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Abstract- In order to supply power from a photovoltaic array or a fuel cell stack at a low dc voltage to a grid at a high ac 

voltage, a power conditioning unit capable of both voltage-boosting and inversion is required. Newly introduced Z-Source 

inverter is capable of achieving both these objectives by a single converter stage. This paper presents photovoltaic (PV) 

grid-connected power conditioning systems based on Z-source inverter. Using Z source network, the system can work 

within a range of PV array output voltage wider than that of the conventional boost converter. It allows the use of the 

shoot-through switching state for boosting the input voltage, compensates dead-time effect which causes serious output 

voltage distortions and avoids the risk of damaging the inverter circuit. This condition cannot be obtained in the 

traditional inverters. The whole system is designed, modeled and simulated in a Matlab /Simulink environment. The 

simulation results demonstrate that the photovoltaic grid-connected power conditioner based on Z-source inverter can 

perform maximum power point tracking (MPPT) even in very fast changing environmental conditions and voltage 

boosting when needed to interface with the utility grid. 
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I. Introduction 

 

 

The conventional power conditioning unit of a grid-connected renewable energy source such as a photovoltaic (PV) 

array or a fuel cell stack consists of two power conversion stages. A dc/dc boost type converter transforms the low 

voltage variable dc into a high voltage constant dc form. This high voltage dc is then converted to the required ac 

grid voltage by a conventional voltage source inverter (VSI) as depicted in Fig 1. Since conventional VSI is a buck 

type converter, it can only step-down the voltage when feeding power from dc link to the ac grid. Due to the 
independent control of the two converters, overall voltage ratio between the dc source voltage and the ac output 

voltage can be easily controlled to cater for changes in weather or grid conditions. 

 

 
Fig. 1. Conventional power conditioning unit for grid connection of PV array. 

 

Z-Source Inverter (ZSI) is a novel inverter type that utilizes the traditional VSI or Current-Source Inverter (CSI) to achieve 

both buck and boost operations on voltage or current during inversion shown in Fig.2 Furthermore, a significant change in 
switching pattern is also required to achieve this objective. The resulting single-stage boost type inverter saves cost, size 

and complexity over the conventional two-stage power conditioning unit. Z-Source Inverters are very useful in grid 
connection of alternative energy sources such as fuel cells and photovoltaic (PV) arrays as they usually produce low, 

variable, dc voltages. 
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Fig . 2. Power conditioning unit of a PV array with a Z-source inverter 

 

The Z-source topology holds great promise as a competitive alternative to existing conventional photovoltaic power 

conditioner systems because of its advantages of shoot-through and voltage-buck or boost capabilities [4]. In 

addition, power loss is reduced due to a lower number of switching devices. The boost control strategy is quite 

similar to the traditional carried-based pulse width modulation (PWM) control method [5]. The basic idea of control 

is to turn null states into shoot through states and keep the active switching states unchanged [6], [7], [8]. The 
reliability of the inverter is greatly improved because mis-gating can no longer destroy the circuit. This paper starts 

with an introduction of the grid-connected photovoltaic system for the proposed system. After that, an analysis of 

the basic operating principle of Z-source inverter and its PWM strategy is given. Then, MPPT control technique is 

briefly analyzed. Finally, the designed system is simulated using Matlab/Simulink for verification purposes. 

 

II. THE PHOTOVOLTAIC GRID-CONNECTED POWER CONDITIONING SYSTEM 

 

The grid-connected photovoltaic system is shown in Fig 3. It contain PV array, Z-source bridge inverter, filter and 

control circuit. This system produces high quality sine wave output current with the same phase and direction with 

the grid voltage. The whole control system consists of two loops namely MPPT control loop, Z-source capacitor 

voltage control loop and voltage-current compensation loop. 

 
Fig.3.  Schematic diagram of a grid-connected photovoltaic system 

 

The MPPT control circuit for PV array is realized by using Incremental conductance (Inc-Con) technique, which 
keeps it working around the maximum power point. The Z-source capacitor voltage control compensation loop 

utilizes a shoot through technique. The shoot through duty ratio is used on the way to promise a relatively stable 

voltage of Z-source capacitors. Also this loop is used to provide ride through capability under voltage sags, to 

reduce line harmonics, and to extend output voltage range. To improve performance of the grid-connected 

photovoltaic system a proportional-integral-derivative (PID) control circuit is implemented with PWM generator. It 

modifies the control signal obtained from the comparison of MPPT and inverter output to generate PWM signal. 

