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1. INTRODUCTION

Photovoltaic (PV) cells are applied to capture and proceed the light energy of the sun into electrical
energy. To generate higher output power, some solar cells are constructed to form a PV module. These PV
modules are linked and constructed in series and parallel to acquire larger output voltage or current [1-3].
The generated power of PV systems is in the form of dc voltage or dc current. To supply ac power load, a
power inverter is needed. The inverter proceeds the dc power of PV system to be ac power with controllable
magnitude, frequency and phase angle of its current and voltage [4-8].

In general, two operation types of photovoltaic system were introduced and used. The first type is
stand-alone operation. In this stand-alone operation, the photovoltaic supplies electrical energy to the power
load [9-10]. Power converters are needed to make the output power suitable for the loads, i.e. dc or ac loads.
In the second operation type, the PV system is connected to the ac power grid, working together to comply
power to the ac power load. In this case, the power inverter is utilized as interface among the PV system and
ac power grid [11-13]. Hence, it changes the dc voltage of photovoltaic system into ac voltage. Power
inverter also regulates the power that will be sent into the power grid. In the second operation type, the power
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transformer is conventionally employed to raise the output voltage of PV system. It works also as galvanic
insulation between PV system and ac power grid [14-16]. Nevertheless, application of low frequency power
transformer will add the weight, volume, cost and power losses of system [17-19]. Moreover, the existence of
dc current component in the system will cause core saturation of power transformer. It may result in
overheating and fault of transformer. In some topologies, high frequency power transformer is applied to
minimize the size and volume of the entire system. However, efficiency is still a problem in this system.
Power losses in a high frequency power transformer is still a remained problem [20-22].

An alternative method to integrate the PV system with power grid is by eliminating the power
transformer. This technique is called as transformer-less photovoltaic system. In this transformer-less
method, the PV is linked to the power grid without using power transformer [23-29]. As a result, the system
become much simpler. It also eliminates the power losses generated by the transformer. However, leakage
current is another new problem introduced in this system [30-34]. Eliminating leakage current in this type
system will be greatly give advantage. This paper discusses a different transformer-less grid connected
photovoltaic system using three-level neutral-point-shorted (TLNPS) inverter circuits. The performance was
compared with transformerless system using three-level diode-clamped (TLDC) inverter [6, 26, 28, 29]. The
TLDC inverter consists of four power switches and two power diodes. In case of the TLNPS inverter circuit,
it is constructed with four power switches only. They operate in pulse width modulation (PWM) operation.
The power delivered into the grid is regulated by proportional integral current control.
The performances were evaluated by using computer simulation tests. The features of the system were also
compared to the system employing conventional H-bridge inverter.

2.  PROPOSED GRID TIED PV SYSTEM

Figure 1 presents a conventional of grid tied photovoltaic system using H-bridge voltage source
inverter and power transformer. The H-bridge inverter works to produce ac output voltage from dc input
voltage generated by the photovoltaic system. The transformer in this system is employed to level-up the ac
voltage of inverter to meet the power grid voltage. Hereafter, Figure 2 shows configuration of a grid tied
photovoltaic system without transformer called as transformer-less system. Power transformer is eliminated
in this system. To obtain a higher ac output voltage, two alternative ways can be applied. The first one is by
connecting some photovoltaic modules in series. Hence, the dc input voltage will be higher. The second
manner is by utilizing dc-dc step-up power converter. The low dc voltage of photovoltaic is boosted to meet
the ac grid voltage. Another feature such as maximum power point tracking (MPPT) system can be realized
in the de-dc converter to obtain maximum energy of sunlight.

In fact, there are parasitic capacitances between the PV systems and ground. These parasitic
capacitance values are not fixed. They are greatly affected by environmental conditions, and PV module
construction. Typically, the parasitic capacitance values range from 50- 150 nF/kW [35]. The parasitic
capacitances could add losses, and cause risk for human as PV operator. These parasitic capacitances are
represented by capacitance Cpyi and Cpyz as shown in Figure 2. In this paper, three systems are considered
and tested. The first system is by using conventional H-bridge inverter as indicated in Figure 3. The H-bridge
inverter is constructed by four controlled power switches. The second system is by applying the TLDC
inverter as shown in Figure 4. Four controlled switches plus two power diodes are required to build this
inverter circuit. The third system is a new system. This system utilizes TLNPS inverter as depicted in Figure
5. Four controlled switches are used to construct this inverter. The TLNPS inverter circuit is simpler than
the TLDC inverter, because of it needs only four power switches without power diodes. The inverter circuits
are linked to the ac power grid directly without power transformer.

i I

{ System Inverter Filter @

3

TRASNFORMER l }

oL
T

PV System

o

Figure 1. Conventional grid tied PV system [4, 5] Figure 2. Transformer-less PV system
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Figure 5. Proposed transformer-less PV using TLNPS inverter

To manage the power sent to the power grid, a proportional integral (P-I) current controller was
employed together with the pulse width modulation circuits. Figure 6 shows the controller applied in
the inverter system. This controller is the same for all three inverter systems. The PWM strategy
implemented carrier and sinusoidal signals to generate firing signal of inverter’s power switches. The signals
C; and Cy, are the carrier signals to generate pulse width modulation (PWM) wave. The outputs of
the comparators will be the inputs of gate drive circuits of power switches.
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Figure 6. Current controller of inverter system

3. TEST RESULTS AND DISCUSSION

The performance of the proposed transformer-less grid connected PV system making use of TLNPS
inverter was tested and evaluated by computer simulations of power PSIM software. Thereunto,
the performance of the new system was compared with two other systems, i.e. H-bridge and TLDC inverter
systems. The conditions and parameters were set the same for all inverter-PV systems. The difference was
only the inverter circuits applied as power converter.

