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Abstract - This paper proposes a hybrid system consisting of a photovoltaic (PV) array and rechargeable battery integrated to 
the distribution grid with the scope to perform load sharing and reducing demand with the distribution grid. The PV array, charge 
controller and the lead acid battery are connected to the dc-side of the voltage source inverter (VSI) through improved Dickson 
converter. Further incremental conductance MPPT control algorithm is developed for 1 Soltech 230-WP solar PV array and 
checked for different irradiance and temperature. Meanwhile Hysteresis current control method, the most important current 
control strategy is applied for VSI in this paper. The performance of system is analyzed using Matlab/Simulink to verify the output 
efficiency of the proposed system. 
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1. INTRODUCTION  
 

 Nowadays electricity power network has becoming critical issue on maintaining its reliability, sustainability and 
power quality [1]. The current electric power grids are growing old in this developing world. As a result of this aging grid and 
old infrastructures become more prominent as the power to demand ratio increases. These former equipment’s are prone to 
failures, and sometimes the old power planning fails to satisfy necessities [2]. So currently the researchers of all country are 
working for the update called micro grid and smart grid to overcome the current challenges of existing power grid. So in recent 
years the concept of distributed generation (DG) have increased rapidly due to driving forces such as fuel prices, reducing 
carbon emission and advancement in technology [4]. When the distributed energy resources (DER), which usually have power 
rating are of few kilowatts, are connected to the medium or low voltage distribution levels of the power networks, consumers 
are able to benefit from the increased reliability and reduction in total energy loss [5]. Solar photovoltaic (PV) power has pulled 
out a greater attention among other DER sources because of its advantages. PV enables clean, renewable, zero-emission 
electricity production which is completely fighting against future raise in fossil fuel price, which is unlike other DER such as fuel 
cells and micro-turbines. PV arrays can either be designed as stand-alone and grid-connected systems. Stand-alone systems are 
equipped with energy storage devices such as batteries to store electricity for sunless hours and act as energy buffers between 
the input power from the solar cell and the output power to the load. In grid-connected operation, the PV system supplements 
the grid power and it represents the fastest growing sector today [3]. 

This paper proposes integration of improved Dickson converter within micro grid comprising of PV array, charge 
controller, lead acid battery. The main advantage of Dickson converter is they can be used in high power applications [12]. 
Hysteresis current control technique is used as controller for inverter output. Meanwhile novel INC-mppt technique is used as a 
closed loop control with PV array for power converter. Load of 1.5 kVar is used and simulation is done using Matlab 2014a and 
results are shown under section E. The rest of paper is organized as follow under section I the sub-categories are Section A is 
modelling of PV array, Section B is modelling of charge controller, section C is of novel Incremental conductance MPPT, section 
D is modelling of Dickson converter, section E is Inverter current control and section II contains all necessary simulation results 
of proposed method and section III and IV are conclusion and references respectively. 

2. STRUCTURE OF PROPOSED GRID CONNECTED PV SYSTEM 
 

Fig 1 shows the block diagram of proposed PV connected grid system. The system composes of PV array, charge 
controller, MPPT control, Rechargeable batteries connected with charge controller, DC-DC boost converter i.e. Dickson 
converter and finally DC side of power converter connected voltage source inverter. The Mppt block shown in fig.5 controls 
Dickson converter while inverter is controlled using hysteresis control method with the reference current I*

abc as shown in fig 
16. The output of the VSI is linked with LC filter represented by Lf and Cf as in fig 9 to eliminate the high switching frequency 
harmonics generated by the VSI. When the grid is required to be isolated from the whole system, which can occur 
unintentionally due to a fault or intentionally due to a scheduled maintenance, the circuit breaker operates to disconnect the 
distribution grid from the whole system. 
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Fig-1 Block diagram of proposed method 

2.1 Modelling of Photovoltaic array 
 

 PV cells are grouped in larger units called PV modules which are further interconnected in a parallel-series configuration to 
form PV arrays[7]. In this paper one diode model with series and parallel resistance is considered as shown in fig (2). [6]The 
current source Iph represents photovoltaic current of a cell. Rsh and Rs represents intrinsic shunt and series resistance 
respectively. Usually Rsh is greater than Rs ,so they are neglected in this analysis. 
 

