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Abstract: A voltage-controlled DSTATCOM-based voltage regulator for low voltage distribution grids is 

presented in this paper.  The voltage regulator is designed to temporarily meet the grid code, avoiding 

unnecessary investments since a definitive solution could be planned to solve regulation issues. There are two 

loops for the proposed control strategy: the concept of Minimum Power Point Tracking (mPPT) and the 

frequency loop. The mPPT is used the voltage regulator to operate at the Minimum Power Point (mPP), to avoid 

the circulation of unnecessary reactive compensation. The voltage regulator will be independent of the grid 

voltage information, especially the grid angle, using only the information available at the Point of Common 

Coupling (PCC). Experimental results show the regulation capacity, the features of the mPPT algorithm for 

linear and nonlinear loads and the frequency stability.  

 

Key Words: DSTATCOM, Frequency Compensation, Minimum Power Point Tracker, Power Quality, Static 

VAR Compensators, Voltage Control, Voltage Regulation. 

 

1.  INTRODUCTION 

 

Power voltage is dangerous to electrical appliances.  We must maintain the power quality to 

ensure the smooth operation and to extend the life of all the electrical appliances.  The quality 

of power is measure in terms of proper voltage, current and frequency.   In real time 

applications, poor voltage may occur when the Point of Common Coupling (PCC) is far from 

the main grid transformer and the distance between the PCC and the transformer can easily 

be further than 100 meters.    

The electric power industry includes the following subsystem: 

i. Electricity generation (AC power),  

ii. Electric power transmission and  

iii. Electric power distribution to an electricity meter located at the premises of the 

end user 

The electricity then reaches the load by running through the wiring system of the end user. 

The complication of the system to move electric energy from the point of production to 

the point of consumption involves variations in weather, generation, demand and other 

factors provide many opportunities for the quality of supply to be compromised. 

 

The quality of electric power may be described as a set of values of the parameters, such as:  

 Continuity of service 

 Variation in voltage magnitude  

 Transient voltages and currents 

 Harmonic content in the waveforms for AC power 
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To meet the voltage regulation requirement, in this paper we present a voltage-

controlled Distribution Static Compensator (DSTATCOM) -based voltage regulator shunt 

connection to PCC [1]–[5], as shown in Figure 1.  The shunt connection keeps away the 

power supply interruption while the voltage regulator is not installed or disconnected.  The 

proposed DSTATCOM allows the power company to put off investments and enhances the 

flexibility of grid management.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Low voltage distribution grid connected with DSTATCOM - the voltage regulator 

 
Voltage-controlled DSTATCOM can be used to maintain the PCC voltages balanced 

even under grid or load unbalances.  The PCC voltage is directly controlled by the 

DSTATCOM and therefore sudden load changes have no significant impact in the PCC 

voltage waveforms.   In addition, the voltage-controlled DSTATCOM disconnects the grid 

and the loads, serving as a low impedance path for harmonic distortions due to the voltage 

source behavior. 

 

1.1 DSTATCOM 

 

The DSTATCOM has become a capable device to provide solution for voltage related issues.  

However, it can also be a host of other current related power quality problem’s solutions such 

as voltage regulation, load balancing, reactive power compensation, power factor correction 

& improvement and current harmonic control. DSTATCOM is a voltage source converter 

(VSC) that is connected in shunt with the distribution system by means of a tie reactance 

connected to compensate the load current.    

The main components of DSTATCOM are – a VSC (voltage source converter), 

controller, filter, and energy storage device.  The schematic diagram of the DSTATCOM is 

shown in figure 2.  This paper aims at presenting a comprehensive review of DSTATCOM 

for power quality improvement on distribution system. This paper covers the different 

configurations used, the control methodologies, and their selection for specific applications. 
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Figure 2. Schematic diagram of DSTATCOM 

2. LITERATURE SURVEY 

In [6] Enderle, et al., proposed a digital control system for a voltage-controlled DSTATCOM 

applied to single-phase low voltage distribution networks. They have designed the system 

especially for long rural distribution lines with problems to comply with voltage levels 

standards. The voltage regulator consists of a single-phase voltage-source PWM (pulse Width 

Modulation) inverter connected in parallel with the PCC through a second-order low-pass 

filter. There are three loops in the proposed system: (i) an active damping loop, (ii) a control 

loop to regulate the PCC voltage and (iii) a dc bus voltage control loop.   Experimental results 

are included in this paper which demonstrate the performance of the proposed system. 

