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ABSTRACT 
A high-performance photovoltaic (PV)-battery hybrid power conversion system (HPCS) which is integrated to a microgrid using a 

quasi-Z-source inverter (qZSI). The battery system is directly connected to the intermediate dc link of the qZSI without any further 

converter which reduces the size and the cost of the power electronic interface. A controller equipped with a vocal compensator is 

designed to control the battery current in the grid-connected mode and to normalize the microgrid voltage in the presence of 

unbalanced and non-linear loads. Furthermore, the proposed controller adjusts the shoot-through duty cycle of the qZSI to 

regulate the PV voltage to its reference value provided through the maximum power point tracking algorithm. Furthermore, the 

proposed controller provides the microgrid with the capability to transfer between the two operations modes. A new strategy is 

adopted to keep the HPCS operational in case of stern reduction in the available power of the PV modules and its consequent 

voltage drop. The performance of the proposed control system is evaluated for the control of a typical microgrid simulated in 

MATLAB/SIMULINK environment. 
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INTRODUCTION 
 

Photovoltaic (PV) systems are characterized by their variable power availability during different time 
scales. Owing to this fact, PV systems are equipped with energy storage systems, such as batteries, to store the 
excess of energy or supplement inadequate energy facilitating more seamless integration of PV systems with the 
grid. The conventional architecture for the hybrid PV-battery system includes two dc/dc converters used for 
adapting different voltage ratings of the PV system and the battery as well as increasing the dc-link voltage to 
obtain the required output ac voltage. Furthermore, the dc/dc converter in conventional voltage source inverters 
(VSIs) must regulate its output voltage so that the PV system operates at its maximum power point. This 
conversion system increases the size of the power circuit and the controller resulting an expensive power 
electronic interface (PEI). To cope with these drawbacks of conventional PEIs, one can resort to Z-source 
inverters (ZSIs) which offer a single stage voltage conversion system with buck–boost capabilities. This unique 
feature is obtained, thanks to the shoot-through duty cycle which is allowed in this type of inverters. The quasi-
ZSI (qZSI) has emerged as a more developed topology of ZSIs which draws a continuous current from the dc 
source so that there is no need for large filtering capacitors in the dc side. It also reduces the voltage rating of 
one of the capacitors in the impedance network making it more suitable for distributed generation applications. 
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Moreover, the maximum constant boost control method minimized the ripples on the current flowing through 
the inductors in the impedance network. The average state space and the signal-flow graph methods have been 
used to model the dynamic and steady-state performance of ZSIs. For minimizing the disturbance effects on the 
output voltage of the ZSI, a robust multi-loop control system has been designed based on the average state-space 
model of the ZSI impedance network. Moreover, in [ a modified space vector pulse-width modulation (PWM) 
scheme has been proposed to regulate the ac-side voltage of the ZSIs. So far, the ZSIs have been used in many 
applications, such as renewable energy resources, uninterruptible power supplies, wind generation systems and 
active power filters. Recently, the qZSI has been employed in a grid-tied application of a PV-battery system. 

Within this context, in this paper, a new control strategy for a hybrid PV-battery power conversion system 
(HPCS) is proposed. The proposed HPCS is based on the qZSIs and works in both grid-connected and islanded 
modes of microgrid operation. In the islanded mode, the voltage of the microgrid is intended to be regulated, 
whereas in the grid-connected mode, the control system regulates the battery current and the power injected to 
the grid. A proportional resonant (PR) controller with harmonic compensator (HC) is employed to conduct the 
aforementioned control tasks particularly in the presence of unbalanced and non-linear loads. In the grid-
connected mode, the battery current is regulated in both charging and discharging modes by adjustment of the 
inverter output current, whereas in the islanded mode, the battery current is determined by the load power 
demand. Moreover, the proposed control strategy maintains the voltage of the PV modules at its reference value 
to provide the maximum power point tracking (MPPT) in both microgrid modes of operation. Moreover, a new 
strategy is adopted to keep the HPCS operational in case of severe reduction in the available power of the PV 
modules and its consequent voltage drop. The performance of the proposed PV-battery HPCS and its control 
strategy is demonstrated through simulation studies conducted in the MATLAB/SIMULINK environment. 
 
