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Abstract— This paper investigates on study of stability for a 

100 kW Solar Photovoltaic (SPV) grid connected system 

using Distributed Static Compensator (D-STATCOM) 

control. The proposed D-STATCOM control works as 

compensating reactive power source, which decreases the 

voltage variation on distribution side of proposed system. In 

addition, an isolated DC-DC converter has been implemented 

in conjunction with three-phase DC-AC Voltage Source 

Converter (VSC) in double-stage grid connected system 

operating at unity power factor. Especially, an Integral 

Regulator (IR) type of Incremental Conductance (IC) 

Maximum Power Point Tracking (MPPT) technique has been 

implemented, which controls output voltage of SPV array and 

derives maximum power from SPV array under changing 

atmospheric circumstances. Furthermore, the proposed 

MPPT technique has been proven highly converging in 

tracking of maximum power, and maintains a constant DC 

link voltage by altering modulation index of converter. For 

the duration of the faulted conditions at grid side, the resulting 

balanced waveforms at Point of Common Coupling (PCC) 

have been obtained. Additionally, harmonic study carried 

demonstrates the role of D-STATCOM in the reduction of 

harmonics and DC offset at utility side providing a stable 

steady-state and transient response. In order to authorize the 

proposed system, the Matlab simulations have been 

performed to show the effectiveness of D-STATCOM control 

in proposed double- stage SPV grid connected system.   

Keywords: Solar Photovoltaic; Control, Stable; Power; D-

STATCOM; Maximum Power Point Tracking 

I. INTRODUCTION 

In India, the increasing demand of renewable energy 

production through Solar Photovoltaic (SPV) plants 

operating in Distribution Generation (DG), is causing serious 

stability and power quality problems such as flow of 

transients, voltage imbalance and fluctuations. In order to 

address these problems, a model for SPV grid connected 

system is developed in which Distributed Static Compensator 

(D-STATCOM) control is build to investigate stability of the 

system. The Maximum Power Point Tracking (MPPT) device 

has been linked to capitalize the efficiency of a SPV cell, 

which shows dynamic performance of a SPV generator [1]. 

The simulation of elevated performance type Power 

Conditioning System (PCS) of grid connected SPV system 

with their control schemes in DG systems is illustrated in [2]. 

Here, the proposed PCS system employs a two-stage power 

conversion topology composed of a three level Voltage 

Source Converter (VSC) and DC-DC converter. A three level 

control scheme has been considered to contain a full 

decoupled current control policy, which is independently 

exchanging reactive powers as well as active power with the 

distribution system [3]. The proposed designed system are 

beneficial for power electronics based designers, which 

requires a accurate, fast, simple, and easy to use modeling 

scheme for using in simulink of SPV systems [4]. The SPV 

generator is an electrical device that changes the solar energy 

(coming from the sun) directly into electrical energy. A set of 

connected SPV cells forms a SPV panel, which is normally 

connected in series to get large output energy. The energy 

obtained at the output of generator can be increased by 

increasing the surface area of a SPV cell [5]. It has been 

reported in [6-8] that the mitigation of voltage swell and sag 

an be done by using DVR controller. It has provided an 

effective solution by setting up the appropriate voltage 

quality level. To make input voltage of DC-DC converters a 

stable waveform, the SPV applications are frequently 

required with sophisticated controlling techniques. In this 

case, conventional converters, the Vin is controlled and Vout is 

constant [9]. To defend sensitive loads from disturbances in 

voltage of the DG system, Dynamic Voltage Restorer (DVR) 

is used [10]. The VSC is work on a reactive power production 

mode in the lack of active power on input side, the powers 

which maintains a DC voltage. MPPT schemes control power 

quality at a maximum point by sinking the Total Harmonic 

Distortion (THD) as per IEEE-519/1547 [11-13]. The MPPT 

algorithm is based on single phase arrangements in which 

power oscillate is instantaneous at twice the line frequency. 

These oscillations are also causes a ripple on the DC power 

and DC voltage of the SPV array. MPPT algorithm controls 

Vout of SPV array during quickly changing climate conditions 

[14-16]. 