 

A voltage regulator system is presented in [7] based in a Distribution Static 

Synchronous Compensator (DSTATCOM) applied to low voltage distribution grids. The 

DSTATCOM consists in a three-phase four-wire Voltage Source Inverter (VSI) connected to 

the grid through a second order low pass filter. The control structure is composed of three 

output voltage loops with active damping and the two dc bus loops. In addition, a new 

concept of Minimum Power Point Tracking (mPPT) is introduced, forcing the DSTATCOM 

to operate with the minimum power. In certain conditions, this means no compensation. The 

dynamic models of the converter are presented, as well as the control design.  Simulation 

results show the capacity of regulation and the features of the mPPT. 

 

A new scheme is proposed by Kumar et al. [8] to generate reference voltage for a 

existing DSTATCOM operating in voltage control mode (VCM). The proposed method 

provides DSTATCOM energy conservation (EC) feature while enhancing its power quality 

(PQ) improvement capability without using any extra circuitry. With this scheme, power 

drawn by the load decreases which reduces the tariff, reduces heating losses in load, and 

increases their life. Also, it will reduce the utility power requirement, greenhouse gas 
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production, and increases energy efficiency, all of them are utility benefits. As DSTATCOM 

is installed by end users, incentives can be obtained from the utility with this scheme. This 

scheme ensures that during nominal operation unity power factor (UPF) is achieved at load 

terminal, which is not possible in traditional method. Also, compensator injects lesser 

currents, therefore, reduces losses in feeder and inverter. Further, a saving in rating of 

DSTATCOM is achieved which increases its capacity to mitigate deep voltage sag. 

Simulation results are presented to demonstrate the efficacy of the proposed scheme. 

 

Loads connected to a stiff source cannot be protected from voltage disturbances using a 

distribution static compensator (DSTATCOM). In [9], kumar et al. proposed a new control-

algorithm-based multifunctional DSTATCOM is proposed to operate in voltage control mode 

under stiff source. This scheme provides fast voltage regulation at the load terminal during 

voltage disturbances and protects critical loads. In addition, during normal operation, the 

generated reference load voltages allow control of the source currents. Consequently, 

DSTATCOM injects reactive and harmonic components of load currents to make source 

power factor unity. Simulation and experimental results are presented to verify the efficacy of 

the proposed control algorithm and multifunctional DSTATCOM. 

 

3. SYSTEM DESIGN 

In this paper we present a voltage-controlled DSTATCOM-based voltage regulator for low 

voltage distribution grids, using a three-phase four-wire VSI with an LC low-pass output 

filter.  Operation principles of the voltage-controlled DSTATCOM and the control strategy 

are presented.  Moreover, two loops are included to the proposed control strategy:  (i) The 

concept of minimum power point tracking (mPPT) and (ii) The frequency loop.  The mPPT 

avoids unnecessary reactive compensation, increasing the compensation capability. The 

frequency loop overcomes the practical difficulty of synchronization by correcting the 

frequency of the voltage reference.   In this paper we propose the combination of both loops, 

providing to the power company as a solution for the poor voltage regulation in real 

distribution grids with superior PCC voltage quality. Experimental results confirm the 

effectiveness of the voltage regulator and the features of both loops, separately and 

simultaneously. 

 

For analyzing the mPPT, we select apparent power to be minimized instead of reactive 

power due to: (i) active power in DSTATCOMs is a small fraction of the apparent power; (ii) 

the harmonic currents from the grid and load are also processed; (iii) the converter power 

rating and the losses are given by the apparent power; and (iv) apparent power is easier to 

calculate in comparison to extracting the reactive power at the grid frequency from distorted 

current waveforms. 

 

A. The P&O-based mPPT Algorithm  

 

Tracking algorithms can be used to perform the reduction of the of voltage regulator apparent 

power.   The Maximum Power Point Tracker (MPPT) is an example of tracking algorithm is 

which is widely used in PV systems.   There are several MPPT algorithms, and we have 

chosen the Perturb & Observe (P&O) to compose the mPPT algorithm due to its simplicity, 
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low computational effort and a small number of sensors, although it has slow transient 

response and operates around a Maximum Power Point (MPP) [10]–[17], which can be a 

local or a global MPP [18]-[19].  

