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Abstract. The energy stored Quasi-Z-source Inverter (qZSI) allows integrate energy storage in addition to the other 

energy source mainly for output power smoothening. Single phase inverter suffers from double-frequency power ripple in 
the input side and also in the energy storage that is transferred there from the ac-side. In qZSI must be used large 
electrolytic dc capacitors in the impedance network to suppress this 100 Hz ripple. Also to suppress this ripple can be 
applied two types of power decoupling:  passive power decoupling and active power decoupling. In this paper is analyzed 
passive power decoupling that is realized by means of the modified control strategy that produces the time-varying shoot-
though duty cycle to mitigate power ripple without deteriorating of the output power quality. The validity of proposed 
control strategy was confirmed by simulation results that were obtained in PSIM software.  
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I. INTRODUCTION 
The cost of electricity produced by renewable 

energy sources and probabilistic nature of the 
generation are major concerns that limits its wider 
usage. Storage technologies have big potential for 
smoothing out the electricity supply from these 
sources and ensuring that the supply of generation 
matches the demand. Typical solution for energy 
storage integration in renewable energy system is to 
use additional dc-dc or even dc-ac converter that 
increases costs [1], [2]. More and more popular are 
becoming multiport dc-dc converters that can be used 
for integration of energy source and battery or 
different types of storages into the grid. Usually, a 
multiport converter is used in combination with 
traditional dc-ac converter. Further possible reduction 
of  size,  costs  and  losses can be obtained with  the  
development  of novel  multiport  dc-ac single stage 
converters having less semiconductor switches and 
passive elements [3]. Such type of the converter can 
be designed with reduced number of components and 
smaller size. One of the possible topology that allows 
integration is quasi-Z-source inverter with integrated 
storage in parallel to one of the Z-source capacitor. In 
[4], [5], [6], [7] is compared qZSI topologies to the 
traditional voltage source inverter with additional 
boost converter. The results show that the power 
losses of the semiconductors of the Z-source inverter 
are higher but the volume of passive elements in 
some applications and modes can be reduced. Also 
the number of switches is less that makes practical 
design of the converter easier. Additional advantages 

of ZSI is wide-range input voltage regulation 
possibility along with enhanced reliability. 

The benefits of the qZSI can be extended with 
integration of energy storage into the converter 
structure without additional passive and 
semiconductor elements. Scientific papers about this 
topology are summarized in [8]. Mainly in the 
literature is analyzed three phase qZSI. In single 
phase application the bulky capacitors and inductors 
are needed to limit 100 Hz pulsations [9], [10] 
therefore it makes the application of this topology in 
practical applications unattractive.  

In the literature are proposed a few strategies to 
reduce the double frequency ripple [11], [12]. Passive 
decoupling is analyzed in [13], [14]. There is no 
paper that analysis application of this methods to the 
energy stored qZSI. As the energy storage is 
connected in parallel to the one of the capacitors the 
ripple reduction influences input power ripple 
therefore there must be find some compromise. This 
paper is dedicated to investigate the passive power 
decoupling in energy stored qZSI. In this paper 
approach based on proportional resonant controller 
will be analyzed.  

 
II. ENERGY STORED QZSI 

Fig. 1. shows schematics of qZSI with integrated 
battery The battery is connected in parallel to the 
upper capacitor of the quasi-Z-source inverter, it is 
possible to control output power, and state of charge 
(SOC) of the battery at the same time by controlling 
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the shoot-through (ST) duty ratio and modulation 
index [15]. 

 
Fig. 1. Quasi-Z source inverter with integrated battery 
 

If the battery is connected in parallel to the upper 
capacitor C2 then low voltage battery can be used. 
The converter is controlled by means of full bridge 
inverter transistors and only one additional diode or 
transistor is needed to provide operation of the 
converter. Two inductors and capacitors form quasi Z 
source network and by means of shoot through state 
duty cycle (D) output voltage can be controlled. 

