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 In this paper, a control of bidirectional Quasi-Z-Source Inverter (qZSI) with 
energy storage (batteries and supercapacitors) for photovoltaic power 
generation systems is presented. The quasi-Z-source inverter (qZSI) provides 
an alternative for the conventional two stages DC-DC/DC-AC photovoltaic 
(PV) based inverter system. The batteries and supercapacitors are used for 
compensate the necessitate power occurred in internal or external system 
parameters circumstances. The main objective of this study is to propose a 
suitable active and reactive power control for injecting or recovering the 
power between the electrical grid and PV system (batteries). For adjust the 
problem of rapid variation of climatic and the power grid conditions, the 
supercapacitors are controlled with buck-boost converter.  Many simulation 
results obtained using MATLAB/SIMULINK in different rigorous situations 
show the performance of the proposed system.
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1. INTRODUCTION 

With the decrease of conventional energy sources and the growing problem of environmental 
pollution, the research and utilization of the renewable energy, such as solar energy, wind energy as so on, 
has been concerned with more and more attention [1]. PV power is becoming more prevalent as its cost is 
becoming more competitive with traditional power sources. However, the utilization of dedicated energy 
storage systems needs to be taken into account because of the intermittent nature of the PV generation. 
Energy storage systems can open the possibility to employ renewable energy sources able to operate in stand-
alone mode, grid-connected mode, and mode transitions from stand-alone to grid, or vice versa in micro-grid 
systems [2]. 

In conventional structure, the PV grid-connected system is composed in two stages: DC-DC 
conversion stage to regulate the output voltage from the PV array to certain required level and to extract the 
maximum power (MPPT), DC-AC conversion stage to produce the usable sinusoidal AC voltage. This 
topology has many disadvantages such as: more losses, noise, and complexity in control [3]. The Z source 
inverter (ZSI) [4] offers a simpler single stage inverter topology with several advantages: 

a. More boosting capability.  
b. Eliminate the shoot through problem. 
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maximum power level at different illuminations with acceptable dynamic response. During the period of 
1000 W/m2 we can obtain the maximum power of 5.6 kW. When the produced photovoltaic energy is higher 
than the reference imposed, it on more energy is stored in the batteries, in the contrary case the battery 
intervenes; therefore we have transfer of pbattery power to the electrical grid, like demonstarated in the 
system power flow of Figure 9 and Figure 16.   

The Figure 12 and Figure 15 improves that the control device makes it possible to impose the values 
desired of injected currents and active and reactive powers with a very good dynamics. In other hand, we can 
transit the active power Pgrid with a QZSI from electric grid to the storage system (batteries). In Figure 11 
because the reactive power imposed (Qref=0), the interval between the voltage and current is null in case of 
injected power or recovred, so the power factor is maintain 1. 

 
 

 
 
                       Figure 9. Power flow                           Figure 10. PV power for variable illumination 
 
 

 
 
              Figure 11. Voltage and grid current                       Figure 12. Form of the current injected to the grid 
 
 

              
 
Figure 13. Simple three phase voltage of QZ inveter                     Figure 14. DC link of QZ inverter  
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Figure 15. Active and reactive power injected to the grid                        Figure 16. Batteries voltage 
 
 

When the storage power reference is imposed, the batteries power follow the permanent regime 
mode because it has a long constant time, in other way the Supercapacitors power pursue the a transient 
mode of the imposed active power in any conditions like show in Figure 17 and Figure 18. 

 
 

                    
 
    Figure 17. Reference and supercapacitors power                Figure 18. Reference and supercapacitors power 
 
 

Comaped with other previous studies, the all results presented show and confirm that the control 
strategy adopted with two storage systems (batteries and supercapacitors) makes it possible to manage the 
power flow exchanged with haigh flexibility degres in all conditions with very good performances.  

 
 

5. CONCLUSION 
The paper present the design, modeling and control of bidirectional qZSI inverter with batteries and 

supercapacitors system storage in grid connected photovoltaic installations. The grid-connected power 
injection was fulfilled with P-Q decoupled control with maximum power point tracking of the PV panels 
integrated by a simple boost method used in qZSI. When the output power of photovoltaic panels is greater 
than the grid-connected power, the surplus power is absorbed by the storage batteries. In the contrary case, 
the lack of power is supplemented by the storage battery. Then good performance of the grid-connected 
current is achieved. In other hand, for acquire a good storage dynamics performance,   supercapacitors have a 
fast response time, thus we incorporate it in our system, the control is adopted with bidirectional buck-boost 
converter for reimburse a transitory period time of the reference power in all conditions. The simulations 
results obtained in many rigorous conditions confirm the viability and validity of the proposed system and 
control strategy. 
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