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I. INTRODUCTION 

 

Current trends of power generation using 

renewable sources are very difficult to tackle 

problems associated with price volatility and the 

carbon impact of fossil fuels. This has motivated 

researchers to develop renewable energy-based 

Distributed Generation (DG) and is moving fast to 

meet the worldwide current needs of utilizing clean 

energy sources to create a clean energy future and 

minimizing the costs. Among the available 

renewable energy sources, solar energy is burning 

desire and the photovoltaic (PV) system provides 

the most simple method to convert solar energy into 

electrical energy without creating an environmental 

disturbance. The solar power converted to electrical 

power by the photovoltaic (PV) system can be 

integrated with the grid if it meets the grid code. 

Thus controlling the power electronics blocks that 

are used for grid integration is required to get the 

best out of solar energy. 

The irradiation and temperature received at any 

instant oftime affect the output voltage and current 

of a PV cell. Due to this variations in the input 

parameters and the non-linear relation between 

voltage and current, there is always one point that 

gives the maximum power and these days PV 

panels are accompanied by maximum power point 

tracking (MPPT) controllers. Various MPPT design 

methods have been implemented over the years [1]-

[4]. Out of those used methods Incremental 

Conductance (IC) and Perturb and observe (P&O) 

preferred by many researchers due to their 

simplicity. 

 

Due to variation irradiation and temperature 

output power is unpredictable and it is totally 

dependent on PV as a power generation unit. To 

overcome this disadvantage of fluctuations, 

different energy storage devices are integrated to 

the PV system. Among these, battery and 

supercapacitor energy storage system are widely 

used in the literature because of  their high energy 

and power densities respectively [5]-[8]. Some 

research work has been done to integrate 
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supercapacitor energy storage system with 

STATCOM for low voltage and fault ride through 

as well as smoothing power fluctuation of wind 

energy system [9]-[11]. Research on low voltage 

ride through and fault response of grid connected 

solar inverters without energy storage is discussed 

in [12]-[16]. Various linear and nonlinear control 

techniques have been proposed recently on isolated 

and grid connected PV with energy storage system 

[17]-[21]. However, most of researchers have 

addressed on how to use the energy storage for 

other issues and control techniques. Issues related 

to fault ride through using the energy storage has 

not been discussed.  

 

In this proposed paper, the power generated from 

PV arrays is used as input to the grid using a buck 

converter, a bi-directional buck boost converter and 

a VSI. Supercapacitor energy storage system has 

been used to minimize the fluctuation and store 

energy during grid fault, and is tapped on the DC 

link of the VSI. The energy storage is connected 

through a bidirectional buck boost converter and 

this converter controls the DC link voltage to a 

constant value for power delivery to the grid. By 

controlling duty cycle of buck converter,the 

maximum output voltage for MPPT has been 

obtained. As per the requirement of power 

management control unit P-Q vector is 

implemented to control independently the active 

and reactive power for grid. 

 

II. SYSTEM MODELLING 

 

Fig. 1 shows the configuration of grid connected 

to PVsystem and energy storage connected to the 

DC link.The PVarray is formed from a number of 

PV modules converts the received solar irradiation 

and temperature into DC current and voltage.These 

values are varying throughout the day depending on 

position of the Sun irradiation and temperature at 

any particular time. A buck converter is 

used,tomake DC power generated from the PV 

array suitable forthe inverter and implement MPPT.  

The duty cycle of the buck converter is 

continuously adjustedunder varying irradiation and 

temperature to instantly locatethe maximum voltage 

or current to obtain the maximumpower output 

from the PV arrays.The energy storage isconnected 

to the DC link between the buckconverter and 

theinverter using a bidirectional buck boost 

converter. For real powerdelivery by absorbing any 

mismatch between the generatedpower and the 

power transferred to the gridThe DClink voltage is 

kept constant by this converter. To transfer the 

available powerof the DC link to either an AC load 

or to the main grid duringnormal operation and 

during fault at the grid side the DC linkpower will 

be stored in the SCESS a P-Q control 

isimplemented for the inverter. 

 
Fig. 1 Proposed system configuration 

 

III. THEPROPOSED CONTROL 

STRATEGY 

 

Tointegrate the PV system to the energy storage 

and to the gridand hence three control blocks are 

proposed namely buck converter,bidirectional buck-

boost converter and VSI. The first controlblock 

uses IC to control the duty of the buck converter 

andthe MPPT. The second control block controls 

the DC linkvoltage to a constant value for real 

power delivery and P-Q control for the VSI used in 

thethird control block. 

A. Buck Converter Controller 

This converter is used to force the PV 

arraychange its operating point under varying 

irradiation andtemperature to locate the Maximum 

Power Point tracking. Incremental conductance (IC) 

method is used becauseof its simplicity in this paper 
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to locate the Maximum Power Point by 

calculatingthe PV power at each instant and 

changes PV array’soperation point to capture the 

maximum available power.Input of the IC based 

MPPT is the PV array’s output voltageVPV and 

current IPV and its output is the reference 

voltage,Vref, as shown in Fig.2. This voltage is 

compared with VPV andthe difference will be 

processed by a PI regulator [22].  