 
Fig-2 Equivalent circuit of one diode PV model 

Ipv=Iph-(ID+Ip) (1) 
Ip is current flowing through Rp 
Rp .Ip=Vpv+Ipv.Rs (2) 

So Ipv= Iph-I0[ ]  (3) 
Vpv and Ipv are voltage and current output of panel respectively.  

Iph=Isc+Ki(T-298)*  (4) 

Irs=  (5) 
Here Iph is Photovoltaic current, Isc is short circuit current 

Io=Ir  (6) 
Here Ns Np is number of panels connected in series and parallel respectively. 
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Table 1. PV array specifications 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.2 Modelling of Charge controller 
 

The main role of charge controller is to monitoring and control of power flow from renewable energy source to battery. 
The direct connection of the PV module and the battery reduces the energy conversion efficiency of the PV module [9].Due to 
inconstant irradiance and temperature, the power from PV array leads to battery damage and tends to reduce the life cycle of 
battery. So the charge controller is employed to protect the battery from over charging condition [8]. As per the specifications 
of battery mentioned in table 2 .The charge controller tends to control power and injects to the battery in order to avoid 
hazardous condition of whole system.  

 
Fig-3 Equivalent circuit of charge controller 

 
The charge controller is categorised into series and shunt charge controllers. The fig 3 shows the circuit diagram of 

shunt charge controller. The function of shunt charge controller depends on switching signal provided to the circuit. 
Furthermore, automatic function of switches, the program has been developed by considering SOC of battery. When battery 
SOC is 80% then S1 is turned on and battery gets charged to 80% for a time t1. Once battery gets charged S1  is turned off, S2 is 
turned ON, so that battery gets discharge to 20% for time t2. Then with the help of Charge controller the continuous supply of 
power is provided to load for any instant of time. Lead acid batteries have been used in various off-grid and standalone power 
systems for decades, and are one of the most commonly offered product options in home solar energy storage systems – and 
are also usually the most affordable. In this paper Lead acid-AGM type batteries are considered because of their safety purposes 
and sensitivity to temperature. These batteries have an advantage that when maintained properly, they will function at 80-90% 
efficiency. The battery discharge characteristics for voltage vs Time and Ampere-hour are shown in fig 17 and 18 respectively. 
So an algorithm is developed in Matlab for charge controller to avoid over charge conditions. It is important to maintain a full 
charge whenever possible, because it will extend its life and maintain a higher efficiency. Charge controllers with solar panels 
are employed so they don’t over charge the battery. The battery specifications are provided in table below 
 
 
 
 
 

Specifications Ratings 

Vmpp 30 

Impp 7.07 

Voc 37 

Isc 8.18 

Ns Np 2,4 

Maximum Power 229 

Irradiance 1000W/m2 

Temperature 250 C 
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Table 2. Battery specifications 
 

Type Lead acid battery 

Rated capacity 12 Ah 

Nominal voltage 150 v 

Full charged voltage 164v 

Maximum capacity 12.5 v 

SOC 80% 

 
2.3 Increment conductance MPPT 
 

Due to the varying irradiance and temperature PV modules experience different power-voltage characteristics. 
With application of MPPT algorithm, [10] MPP can be observed and controlled. In this paper INC MPPT algorithm is used 
to provide gate signal to the Dickson converter. The simple flow chart for MPPT is shown below 

 
Fig-4 Flow chart of INC-MPPT algorithm 

 
Fig-5 Simulink model of INC-MPPT algorithm 
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At maximum power point of PV, it indicates 

 (8) 
Ppv=Vpv Ipv  

 (9) 
The INC mppt method operates by measuring the PV array power i.e. voltage and current. The values in equation are compared 
and control the power converter as per fig4. The fig 5 shows Matlab-Simulink circuit of the INC mppt[11] for extraction of 
maximum power. The iteration is repeated until the difference value of equation (9) gets lower than pre-defined value. 

 

2.4 Modelling of Proposed converter topology 
 

In this section modelling of Improved Dickson converter is represented. The main merit of going for the Dickson 
converter is to reduce the voltage stress across the switches. The voltage stress is reducing by the factor of 2. [12]Since 
Dickson converter experience a very low voltage stress it can be used for high power applications.  