This paper analyzes and addresses the steady-state 

and transient-state stability using a D-STATCOM control for 

100 kW SPV grid connected system during abnormal 

conditions. In order to to reduce voltage variations under both 

conditions, the control scheme of VSC generates a controlled 

modulating signal for Insulated Gate Bipolar Transistor 

(IGBT) based VSC. An Integral Regulator (IR) with 

Incremental Conductance (IC) type MPPT technique has 

been implemented which can control the oscillations at MPP 

and derives maximum power from SPV array. The 

performance of this scheme has been found to be satisfactory 

as compared to conventional MPPT techniques. The role of 

D-STATCOM is highlighted in maintaining stable 

waveforms during the faulted period during the simulation 

study. D-STATCOM has been able to mitigate transients 

occurring during periods of high frequency switching of 

IGBT based VSC. Additionally, reactive power 

compensation is shown by controlling the voltage at bus-bar 

at grid side and VSC. Especially, the results obtained in 

harmonics and DC offset clearly proves that the proposed 

system has been able to supply a stable electric power through 

SPV grid connected system in accordance with the IEEE-

1547 standard.  

II. SPV GRID CONNECTED SYSTEM WITH MPPT CONTROL 

The PCS system shown in Fig. 1, is an array of SPV panels 

simulink modeled, a three-phase interfacing reactor-

capacitor-reactor and an IGBT-based VSC used here as an 

LCL-filter. The proposed model has been developed as 
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double-stage grid interfacing system. The control side of DC-

DC converter steps up the DC supply voltage, which is 

generated from SPV array. The output of DC-DC converter 

has been fed to three-phase IGBT inverter for AC inversion. 

The regulated output voltage from VSC control and MPPT 

controller is used to provide continuous supply to the hybrid 

loads. MPPT control has been introduced to provide the 

maximum output energy from SPV array during the sunshine 

hours.  

 Fig. 5 represents the simulink diagram for proposed 

system, which consists of 100 kW SPV cells arrangement 

connected in parallel and series to generate maximum energy 

from sun radiations. The output current and voltage of SPV 

system depends upon changing solar radiation and ambient 

temperature levels. A MPPT controller is used to optimize the 

performance and effectiveness of the SPV energy conversion 

from sun light. 

 
Fig. 1: Block diagram of solar PV grid interfacing system. 

In order to determine the characteristics of the PV 

module, the P-V and I-V curves have been derived at three 

parameters, namely, open circuit voltage (Voc), short circuit 

current (Isc), and MPP (Vmp, Imp). The P-V and I-V 

characteristics curves of a SPV array are non-linear due to 

availability of solar energy because the SPV array sends 

energy directly to the converter. In order to validate the 

performance of SPV system, manufacturer data sheets have 

been used at maximum power points. There is a exclusive 

MPP on the P-V curve, at which the SPV cell generates the 

maximum power. This point is known as the maximum power 

point (Vmpp, Impp). The value of maximum powers depends on 

the environmental factors, such as ambient temperature and 

changing solar radiation levels. The condition for maximum 

power arises at knee of the P-V characteristic curve.  

The change in irradiance has a strong effect on the 

Isc and output power of the cell, but negligible effect on the 

Voc. From Fig. 2 depicts the P-V and I-V characteristics 

curves which have been obtained at different solar radiation 

levels and a constant temperature (25˚C) condition. Fig. 3 

depicts the P-V and I-V characteristics curves at ambient 

temperature and a constant solar radiance. It is evident that 

there is a strong impact of the change in open-circuit voltage 

and output power of a SPV cell, but negligible effect on the 

short-circuit current. 

 
(a) 

 
(b) 

Fig. 2: I-V and P-V characteristics of a SPV array under a 

constant temperature and varying solar radiation levels 

 
(c) 

 
(d) 

Fig. 3: I-V and P-V characteristics of a SPV array under 

fixed solar radiation and varying temperatures level 
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A. Modeling of SPV Array 

Fig. 4 depicts the basic equivalent circuit of a single SPV cell, 

which is composed of a light generated current source, and a 

single diode representing the non-linear impedance of p-n 

junction with Rs and Rp. The series resistance Rs accounts for 

any resistance in current path through semiconductor 

material, metal grid, contacts, and current collecting bus. The 

value of Rs is multiplied by the number of series-connected 

cells. The shunt resistance Rp is a loss associated with a slight 

leakage current through a parallel resistive path to the device. 

