0

m 1 (3)

0

V ASV V

 
 

 
 
  

  

Where A is Park’s transformation factor applied to 

change three phase voltages into the dq axis, 

s dcm V V is the amplitude modulation index and S is 

a switching function defined as in: 
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The capacitor dc current in the dq axis is also given as: 

 1
dc qd0

0

S m 0 1 0 (5)

q

T
d

i
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dc dm (6)i i

 

The voltage and current relationship in the dc link is 

described as: 

dc
dc

d
(7)

d

v
i C

t


   

Substituting Eq. (6) in (7) yields: 

 

dc
d

d m
(8)

d

v
i

t C


   

Considering equations (1) through (8) yields the com-

plete DSTATCOM model in the dq0 axis as given in (9) 

which is generally used in deducing equations (10) to 

(14) for the control blocks required to raise the system 

voltage: 

q q

s
d d

dc dc

0

sin
d m

cos (9)
dt
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The following expressions can be formed from the 

system equation (1.8) thus: 
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The real and reactive power may be expressed as:                 

 

   sq q s qsd d dsin cos (13)p s V i V i V i i     

    

   sin cos (14)sq q q s qsd d
q s V i V i V i i     

 

After simplification, the linearised model in state space 

used for validation is obtained as follows: 

(15)X AX BU

y q CX

 

 

 

Where: 
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The reactive power q and the firing angle   are re-

lated as per equation (16), which confirms DSTAT-

COM, as a stable and damped system (Bukata, 2012). 

The linearised model gives a characteristic equation,  
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This, when equated to zero yields the following Eigen 

values: 1 23.8s    and 2 15.4 1473s j   . These were 

realized using the following parameters: 1.12 3m  ,

1R   , 5 3 HL e  , 500 6 FC e  , 377 rads  ,

220 VV   (Kishore and Reddy, 2011). 
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It is seen that equation (9) is the nonlinear DSTATCOM 

model, further defined through (10) – (12). Hence, the 

linear model of (17) was used for the PI linear controller 

design. 

2.2.2 Simulation Methods of WTIG 

A detailed model representation of the system was de-

veloped via SimPowerSystems blocks. In order to 

achieve an acceptable accuracy, 1620 Hz switching 

frequency was used for simulation. This choice of fre-

quency is made to minimize switching and gate losses 

(associated with high frequencies), and at the same time 

minimizes conduction losses due to high peak current 

associated with low frequencies (Hingorani and Gyugyi, 

2000). The model is discretised at a relatively small time 

step (5 microseconds). The model is well suited for 

observing harmonics and control system dynamic per-

formance over relatively short periods of times (typi-

cally hundreds of milliseconds to one second). 

 

 
2. RESULTS AND DISCUSSION 

 
 

3.1 Results 

In this section, simulation results of the grid-connected 

wind farm are presented and discussed. Two scenarios 

were considered on 9MW wind farms. In each case, the 

results with and without DSTATCOM are compared. 

Such comparison helps to bring to fore the efficacy of 

DSTATCOM in mitigating power quality issues such as 

voltage sag, voltage swell, harmonic distortion and poor 

power factor.  

Two scenarios were considered in the study viz: sags 

generation without and with DSTATCOM; swells gen-

eration without and with DSTATCOM. 

3.1.1 Sags without and with DSTATCOM: Figure 7 

shows the voltage at bus B25 (i.e., point of common 

coupling PCC) without DSTATCOM. The result is 

obtained with the integration of 9MW wind turbine into 

a conventional grid and a phase-to-phase fault was in-
troduced with resistance to ground, Rg = 0.001Ω. It 

clearly reveals the level of sag (0.913 pu ) on the voltage 

at PCC which is above the stipulated limit of 8% of 

1.0pu. 

Figure 8 shows the voltage at bus B25 with DSTAT-

COM connected at PCC. It shows how DSTATCOM 

was able to compensate for the decrease in voltage by 

injecting reactive power (capacitive mode). Hence, the 

voltage (in PU) shown in Figure 7 (without DSTAT-

COM) is now approximately at 1.0 PU as seen in Figure 

8 (with DSTATCOM connected).  

Figures 9 and 10 demonstrate the reactive power with-

out and with DSTATCOM connected respectively. In 

Figure 9, reactive power Q of 5.2 MVAR peak was 

consumed due to sagging effect at 9.7 seconds. The 

amount of reactive power consumed by the system de-

pends on the phase shift between the voltage and the 

current at PCC 
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.

