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Abstract. In the recent years the number of photovoltaic

systems which are connected to the distribution networks is
increasing all over the world. It is to expect further increase in
the future. This work focuses on analysis of a photovoltaic
system with three single-phase inverters connected to the
electric grid. Photovoltaic systems often use single-phase
inverters. The disadvantage of such systems is asymmetrical
unbalanced delivery of electricity to the distribution network.

This means that the currents in individual lines are unbalanced
which leads to the unbalanced three-phase power generation.
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1. Introduction

European union‘s directive upon increasing the
production of electricity from renewable energy till 2020
has contributed to growth of photovoltaic systems
connected to electric grid. Most of photovoltaic systems
connected to the grid use single-phase inverter. Smaller
photovoltaic systems [1-6] use one single-phase inverter.
Bigger photovoltaic systems use more single-phase
inverters in master slave concept [7] where one of the
inverter is superior to the others and it takes care of
suitable operation of other inverters in the chain. There
are not many photovoltaic systems which use three-phase
inverters [8-11]. However the single-phase inverter
connected to the three-phase grid could sometimes cavse
problems.

In the case study, this work focuses on analysis of a
photovoltaic system with three single-phase inverters
connected to the electric grid. Three single-phase
inverters connected to the grid were tested during the
day. Throughout the test, the inverter’s input current and
input voltage as well as output current and output voltage
were measured. They were used to calculate the
inverter's input and output power, power factor PF and
efficiency 1. The total harmonic distortion THD is

determined by applying Fourier analysis of current and
voltage. This photovoltaic system is connected to the
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strong electric grid with low impedance. Consequently,

the value of THD is small, as shown in the results

presented. The main problem of photovoltaic systems
with three single-phase inverters connected to the grid is
in the asymmetrical distribution of which causes

additional losses related with energy transmission.

2. Photovoltaic system

Fig. 1 shows the photovoltaic (PV) system installed at
University of Maribor, Faculty of Electrical Engineering
and Computer Science. PV system was built as a roof of
the car parking.
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Fig. 1. Photovoltaic (PV) system installed at University of
Maribor.

The PV system is structured into three subsystems. Each
subsystem uses 24 modules and one single-phase
inverter. The total power of the PV system is 7.5 kWp.
The main components of the PV system block diagram
are show in Fig. 2.

RE&PQJ, Vol.1, No.8, April 2010



PV module PV module PV module The active input and output power were determined by
(7) to (10):
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Fig. 2. System block diagram of a photovoltaic system 7,5 kwp ~ Where kU {phase a, phase b, and phase c}. When the
installed at University of Maribor. values of output voltag&yac and output currenkac

and active output poweP,,c are obtained, the power
There are 72 mono-crystal modules of 105 watts which  factor PF,, for each phase separately and total power
are connected to three sub-arrays (power of each sub factorPF can be calculated by (11) and (12):
array is 2.5 kWp).
In the case study, experimental set-up consisting of I .
the described PV system connected to the grid (which "F =5 kD{a binc} (11)

. . U k AC I k AC

included PV modules, inverters ...), current and voltage

measurement chains and a signal processor board dSpace

DS 1103 which is used as a data acquisition system with  pp Pac (12)
sampling frequency 10 kHz, is applied Ul ac

3. Analysis The efficiency is calculated by (13):

On the inverters’ input side the DC voltaggc and P

currentipc were measured while on the output side the 77 :P_ (13)

AC voltageusc and currenti,c were measured. Input pe

voltage and current as well as output voltage and current o )

long time window. The RMS values of voltage and  Were determined by Fourier analysis. They were used to
current were determined by (1) to (6): determine THD for inverters’ output voltages and
currents. The output voltageéHiDy and the output current
THD were determined by (14) and (15):

13 .
Uch = NZUEDC(J) (1)
j=1 40 )
ZUKhAC
18 . THD,, o =4|=2 kO{a, binc} (14)
Ich= NZIEDC(J) (2) Uk21AC
j=1
1 .
Uy pe = NZ;UEAC(J) ®) kO {a binc} (15)
i
13, .
L ae = NZlszc(J) @) 4. Results

Results measured during the tests performed on three
grid-connected inverters are presented in Figs. 3to 7. In
Figs. 3 to 5 results are given as functions of output power
Pac- Fig. 3 shows RMS values of all inverters’ input DC
currentlpc and voltagdJpc together with the input power
Ppc. Fig. 4 shows RMS values of output AC currept
and voltageUac.

where kO {phase a, phase b, and phase b}, is the
number of simples whilpdenotes the sample.

Uic :UaZAC+Ub2AC +U62AC (5)

2 _ 12 2 2
IAC_laAC+|bAC+IcAC (6)
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Fig. 3. RMS value of input voltadépc, RMS value of input

currentlpc and input powePpc measured during tests, given as

functions of output powe®P,c.
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Fig. 4. RMS value of outpu voltagéc and RMS value of

output current ,c measured during tests, given as functions of

output powePac.
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Fig. 5 shows power factoPF given as a function of
output powelP,c, while efficiencyr is shown in Fig. 6.
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Fig.5. Power factoPF measured during tests, given as
functions of output powePc.
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Fig.6. Efficiencyn measured during test, , given as functions of

output poweiPc.

Fig. 7 shows active inptRpc and outpuPac of all
inverters, given as functions of tirhe
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5. Conclusion

Analysis of single-phase inverters for photovoltaic
system is performed in the paper. It is shown that the
main problem of photovoltaic systems with three single-
phase inverters connected to the grid is in the
asymmetrical distribution of power. The results clearly
show that the sub-array which is connected to the phase
C produces more energy.
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Fig. 7 shows the main problem of using three single-
phase inverters. Differences among phases show clearly
that the sub-array which is connected on phase C [9]

produces more energy.

In this case the system is [6]

(8]

(9]

[10]

[11]

asymmetrical.
Fig. 8 shows voltage and current THD marked as §HD 7
and THD.
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Fig. 8. Voltage and current THD, given as functions of output

power Pc.
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