III. ABOUT PHOTO VOLTAIC SYSTEMS AND MPPT ALGORITHM 

A Photovoltaic (PV) system directly converts sunlight into electricity. The basic device of a PV system is the PV 

cell. Cells may be grouped to form panels or arrays. The voltage and current available at the terminals of a PV 

device may directly feed small loads such as lighting systems and DC motors. [7] A photovoltaic cell is basically a 

semiconductor diode whose p–n junction is exposed to light. Photovoltaic cells are made of several types of 
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semiconductors using different manufacturing processes. The incidence of light on the cell generates charge carriers 

that originate an electric current if the cell is short circuited. 

 
Figure5: Equivalent Circuit of a PV Device including the series and parallel  Resistances. 

The equivalent circuit of PV cell is shown in figure 5  In the above diagram the PV cell is represented by a current 

source in parallel with diode. Rs and Rp represent series and parallel resistance respectively. The output current and 

voltage from PV cell are represented by I and V   
 

 

 
Fig. 4 Characteristic of  V-I of PV Cell 

 

The I-V Characteristics of PV cell [7] is shown in Fig.4  The net cell current I is composed of the light- generated 

current Ipv and the diode current Id 
 

                                                          (1) 

Where 

Id �  Io exp� qV⁄akT�  
Io = leakage current of the diode 

q= electron charge 

k = Boltzmann constant 

T= temperature of pn junction 

a= diode ideality constant 
 

The basic equation (1) of the pv cell does not represent the I-V characteristic of a practical PV array. Practical arrays 

are composed of several connected PV cells and the observation of the characteristic at the terminals of the PV array 

requires the inclusion of additional parameters to the basic equation. 

      (2) 
Where  

 
Is the thermal voltage of the array with Ns cells connected in series. Cells connected in series provide greater output 

voltages. The I-V characteristic of a practical PV cell with maximum power point(MPP), Short circuit current(Isc) 

and Open circuit voltage (Voc) is shown in Fig.5. The MPP represents the point at which maximum power is 

obtained.     
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Fig. 5 I-V Characteristic of Practical PV Module 

 

Vmp and Imp are voltage and current at MPP respectively. The output from PV cell is not the same throughout the 

day; it varies with varying temperature and insulation (amount of radiation). Hence with varying temperature and 

insulation  maximum power should be tracked so as to achieve the efficient operation of PV system.  

 

 
III. OPERATING PRINCIPLE OF ZSI AND CONTROLLER 

 

A.   ZSI Working Strategy 

 

For simplification purposes, Z-source network parameters are selected as L 1 = L 2 = L and C1 = C2 = C which 

make the Z-source network symmetrical. Accordingly, the capacitor and inductor voltages of the Z-source network 

become 

VL1 VL 2 VL 

                          VC1 VC 2 VC                                                       (1) 

VC is the capacitor voltage and VL is the inductor voltage. 

Consider the converter in the shoot-through state for an interval of To during a switching cycle T. 

 

 
Fig. 6. Shoot-through state of simplified ZSI 

Fig 6 shows the shoot-through state of simplified ZSI. In shoot-through states, the circuit can be described by the 

following equations. 

Vi 0 

VL VC 

                    Vd 2VC VC1 VC 2 VPV                                                  (2) 

where Vpv is the output voltage of PV array, Vi is Z-source 
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network dc link voltage. 

 
Fig.7. Active state of simplified ZSI 

 

Fig 7 shows active state of simplified ZSI. For the active states, the output side of the ZSI can be represented by an 

equivalent current source [3]. So the following steady state equations can be obtained. 

Vd VPV VL VC 

                      Vi VC VL 2VC VPV                                                   (3) 

The total duration of shoot through time and total active time are denoted by T0 and T1, the average voltage VL1 over 

a switching period T should be zero in steady state [4], which leads to the following equations. 

VCTO (VPV VC)T1 0 

                             To T1 T                               (4) 

From (4), the boost factor B can be derived as 

  

          (5) 

 

For active states, the peak dc link voltage is 

                                    (6) 
Then, from above, the ac output voltage of ZSI can be written as 

           (7) 

 

where m is modulation index and D0 means shoot through duty ratio. As seen from (7), a desired ac output can be 

obtained by controlling the shoot through duty cycle D0 and 
modulation index m. 

 

The purpose of the inductors is to limit the current ripple through the devices during boost mode with shoot-through 

state. During shoot though mode, the purpose of the inductors is to limit the current ripple through the devices. 