 

Figure 9: Reactive power consumed 

 

Figure 10: Graph of reactive power absorbed 

 

3.1.2 Swells via 3-phase fault without and with 

DSTATCOM: In this section, analysis is carried out on 

the results obtained with voltage swells and efficacy of 
DSTATCOM in addressing the problem. 

 

Figure 11: Voltage at the bus indicating swells 

 

 

Figure 12: Graph of voltage with DSTATCOM 

 

Figure 13 and Figure 14 show the graphs of reactive 

power flow without and with DSTATCOM. 

 

Figure 13; Reactive power absorbed 

Figure 14: Reactive power compensated 

 

3.2 Discussions 

This work demonstrated how operating various loads at 

varying voltage conditions have been met. For example, 

Figure 7 shows how a voltage sag level of 0.913 pu, 
representing more than the allowed 8% of 1.0 pu, was 

introduced for 11 seconds (2.5 – 13.5 sec). Subse-



ISSN: 2449 - 0539 
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.12 NO.1, FEBRUARY, 2017 

 
 

87 
 

quently, connecting DSTATCOM as depicted in figure 

8, the sag level was compensated by injecting reactive 

current ahead of the coupling impedance into the PCC. 

Thus, the DSTATCOM is said to have acted in a ca-

pacitive mode. This clearly indicates that the load, based 

on some switching action, is taking too high reactive 

current, thereby causing the sag condition. 

Figure 10, on the other hand, is the graph of reactive 

power absorbed with DSTATCOM connected. Between 

2.5 seconds and 11.8 seconds, peak reactive power of 

2.2 MVAR is absorbed compared with the peak of Q = 

5.2 MVAR in Figure 9. The significance of the differ-

ence in reactive power absorbed is the impact such 

difference has on the power factor of the system 

Figure 11 shows the voltage at the bus without 

DSTATCOM indicating swells. A 3-phase fault was 

introduced at 15.1 seconds and this led to a rise in the 

voltage above 1.0pu as shown in the figure. With the 

controller connected on the other hand, the DSTAT-

COM compensated for an increase in voltage by in-

jecting reactive power into the system so as to maintain 

1.0pu voltage as shown in Figure 12. In Figure 13, the 

reactive power flow is reduced to -0.8 MVAR immedi-

ately a voltage swell develops as a result of introducing 

a 3-phase fault at 15.1 seconds. At this juncture, the 

current flow leads the voltage at the point of common 

coupling. With DSTATCOM connected however, the 

controller in compensating for the increase in voltage 

injects reactive power into the system. Hence from 15.1 

seconds to 20 seconds, reactive power increases to -0.2 

MVAR as against the value of -0.8MVAR within the 

same period without DSTATCOM. 

It is readily observable from the results that voltage sags 

and voltage swells were corrected from 0.913pu and 

1.1pu respectively to 1.0pu. Also, the implementation of 

DSTATCOM was able to reduce total harmonic distor-

tion in voltage from 10.82% to 4.04% in accordance 

with IEEE Regulation 519 of 1992 which specifies 5% 

maximum as THD for voltage range of 120V to 

69,000V. Power factor was improved from 0.917 to 

0.975, representing 6.3% improvement, with the use of 

DSTATCOM. 

The system was implemented and simulated in Sim-

PowerSystems software residing in Matlab/Simulink 

environment.

 

4. CONCLUSION 

 

The paper presented impact of a microgrid with respect 

to solving power quality problems at the distribution 

corridor via DSTATCOM. Suitable mathematical 

model was first realised to exact the initial PI controller 

parameters to be designed for the system’s simulation 

model. A ‘truth’ model was then designed for the wind 

farm using SimPowerSystems tool residing in Matlab. 

Two scenarios namely, sag and swell conditions, with 

and without DSTATCOM were simulated. Simulation 

results show remarkable achievement against the in-

dustry IEEE standard 519 OF 1992. This gave rise to a 

further research frontier on harmonics and power factor 

correction using DSTATCOM controlled microgrid 

with non-linear loads, presented in my next paper. 

It is readily observable from the results that voltage sags 

and voltage swells were corrected from 0.913pu and 

1.1pu respectively to 1.0pu. Also, the implementation of 

DSTATCOM was able to reduce total harmonic distor-

tion in voltage from 10.82% to 4.04% in accordance 

with IEEE Regulation 519 of 1992 which specifies 5% 

maximum as THD for voltage range of 120V to 

69,000V. Power factor was improved from 0.917 to 

0.975, representing 6.3% improvement, with the use of 

DSTATCOM
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