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Abstract—In this  paper,  a    single phase grid connected   pv+fuel cel hybrid system for grid connection is proposed. The system 

utilizes transformer-less single-stage con- version for tracking the maximum power point and interfacing the photovoltaic array to 

the grid. The maximum power point is maintained with a fuzzy logic controller. A proportional-resonant controller is used to 

control the current injected into the grid. To improve the power quality and system efficiency, a double-tuned parallel resonant 

circuit is proposed to attenuate the second- and fourth- order harmonics at the inverter dc side. A modified carrier- based 

modulation technique for the current source inverter is pro- posed to magnetize the dc-link inductor by shorting one of the bridge 

converter legs after every active switching cycle. Simulation and practical results validate and confirm the dynamic perfor- mance 

and power quality of the proposed system. 

Index Terms— single phase grid connected , grid-connected, maximum power point tracking (MPPT), photovoltaic (PV). 

 

I.  INTRODUCTION 

DUE to the energy crisis and environmental issues, renew- able energy sources have attracted the attention of re- searchers and 

investors. Among the available renewable energy sources, the photovoltaic (PV) system is considered to be a most promising 

technology, because of its suitability in distributed generation, satellite systems, and transportation [1]. In dis- tributed generation 

applications, the PV system operates in two different modes: grid-connected mode and island mode [2]–[6]. In the grid-connected 

mode, maximum power is extracted from the PV system to supply maximum available power into the grid. Single- and two-stage 

grid-connected systems are com- monly used topologies in single- and three-phase PV applica- tions [7], [8]. In a single-stage 

grid-connected system, the PV system utilizes a single conversion unit (dc/ac power inverter) to track the maximum power point 

(MPP) and interface the PV system to the grid. In such a topology, PV maximum power is delivered into the grid with high 

efficiency, small size, and low cost. However, to fulfill grid requirements, such a topology requires either a step-up transformer, 

which reduces the sys- tem efficiency and increases cost, or a PV array with a high dc voltage. High-voltage systems suffer from 

hotspots during par- tial shadowing and increased leakage current between the panel and the system ground though parasitic 

capacitances. Moreover, inverter control is complicated because the control objectives, such as MPP tracking (MPPT), power 

factor correction, and har- monic reduction, are simultaneously considered. On the other hand, a two-stage grid-connected PV 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 10, October 2014, Pg. 42-52 

Panditi Ajesh, IJRIT  43 

 

system utilizes two con- version stages: a dc/dc converter for boosting and conditioning the PV output voltage and tracking the 

MPP, and a dc/ac inverter for interfacing the PV system to the grid. In such a topology, a high-voltage PV array is not essential, 

because of the dc voltage boosting stage. However, this two-stage technique suffers from   reduced efficiency, higher cost, and 

larger size. 

From the aforementioned drawbacks of existing grid- connected PV systems, it is apparent that the efficiency and footprint of the 

two-stage grid-connected system are not at- tractive. Therefore, single-stage inverters have gained attention, especially in low 

voltage applications. Different single-stage topologies have been proposed, and a comparison of the avail- able interface units is 

presented in [8], [9]. The conventional voltage source inverter (VSI) is the most commonly used in- terface unit in grid-connected 

PV system technology due to its simplicity and availability [10]. However, the voltage buck properties of the VSI increase the 

necessity of using a bulky transformer or higher dc voltage. Moreover, an electrolytic ca- pacitor, which presents a critical point of 

failure, is also needed. Several multilevel inverters have been proposed to improve the ac-side waveform quality, reduce the 

electrical stress on the power switches, and reduce the power losses due to a high switching frequency [11]–[14]. However, the 

advantages are achieved at the expense of a more complex PV system. More- over, a bulky transformer and an unreliable 

electrolytic capacitor are still required. 

The current source inverter (CSI) has not been extensively investigated for grid- connected renewable energy systems [15]. 

However, it could be a viable alternative technology for PV dis- tributed generation grid connection for the following reasons: 

1)  the dc input current is continuous which is important for a PV application; 

2)  system reliability is increased by replacing the shunt input electrolytic capacitor with a series input inductor; 

3)  the CSI voltage boosting capability allows a low-voltage PV array to be grid interface without the need of a trans- former or an 

additional boost stage. 

Grid-connected PV systems using a CSI have been proposed. The three-phase CSI for PV grid connection proposed in. 

 

Single-phase grid connected current source inverter successfully delivered PV power to the grid, without sensing the ac output 

current, with a total harmonic distortion (THD) of 4.5%. However, an ac current loop is essential in the grid- connected application 

in order to limit the current and quickly recover the grid current variation during varying weather condi- tions. A dynamic model 

and control structure for a single-stage three-phase grid-connected PV system using a CSI is proposed in [17]. The current injected 
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into the grid has a low THD and unity power factor under various weather conditions. However, the controller consists of only 

current loops, which affect system reliability. 