 
Fig. 2. Equivalent circuits of the converter: (a) - during non shoot-
through state; (b) - during shoot-through state 

 
Operation modes of the converter also are shown 

in Fig. 2. From the equivalent circuit can be derived 
expressions that describes voltages and currents in 
particular state. The relation between variables of the 
converter can be described mathematically by solving 
equations that describes both states of the converter 
and taking into account that average voltage of an 
inductor over one switching period is zero and also 
average current of a capacitor over one switching 
period is zero. Expressions are relatively simple and 
was solved analytically. Must be taking into account 
that in equations is not taking into account parasitic 
resistances of all elements, the deeper analysis is 
provided in [16] and [17]. The final equations for 
steady-state conditions are as follows: 
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If the battery is connected in parallel to the 
capacitor C2 and considering that VBAT is 
approximately equal to the VC2, the following 
expression can be derived: 
 PN BAT INV 2V V= + . (4) 

The output power of the inverter can be controlled 
by manipulating of output voltage, as the output peak 
phase voltage of the inverter is: 

 linemax PNmax
M

v V
2

= ⋅ , (5) 

where M is a modulation index. 
Also for the connection of the battery in parallel 

to C2 exists battery discharge power limitations [18] 
that also must be taken into account. The calculation 
of the parameters of passive components of the quasi 
Z-source inverter without energy storage is analyzed 
in many papers for example in [19]–[22]. The 
difference from traditional qZSI in parameter 
calculation is that voltage ripple on the capacitors 
must be lower to limit battery power pulsations it 
means that passive component values must be higher 
that in traditional qZSI. 

In the single phase system, the power injected in 
the ac grid can be expressed as follows:  

 max max max maxV I V I
P cos(2 t)

2 2
= − ω .(6) 

The second term in the equation above causes 
ripples at the dc side. Therefore, the input power also 
oscillates with the ac power at 120Hz. Such 
oscillating currents and voltages will reduce the 
photovoltaic array or generator lifetime and will 
cause degradation of capacitor and increase switching 
stresses. The ripple can be removed in case if bulky 
electrolytic capacitors are used but this will results in 
decrease in power density of the converter.  

 
III.  CONTROL SYSTEM 

The basic principle of the capacitance reduction 
method can be explained by fact that energy is 
distributed between capacitors C1 and C2 according to 
the voltage variation: 

2 2
1 C1_ max C1_ min

1 1 C1 C1

C (V V )
E C V V

2

−
∆ = = ⋅ ⋅∆ ,  (7) 

2 2
2 C2_max C2_min

2 2 C2 C2

C (V V )
E C V V

2

−
∆ = = ⋅ ⋅∆ ,  (8) 

where ΔE is the ripple energy that is stored in the 
capacitor and VCmax and VCmin are the maximum and 
minimum voltages across the capacitor. According to 
(7) and (8)  there are two ways to increase ΔE in 
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traditional qZSI. One is to increase the capacitance or 
use unsymmetrical passive components [23] and the 
other way is to increase the voltage fluctuation across 
the capacitors [24], [14] by implementing advanced  
control system or by using active filter [25]. In the 
energy stored qZSI the voltage ripple of upper 
capacitor C2 causes battery current ripple that 
shortens lifetime of the battery. Instead of increasing 
the capacitance, the control system can be used that 
will increase the voltage fluctuation across the input 
to remove double-frequency ripple from the 
capacitors. By using this method it is not possible full 
reduction of voltage ripple but partly the value of 
capacitance can be reduced improving power density 
of the converter. 