Similarly the inductor current increases linearly and the voltage across the inductor is equal to the voltage across the 

capacitor. During non-shoot through modes, the inductor current decreases linearly and the voltage across the 

inductor is the difference between the input voltage and the capacitor voltage but the capacitor voltage is always 

equal to the input voltage. Therefore, there is no voltage across the inductor and only a pure dc current goes through 

the inductors. The average current through the inductor is 

 

                             IL P /Vdc                                                                (8) 

where P is the total power and Vdc is the input voltage 
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The purpose of the capacitor is to absorb the current ripple and maintain a fairly constant voltage so as to keep the 

output voltage sinusoidal. During shoot-through, the capacitor charges the inductors, and the current through the 

capacitor equals the current through the inductor. Therefore, the voltage ripple across the capacitor can be roughly 

calculated by 

                                                                (9) 
where Iav is the average current through the inductor, T0 is the shoot-through period per switching cycle, and C is the 

capacitance of the capacitor. To limit the capacitor voltage ripple to 3% at peak power, the required capacitance is 

                                                               (10) 
As compared to a traditional voltage source inverter, the Z-source inverter has an extra switching state: shoot-

through 

 
Fig .8. The Simple boost control for Z-Source inverter 

 

The control strategy of the ZSI is similar to that of the traditional carried-based PWM control method. The basic 
idea of control is to turn zero states into shoot through states and keep the active switching states unchanged. There 

are four control methods that have been developed for the Z-source inverter: simple boost, maximum boost, 

maximum constant boost, and modified PWM. Fig 8 shows the simple boost control method for the Z-source 

inverter system. The circuit is turned into shoot through states by gating on all switches when the carrier is greater 

than the upper line or lowers than the bottom line. 

 

 

 
Fig.9. Control Circuit  
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B. Controller Operation 

Controller circuit is based on the PID approach are commonly used for converter applications [11]. A standard PID 

controller is a three term controller, whose transfer function can be written as 

 

                           (11) 

                            (12) 
 

 

The proportional term is providing an overall control action 

proportional to the error signal through the all pass gain factor. Integral term is reducing steady state errors through 

low frequency compensation by an integrator and derivative term is improving transient response through 

compensation by a differentiator. The structure of PID control circuit along with MPPT and PWM generator circuit 

is shown in Fig 10 

 

. 
Fig .10. PID control signal 

 
The system is simulated with a switching frequency of 10 KHz, the simulated output signal are shown in fig 8. The 

converter output voltage Vo and PV array output voltage Vpv are compared by comparator at every10 milliseconds. 

Their resulting error output signal is fed to PID control circuit to obtain correction in output voltage. The PWM 

pulse generator circuit provides the PWM pulses to the IGBT inverter by using the simple boost control technique 

also it synchronize the inverter generated output to the grid. An LC filter is connected between inverter and the grid, 

it improve the output current THD of the inverter. The inductance at the inverter side is 2.5 mH; the capacitance of 

filter capacitor is 2650 μF across the grid side. 
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II.MATLAB/SIMULINK MODELLING AND SIMULATION RESULTS 

Here the simulation is carried out by two cases 1. Single-phase grid connected PV system based on Z-source two 

level inverter 2. Single-phase grid connected PV system based on Z-source three level inverter 
 

Case 1: Single-phase grid connected PV system based on Z-source two level inverter: 

 
Fig.11.  Matlab/Simulink model of Single-phase grid connected PV system based on Z-source two level inverter 

 

Fig. 11 shows the Matlab/Simulink model of Single-phase grid connected PV system based on Z-source two level 

inverter. 

 
Fig .12. Output Voltage of PV module 

 

 

 
Fig. 13. Output voltage of the two level  z source inverter  



International Journal of Emerging trends in Engineering and Development                                   Issue 2, Vol.7 (November 2012)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                                            ISSN 2249-6149 
 

 Page 298 
 

Fig 13 shows the output voltage of two level z  source inverter with filter and without filter 

 
Fig. 14. THD Value for output voltage of z source inverter 

 

Fig 14 shows the 0.01%  THD value for two level z source inverter 
 

 Case 2: Single-phase grid connected PV system based on Z-source three level inverter: 

 

 
 

Fig. 15. Output voltage of PV module 

 

 
Fig. 16. Output voltage of three level Z Source inverter 
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Fig .16 shows the output voltage of three level z source inverter without filter & with filter 

 

 
Fig.17. THD value for three level z source inverter 

 

Fig 17 shows the 0.50%  THD value for three level z source inverter 

 

V CONCLUSION 

A single-phase grid-connected photovoltaic system based on a two level & three level  Z-source network is proposed 

in this paper. The single stage Z-source inverter has both voltage-buck and boost capabilities due to its unique LC 

impedance network. In addition, it needs no dead time so the control accuracy and THD levels can be improved. 

Compared with the traditional voltage source inverter, it allows a wider scope of input voltage to the inverter and 

results in lower power loss. As demonstrated, the proposed system can realize maximum power point tracking, 

voltage boosting and harmonics suppression, together with reactive power compensation. With these advantages it 

has significant potential and promise for PV power conditioning. The THD value which is less than 5%, the 
harmonic limit imposed by the IEEE-519 standard. 
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