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Abstract— A new voltage control strategy of distribution static 
compensator (DSTATCOM) has been proposed in this paper 
for electric grid applications. The proposed control scheme 
combines two methods of DSTATCOM operation to improve its 
performance. Considering power factor and voltage magnitude 
as degree of freedom, the DSTATCOM provides features such 
as mitigation of voltage and current harmonics, balancing of 
source currents, improvement of power factor, voltage 
regulation during voltage sag and swell, reduction in inverter 
losses, and control of load power to achieve energy conservation. 
The performance of proposed DSTATCOM control is better as 
compared to its conventional operation at any time of operation. 
PSCAD simulation and experimental results validate the 
performances.  

Index Terms— Reactive power, DSTATCOM, multifunctional. 

I. INTRODUCTION

ITH significant penetration of power electronics devices 
in electric distribution grid, maintenance of power 
quality (PQ) within grid codes is a challenging task [1], 

[2]. Current related PQ problems are distorted unbalanced load 
currents and nonzero neutral currents [3]–[5]. These increase 
grid current, losses in line and transformer, make voltages 
unbalanced and distorted. At the same time, increased 
renewable integration and faults create voltage related PQ 
issues such as voltage variations, voltage sag/swell, unbalance, 
flicker, etc. If these violate grid codes, performance of the 
sensitive loads will not be satisfactory [6], [7]. Various devices 
such as fixed capacitor (FC), static VAr compensator (SVC), 
distribution static compensator (DSTATCOM), dynamic 
voltage restorer (DVR), unified power quality conditioner 
(UPQC), etc., are proposed to improve PQ. In literature, due to 

flexibility in its control, DSTATCOM is one of the best 
solutions for mitigation of various PQ problems in electric 
distribution grid [8]–[10].  

The DSTATCOM mitigates both current as well as voltage 
related PQ problems [11]–[14]. In current control mode (CCM) 
operation, the DSTATCOM supplies reactive, harmonics and 
unbalance of load currents. Moreover, the DSTATCOM 
maintains load terminal voltages balanced and sinusoidal in 
voltage control mode (VCM) operation, irrespective of 
disturbance in electric grid [15], [16]. However, as objectives 
of the two modes are different, the conventional operation of 
DSTATCOM solves only one type of PQ problems at any given 
time.  

In CCM operation, the DSTATCOM normally maintains 
unity power factor (UPF) at the PCC [17]. However, consumers 
can draw limited reactive power without paying any penalty. 
This needs DSTATCOM to operate at a power factor other than 
unity in CCM. At the same time, a DSTATCOM cannot 
regulate voltage during voltage disturbances while operating at 
CCM. 

Sensitive loads operate satisfactorily when operated within a 
range as specified by local grid code [18], [19]. Conventional 
DSTATCOM operating in VCM maintains PCC voltage at a 
constant value of 1.0 per unit (p.u.). Various power converter 
based loads are constant power load, and always draw rated 
power. However, there are several loads which draw power 
based on the terminal voltage. In this situation, special attention 
has been paid to conservation voltage reduction (CVR) method, 
where energy saving can be achieved by decreasing the voltage 
at the load terminal [20], [21]. However, loads draw rated 
power at rated voltage resulting in high electricity bills. 
Moreover, equipments will have more heating losses reducing 
their life. At the same time, the DSTATCOM compensates for 
feeder drop to maintain PCC voltage at 1.0 p.u. This needs 
higher filter current increasing rating requirement of 
DSTATCOM.  

Recently, high efficient and reliable power electronics 
transformer also called smart transformer (ST) is proposed to 
improve performance of electric distribution grid [22]. The ST 
LV converter maintains a constant voltage at the LVAC 
terminal. Due to the capability to maintain any voltage at its 
LVAC terminal, the ST LV converter can also maintain suitable 
voltage to achieve benefits of conservation voltage reduction 
(CVR) [20]. However, the ST LV converter still supplies load 
reactive and harmonic power, and it cannot reduce the LVAC 
voltage considerably. Otherwise, the voltage at the end point of 
LVAC line will fall below the grid code. 

