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A B S T R A C T  A R T I C L E  I N F O   

The installation of photovoltaic energy system has been increasing in recent years with the 

increment of the demand to the electrical power. PV system can be installed as either standalone 

or grid-connected. Grid-connected PV systems are more attractive because of not requiring a 

storage system. In this study, a three-leg interleaved boost converter for grid-connected PV 

system is proposed. In the proposed system, a grid-connected PV system is designed and 

modelled in a simulation environment. The proposed model is analysed in comparison with the 

conventional dc-dc boost converter topology under variations of irradiance and temperature. 

The comparison of two systems is performed according to input current ripple ratio and THD 

value of the grid current. The simulation results show that the proposed topology has lower 

current ripple and THD value comparing with the conventional topology. 
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1. Introduction 

In today's life, the applications of renewable energy sources 

have come into prominence by reduction of the fossil fuels and 

increasing greenhouse gas emissions [1, 2]. Photovoltaic (PV) 

panel systems attract further attention since their simple 

implementation and low maintenance cost. In addition, the 

power generation capacity of PV systems can be improved via 

implementation of industry 4.0 [3]. Besides, the systems are 

applicable for houses, industrial plants and commercial power 

plants [4-7]. Furthermore, the installed PV system capacity 

over the world has been increasing significantly in recent 

years [8]. Although standalone and grid-connected PV panel 

systems are available in applications, the grid-connected 

systems are more efficient and highly preferred systems in 

applications [5-7]. In general, a dc/dc converter and an 

inverter are used to connect the PV panels to the grid [9]. The 

dc/dc converter is applied to obtain the suitable dc voltage 

level with the maximum power of PV panel [1, 10, 11]. The 

inverter is utilised to converter dc voltage into ac voltage [12].  

 

There are several dc/dc converter topologies implemented in 

the grid-connected PV systems. However, a boost converter is 

usually preferred as a dc/dc converter in PV system and 

renewable energy systems [2, 13-16]. There are also a few 

boost converter circuits in literature studies and applications 

[13, 17, 18]. In earlier studies, conventional boost converter 

topology is used with PV system. However, the PV current 

has a high ripple ratio when the conventional boost converter 

is used [10, 11, 19, 20]. The high current ripple ratio in PV 

side effects total harmonic distortion (THD) value of current 

injected to the grid. Besides, the high ripple degrades the PV 

lifetime and overall system efficiency.  

 

In this study, a three-leg interleaved boost converter is applied 

for the grid-connected PV system. The proposed system is 

modelled and analysed through a simulation environment. A 

grid-connected PV system in the rating of 10.6 kW is designed 

and constructed in the simulation environment, and the 

constructed model is simulated for conventional boost 

converter and IBC systems. The modelled system is examined 

under different irradiance and temperature values. The 

simulation results are presented by considering current ripple 

ratio and THD value.  

 

The rest of the manuscript is organized as follows. In Section 

2, the PV system model of the simulated system and its 

characteristics are introduced. In Section 3, the structure of the 

proposed system is presented. By this way, the model of the 

proposed system is explained in detail. In addition, the current 

ripple ratios are given for the conventional boost converter 

and IBC. In Section 4, the simulation results of the proposed 

system with the conventional boost converter and IBC 

topologies are presented. The results of IBC topology are 

discussed and compared with the results of the conventional 

topology. The conclusion is discussed in Section 5. 
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2. PV system model and characteristic 

A PV module consists of small solar cells (approximately 1-2 

W) to generate high output power and voltage. As well known 

that an ideal solar cell is modelled as a current source with 

parallel a diode. Besides, series and parallel resistors are 

included to ideal model to demonstrate power losses. The 

widespread equivalent circuit model of a single PV 

cell/module is illustrated in Figure 1. This model is called a 

single diode model and includes five parameters to be 

determined. The 𝐼 − 𝑉 characteristic of the single diode model 

is acquired through Eq. (1) [21]. 

 

𝐼 = 𝐼𝑝𝑣 − 𝐼0 [exp (
𝑉 + 𝐼𝑅𝑠

𝑎𝑉𝑇

) − 1] −
𝑉 + 𝐼𝑅𝑠

𝑅𝑠ℎ

 (1) 

 

Where, 

𝐼𝑝𝑣 : PV current 

𝐼0 : Saturation current 

𝑅𝑠 : Series resistor 

𝑅𝑠ℎ : Shunt resistor 

𝑉𝑇 : Diode thermal voltage 

 

 

Figure 1. A single PV module and its equivalent circuit scheme 

The parameters of the model are obtained by equations of 

short circuit, open circuit, MPP circuit and zero derivative for 

MPP circuit. The parameters for a single module are shown in 

Table 1.  According to these parameters, PV current, series 

and shunt resistors and diode saturation current are obtained. 