Pv-Battery Hpcs: 

The proposed hybrid PV-battery HPCS employing the qZSI as PEI. In this configuration, the battery and 
PV systems, with different voltage levels, are connected to the ac side with no need of any extra dc/dc converter 
stages. As a result, the overall   installation cost, volume and losses are decreased in the proposed   system. The 
battery system is connected in parallel with C2. Since the voltage level of C2 is small, a battery system with 
relatively lower voltage rating and cost as well as higher reliability and life-time can be used. Unlike the 
conventional VSIs, in the proposed system, the upper and lower switches of each phase leg can be turned on 
simultaneously which increases the reliability of the HPCS. The dc side of the proposed system consists of two 
different ports namely the unidirectional and bidirectional ports. Moreover, a three-phase inverter is used 
between the impedance network and the ac side of the HPCS. The PV modules are connected to the inverter by 
the unidirectional port which forms a path through which the current flows from the PV modules to the 
impedance network. The battery system is connected to the intermediate dc link through a bidirectional port to 
operate in both charging and discharging modes. The protection relay disconnects the PV modules from the 
HPCS when the power of the PV system, and consequently its voltage, drops below a predefined value. 

 

 
 

Fig. 1: Proposed block diagram 
 
In the proposed configuration, the battery is connected in series with a small inductor to eliminate the high-

frequency ripples on the battery current. To provide the required ac voltage, the qZSI utilizes the shoot-through 
cycles between null vectors in the employed PWM algorithm to boost both the PV and the battery voltages to a 
desirable value to provide the required ac voltage. To investigate the HPCS performance, the equivalent circuits 
of the qZSI in shoot-through and non-shoot-through conditions. The three-phase inverter bridge and the external 
ac load are represented by a single switch S paralleled with a current source I load. As the series inductor of the 
battery system is negligible compared with the inductors in the impedance 
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Description of The Proposed Control Strategy: 
We consider the proposed PV-battery HPCS in a microgrid with the capability to operate in both grid-

connected and islanded modes. Normally, the microgrid operates in the grid-connected mode and the HPCS 
regulates the injected power to the grid. Moreover HPCS is controlled to maintain the voltage and frequency 
within the allowable limits. Note that islanded operation might be initiated either intentionally (such as 
maintenance or economic reasons) or when a fault occurs in the main grid. In the grid-connected mode, the 
selector switch is in state ‘B’ and the controller regulates the battery current or adjusts the active and reactive 
power injections to the grid. In this mode, the inverter current (iLf) is controlled either by the battery current 
controller or the power controller. For transferring to the selector switch is changed to state ‘A’ and the inverter 
reference current is provided by the microgrid voltage controller. 

 
Fig. 2: Overall Circuit Diagram 

 
In both modes of HPCS operation, the voltage of the PV system is dedicated by the MPPT algorithm. The 

inverter output current is regulated by adjusting the inverter modulation index, whereas the shoot-through duty 
cycle of the inverter is used to regulate the PV voltage to its MPPT reference. These distinct roles of the 
modulation index and the shoot-through duty cycle provide the proposed controller with the capability of 
adjusting the PV voltage to its reference value regardless of the microgrid operation mode. It demonstrates the 
structure of the multifunctional controller for the proposed PV-battery HPCS. The controller is divided into four 
control units namely (i) ac current controller, (ii) battery current controller, (iii) ac voltage controller and (iv) PV 
voltage controller. It is noted that the three first controllers are dependent on each other, whereas the PV voltage 
controller is independent from the other control units. The measured currents and voltages in ac side are 
transferred to αβ stationary reference frame. To effectively control the output voltage and the current of the qZSI 
in αβ stationary reference frame, the proportional resonance (PR) controller with HC is used. The PR–HC 
controller enables the   HPCS to supply the negative-sequence and the harmonic components of the unbalanced 
and non-linear loads in the microgrid. To design the controller, first, the ac current controller is designed   as the 
inner controller for the ac voltage controller and the battery current controller. In the next step, the ac voltage 
controller and the battery current controller are designed. Finally, the PV voltage controller is designed as an 
independent controller. 
 
