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HYBRID ENERGY STORAGE SYSTEM FOR GRID-CONNECTED PV IN 
POWER APPLICATIONS 

 

 

Abstract— In this paper, a hybrid energy storage system 
(HESS) for grid connected conditions in PV applications. 
For enhancing the stability sustainable energy sources 
with random load variation is considered. Hence the 
storage system requires high power and high energy 
handling capacity. Hybrid storage of super capacitor and 
battery is used in proposed grid connected PV system. It 
controls the quick change of DC link voltage and 
enhances the stability. The operation of micro grid system 
uses an efficient adaptive power management algorithm. 
The proposed energy management system performance 
efficiency is analyzed by simulation studies. 

Keywords— Hybrid energy storage system, Micro grid, 
Super capacitor 

I. INTRODUCTION 

    TODAY’S power system has the growing adoption of 
green technologies.  Due to the fast development of 
renewable sources most power management uses turbines 
and photovoltaic (PV). As far as the reliability and 
sustainability, the correct choice is PV due to the advantages 
like low cost, high efficiency, low maintenance, and high 
consistency. However, the changing environmental  
conditions such as temperature, irradiance, effects of partial 
shading, and humidity, the stability and generation of the PV 
are affected up to a large extent. Hybrid Energy storage 
systems  are utilized in the microgrids to to give constant 
power from an irregular source like PV and improve the 
quality. Battery is used for energy storage because batteries 
have small power density and high energy density, it 
provides low charging and discharging rates. In hybrid 
energy storage systems battery and supercapacitor  to get the 
benefits of both device 

 In this paper, we proposed hybrid energy storage system 
without affecting the microgrid stability and also, enhances 
the power quality. The features of the proposed scheme are 
power flow management at the DC link and allows current 
limits for both supercapacitor and battery units.  
 

II.LITERATURE REVIEW 

    Different power management approaches for hybrid 
microgrid have been discussed in various researches. A 
unified control and power management scheme (CAPMS) is 
presented in [1] which utilizes a centralized control technique 
for effective and smooth control of power transfer among the 
utility grid, loads, and generating sources. The CAPMS is 
implemented in a PV-battery system in both isolated and 
grid-interactive modes. The power quality issues are not 
taken into consideration. In [2], a centralized optimization 
problem is developed in advance for effective power 
management and voltage control in the system. One diesel 
generator is used as a backup under extreme conditions of 
renewable sources and storage devices. The issues like 
frequent switching, de‐ lay in starting, and uneven loading in 
diesel generators are managed properly for smooth flow of 
power. A sliding mode control (SMC) based proportional-
integer (PI) controller de‐ sign is proposed in [3] for the DC-
bus voltage regulation  and dynamic sharing of power in 
hybrid energy storage based DC microgrid. This method 
effectively reduces the stress from the battery by diverting 
the uncompensated bat‐ tery current to the supercapacitor 
unit. Reference [4] sug‐ests an energy management structure 
for both grid-interactive and islanded modes of operation 
with HESS having a battery and supercapacitor. The features 
like reduction in cur‐ rent harmonics, improvement in power 
factor, and reactive power support are also realized from this 
scheme. In [8], a coordinated control approach for PV-wind-
battery-connected hybrid system is suggested. A model 
predictive control scheme for both isolated and grid-
connected modes is used for voltage source converter (VSC) 
control to keep the bus voltage stable and to enable smooth 
grid synchronization. 

    A power management method based on multi-segment 
adaptive droop control is proposed in [5] for a PV and battery 
connected islanded system. This method can track and 
provide the maximum PV power to the system as per the 
requirement and it can also change its operating point. A 
peak power management method is suggested in [6], which 
aims to reduce the burden during peak deficit power from the 
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conventional power grid and to maximize the utilization of 
renewable energies. The suggested management scheme is 
developed by considering the peak demand, total demand, 
total generation, and the SOC of storage arrangements. A 
power management structure based on adaptive droop control 
is de‐ signed in [7]. In general, the adaptive droop control is 
de‐ signed for the optimum charging and discharging control 
of battery storages to ensure the longevity of the system with 
variation in power generation. In [8], control and power 
management techniques are discussed to track the operating 
point of the power converters at a faster rate for a better 
dynamic response along with the reduction of charging/dis‐ 
charging rate of the battery 

III.PROPOSED SYSTEM 

BLOCK DIAGRAM 

 

Fig.1 Block diagram 

The architecture of grid-connected PV with HESS is present‐ 
ed in Fig. 2, where L1, L2, C1, and C2 are the inductors and 
capacitors connected to quadratic boost converter, 
respectively; Also 
Vg- grid voltage,  
Vdc- the voltage at DC bus 
VB -battery voltage 
Csc -supercapacitor capacitance 
Vpv- open-circuit voltage of PV 
Lsc -inductor connected to the supercapacitor bi-directional 
converter; 
Lb -inductor connected to battery bi-directional converter 
 Rb-resistor connected to battery bi-directional converter 
  

 

Fig.2 Architecture diagram 

Proposed Method for Power Management  

   The Power Management Algorithm uses the availability of 
the generated power and load power.  
By setting (1), three power modes PR of operation are 
recognized as follows.  
PR = Pl – Ppv                                                           (1) 
 1) IPM: PR > 0.  
2) Sufficient power mode (SPM): PR < 0. 
 3) Floating power mode (FPM): PR = 0.  

 

Fig. 3. SOC calculation using Coulomb counting method. 

Coulomb counting method the SOCs of battery and 
supercapacitor SOCb and SOCsc can be estimated. The 
parameters are 
Ib- the battery current  
Isc- supercapacitor current  
SOCb0- initial SOC of battery 
SOCSC0- initial SOC of supercapacitor 
 CN -nominal capacity of battery  
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IV.RESULT AND DISCUSSION 

 

Fig.5 Power of PV, DC load, AC load, utility grid, 
supercapacitor, and battery with PV power variation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Power of PV, DC load, AC load, utility grid, supercapacitor, 
and battery with PV power variation is shown in Fig.5.VSC 
provides the harmonic components required by the non-linear 
loads connected to the system. Therefore, the grid current Ig  
attains the constancy and achieves the unity power factor at 
the grid side throughout the simulation as verified in Fig.6. 

 

 

Fig.6 Grid voltage and current 

 

Fig. 4. Converter control for supercapacitor, battery, PV, and utility grid. 
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TABLE 1. Simulation Parameters 

 

V.CONCLUSION 

     A control of grid-connected PV systems along with hybrid 
energy storage devices is proposed in this paper. Coulomb 
counting method is used for state of charge of energy storage 
devices. The advantage of proposed scheme is voltage and 
frequency regulation, faster DC voltage regulation, 
maintenance of power quality issues, are verified through the 
simulation results.  
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