Then, the 𝐼 − 𝑉  and 𝑃 − 𝑉 curves of this model are drawn for 

different irradiance values at 25 𝐶 
0 , as shown in Figure 2. 

 

Table 1. The parameters for a single PV modüle 

Parameter Description Value 

𝑷𝒎𝒑 Maximum power 305.2 W 

𝑽𝒐𝒄 Open circuit voltage 64.14 V 

𝑽𝒎𝒑 Voltage at MPP 54.7 V 

𝑵𝒄𝒆𝒍𝒍 # of cell per module 96 

𝑰𝒔𝒄 Short-circuit current 5.94 A 

𝑰𝒎𝒑 Current at MPP 5.56 A 

 

The voltage level of the single module is low during the grid 

connection. Thus, in the present work, seven in series and five 

in parallel modules are connected to create a PV array with 

sufficient voltage level and high current value. The 𝐼 − 𝑉  and 

𝑃 − 𝑉 curves of PV array are drawn for different irradiance 

values at 25 𝐶 
0 , as demonstrated in Figure 3.  

 

 

(a) 

 

(b) 

 

Figure 2. The 𝑰 − 𝑽  and 𝑷 − 𝑽 curves of single PV module under 

different irradiances 

 

 

(a) 

 

(b) 

Figure 3. The 𝑰 − 𝑽  and 𝑷 − 𝑽 curves of PV array under 

different irradiances 

3. Structure and control of the proposed system model 

The general representation of the proposed system is 

demonstrated in Fig. 4. The proposed system consists of a PV 

array transferring solar energy into electric energy, a three-leg 

boost converter with MPPT controller, and a three-phase DC-

AC inverter with the current controller and output LCL filter. 

Incremental conductance MPPT algorithm is applied to 

acquire maximum power [22,23].  
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Figure 4. General structure scheme of the proposed system 

3.1. Interleaved boost converter 

The conventional boost converter and IBC structures with 

pulses and PV currents are shown in Figure 5. The structure 

and pulse signal of the conventional converter are 

demonstrated in Figure 5(a) and Figure 5(c). Besides, the 

structure and pulse signals of IBC topology are shown in 

Figure 5(b) and Figure 5(d). 

 

The relation between input voltage and output voltage of the 

conventional boost converter is given in (2). The current 

flowing on the inductor is increasing once the switching 

component turns on and decreasing when turns off. The 

difference between the lower and upper points of the current 

is ripple current that has drawbacks on the PV system and 

output voltage. The ripple current is obtained by Eq. (3). To 

lessen the ripple current, the inductance value or switching 

frequency can be increased. However, higher inductance 

value results in bulky system and high switching frequency 

leads to efficiency degradation. In this study, instead, a three-

leg boost converter is proposed to reduce the inductor current 

ripple and its negative effect [13, 24].  

 

 

Figure 5. The structures, currents and pulse waveforms of the conventional boost converter and IBC 

𝑉𝑜 =
1

(1 − 𝐷)
𝑉  (2) 

∆𝐼 =
𝐷𝑇𝑠

𝐿
𝑉  (3) 

 

Where, 𝐷 is duty cycle and 𝑇𝑠 is switching time. 

 

In this study, a three-phase IBC is preferred to convert DC 

voltage level. Three parallel converters are used in this 

topology, as shown in Figure 5(b). The operation of IBC is 

based on applying identical pulses with shifting the pulses of 

the switches by 1200 [19,24]. The switching signals and 

inductor currents are demonstrated in Figure 5(d). The 

switching signals may overlap depending on duty cycle, as 

shown in Figure 5(d). It is proposed to select the duty cycle 

higher than 1/3 in order to obtain boosted input voltage. The 

input ripple current is obtained as Eq. (4). The input ripple 

current is obtained according to the duty cycle ratio [10]. 

∆𝐼 = {
0.34 < 𝐷 < 0.66 ;

𝑉𝑇𝑠𝑑

3𝐿
(
2 − 3𝐷

𝐷′
)

0.67 < 𝐷 < 1      ;
𝑉𝑇𝑠𝑑

𝐿
(
1 − 𝐷

𝐷′
)

 (4) 

 

Where, 𝑑 is the ratio of input current rising time to its 

period (𝑡𝑟 𝜏⁄ ).  