In practical conditions, the impact of Rp is not noticeable as 

Rs because the effects are minimal unless a number of SPV 

modules are connected in parallel for a large system. 

 
Fig. 4: Electric equivalent circuit of a practical SPV cell 

III. STRATEGY OF IMPLEMENTED CONTROL TECHNIQUES  

In this paper, D-STATCOM device has been used with a 100 

kW SPV grid-connected systems to investigate stability of the 

system. In DG systems, all accessible electric energy is 

distributed to the grid. The point, where SPV array delivers 

the maximum power is called MPP, which is obtained by 

MPPT control. MPPT method efficiently generates SPV 

power even under changing climate conditions. With 

application of fault on grid side, the proposed MPPT 

technique with D-STATCOM control provides distortion less 

maximum active power from SPV array, with negligible 

fluctuations during the presence of faults. 

A. Maximum Power Point Tracking (MPPT) Technique 

Control 

To effectively generate the real power from a SPV array, the 

modified form of IC based MPPT technique has been 

implemented in this study. This technique is based on DC-

DC converter that optimizes the combination between SPV 

array, utility grid and load connected. The most modern 

MPPT' Controller gives up to 99% efficiency in the 

conversion. 

 The IC method, the open circuit voltage method, the 

Perturbation and Observation (P&O) technique and ripple-

based methods are the common MPPT techniques. A better 

MPPT technique should construct a well-organized and 

efficient system at a cheap price because SPV systems will 

have to be bulk-produced. By combination of IR and IC 

MPPT method, the array terminal voltage is always attuned 

According to the Maximum Power Point (MPP) voltage. It is 

based on the incremental and instant conductance of the SPV 

module. 

As depicted in Fig. 6, incremental conductance 

MPPT technique has been modified by discrete integral or 

accumulation regulator technique (with forward Euler 

integration method) of unity gain which minimizes error 

between both sides of equation resulting Equation (1) from 

Equation (2).The scaling factor N is chosen as (N=7) which 

ensures superior dynamic and steady state performances. The 

scaling factor regulates the input signal to a proper magnitude 

prior to evaluating the subsequent step size. A variable step 

size MPPT is implemented to address the tradeoff between 

the dynamics and steady state oscillations at MPP. In the 

variable step size MPPT scheme, automatic tuning equation 

of variable step size is proposed to be a function of solar PV 

derivative with respect to its voltage. Based on various 

literature surveys traditional incremental conductance MPPT 

technique is introduced briefly here. The principle of 

incremental conductance algorithm flowchart is derived by 

differentiating solar PV array power Pa (W) with respect to its 

voltage Va (V), and equating result equal to zero as per 

Equation (1) , 

(at MPP)  (1) 

Rearranging above equation gives, 

                                                                  (2) 

Hence left hand side of Equation (2) represents 

opposite of solar PV array’s immediate conductance while 

right hand side represents its incremental conductance, where 

Ia(A) is solar PV array current. These two measurements 

must be equal in magnitude, but opposite in sign at MPP. If 

operating point is off of MPP, a set of inequalities can be 

derived from Equation (2) that indicates operating voltage is 

above or below MPP voltage. 

0a a a a
a a

a a a

dP dV I dI
I V

dV dV dV
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Fig. 5: Matlab simulink model for SPV grid connected system with D-STATCOM control.

 
Fig. 6: Schematic diagram of a SPV system with modified 

incremental conductance MPPT control 

B. Computational Scheme for D-STATCOM Control 

Out of all custom power devices, D-STATCOM is a quick 

compensating reactive power device, which can be connected 

on distribution side of any system to decrease current 

variations such as surges, sags, flicker and fluctuations 

caused by quickly varying reactive power requirement. In 

present work, D-STATCOM control has been designed as a 

VSC linked with the power network through Point of 

Common Coupling (PCC). The phase angle of the VSC 

voltage has been controlled for synchronization with utility 

grid at PCC, so that the real power and reactive power flow 

can take place. The Matlab simulink electric circuit of D-

STATCOM has been depicted in Fig. 7 together with 

capacitor, filter and converter. The filter consists of an 

inductance Ls and resistance Rs whereas the voltage across 

the capacitor is variable in nature due to varying nature of 

solar radiation levels. The reference value of DC link voltage 

has been maintained constant at 500 V. 