From aforementioned benefits and limitations, it can be 
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considered that the power factor and voltage magnitude at the 
PCC are two degree of freedoms when operating DSTATCOM 
for PQ improvement. Recently, multifunctional DSTATCOM 
has been explored for achieving the advantages of both CCM 
and VCM operation [23]–[26]. An interesting concept of 
minimum power point tracking (mPPT) is proposed in [27]. 
However, these schemes do not consider DSTATCOM 
operation where it can influence the load power, energy 
conservation, and operation of power distribution system by 
effectively utilizing both degree of freedoms i.e., power factor 
(pf) and voltage magnitude at PCC. 

This paper proposes a new voltage control strategy of 
DSTATCOM to improve its utilization in electric grid. The 
control flexibly selects power factor and reference PCC voltage 
such that grid codes are not violated. Instantaneous symmetrical 
component theory, which gives explicit option of choosing 
power factor, is used to compute reference source currents. The 
reference load voltages are computed such that the least 
allowable power factor is maintained at the PCC. Consequently, 
load power is appropriately controlled and advantages of 
energy conservation are also achieved. If reference load voltage 
at the predefined minimum pf comes less than the lowest 
allowable operating voltage, then pf is improved to get new 
reference load voltage. Therefore, proposed scheme ensures 
that conservation voltage reduction is achieved while drawing 
allowable reactive power from the source. Moreover, load 
voltage is maintained at the constant value during voltage 
disturbances to protect the sensitive loads. 

II. DSTATCOM CONFIGURATION AND CONTROL  

As shown in Fig. 1, a 3-phase, 4-wire distribution system 
with linear unbalanced and distorted load is considered. The 
DSTATCOM, connected in parallel with loads at the PCC, is 
realized by a two-level voltage source inverter (VSI) and an LC 
interfacing filter (Lf  and Cf ) [28]. In this system, vsj, vtj, isj, and 
ilj are grid voltage, PCC voltage, source current, and load 
current, respectively where j = a, b, c are three phases. Grid 
resistance and reactance are Rs and Xs, respectively. The dc link 
capacitors of VSI are represented by Cdc1 = Cdc2 = Cdc, whereas 
the voltages maintained across them are Vdc1 = Vdc2 = Vdc = 
Vdcref . Inverter side and grid side currents of DSTATCOM are 
if1j and if2j, respectively. 

A. Modeling of DSTATCOM 
A single phase equivalent circuit of the DSTATCOM in 

electric grid is shown in Fig. 2. In this work, ideal VSI switches 
are considered. Therefore, at any given instant, one switch of a 
leg will be ON and other will be OFF, i.e.,  

u = 1 if upper switch of a leg is ON  
u = -1 if lower switch of a leg is ON                   (1) 

The state equations for any phase are given as 
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where uVdc is voltage at the VSI leg. The eq. (2) is rewritten as 
follows: 
 x Ax Bz= +  (3) 
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For digital implementation of control algorithm, discrete 
state space form of (3) with a sampling time Td is given as 
following [29]: 
 ( ) ( ) ( )1x k G x k H z k+ = +  (4) 
where 
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∫ ∫  

In above, the term k is sampling instant. Moreover, it is 
assumed that all the variables are constant between two 
consequent sampling instants. Also, the terms G13 and H13 are 
zero. Hence, discrete equation for ac capacitor voltage is given 
as follows: 

( ) ( ) ( ) ( ) ( )11 12 1 11 12 21t t f fv k G v k G i k H u k H i k+ = + + +     (5) 
Here, the objective of DSTATCOM operation is to maintain 

a suitable voltage across the ac capacitor. Therefore, cost 
function minimization must eliminate the difference between 
reference and actual ac capacitor voltages [30]. Therefore, we 

 
 
Fig. 1.  DSTATCOM in electric distribution system. 