Ac Voltage Controller: 

In the selector switch it transfers to the ac voltage control mode (state ‘1’) and the reference currents (iαβ 
(ref)) are produced by the ac voltage controller. The ac voltage controller utilizes the PR controller and the HC 
to regulate the HPCS output voltage in the presence of unbalanced and non-linear   loads. The non-linear and 
unbalanced loads absorb oscillatory power from the HPCS that imposes a low-frequency ripple on the dc-link 
voltage. As discussed earlier, in the proposed control   strategy, the output of the current controller is divided by 
the dc-link peak voltage which decreases the total harmonic distortion of the microgrid voltage. 
 
Simulation Results: 

 
Fig. 3: Overall Simulation diagram 
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The operation of the proposed HPCS in the grid-connected modes as well as during the transition between 
them is investigated through simulation studies conducted in the MATLAB/SIMULINK environment. The 
performance of the proposed system is studied for different case studies. First, the grid-connected operation of 
the PV-battery HPCS is investigated. Then, the islanded mode of operation in the presence of unbalanced and 
non-linear loads is investigated. The performance of the proposed control system during the transition from the 
islanded mode to the grid connected mode and vice versa is discussed. Finally, the efficiency of the system 
subject to an excessive voltage drop of the PV is investigated. 

 
Grid-Connected Mode: 

In the grid-connected mode of microgrid operation, the battery charging current reference is initially set to 
30 A, while at t = 0.1 s, the battery current reference is changed to discharging current of   5 A. At t = 0.2 s, the 
battery current reference is again changed to the charging current of 30 A. Moreover, the PV voltage is set to 
200 V generating 5 kW power. The battery current controller manages to regulate the battery current to its 
reference both in charging and discharging modes. It can be increase of the battery current reference leads to the 
increase in the current injected to the grid. Moreover, it can be despite the severe variation in battery current 
reference, the PV voltage is kept around its reference.  When the battery power is negative; the hybrid system 
absorbs power from the grid behaving like a consuming load. In duration that the battery power is positive, the 
HPCS injects power to the grid operating as a generator. To evaluate the effectiveness of the PV voltage 
controller, different step changes in the PV reference voltage are considered. The PV voltage controller tracks 
the reference provided by the MPPT algorithm. The battery is supposed to draw a charging current of 20 A. 
During the considered voltage variation, the battery current is kept constant equal to the reference value. 
 
Pv Voltage Drop Condition: 

It is assumed that the HPCS supplies a 5 kW load, although a voltage drop has occurred. Thus, the PV 
system is disconnected by the protection relay as described in Section 4. At   t = 0.1 s, a 5 kW load is added to 
the microgrid. In this condition, the battery supplies the load demand. The increase in load demand leads to 
appropriate increase in the battery current. The sinusoidal voltage of the microgrid confirms the effectiveness of 
the proposed control system when the PV system is disconnected from the HPCS. 

 

 
 
Fig. 4: PV Output 
 
Conclusion: 

A control scheme for the PV-battery HPCS based on the qZSI has been proposed. The qZSI uses single-
stage buck–boost voltage conversion system which reduces the total cost and size of the PEI of the HPCS 
compared with the conventional systems. The microgrid application of the PV-battery HPCS has been 
investigated for both grid-connected and islanded modes of operation as well as during the transition between 
them. A new strategy was adopted to keep the HPCS operational in case of severe reduction in the available 
power of the PV modules and its consequent voltage drop. The performance of the proposed system has been 
evaluated in the presence of unbalanced and non-linear loads. It has been shown that the proposed system 
provides an acceptable performance for the microgrids in both grid-connected and islanded modes of operation 
and transition between them. 
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