3.1. DC/AC conversion 

The PV system is connected to the grid through a DC-AC 

inverter. In this study, a three-phase inverter is used to convert 

DC voltage into AC voltage. The inverter includes three half-

bridge inverter legs. The switching components of the inverter 

are modulated by SPWM method. The rms voltage value of 
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inverter is obtained as in (5) for the fundamental component 

[25]. The circuit diagram of the grid-connected inverter is 

demonstrated in Figure 6. An LCL filter is tied between the 

inverter and the grid to effectively degrade the ripple 

harmonics generated from the modulation of the inverter [26]. 

Besides, a simple resistor connected in series with the filter 

capacitor suppresses the filter resonance. 

 

Figure 6. The circuit diagram of the three-phase grid-connected 

inverter 

𝑉𝑖 =
𝑀

2√2
𝑉𝑜 

 (5) 

Where, M index represents the modulation ratio of the 

reference sine signal to the carrier signal. 𝑽𝒊 and 𝑽𝒐 are 

inverter output fundamental voltage and capacitor dc voltage, 

respectively. The constant 𝑴/(𝟐√𝟐) gives the inverter gain 

value [25]. 

4. Case studies and discussion 

The proposed system is modelled and analysed though a 

simulation program environment. The system parameters of 

the modelled system are given in Table 2. The proposed 

system is tested under various irradiance and temperature 

values. The changes in irradiance and temperature are shown 

in Figure 7. Besides, the mean powers obtained from PV array 

according to the irradiance and temperature variations for 

conventional boost converter and IBC are illustrated in Figure 

8. The mean power obtained by the IBC topology is always 

higher than the conventional topology.  

 

The modelled system is examined for conventional boost 

converter and three-phase IBC topologies. Figure 9 shows the 

current and voltage waveforms once the conventional boost 

converter and three-phase IBC are applied. It is obvious that 

the output current has high ripple current when the 

conventional method is used. On the other hand, the ripple 

current is reduced to almost 1/3 ratio with IBC technique.  

 

 

 

 

 

Table 2. The system parameters of the proposed system 

Parameter Description Value 

𝑽𝒈 Grid voltage 380 V 

𝒇𝒈 Grid frequency 50 Hz 

𝑽𝒐 DC link voltage 750 V 

𝑷𝒑𝒗 Max. PV power 10.6 kW 

𝒇𝒔𝒅 IBC switching freq. 5 kHz 

𝒇𝒔𝒊 Inverter switching freq. 5 kHz 

 

 
Figure 7. The changes in irradiance and temperature 

 

(a) 

 

(b) 

 

Figure 8. Mean power behaviour of PV array under irradiance 

and temperature changes for conventional converter and (b) IBC 

topology 

The grid voltage and current supplied by PV to the grid under 

the variation of the irradiance and temperature are shown in 

Figure 10. This result is illustrated only for IBC based 

topology. It can be seen from the figure that the supplied 

current decreases with irradiance reduction and temperature 

increment. 
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(a)                                                                                   (b) 

Figure 9. Output current and voltage waveforms of PV array for (a) conventional boost converter and (b) IBC  

 

Figure 10. The waveforms of grid voltage and inverter current 

The grid-side current waveforms with their harmonic spectra 

and THDs are shown in Figure 11. The results for 

conventional and IBC methods are given in Figure 11(a) and 

Figure 11(b), respectively. The THD values of the grid-side 

currents are 0.94 % and 0.87 % for the conventional method 

and IBC method, respectively. It is obvious from the 

simulation results that the proposed system injects current to 

the grid with lower THD value.  

 
(a) 
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(b) 

Figure 11. Waveforms of grid currents and FFTs with (a) 

conventional method and (b) IBC structure  

5. Conclusion 

A grid-connected PV system with IBC has been proposed in 

this study. In the proposed study, IBC is used as dc/dc 

converter to reduce the current ripple ratio. The IC MPPT 

algorithm is applied to obtain the maximum power from the 

PV array. A 10.6 kW grid-connected PV system is designed 

in this study. The proposed system has been modelled in 

simulation environment, and it is examined under variation of 

irradiance and temperature. The proposed system is compared 

with the conventional boost converter model. It is shown from 

the simulation results that the IBC topology has a lower PV 

current ripple in comparison with the conventional boost 

converter. The current ripple values are 7.2V and 2.1V for the 

conventional boost converter and the IBC topologies, 

respectively. Moreover, the THD values of the grid current are 

0.94% and 0.87% for the conventional boost converter and the 

IBC topologies, respectively. It is obvious from the results that 

the current ripple and THD value are reduced by the IBC 

model. 
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