 
 
Fig. 2.  Single phase equivalent circuit. 
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have 
 ( ) ( )*1 1t tv k v k+ = +  (6) 
Substituting vt(k + 1) from (6) into (5), reference voltage control 
law is given as 

( ) ( ) ( ) ( ) ( )*
11 12 1 12 2*

11

1t t f fv k G v k G i k H i k
u k

H
+ − − −

=       (7) 

In (7), vt (k+1) is not known and it is predicted as follows 
[31]: 
 ( ) ( ) ( ) ( )* * * *1 3 3 1 2t t t tv k v k v k v k+ = − − + −  (8) 

B. Reference PCC Voltage and Switching Pulses Generation 
The proposed scheme aims to maintain a balanced sinusoidal 

voltage at the PCC. Let Vt
* is reference rms voltage. After 

computing load angle (δ) for power balance, reference voltage 
will be 
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These voltages are replaced in (7), and then u∗(k) is regulated 
around a hysteresis band to realize the desired voltages. The 
value of reference voltage Vt

* for different operating conditions 
is computed in the following section. 

III. PROPOSED CONTROL OF DSTATCOM 
The control strategy aims to improve DSTATCOM 

performance with reduced rating and losses in VSI. The 
algorithm also controls load power to realize energy 
conservation. In normal operating conditions, the DSTATCOM 
is operated to maintain the least allowable power factor at the 
PCC without violating the grid code. During the voltage 
disturbances, a flat voltage is maintained at the PCC for 
continuous operation of the load. Fig. 5 shows control block. 

In normal operation, source currents are maintained balanced 
sinusoidal while maintaining PCC voltage within grid specified 
limits. For achieving the balanced sinusoidal currents, 
instantaneous symmetrical component theory (ISCT) is used to 
generate reference currents and given as follows. 
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where / 3vitanβ φ += Angle ( )viφ +
is power factor angle of 

positive sequence component of voltage and current. Average 
load power (Plavg) and VSI losses (Ploss) are computed as 
follows.  
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Consider a single-phase equivalent circuit as given in Fig. 4, 
the voltage at the PCC is computed as follows: 

 ( ) ( )22 2 costa sa sa s sa sa s vi zV V I Z V I Z φ δ θ+= + − + −     (12) 
Based on this voltage Vt, appropriate reference PCC voltage 

for various operating conditions is computed as shown in Fig. 
3 and explained as follows. 

A. Source Voltage is Less Than 0.9 p.u. 
Voltage sag occurs when PCC voltage lies between 0.9 p.u. 

to 0.1 p.u. of rated voltage for half cycle to one minute [32]. In 
this case, the conventional DSTATCOM operation maintains 
load voltage at 1.0 p.u. At this reference voltage, it draws high 
currents from VSI resulting in more losses. The load draws 
rated power in this case. In the proposed algorithm, reference 
PCC voltage is chosen as 0.9 p.u. during voltage sag. This 
provides advantages such as i) satisfactory operation of load, ii) 
reduction in load power consumption as compared to rated 
power in conventional VCM operation, and iii) reduced VSI 
losses as compared to conventional VCM operation. 

B. Source Voltage is Greater Than 0.9 p.u. 
In CCM, the DSTATCOM maintains unity power factor at 

PCC. However, the customers are allowed to draw some 
amount of reactive power without any penalty (this paper 
considers 0.9 power factor lagging). At this power factor, PCC 
voltage is computed using (12). At this voltage, following 
conditions are possible: 

1) Vt < 0.9 p.u.: In this case, the power factor at the PCC is 
improved in steps of 0.005 from the lowest value of 0.9 lagging. 
Based on the new power factor, reference source currents and 
PCC voltages are again computed. If the reference PCC voltage  

 
Fig. 4.  Single phase equivalent circuit. 

 

Fig. 3.  Proposed control of DSTATCOM to compute reference PCC voltage. 
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becomes more than 0.9 p.u. then same voltage is used as 
reference PCC voltage. 

2) 0.9 ≤ Vt ≤ 1.0 p.u.: In this case, reference PCC voltage 
is computed using (12) at 0.9 power factor lagging at the PCC. 
In case the PCC voltage is not more than 0.9 p.u., power factor 
is improved to make PCC voltage becomes more than 0.9 p.u. 
In this paper, the power factor is limited to unity. If load voltage 
does not become greater than 0.9 p.u. at unity power factor, then 
0.9 p.u. is set as reference voltage. 