 

 
Fig-6 Improved model of Dickson converter 

 
The improved Dickson converter is shown in fig 6. Depending on switching characteristics they are divided into 2 modes. In 
mode 1 S1 and S3 are turned ON and in mode 2 S2, S4 is turned ON .All the capacitor used in converter are of 0.1F and pulses for 
Mosfet is shown in fig 6. The equivalent circuit of mode 1 and 2 is shown in fig 7 and 8 respectively. 
 
Mode 1 
Applying KVL to mode 1 
Vin-Vc1A=0 (6) 
Vin+Vc1B-Vc2B=0 (7) 
Vin+ Vc2A-Vc3A=0 (8) 
V0- Vc3A-Vc3B=0 (9) 
 

  

Fig 7 Equivalent circuit of Mode 1 Fig 8. Equivalent circuit of Mode 2 
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Mode 2 
Applying KVL to mode 2 
Vin-Vc1B=0 (10) 
Vin+Vc1A-Vc2A=0 (11) 
Vin+Vc1B-Vc3B=0 (12) 
 
2.5 Inverter current control  
 

Some of the novel control schemes for current [13] such as PID, hysteresis, Dead beat control are used. Current control 
methods are always insensitive to noise and it also provide switching signal to inverter, in accordance to reference input. [14] 
Self commutated inverter is employed in all inverter area because of its power handling capability i.e. it can handle power of 1-
100Kw by using this current control schemes. Grid connected mode operation is comparatively easier than stand-alone mode  

 

 
Fig- 9 Power circuit of inverter 

 
Hysteresis current control is used in this paper for controlling the current flow from LC filter. [15]The actual current Iabc is 
measured and compared with reference signal I*

abc as shown in fig16. The working of hysteresis controller is very simple 
compared to other controllers. When the actual current exceeds the upper limit, the negative voltage is applied to the inductor 
to decrease its current and when it exceeds the lower limit, positive voltage is applied then current increases and cycle 
continues. The gate pulse of Hysteresis current control is shown in fig (12). In this paper fixed band hysteresis controller is 
used, so that hysteresis bandwidth is fixed over fundamental period.  

Iref=Imaxsin t  
Iup=Iref+H 
Ilow= Iref –H 
 
Here Iup and Ilow is upper and lower band respectively. H is hysteresis band. 
The performance of hysteresis controller has a good response towards load current. Since variable switching frequency 
causes resonance problem and it is not taken into account in this paper. Meanwhile THD of inverter voltage and current 
has been drastically reduced to 7.6% shown in fig 22.  
 

Table 3 Hysteresis loop specifications 
 
 
 
 
 

Reference current 1A 

Hysteresis Bandwidth ±0.3 

Load resistance 10000Ω 

Load capacitance 100F 

Lf=2 H 

Cf = 1*10-6F 
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Fig-10 Equivalent circuit of Hysteresis control 

 

3. SIMULATION RESULTS 

 
Fig-11. PV output voltage and power converter output voltage 

 
Fig 12. PWM generated by Hysteresis loop 
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Fig-13.simulation result of PV of array with 250C 

 
Fig-14.Simulation result of I-V characteristics of array with 1000w/m2 irradiance 

 
Fig-15. Simulation result of P-V characteristics of array with 1000w/m2 irradiance 
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Fig-16. Reference current (i*

abc) 
 

 
Fig-17. Battery current discharge characteristics-voltage vs time 

 
Fig-18 Battery current discharge characteristics – Voltage vs Ampere hour 
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 Fig-19. Inverter output voltage and current-PV connected mode  
 

 
 Fig-20. Inverter output voltage and current with LC filter-PV connected mode  

 
Fig-21. Inverter output voltage and current with LC filter-Battery connected mode 
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Fig-22 THD of inverter output voltage. 

4. CONCLUSION 

A hybrid system consisting of a photovoltaic (PV) array and rechargeable battery integrated to the distribution grid. The 

photovoltaic array, charge controller and the battery are connected to the dc-side of the VSI through the converter. The 

performance of load sharing and reducing demand with the distribution grid were analysed. MPPT is used for the system and 

optimized for the various irradiance and temperature. The VSI is applied for the hysteresis current control technique is applied 

and their performance also studied. The performance of system is analysed using Matlab/Simulink to verify the output 

efficiency of the proposed system. 
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