 

Two parameters must be set to the P&O algorithm: perturbation amplitude and sample 

time. The perturbation amplitude defines the convergence time to reach the MPP and the 

amplitude of the oscillations in steady state [12]. The sample period must be greater than the 

response time of the system to avoid instabilities [10]. 

 

B The Amplitude Loop  

The amplitude loop is composed of the P&O-based mPPT algorithm and has voltage 

constraints to meet, which are imposed by the Brazilian grid code.  The voltage constraints 

are not considered and directly affect the apparent processed power.  

 

4. FREQUENCY LOOP 

The grid frequency has small deviation of frequencies around the nominal value and many 

loads can operate under such deviations. However, voltage-controlled DSTATCOM 

synthesizes the PCC voltage with a constant frequency.  Large differences between the 

grid and PCC frequencies, associated with long frequency deviations, may lead to 

disconnection of the DSTATCOM. 

 

A. Grid Frequency Variation and the Total dc Bus Controller  

The PCC voltage reference can represent different phases, respectively.   For a given constant 

grid frequency (fg), one can assume that the reference frequency (fref) is equal to the PCC 

frequency (fPCC) and θ is a constant.  As fg varies, the total dc bus voltage controller ensures 

fPCC is equal to fg, through a time-variant control output. The compensation angle can be 

decomposed in a constant (Θ) and a time-variant (θ(t)) component. 

 

B. Grid Frequency Variation Impacts  

Differences between fg and fPCC have two impacts on the voltage regulator: dc bus voltage 

steady state error and non-constant total dc bus voltage controller output.  

 

The steady state error depends on the total dc bus controller design and frequency 

perturbation magnitude. If the steady state error is positive, dc bus overvoltage can be higher 

than the capacitors’ rated voltage. If negative, the modulation index can be close the unity, 

reducing the PCC voltage quality.  When the controller is implemented in analog circuits, the 

non-constant control output must be constrained to the analog voltage limits.  Once the 

compensation angle (θ) reaches the constraints, the angle is kept to the limit value. Therefore, 

the total dc bus voltage controller is no longer able to regulate the total dc bus voltage. The 

voltage regulator shuts down, leading to severe consequences to PCC customers and the 

Power Company. 

 

C. Grid Frequency Variation Impacts  

The proposed method is based on a feature of the total dc bus controller: fPCC is equal to fg 

due the non-constant output of the total dc bus controller. By measuring fPCC, fg can be 
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obtained. Periodically updating fref with fPCC, the frequency loop brings θ(t) to zero at each 

sampling time. Counting the time between each PCC voltage zero cross, the fPCC is fed into 

the reference generator. 

 

5 CONTROL STRATEGY  

The control strategy aims to synthesize three balanced voltage waveforms at PCC with 

adequate amplitude, low THD and also regulate the voltage of the dc bus capacitors.  

Therefore, the control strategy has three output voltage loops, one total and one differential 

dc bus voltage loop.  The aforementioned controllers were designed with the parameters 

presented in Table I and evaluated for a range of the grid impedance (0.1 to 10 of Rg and Lg) 

through frequency response analysis. In this range the designed controllers work properly.  

 

Table I Voltage Regulator Parameters 

 

 

 

 

 

 

 

 

 

 

 

 

The modification is LCL filter is added to reduce the voltage ripple and to reduce 

harmonics. 

 

 
Figure 3. LCL Filter 

The modification is LCL filter is added to reduce the voltage ripple and to reduce 

harmonics.  The structure of LCL filter is shown in figure 3.  Additionally, this paper 

includes two loops: a loop responsible for the PCC voltage amplitude and another one 

responsible for mitigating the grid frequency effect on the voltage regulator. The complete 

control block diagram with the amplitude and frequency loops. 
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Output Voltage Loop  

The inputs of the output voltage loop are three voltage references (vref). The voltage 

references are composed of the dc bus controllers output, the mPPT and the frequency loop. 

To achieve adequate synthesis of the voltage references, the output voltage loop must have 

fast dynamic response. The output controller is a PID controller. The output voltage loop has 

active damping controllers to enhance the stability of the voltage regulator against grid 

impedance variations. 

 

Grid Frequency Variation and the Total dc Bus Controller  

The DSTATCOM operation causes power losses in the power converter as a result of 

semiconductor switching. The losses diminish the total dc bus voltage (vo). The displacement 

angle θ determines the active power flow at the PCC. Therefore, the total dc bus loop 

compares vo to the reference vo* and, through a PI plus pole controller, set a suitable θ to 

drain active power from the grid and reestablish the power balance between the grid, the 

loads and the DSTATCOM.  