The control structure used in simulations of 
energy stored qZSI is shown in Fig. 3. As there are 
three power flows: from PV panel or other energy 
source, from or to battery and from or to ac grid then 
by controlling two of them the third one of them is 
determined [26]. In particular case battery power or 
input power is controlled by shoot trough duty cycle 
D which is controlled by PI algorithm and inverter 
output power is controlled by modulation index M. 
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Fig. 3. General control structure of energy stored qZSI 
 
To speed up response and improve stability the 

feedforward control is used, the average duty cycle 
can be calculated by equation expressed from 
previous equations (1) - (5). If the battery is 
connected in parallel to the upper capacitor C2 the 
equation for average duty cycle can be calculated as 
follows: 

BAT
ST average

IN BAT

V
D

V 2V
=

+
 ,            (9) 

The inverter side of the converter is controlled by 
using proportional resonant controller that controls 
modulation index M. The accurate extraction of the 
grid voltage phase angle and frequency is very 
important to ensure stable operation of grid-
connected power converter. Comparison of PLL is 
done in [27]–[29] and as most promising are carried 
out Second-Order Generalized Integrator (SOGI) 
PLL and Park, the Park PLL is more difficult to 

implement therefore hybrid SOGI and Park based 
PLL is used. 

For the inverter control is used sinusoidal PWM 
with added ST states via logic ''OR'' element [14]. 
Signal from the PR controller is compared with 
triangular modulation signal and traditional 
sinusoidal PWM is formed. The PI controller 
regulates shoot through duty cycle D to maintain 
desired input or battery power. Duty cycle D is added 
to the sinusoidal PWM and  shoot through states is 
formed in which all of the transistors of the inverter 
are in on state  

 
IV.  SIMULATION  RESULTS 

The  results  of  the  simulation  study  are  shown  
in  this  section.  The  main  goal  of  simulation  is  to  
shown pulse reduction possibility by using additional 
resonant controller as can be seen in Fig. 3. The 
PSIM model was used for simulation. The  
calculation of passive components of  qZSI  have  
been  studied in [23]–[26]. In the simulation 
examples various values of passive components is 
used to show it influence to the current ripple. 
Switching frequency of the converter is 50 kHz,  
RBAT=0,5 Ω, parasitic resistance of the inductors are 
equal to 0,1 Ω. 

 
Fig. 4. Waveforms of energy stored qZSI in charge mode 
L1=L2=1000 µH, C1=C2=4000 µF, VIN=200 V, VBAT=50 V without 
current ripple compensation 
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Fig. 5. Waveforms of energy stored qZSI in charge mode 
L1=L2=1000 µH, C1=C2=1000 µF, VIN=200 V, VBAT=50 V without 
current ripple compensation 

Figures 4. and 5. shows simulation results that 
shows waveforms of the qZSI with large capacitance 
and in case if value of capacitance is 4 times reduced. 
The input current have low ripples as the regulator 
regulates duty cycle to maintain this current constant. 
Whereas the battery current ripple is determined by 
capacitor value. If the capacitance is reduced the 
battery current ripple increases. 

 
Fig. 6. Waveforms of energy stored qZSI in charge mode 
L1=L2=1000 µH, C1=C2=1000 µF, VIN=200 V, VBAT=50 V with 
battery current ripple compensation 

 
Fig. 6 shows simulation results in case if resonant 

current ripple suppression controller is used. As can 
bee seen the current ripples can be reduced to the 
nearly as in case if both of the capacitors are with 4 
times larger capacitance. The input current ripples is 
only a little bit bigger. The battery current ripples can 
be reduced even more if the coefficient of resonant 
control is bigger but then the input current ripple is 
significant and PI controller can become unstable.  

 
V. CONCLUSIONS 

In the energy stored qZSI the size of the 
capacitors can be reduced by using 100 Hz ripple 
suppression control method. The control is realized 

by means of the resonant control of battery current 
ripple. The ripple suppression have limitations as by 
reducing battery power ripples the input power 
ripples becomes higher. This method does not need 
any additional costs only algorithm by means of 
digital control must be implemented therefore even 
minor current ripple reduction gives benefit. Active 
power decoupling method for ripple reduction must 
be analyzed as alternative, it is obvious disadvantage 
that additional passive and active elements will be 
needed.   
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