Unlike the three-phase grid-connected CSI, the single-phase system has even harmonics on the dc side, which affect MPPT, 

reduce the PV lifetime, and are associated with odd-order har- monics on the grid side [9], [18]. Therefore, eliminating the even 

harmonics on the dc side is essential in PV applications. Various techniques have been proposed to reduce the even har- monic 

effects in CSI PV applications. The conventional solution to the dc current oscillation is to use a large inductor, which is capable 

of eliminating the even-order harmonics. Practically, the CSI inverter produces high dc current [17]; therefore, an inductor with a 

large value is usually bulky and large in size. Thus, this technique is practically unacceptable. To eliminate the harmonics without 

using large inductance, two solutions have been proposed in the literature, namely feedback current control and hardware 

techniques. Specially designed feedback current controllers intended to eliminate the odd harmonics on the ac side without using 

large inductance are proposed in the literature. In [19], the oscillating power effect from the grid is minimized by employing a 

tuned proportional resonant con- troller at the third harmonic. Nonlinear pulsewidth modulation (NPWM) has been proposed in 

[20] to improve harmonic miti- gation. NPWM is based on applying computational operations, such as a band-pass filter, a low-

pass filter, a phase-shifter block, and various division operations to extract the second-order har- monic component from the dc-

link current. In [21], the power oscillating effect is mitigated by using a modification of the car- rier signal on pulse amplitude 

modulation (PAM). The carrier signal is varied with the second-order harmonic component in the dc-link current to eliminate its 

effect on the grid current. These techniques [19]–[21] are not suitable for a single-stage grid-connected PV system, because the dc 

current oscillation is large, which causes high system losses and reduces its life- time. In the hardware solution proposed in [22], 

second-order harmonics are eliminated by using an additional parallel reso- nant circuit on the dc-side inductor. Even though the 

hardware solution adds costs, losses, and size, it is considered to be a prac- tical solution for CSI-based PV systems. Usually, the 

impact of second-order harmonics in the dc-side current can significantly affect the ac-side current. Additionally, the fourth-order 

har- monic in the dc-side current could affect the ac-side current at high modulation indices. 

In this paper, a single-stage single-phase grid-connected PV system-based on a CSI is proposed. A doubled-tuned parallel resonant 

circuit is proposed to eliminate the second- and fourth- order harmonics on the dc side. Moreover, a modified carrier- based 

modulation technique is proposed to provide a continuous path for the dc-side current after each active switching cycle. The 

control structure consists of MPPT, an ac current loop, and a voltage loop. To demonstrate the effectiveness and robustness of the 

proposed system, computer-aided simulation and practical results are used to validate the system. 

 

2. SYSTEM DESCRIPTION 

A grid-connected PV system using a single-phase CSI is shown in Fig. 1. The inverter has four insulated-gate bipolar transistors 

(IGBTs) (S1–S4) and four diodes (D1–D4). Each diode is connected in series with an IGBT switch for reverse blocking capability. 

A doubled-tuned parallel resonant circuit in series with dc-link inductor Ldc   is employed for smoothing the dc link current. To 

eliminate the switching harmonics, a C–L filter is connected into the inverter ac side. 

 

3. DOUBLE-TUNED RESONANT FILTER 

In a single-phase CSI, the pulsating instantaneous power of twice the system frequency generates even harmonics in the dc-link 

current. These harmonics reflect onto the ac side as low- order odd harmonics in the current and voltage. Undesirably, these even 

harmonics affect MPPT in PV system applications and reduce the PV lifetime. In order to mitigate the impact of these dc-side 

harmonics on the ac side and on the PV, the dc- link inductance must be large enough to suppress the dc-link current ripple 

produced by these harmonics. Practically, large dc-link inductance is not acceptable, because of its cost, size, weight, and the fact 

that it slows MPPT transient response. To reduce the necessary dc-link inductance, a parallel resonant circuit tuned to the second-

order harmonic is employed in series with the dc-link inductor. The filter is capable of smoothing the dc-link current by using 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 10, October 2014, Pg. 42-52 

Panditi Ajesh, IJRIT  45 

 

relatively small inductances. Even though the impact of the second-order harmonic is significant in the dc-link current, the fourth-

order harmonic can also affect the dc-link current, especially when the CSI operates at high modulation indices. Therefore, in an 

attempt to improve the parallel resonant circuit, this paper proposes a double-tuned parallel resonant circuit tuned at the second- 

and fourth-order harmonics, as shown in Fig. 2 

In order to tune the resonant filter to the desired harmonic frequencies, the impedance of C1  and the total impedance of L1 , L2 , 

and C2  should have equal values of opposite sign. For simplicity, assume component resistances are small, and thus 

 

                        Proposed carriers-based PWM along with switching sequence for one fundamental frequency. 

where Zt  is the total impedance of the series–parallel circuit components L2   to Ln    and C2   to Cn   and n  is the harmonic 

order. To clarify the proposed filter design for the mitigation of more harmonics, an example of eliminating three harmonics is 

outlined. To eliminate the second-, fourth- and sixth-order harmonics, (6) is rewritten, as (7)–(9) shown at the bottom of the page. 

