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Abstract: In this paper, isolated Diesel generator set is integrated with static synchronous compensator (DSTATCOM) for harmonics 

elimination, reactive power compensation and injection of active power. The control of scheme of DSTATCOM is derived from instantaneous 

reactive power theory. The dc bus voltage is regulated to constant value with proportional integral (PI) controller of DSTATCOM.  The 

controlling pulses DSTATCOM is carried out with hysteresis controller. The overall system consisting of DG set, DSTATCOM and nonlinear 

load simulation is carried out with MATLAB environment using Simulink and power system block-set toolboxes. The MATLAB modeling is 

performed for a synchronous generator coupled to a diesel engine, along with the three-leg VSC working as a PV-DSTATCOM.  The simulated 

responses of PV-DSTATCOM with DG set are presented to verify the effectiveness of the control of PV-DSTATCOM for the compensation 

harmonics, reactive power and active injection without separate DSTATCOM. 

IndexTerms: DSTATCOM, MPPT,harmonics, reactive power. 

I. INTRODUCTION 

In most of installation the electric power generation is carried out with DG sets to feed the power to some sophisticated equipment in 

industrial as well as commercial establishments [1], [2], [12]. DG sets used for these purposes are loaded with unbalanced, reactive and 

nonlinear loads such as power supplies in some telecommunication equipment and medical equipment. The impedance offered by the DG set 

is quite high, and the distorted currents produce the voltage drop across the impedance of DG set lead to the reduction and distortion of voltages 

at point of common coupling (PCC). The torque pulsation is produced in the DG set, which is resulted from the flow of harmonics current. All 

of these factors lead to the increased fuel consumption and reduced life of the DG sets. These forces the DG sets to be operated with derating, 

which results into an increased cost of the system. Currently, small diesel generators with improved power quality features integrated with 

converter-inverter sets are available. The inverter-converter set is integrated to enhance the power quality requirement. Instead of using small 

generator set to meet power quality requirement, the DSTATCOM can be used with three phase DG set to feed unbalance load. The 

DSTATCOM functional is to compensate harmonics, reactive power load balancing and can be used for line termination. The small DG set 

increase the price of the installation and maintenance. With advancement in digital as well as power semiconductor technology, the price of 

DSTATCOM of an inverter is reduced and can be easily configured to work as PV-DSTATCOM. Additionally, the DSATCOM can 

compensate harmonics, reactive power and can inject active power from PV array.  The integration of PV-DSTATCOM with DG set enable 

reduction of fuel consumption used for power generation. 

 

To compute reference signal, many control schemes are reported in literature, and some of these are instantaneous reactive power (IRP) 

theory, instantaneous symmetrical components, synchronous reference frame (SRF) theory, current compensation using dc bus regulation, 

computation based on per phase basis and scheme based on neural network techniques [4]–[11]. Among these projected control schemes 

instantaneous reactive power and synchronous reference frame theories are most widely used. This paper present, PV-DSTATCOM is 

controlled with instantaneous reactive power theory integrated with maximum power point tracking algorithm   based on incremental 

conductance algorithm.  The instantaneous reactive power theory with MPPT controlled used for compensation of harmonics and reactive 

power and tracking of the active power from PV cell. The PV-DSTATCOM integration with DG set enable reduction in fuel consumption of 

DG set. The performance characteristics of PV-DSTATCOM these controllers are compared. An extensive MATLAB simulation is presented 

of DSTATCOM. Simulation results demonstrate the effectiveness of these two control algorithms of DSTATCOM for compensation of 

harmonics and reactive power demand of the nonlinear load. 

II. DSTATCOM CONFIGURATION  

The DG set integrated with PV-DSTATCOM is shown in Fig.1. The overall system of DSTATCOM consists of diesel generator, 

DSTATCOM integrated with PV modules and nonlinear load.  The DG set is comprised of synchronous generator and internal combustion 

engine. When nonlinear load is connected to the DG set it induce the harmonics and increase the temperature level of the system. The increase 

of the temperature in DG set is due to the losses caused by the harmonics and oscillating power. The DSTATCOM is made up of insulated 

gate bipolar transistor, inductor and capacitor. The DSTATCOM is connected at the point of common coupling to compensate the harmonics 

induced by nonlinear load. This proposed PV-DSTATCOM also injects the active power harvested from the PV module. The losses caused by 

harmonics also increase the fuel consumptions and derating of DG set. 
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Fig.1.DSTATCOM configuration for DG set integration. 

III. CONTROL SCHEME 

In literature numbers of control strategies are proposed for efficient extraction of reference current such as synchronous reference frame, 

power balance, symmetrical component theory and instantaneous reactive power theory etc. [2]. Among these reference current generations 

instantaneous reference theory (IRP) most efficient and commonly used. In IRP theory, it involves that conversion of the three phase signals 

into bi-phase and subsequent computation of the active and reactive power. The calculated active and reactive is used for reference generation 

and transformed back to three phase. These generated reference current fed to the gate pulse generator to track the source current. The dc 

voltage regulation loop is integrated with maximum power point tracker algorithm. The reference voltage is computed with incremental 

conductance method for tracking maximum power from the photo voltaic modules.  The dc voltage regulation scheme using maximum power 

point tracker (MPPT) is shown in Fig. 3.  

 
Fig.2. Instantaneous reactive power theory. 

IV. DC VOLTAGE REGULATION 

The dynamic model of PV cell is shown in Fig. 3 [13]. The N number of modules are connected in series and parallel to obtain the required 

power level. 