 
Fig. 7: Basic Matlab-simulink electric circuit for D-

STATCOM 

According to Park’s transformation, the d-q 

transformation technique has been performed for the analysis 

of D-STATCOM control. Fig. 8 depicts the phasor diagram 

for d-q transformation in clockwise direction. 

 
Fig. 8: Space phasor diagram of D-STATCOM in d-q form 

[5] 

Where  and it is the rotating phase angle of voltage. 

The voltage is represented by Equation (3) as, 

 t
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The park transformation equations are based on d-q 

axis, where d-axis is associated with the voltage vector at 

PCC and q-axis is in quadrature with it. By converting the 

system model to this reference frame, the equation can be 

written as: 

     (4) 
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By replacing Equation (5) in Equation (4), the q-axis 

and d-axis component of voltage will be as:  

 (6) 

By applying KVL in the circuit of Fig. 7, the D-

STATCOM is defined as: 

  +       (7) 

The derivative part can be removed in steady-state 

condition so the d-axis and q-axis equation can be written as: 

dq =RS dq +  dq + dq      (8) 

Therefore, the circuit of D-STATCOM has been 

divided into Id and Iq by using d-q transformation. Hence, the 

active power and reactive power control loops are resulted in 

order to investigate the behavior of D-STATCOM in system. 

IV. RESULTS AND DISCUSSION 

In this paper, the data sheets of SPV array identified by 

manufacturer have been tested by its interfacing with double-

stage converter system and a utility grid. At the same time, 

the developed system has been integrated with D-STATCOM 

control in Matlab/Simulink environment. The chosen 

specifications for a SPV array and controllers implemented 

are given in Table I and Table II. The investigation carried 

focuses on steady-state and transient-state stability by 

introducing a single line to ground fault at load side. It is 

important to note that the impact of the fault has also been 

studied at VSC and load side during abnormal conditions. 

The study made in this paper has been presented and 

discussed under two case studies: case 1 includes the study 

for an uncompensated system, whereas case 2 highlights the 

impact of D-STATCOM control for proposed system. The 

complete study also highlights real and reactive power graphs 

which indicate the stability of three-phase grid connected 

SPV system using D-STATCOM control. A line to ground 

fault (phase A) is connected before load during the fault time 

period from t=4 sec to t=6 sec.  

System name with 

components and symbol 
Rating values 

No. of solar cells per 

module 
96 

No. of series connected 

modules per string 
5 

No. of parallel strings 66 

Module specifications 

under STC 

[ Voc, Isc, Vmp, Imp] 

[64.2 V, 5.96 A, 54.7 V, 

5.58 A] 

Model parameters for one 

module 

[ Rs, Rp, Isat, Iph, Qd ] 

[0.038 Ω, 993.5 Ω, 

1.1753e-008 A, 5.9602 A, 

1.3] 

Maximum power Pmp 
66 x 5 x 54.7 x 5.58 = 

100.7 kW 

Table 1: Specifications adopted for SPV array 

System name with components 

and symbol 
Rating values 

Nominal DC voltage 500 V 

Nominal power and frequency [ 100 KW, 50 Hz ] 

DC voltage regulator gains [ Kp 

Ki ] 
[7, 800] 

Current regulator gains [ Kp Ki ] [0.3, 20] 

Load [Vn P -Qc] 
[440 V, 10 kW, - 10 

kVAR] 

Table 2: Specifications adopted for IGBT based VSC 

control 

A. Case A: Steady-state and transient behavior during the 

presence of fault on SPV grid connected system  

Without D-STATCOM simulation results are presented in 

case A. In which single phase to ground fault is applied, via a 

fault resistance of 0.055 Ω and ground resistance is 0.001 Ω  

Fig. 9 (a) and Fig 9 (b) depicts the simulation results of real 

and reactive power without D-STATCOM on grid side. A 

three-phase grid network has been developed for present 

study. As shown, there has been unbalanced sinusoidal 

waveform of real power being generated by grid. However, 

as evident from Fig 9 (b) the reactive power generated by grid 

has been reduced during the faulted period. Maximum value 

of real and reactive power has been found to be 2.1 kW and 

2.6 kVAR, respectively. A sharp transient in reactive power 

is also evident at t= 6 sec which is controllable by varying the 

gain of voltage and current controllers. From Fig 10 (a) and 

Fig 10 (b), it has been observed that real power is not being 

consumed whereas the reactive power is not being generated. 

