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Recently, the number of PV grid-connected system installation has increased
considerably. Advantages of PV grid-connected systems are support of electricity
generation on daytime and peak time, decrease cost of peak generation, reduction of
electricity power losses and voltage drop in distribution lines. Until the end of 2006,
approximately 80 percent of the total PV installations worldwide are PV grid-connected
systems. This necessitates studies on operations of systems for understanding of
behaviors of PV grid-connected systems and compliance to utility standards. This
research is on impedance modelling and calculation of a grid-connected system, which
should bring about insights into and possible prediction of harmonics, complex power
flows, etc. between PV-inverter units, loads and distribution networks. The impedance
of the inverter output, viewed from the point of common coupling-PCC, is to be
modeled.

The system used in the experiment consists of 1,050 W and 1,680 W PV arrays
connecting in parallel, a 2.5 kWp grid-connected inverter and electrical loads. Dc and ac
data are collected automatically every 10 seconds. In modelling the impedance, we
assume that the PV-inverter unit consists of a current source and two impedances, an
impedance Zx in paralleled with the current source and an impedance Zy in series with
the source. This equivalent model of a PV-inverter unit is similar to a dynamic
equivalent impedance of solar cells/modules.

In the analysis, we use the Fast Fourier Transform-FFT package of the Matlab software
to calculate fundamental components and higher harmonic components of ac signals.
Only the fundamental components are used in impedance determination. Zx and Zy are
determined from nonlinear equations describing the equivalent model using the
Newton-Raphson method. The measured data have shown good agreement with the
proposed model. Both Zy and Zy exhibit a negative impedance characteristic which is
commonly found in a power electronic switching converter where input current
decreases/increases when the input voltage increases/decreases. As a result, the inverter
has negative impedance characteristics. This is due to the fact that the grid-connected
inverter being a power converter equipped with a maximum power point tracking
(MPPT).

We have not yet determined possible dependency of Zx and Zy on dc outputs (voltage
and current) of PV module/ dc inputs of inverters, ac voltage and current at the PCC,
and inverter configurations. Such dependency should be investigated. We have noted
from our results that Zx does not depend on dc inputs of inverters, either current or
voltage. The magnitude of Zy is, however, relatively constant and largely independent
on dc input voltage, with the inverter configuration that we employ.