3)  Vt  > 1.0 p.u.: In this case, the PCC voltage is computed 
at 0.9 lagging power factor. If load voltage does not become 
less than 1.0 p.u. even for 0.9 power factor, a flat voltage of 1.0 
p.u. is maintained. 

IV. SIMULATION RESULTS 
Simulations are carried out for a 230 V per phase rms, 50 Hz 

system as shown in Fig. 1. The results for various cases are 
explained as follows. 

A. Performance Comparison of Proposed Control with 
Conventional CCM 

Conventional CCM performance during normal operation is 
shown in Fig. 7. The source currents are balanced, sinusoidal, 
and in phase with the PCC voltages as the harmonic and 
reactive components of load currents are supplied by the 
DSTATCOM. For this operation, various parameters are given 
in Table I. Since the conventional CCM operation of 

DSTATCOM only mitigates current related power quality 
problems, this can not improve PCC voltage during the voltage 
disturbance. Therefore, conventional CCM operation is not 
useful during the voltage disturbances. 

Performance of proposed control of DSTATCOM during 
normal operation is shown in Fig. 8. The power factor is set to  
0.9 lagging. At this value, value of load voltage is computed 
using (12) and found to be between 0.9 to 1.0 p.u. Therefore, 
this voltage is set as reference load voltage. For this voltage, the 
source currents are balanced, sinusoidal, and have 0.9 power 

 
 
Fig. 5.  Block diagram of control of DSTATCOM. 

 
 
Fig. 7.  Simulation results for conventional CCM. 

 
 
Fig. 6.  Simulation results without compensation. 
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factor lagging to the respective PCC voltages. For this operation, 
various parameters are given in Table I. Since reactive power 
drawn by load is reduced, filter also supplies reduced power 
resulting in its reduced current injection. 

B. Performance Comparison of Proposed Control with 
Conventional VCM 

In conventional VCM operation, the DSTATCOM maintains 
PCC voltage at 1.0 p.u. and the corresponding waveforms are 
given in Fig. 9. At this PCC voltage, load always draws rated 
power resulting in more electricity bills. Moreover, VSI 
supplies additional reactive power to support the rated voltage. 

Fig. 10 shows performance of proposed control of 
DSTATCOM, where performance during normal conditions is 
same as that of Fig. 8. Moreover, if comparison is made with 
conventional VCM during normal conditions, the proposed 
scheme provides various advantages and are listed in Table I 
During the voltage sag of 30%, PCC voltage is maintained at 
0.9 p.u. This allows load to operate satisfactorily and at the 

same time load demand decreases. This further requires filter to 
supply reduced reactive power. Therefore, a reduced rated VSI  
provides same capability to mitigate sag.  

Fig. 11 shows performance of proposed control of  
DSTATCOM during voltage swell. As long as the computed 
load voltage is greater than 1.0 p.u., a voltage of 1.0 p.u. is 
maintained. 

V. EXPERIMENTAL RESULTS 
The experimental studies are carried out at a reduced rating 

experimental set up to test the validity of the proposed 
operational scheme of the DSTATCOM. The source voltage of 
50 V rms per phase-to-neutral has been used. Voltage source 
inverter is realized by the SEMIKRON made IGBT module. 
The inverter is controlled by digital signal processor (DSP) 
TMS320F2812. The experimental setup is shown in Fig. 12. 
Firstly, all high power feedbacks are converted into low voltage  

 
 

Fig. 8.  Simulation results for proposed scheme in steady state. 
 

Fig. 9.  Simulation results for conventional VCM during sag.. 