 
Figure 4. Output voltage loop block diagram 

 

 

 

 

 

 

 

 

 

 

Figure 5. Proposed control strategy including amplitude and frequency loops 

 

The DSTATCOM is composed of three-phase four-wire VSI and the voltage balance at 

the split capacitors is required. The difference between the split capacitor voltages (vd) is 

compared to the reference (vd*) and a PI plus pole contributes to the reference generator with 

a small dc component (VPCC, dc). 

 

6. SIMULATION RESULT 

A prototype has been implemented in order to verify the voltage regulation capability, the 

mPPT and the frequency loop.  The DSP protects the DSTATCOM against dc bus 

overvoltage and overload, and performs routines as pre-charging and synchronization.    

International Journal of Scientific Research and Review

Volume 8, Issue 6, 2019

ISSN NO: 2279-543X

Page No: 366



 

 

 

 

 

 

 

 

 

 

 

Figure 6. Single-phase representation of the voltage regulator initialization circuits 

 

The initialization procedure is depicted at the time t0, the auxiliary contactor (AC) 

closes and inserts the pre-charge resistors (PCR) in series with the DSTATCOM while the 

PWM is maintained disabled. The dc bus charges through the switches and diodes as shown 

in figure 7. Meanwhile, the PLL circuit synchronizes the voltage references with the PCC 

voltages.  The compensation currents contain the fundamental frequency for the reactive 

compensation and all the harmonic distortion from the nonlinear loads. 

 

The compensation currents have different RMS values for each phase, highlighting the 

atural unbalance of the low voltage grids. The harmonic distortion present in the grid voltage 

is  compensated by the regulator. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Dc bus voltages during the DSTATCOM initialization 
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(a)                           (b) 

Figure 8 (a) Voltage regulator currents for linear loads and (b) Grid, load and voltage 

regulator currents for linear loads 

 

Figure 8(a) presents the compensation current waveforms.   The quality of the b-phase grid 

current (igb) for linear loads is shown in Figure 8(b).  The voltage regulator supplies the load 

with low THD voltages, as seen by the load current (iLb). The harmonic content in igb is 

given by the grid voltage distortions. 

 

7 CONCLUSION 

 

In this paper we present a three phase DSTATCOM as a voltage regulator and its control 

strategy, composed of the conventional loops, output voltage and dc bus regulation loops, 

including the voltage amplitude and the frequency loops.  The voltage regulation capability is 

demonstrated, by experimental results by supplying three balanced voltages at the PCC, even 

under nonlinear loads. The amplitude loop proposed here has the ability to reduce the voltage 

regulator about 51 % with nonlinear load and 80% with linear load. The mPPT algorithm 

followed the lowest power point within the permissible voltage range when reactive power 

compensation is not necessary. With grid voltage sag and swell, the amplitude loop meets the 

grid code. The mPPT can also be implemented in current-controlled DSTATCOMs, which 

can achieve similar results. 

 

REFERENCES 

 

[1] M. Mishra, A. Ghosh and A. Joshi, “Operation of a DSTATCOM in voltage control 

mode,” IEEE Trans. Power Del., vol. 18, no. 1, pp. 258-264, Jan. 2003.  

 

[2] G. Ledwich and A. Ghosh, “A flexible DSTATCOM operating in voltage or current 

control mode,” IEE Proc.-Gener., Transmiss. Distrib., vol. 149, n. 2, pp. 215-224, 

Mar. 2002.  

 

International Journal of Scientific Research and Review

Volume 8, Issue 6, 2019

ISSN NO: 2279-543X

Page No: 368



[3] T. P. Enderle, G. da Silva, C. Fischer, R. C. Beltrame, L. Schuch, V. F. Montagner 

and C. Rech, “D-STATCOM applied to single-phase distribution networks: Modeling 

and control,” in Proc. IEEE Ind. Electron. Soc. Annu. Conf., Oct. 2012, pp. 321 - 326.  

 

[4] C. Kumar and M. Mishra, “Energy conservation and power quality improvement with 

voltage controlled DSTATCOM,” in Proc. Annu. IEEE India Conf., Dec. 2013 pp. 1-

6.  

 

[5] R. T. Hock, Y. R. De Novaes and A. L. Batschauer, “A voltage regulator based in a 

voltage-controlled DSTATCOM with minimum power point tracker,” in Proc. IEEE 

Energy Convers. Congr. Expo., Sep. 2014, pp. 3694-3701.  