3.1. Transformer-less System with H-bridge inverter
The transformer-less H-bridge system as indicated in Figure 3 was tested. Table 1 lists
the parameters in this test. The PV system was epitomized by dc voltage source with magnitude 220 V.
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The inverter circuit was operated in 22 kHz switching frequency. Parasitic capacitance values of PV system
were set as 100 nF, and 1 nF while the filter inductor was 1 mH. The inverter system was linked to 220 V 50
Hz ac power grid. Figure 7 presents the waveforms of inverter’s current sent into the power grid by H-bridge
inverter circuit, and power grid voltage waveform. In this test, the magnitude of the ac current was set as 15
A. Figure 8 presents the harmonics content of the injected current. The odd harmonics orders were
the predominant, i.e. 3%, 5%, 7% with magnitudes 0.31%, 0.25% and 0.18%, respectively. Figure 9 and
Figure 10 depict the leakage currents ICyy1 and IC,y, flowing thru the parasitic capacitances. As one see in
these figures, a larger parasitic capacitance value will cause larger leakage currents in the PV system.

Table 1. Test parameter of system.

Parameters Value
DC voltage source 220V
Power grid, rms 220V
Switching frequency 22 kHz
Filter inductor 1 mH
Parasitic capacitance of PV 100 nF, 1 nF
Load R=20Q,L=5mH
linv (A)
20
ol TN TN TN

Varid (V)

400

200

-200

-400
0 0.006 0012 0018 0.024 0.03 0.036 0.042 0.048 0.054 0.06
Time (s)

Figure 7. H-bridge inverter injected current (Iinv), and grid voltage (Vi)
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Figure 8. Harmonics spectra of current, Iiny
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Figure 9. Leakage currents at C,,=100 nF
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Figure 10. Leakage current in H-bridge based grid connected PV system at Cpy 1 nF

3.2. Transformer-less system using TLDC inverter

The PV-inverter system employing TLDC inverter as described in Figure 4 was tested with
the same parameters as in Table 1. Figure 11 presents the wave forms of inverter’s ac current and power grid
voltage. A sinusoidal ac current was sent to power grid by using the TLDC inverter system. The low
frequency harmonics orders of inverter’s current is shown in Figure 12. As one can see in the figure,
magnitudes of the 3", 5", and 7% harmonics components were getting down compared with the harmonics of
inverter’s current produced in H-bridge inverter circuit. Magnitudes of the 3%, 5% and 7% harmonics
components in this figure are 0.032%, 0.04% and 0.061%, successively. Figure 13 presents the captured zero
leakage current waveforms in this system. Using the diode clamped inverter, the leakage currents
have been eliminated.
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Figure 11. Inverter’s current and power grid voltage
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Figure 12. Harmonics spectra of inverter’s current
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Figure 13. Leakage currents of TLDC inverter system

3.3. Proposed transformer-less system using TLNPS inverter

The third system is the PV system applying the three-level neutral point shorted (TLNPS) inverter
circuit as the power conditioner and interface shown in Figure 5. By using this inverter circuit, a three-level
voltage waveform also can be obtained. The TLNPS inverter circuit needs four power switches, only. It is
simpler than the TLDC inverter. Its output waveform is the same with the waveform of H-bridge and TLDC
inverters, i.e. three-level voltage wave form. The PV-inverter system using TLNPS inverter was examined as
the systems employed H-bridge and TLDC inverters. Figure 14 are the waveforms of the delivered current
and grid voltage in this system. A sinusoidal current was injected to the ac power grid by using TLNPS
inverter. The harmonic spectra of the injected ac current is shown in Figure 15. The magnitudes of the low
harmonic orders especially the 3%, 5" and 7" were 0.28%, 0.22% and 0.18% respectively. The leakage
currents in this system did not appear as shown in Figure 16. Hence, this TLNPS system was also able to
remove the leak currents in the PV system. Figure 17 shows a comparison of low harmonics components of
output current sent to the ac power grid by H-bridge, TLDC and TLNPS inverters. As can be noticed in this
figure, the TLDC inverter delivered the lowest magnitude of harmonics components. Its total harmonics
distortion is also the smallest among the three-systems.
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Figure 14. Delivered current by inverter and ac grid voltage
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Figure 15. Harmonics components of TLNPS inverter current
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Figure 16. Leakage current waveforms of TLNPS inverter system
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Figure 17. Comparison of injected current harmonic orders

4. CONCLUSION

This paper presented performances of transformer-less grid tied PV systems using H-bridge, TLDC
and TLNPS inverter circuits. The H-bridge inverter generates non-zero leak current during transformer-less
grid tied operation of PV system. The larger the parasitical capacitances of PV system will rise the magnitude
of leakage current. The suggested transformer-less grid tied PV system using TLNPS inverter worked well
with zero leak current. The TLNPS inverter has merit related with its simpler circuit than TLDC inverter. Ac
current distortion of the transformer-less grid tied PV system using TLDC inverter is smaller than the TLNPS
and H-bridge inverters.
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