TABLE I 
DSTATCOM PERFORMANCE COMPARISON 

Mode of 
Operation 

System 
conditions 

Pl 

(kW) 
Pf 

(kW) 
Ps 

(kW) 
Ql 

(kVAr) 
Qf 

(kVAr) 
Qs 

(kVAr) 
Ifta 
(A) 

Iftb 
(A) 

Iftc 
(A) 

Conventional 
CCM 

Normal 5.7 0.2 5.9 4 4 0 6 6.3 6.7 
Sag - - - - - - - - - 

Conventional 
VCM 

Normal 6.1 0.3 6.4 4.25 6.2 2.05 8.9 9.15 9.6 
Sag 6.1 0.7 6.8 4.25 22.6 18.35 32.6 32.8 33.3 

Proposed 
scheme 

Normal 5.2 0.1 5.3 3.6 1.4 2.2 2.6 2.9 3.1 
Sag 4.9 0.5 5.4 3.4 14.8 11.4 23.6 23.8 24.2 
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signals using Hall effect transducers. The signal conditioning 
circuit brings this signal in the range of 0-3 V which is suitable 
for processing by unidirectional analog to digital channel 
(ADC). Once the control algorithm is executed, switching 
pulses are taken from DAC of processor, which are in the range 
of 0-3 V. A booster circuit is used to bring these pulses in the 
range of 0-15 V, which is necessary to operate the IGBT 
switches of the VSI. Voltage source is realized using 
programmable ac power sources. This is used to create various 
disturbances as well. 

A. Compensation Performance of Conventional VCM 
Operation of DSTATCOM  

The performance under normal operating conditions is 
shown in Fig. 13. It shows the waveforms of load voltage (vta), 
source current (isa), load current (ila), and DSTATCOM current 
(if2a). The reference load voltage is set to 1.0 p.u. and is 
maintained by the DSTATCOM. Hence, filter supplies more 
reactive current at the PCC. Moreover, load is forced to draw 
rated power for the entire operation with PCC voltage 
maintained at 1.0 p.u.  

B. Compensation Performance of Proposed Scheme 
The reference PCC voltage is generated based on the 

proposed algorithm given in Fig. 3. The steady state 
performance is illustrated in Fig. 14. The filter supplies reactive  
current such that the appropriate power factor is maintained at 
the PCC. Therefore, filter will supply only a part of the reactive  

 
Fig. 10.  Simulation results for proposed scheme during sag. 

 
Fig. 11.  Simulation results for proposed scheme during swell. 

 
 (b) (c) 

Fig. 12.  Experimental setup photograph. 

 
Fig. 13.  Steady state experimental results of conventional VCM. 
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component of load current. The rest of the load reactive power 
is supplied by source. Hence, filter current is reduced as 
compared to conventional VCM operation. Also, a reduced 
voltage is maintained at the PCC which will reduce the load 
power demand. Moreover, it is ensured that the PCC voltage 
and power factor remain within the limits. 

Fig. 15 shows results with voltage sag of 30%. The load 
voltage is set at 0.9 p.u. during the voltage sag, which is 
sufficient for the satisfactory performance of a load. Therefore, 
load draws minimum required power for satisfactory 
performance. During the sag, the source current leads the PCC 
voltage as the reactive current is supplied by the filter. However, 
filter current will be reduced in proposed scheme in comparison 
to conventional VCM operation where PCC voltage is set at 1.0 
p.u. Due to the nature of voltage disturbance, source current will 
have dc component during transients. Depending upon the 
network parameters, it decays with time and becomes zero once 
steady state has reached. As seen in waveform, the dc 
component in source current decays with time. But, it does not 
seem to be zero as disturbance is removed before it reaches the 
steady state. It will become zero if disturbance persists for more 
time. However, during voltage disturbances the aim is to 
maintain voltage. 

Finally, the three phase load voltages before, during, and 
after voltage sag are shown in Fig. 16. A fast voltage regulation 
is achieved. 

VI. CONCLUSIONS 
The proposed control of DSTATCOM provides several 

operational features considering power factor and the PCC 
voltage as degree of freedom, which are not possible in 
conventional DSTATCOM operation. Least allowable power 

 
Fig. 16.  Experimental results of proposed scheme during voltage sag. 

factor is maintained at the PCC in normal operating conditions. 
Moreover, minimum voltage at which loads operate 
satisfactorily is maintained at the PCC during voltage sag. This 
voltage at the PCC also ensures that the loads draw reduced 
power from the grid, reducing electricity bills. These benefits 
are achieved with a reduced rating power converter. Also, the 
control scheme proposed in this paper can be used in some other 
applications such as hybrid-transformer or solid state 
transformer. 
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