 

[6] Enderle, T. P., G. S. Da Silva, C. Fischer, R. C. Beltrame, L. Schuch, V. F. 

Montagner, and C. Rech. "D-STATCOM applied to single-phase distribution 

networks: Modeling and control." In IECON 2012-38th Annual Conference on IEEE 

Industrial Electronics Society, pp. 321-326. IEEE, 2012. 

 

[7] Hock, Rubens Tadeu, Yales Rômulo De Novaes, and Alessandro Luiz Batschauer. "A 

voltage regulator based in a voltage-controlled DSTATCOM with minimum power 

point tracker." In 2014 IEEE Energy Conversion Congress and Exposition (ECCE), 

pp. 3694-3701. IEEE, 2014. 

 

[8] Kumar, Chandan, and Mahesh K. Mishra. "Energy conservation and power quality 

improvement with voltage controlled DSTATCOM." In 2013 Annual IEEE India 

Conference (INDICON), pp. 1-6. IEEE, 2013. 

 

[9] Kumar, Chandan, and Mahesh K. Mishra. "A multifunctional DSTATCOM operating 

under stiff source." IEEE Transactions on Industrial Electronics 61, no. 7 (2013): 

3131-3136. 

 

[10] T. Esram and P. Chapman, “Comparison of Photovoltaic Array Maximum Power 

Point Tracking Techniques,” IEEE Trans. Energy Conv., vol. 22, no. 2, pp. 439-449, 

Jun. 2007.    

 

[11] Al-Diab e C. Sourkounis, “Multi-tracking single-fed PV inverter,” in Proc. 15th IEEE 

Mediterranean Electrotech. Conf., Apr. 2010, pp. 1117-1122.  

 

[12] M. de Brito, L. Galotto, L. Sampaio, G. de Azevedo e Melo and C. Canesin 

“Evaluation of the Main MPPT Techniques for Photovoltaic Applications,” IEEE 

Trans. Ind. Electron., vol. 60, no. 3, pp. 1156-1167, Mar. 2013.  

 

[13] F. Ansari, A. Iqbal, S. Chatterji and A. Afzal, “Control of MPPT for photovoltaic 

systems using advanced algorithm EPP,” in Proc. 3rd Int. Conf. Power Syst., Dec. 

2009, pp. 1-6.  

 

[14] S. Jain and V. Agarwal, “Comparison of the performance of maximum power point 

tracking schemes applied to single-stage grid-connected photovoltaic systems,” IET 

Elect. Power Appl., vol. 1, no. 5, pp. 753–762, Sep. 2007.  

 

International Journal of Scientific Research and Review

Volume 8, Issue 6, 2019

ISSN NO: 2279-543X

Page No: 369



[15] Y. Jiang, J. Qahouq and T. Haskew, “Adaptive Step Size With Adaptive-Perturbation-

Frequency Digital MPPT Controller for a Single-Sensor Photovoltaic Solar System,” 

IEEE Trans. Power Electron., vol. 28, no. 7, pp. 3195-3205, Jul. 2013.  

 

[16] D. Sera, L. Mathe, T. Kerekes, S. V. Spataru, and R. Teodorescu, “On the perturb-

and-observe and incremental conductance MPPT methods for PV systems,” IEEE J. 

Photovoltaics, vol. 3, no. 3, pp. 1070–1078, Jul. 2013.  

 

[17] N. Femia, G. Petrone, G. Spagnuolo and M. Vitelli, “Optimization of perturb and 

observe maximum power point tracking method,” IEEE Trans. Power Electron., vol. 

20, no. 4, pp. 963-973, Jul. 2005.  

 

[18] J. Prasanth Ram; N. Rajasekar, “A novel Flower Pollination based Global Maximum 

Power Point method for Solar Maximum Power Point Tracking,” IEEE Trans. Power 

Electron., vol.PP, no.99, pp.1-1  

 

[19] C. Manickam; G. P. Raman; G. R. Raman; S. I. Ganesan; N. Chilakapati, “Fireworks 

Enriched P&O Algorithm for GMPPT and Detection of Partial Shading in PV 

Systems,” IEEE Trans. Power Electron., vol.PP, no.99, pp.1-1  

 

International Journal of Scientific Research and Review

Volume 8, Issue 6, 2019

ISSN NO: 2279-543X

Page No: 370