Aftercomparison of a high frequency carrier 

signal with the outputof the PI (which is the Duty), 

firing pulse is generated for thebuck converter. The 

DC link voltage VDC is the Dutymultiplied by the 

PV array output voltage, VPV. The DC 

linkcapacitor CDC removes the offset of this 

voltage. 

 

 
 

Fig.2 Buck converter controller [26] 

B. Bidirectional Buck-Boost Converter Controller  

The topology of the bi-directional buck-boost 

converter is shown in Fig. 3. To recharge the 

supercapacitors in one direction and as a boost 

converter to transfer energy to the link capacitor in 

the other direction the bidirectional converter acts 

as a buck converter.  IGBTs are used as the 

switching devices in the circuit. The operation of 

the converter is controlled by the DC link voltage 

and the voltage of the supercapacitors. The main 

purpose of the bidirectional buck-boost converter is 

to maintain the voltage of the DC link relatively 

constant at a reference value. To make this buck-

boost converter controller stable, a lower limit is 

placed on the supercapacitor voltage which is 50% 

of the maximum value. The state of charge (SoC) 

controls the supercapacitor voltage to be between 

0.5VSCmax and VSCmax so that 75% of the energy 

stored is utilized. The inductor L is designed from 

the boost mode using a duty cycle of about 0.5 [23]. 

 

 
 

Fig.3 Bi-directional buck-boost converter [26] 

C. P-Q Controller for the Inverter   

The available DC link power has to be converted to 

three phase AC power to supply either AC loads or 

for grid integration using an inverter shown in 

Fig.4. Depending on the grid power demand or AC 

load, P-Q controller is implemented for the inverter.   

 

 
Fig. 4. Two level three phase Inverter [26] 

From Fig.4, R and L are resistance and inductance 

of the distribution line respectively. Ia, Ib and Ic are 

the distribution line currents; Va,Vb, Vc are the 

inverter output voltages; Vag, Vbg, Vcg are the grid 

voltages. Using synchronous rotating reference 

frame (D-Q axis), decoupled active and reactive 

current control technique is implemented using a 

standard PI controller. In the current control 

technique, the active current component ID controls 

the active power and reactive power flow is 

regulated bycontrolling IQ.The PI controllers force 

these currents to track certain reference commands 

IDREF and IQREF, respectively. Utilizing the 

instantaneous power theory [24]. 
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IV. RESULTS AND DISCUSSION 

 

The system consists of 50 series connected and 20 

parallel-connected modules. Fig.5 shows the 

complete model of the grid-connected PV system 

used in this paper. For the reference solar intensity 

of 1000 W/m2 and 50
o
c as shown in fig.6, the 

operating voltage VMP and current IMP at the MPPT 

will be 500.72 V, and 119.36A, respectively. The 

expected maximum output power at this operating 

point from this PV array is 59.77 kW 

(500.72V×119.36A). The SCESS is developed to 

have an energy capacity of 10 kW for 120 seconds 

(1200 kJ) to minimize the fluctuation of the 59 kW 

PV system. DC link voltage of 500 V and 

supercapacitor voltage of 250 V (0.5*500) is used, 

the optimum supercapacitor capacitance CSC is 

considered as 22.7 F for reference. [26] The P-Q 

controller from the PMC is set to 50kW and if the 

irradiation or temperature varies this set point can 

be varied accordingly. During a fault at the grid 

side, the generated power from the PV array will be 

stored in the SCESS. The SCESS helps the system 

ride through by providing active and reactive 

power. To demonstrate the effectiveness of the 

proposed controller for fault ride-through and 

power smoothing using energy storage for grid-

connected PV during the fault, the SCESS 

participates in riding the fault by the system, the 

three-phase fault is applied at the grid side 

increasing the reactive power. The DC link voltage 

is controlled by the buck-boost converter for the 

system having the SCESS and verified with and 

without fault as shown in Fig. 7a, but the inverter 

controls this voltage if there is no energy 

storage.The operation of the PV array is unaffected 

if the system has energy storage, the PV array 

MPPT tracks the maximum voltage despite the 

fault. Fig7b and Fig7c. shows the three-phase 

voltage and current input to the grid respectively. 

Fig. 7d. shows the power to grid while  
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Fig. 6. PV Characteristics 

 

 
Fig. 7a. DC Voltage without and with Fault 

 

 
Fig. 7b. Voltage to Grid without and with Fault 

 

 
Fig. 7c. Current to Grid without and with Fault 

 

 
Fig. 7d. Power to grid without and with Fault 

V. CONCLUSION 

In this paper grid connected PV system with 

supercapacitor energy storage system (SCESS) for 

fault ride through and to minimize the power 

fluctuation is proposed.To track the maximum 

power from the PV array, Incremental conductance 

based MPPT is implemented. The generated DC 

power is connected to the grid using a buck 

converter, VSI, buck-boost converter with SCESS. 

The SCESS which is connected to the DC link 

controls the DC link voltage by charging and 

discharging process. To transfer the DC link power 

to the grid a P-Q controller is implemented. SCESS 

minimizes the fluctuation caused by change in 

irradiation and temperature observed during normal 

operation. At the same time at a grid fault the power 

generated from the PV array will be stored in the 

SCESS. The SCESS supplies both active and 

reactive power to ride through the fault. Simulation 

based results have shown the validity of the 

proposed controller. 
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