By numerically solving (7)–(9), and (9), the capacitances that eliminate the desired harmonics can be computed. 

 

IV.  MODIFIED CARRIER-BASED PULSEWIDTH MODULATION 

Modified carrier-based pulsewidth modulation (CPWM) is proposed to control the switching pattern for the single-phase grid-

connected CSI. In order to provide a continuous path for the dc-side current, at least one top switch in either arm and one bot- tom 

switch must be turned ON during every switching period. In conventional sinusoidal pulsewidth modulation (SPWM), the 

existence of overlap time as the power devices change states allows a continuous path for the dc current. However, the over- lap 

time is insufficient to energize the dc-link inductor, which results in increased THD. Therefore, CPWM is proposed to provide 

sufficient short-circuit current after every active switch- ing action. CPWM consists of two carriers and one reference. Fig. 6 

shows the reference and carrier waveforms, along with the switching patterns. The carrier with the solid straight line shown in Fig. 
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6 is responsible for the upper switches, while the dashed line carrier is responsible for the lower switches and is shifted by 180◦ . 

To understand the switching patterns of the proposed CPWM, Fig. 6 is divided into ten regions (t1 − t10 ), 

 

single phase grid connected pv+fuel cel hybrid system 
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weather conditions. Fig. 13(d) shows that the CSI output cur- rent is not violated by allowing switching of one current level at the 

same time on both radiation levels. Moreover, Fig. 13(f) shows the active power and reactive power under both weather 

conditions. From Fig. 13(a) and (f), the total system efficiency is about 95% for each radiation level. For further validation of the 

proposed system efficiency, Fig. 14 illustrates the efficiency as function of the input power under different radiation levels. 

 

 V. EXPERIMENTAL RESULTS 

The performance of the proposed grid-connected CSI is ver- ified experimentally with the hardware shown in Fig. 15. The 

experimental setup consists of an Agilent modular solar array simulator to emulate PV system operation; a CSI with a 4-kHz 

switching frequency to boost the output voltage, track the max- imum power point, and interface the PV system to the grid; and a 

single-phase auto-transformer to emulate the power grid. An Infineon TriCore TC1796 is used to generate the PWM signals and 

realize the proposed feedback loop controllers. 

A.  Practical Validation of the Proposed Filter 

To validate the effectiveness of the proposed system, the re- sults of the CSI with the double-tuned resonant filter are com- pared 

with those from the CSI with large dc- link inductance, L 

= 300 mH. Fig. 16 shows the input dc current and the output ac voltage and current of the CSI under both test conditions. From 

Fig. 16(a) and Fig. 16(b), the double-tuned resonant filter and the large inductance filter successfully eliminate even harmonic 

effects at low modulation indices. The THD at the ac side for the CSI with a resonant filter is 1.29%, whereas the THD for the CSI 
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with large link inductance is 1.92%. On the other converter side, Fig. 16(c) and (d) shows the harmonic effects of both cases with a 

high modulation index. The proposed double-tuned resonant filter successfully eliminates the even-order harmonics in the dc 

current, reducing the THD on the ac side to 2.73%. However, the CSI with large inductance reduces the THD to 6.16%, which 

does not meet the IEEE-519 harmonics standard. Since PV ap- plications operate over a wide range of modulation indices to track 

the MPP, the proposed double-tuned filter system is better suited for PV applications. 

 B. Grid Connection Validation 

I–V curves are programmed into the PV source simulator to test the experimental system. The results of the proposed grid- 

connected CSI are shown in Fig. 17. The optimum PV current is attained in a relatively short time and has a small steady-state 

oscillation. Also, the CSI successfully injects the PV current into the grid with low total harmonics distortion. 

VI. CONCLUSION 

A single-stage single-phase grid-connected PV system using a CSI has been proposed that can meet the grid requirements without 

using a high dc voltage or a bulky transformer. The control structure of the proposed system consists of MPPT, a current loop, and 

a voltage loop to improve system performance during normal and varying weather conditions. Since the system consists of a 

single-stage, the PV power is delivered to the grid with high efficiency, low cost, and small footprint. A modified carrier-based 

modulation technique has been proposed to pro- vide a short circuit current path on the dc side to magnetize the inductor after 

every conduction mode. Moreover, a double-tuned resonant filter has been proposed to suppress the second- and fourth-order 

harmonics on the dc side with relatively small in- ductance. The THD of the grid- injected current was 1.5% in the simulation and 

around 2% practically. The feasibility and effec- tiveness of the proposed system has been successfully evaluated with various 

simulation studies and practical implementation. 
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