A small disturbance is also evident during the faulted period. 

Fig 11 (a) and Fig 11 (b) depicts the real and reactive power 

generated waveforms of SPV array through VSC converter 

system, respectively. 
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(a) 

 
(b) 

Fig. 9: Uncompensated (a) Real power and (b) Reactive 

power on grid side 

 
(a) 

 
(b) 

Fig. 10: Uncompensated (a) Real power and (b) Reactive 

power on load side. 

 
(a) 

 
(b) 

Fig. 11: Uncompensated (a) RealS power and (b) Reactive 

power from VSC. 

 
(a) 

 
(b) 

Fig. 12: Uncompensated (a) grid current and (b) grid 

voltage. 
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(a) 

 
(b) 

Fig. 13: Uncompensated (a) load current and (b) load 

voltage. 

 
(a) 

 
(b) 

Fig. 14: Uncompensated (a) VSC current and (b) VSC 

voltage. 

B. Case B: Steady-state and transient behavior during the 

presence of fault during D-STATCOM control on SPV grid 

connected system 

In case B, simulation is conceded using the similar 

circumstances as above but now using D-STATCOM in 

system. Fig. 15-17 depicts the simulation results of real and 

reactive power Using D-STATCOM. And Fig. 18-20 depicts 

the voltage and current waveforms with D-STATCOM. A 

line to ground fault (on phase A) has been introduced on load 

side. The fault timing is t=4 s to t=6 s. During fault time, the 

results demonstrate unbalanced sag/swell in VSC, load and 

grid. The Real power is near to zero to keep the DC bus 

voltage of D-STATCOM converter constant. It can also be 

recognized that the injected reactive power to PCC is 

increasing when the fault is occur. The D-STATCOM is 

injecting additional reactive current to the system and the 

current is near to zero under normal conditions. 

 
(a) 

 
(b) 

Fig. 15: Compensated (a) Real power and (b) Reactive 

power on grid side. 

 
(a) 
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(b) 

Fig. 16: Compensated load (a) Real power and (b) Reactive 

power. 

 
(a) 

 
(b) 

Fig. 17: Compensated (a) Real power and (b) Reactive 

power from VSC. 

 
(a) 

 
(b) 

Fig. 18: Compensated (a) grid current and (b) grid voltage. 

 
(a) 

 
(b) 

Fig. 19: Compensated (a) load current and (b) load voltage. 

 
(a) 
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(b) 

Fig. 20: Compensated (a) VSC current and (b) VSC voltage. 

Parameter 
THD 

(%) 

DC current component 

(Amp) 

DC-AC converter  

voltage 
6.60 2.2134 A 

DC-AC converter 

current 
85.77 0.9856 A 

linear-load voltage 6.60 1.123 A 

linear-load current 0.93 0.786 A 

Utility-grid voltage 0.22 1.786 A 

Utility-grid current 28.94 0.5678 A 

Table 3: Total harmonic distortion analysis using IC MPPT 

V. CONCLUSION 

This paper has investigated the stability of DG network by 

using D-STATCOM control in double-stage SPV grid 

interfaced systems. The performance of implemented 

schemes has been validated by demonstrating the stability 

achieved in steady-state and transient-state in the output 

waveforms. It has been verified that D-STATCOM control 

has been able to mitigate the unbalanced response during the 

faulted conditions at the grid side. In addition, the 

compensation is also achieved in voltage and current 

waveforms at PCC of load and IGBT-based VSC. Apart, the 

reactive power compensation required by load connected has 

been demonstrated. Harmonic and DC offset values have 

been derived using fast fourier transform. Satisfactory level 

in the level of harmonics and DC-offset has been obtained at 

PCC of load, grid and IGBT-based VSC. The D-STATCOM 

has been established to be a useful way to recover the stability 

during the abnormal conditions, which may be useful in large 

power scale quantities of DG powers sources. It is clear that 

the proposed system has proven its utility in faster 

convergence towards achieving the stable response output in 

steady state and transient behavior responses at all points of 

common couplings.  
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