 
Fig.3. Equivalent circuit of photovoltaic cell. 

The current obtain at the output-terminal I  is equal to current generated due to solar insolation LI  and is less than the diode-current dI and 

theshunt leakage current shI . Theseries resistance sR represents the internal resistance, which opposes the flow the current and shunt resistance 

shR is inversely proportional to the leakage current. For ideal PVcell, the series loss and shunt losses are negligible.  The typical value of series 

resistance sR  and shunt resistance shR   for 1-in2 siliconcellis 0.05 0.10[ ]sR    and  200 300shR    . The conversion efficiency 

of PV depend on sR , but is independent to any variations in shR . A small increase in sR can decrease the PV output significantly.The two 

most important parameters widely used fordescribing the cell electrical performance are the open-circuitvoltage oc out sV V R I  Vobtained 

when the load currentis zero and the short-circuit current scI . Ignoringthe small diode and the ground-leakage currents under zeroterminal 
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voltage, the short-circuit current under this conditionis the photocurrent LI . The PV modules are modeled approximately as a constant current 

source. The basic equation describing the I-V characteristicof a practical PV cell is 

                                                               

1oc out S
L d sh L D

sh

qV V R I
I I I I I I e

CkT R

 
       

 
                          (1) 

Where DI  is the saturation current, q  is the electron charge  191.6 10 C , C  is the diode emission factor, k  is the Boltzmann constant 

 231.38 10  J/K  and T  is the temperature.  

The PV cell  generatesthe maximum power at voltage corresponding to the knee point of the I-V curve, as shown in Fig. 3. maxV and maxI  are 

voltage and current at maximum power point, respectively. The DSTATCOM is set to operate at optimal voltage to achieve maximum power 

by maximum power point tracking algorithm. In this paper, the incremental conductance and integral regulator technique used for tracking the 

maximum power from the PV modules [6]. This MPPT method is based on the fact that the power slope of the PV is null at MPP point (where 

0
dp

dv
 ), positive in the left, and negative in the right. In the following equations, dv and di are obtained by one-sample delayed values V. 
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Fig.4. V-I characteristics of PV cell. 

 

The DC voltage regulator with maximum power point tracking algorithm used for estimation of reference voltage is shown in Fig.3. The 

reference DC voltage is estimated with incremental conductance method and power generated from PV system also estimated for injecting 

active power from DSTATCOM to grid. The active power injected is carry negative sign, which shows that the DSTATCOM inject active 

power into the DG set feeding system. 

 
Fig.5 

V. RESULTS AND DISCUSSIONS 

The simulated waveform of the PV-DSTATCOM under different operating condition is shown in Fig.6, Fig.7 and Fig.8 respectively. The 

different waveforms of the spectrum can be recognized as source voltage, source current, load current and compensating current and 

represented as Vsa, Isa, ILa and Ica respectively. 
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Fig.6. Simulated waveform of DSTATCOM. 

When DSTATCOM alone operating without photo voltaic modules connected on its dc side and it is used for compensation of harmonics and 

reactive power demand of the nonlinear load. Before t=0.05 sec., the source current is consist of integer multiple triplen harmonics current.  

When DSTATCOM is connected at t=0.05 sec. source current tend to sinusoidal and in synchronous with voltage waveform. The source 

current total harmonics distortion before compensation is 23.62% and its value after compensation is found to be 2.04%.   

 

Fig.7. Simulated waveform with MPPT. 

 

Fig.8.Simulated waveform with power variation. 

The simulated response of the PV-DSTATCOM is shown in Fig.7.  Before compensation with DSTATCOM source current highly nonlinear 

and contains harmonics which is result in heating of armature of the synchronous generator. When PV-DSTATCOM start injecting active 

power harvested from PV module, the source current tends to sinusoidal.   The source current is in phase opposition to source voltage, which 

shows the active power flow from PV-DSTATCOM to the load.  As load demand increases on DG set, PV-DSTATCOM compensate the load 

current demand. This is in turn results in reduction of fuel consumption. And also, DSTATCOM compensate harmonics and balance the current 

while feeding variety of the load 

The power variation with solar insolation is shown in the Fig.8. The different waveform of spectrum identified as PV array voltage, PV array 

current and active power output of the PV array. With increase in solar insolation, the quantity of output active power also increases.  The 
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increase in power output from PV array the quantity of active power injected at point of common coupling also increases. This increase in 

active power can be observed from the Fig.8, the value of source current gradually increase with increase in compensating current of 

DSTATCOM. The active power injected from PV-DSTATCOM relieves the loading on the DG set and also compensate the harmonics and 

reactive power demand of the nonlinear load connected with DG set. 

 

Fig.9. Source current THD without DSTATCOM 

 

Fig.10. Source current with DSTATCOM compensation. 

IV. CONCLUSIONS 

In this paper, isolated DG set is integrated with PV DSTATCOM for performance improvement and reduction of fuel consumption. The 

proposed system compensates the harmonics and reactive power of the nonlinear load. The instantaneous reactive power theory is integrated 

with maximum power point tracking controller. The incremental conductance method based algorithm is implemented to track maximum 

power from the PV array. The active power calculated from PV array is used in control scheme to inject active power at point of common 

coupling. The simulated response of PV-DSTATCOM shows the effective for compensation of harmonics, reactive power and active power 

injection from PV array. 
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