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Abstract 7
Distributed power generation (DPG) by renewable energy using PV-gr]i'd ir?te?a?ti%e
systems is becoming important worldwide and in Thailand. The research undertaken in
this thesis focuses on factors influencing electrical power quality of the grid connected
systems. There are 3 important factors, namely, radiation intensity and fluctuation,
electrical characteristics of PV modules, and inverters. The work carried out consists of
2 parts. The first part is on determination of static and dynamic characteristics of

modules. The second part concerns impacts of solar radiation levels and fluctuations on

power quality.

A commercial software based on photometry to calculate illumination resulting from
numbers of point sources is used to design and construct a small solar simulator. The

simulator has a test area of 20 cm x 32 cm and the test chamber temperature can be
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controlled between 20-80° C. The simulator is used to determine static parameters
(Rs, Ry, Rp and Ry) of modules under dark and illuminated conditions. In the research,
the author first proposes a new technique to determine static parameters from one IV
curve. Moreover, it is shown that the dynamic resistance taking into account finite
series and shunt resistance can be quite different from a normal assumption of
negligible series resistance and very large shunt resistance. The author has named the
dynamic resistance of the first case the internal dynamic resistance Ry, and the second
case the external dynamic resistance Rp. Static and dynamic parameters (R, Rgy Ry,
Rp, Cr and Cp) of 3 types of modules are determined under forward bias using
sinusoidal and square wave signals. The 3 types of modules are 4.5 Wp single

crystalline silicon, 10 Wp polycrystalline silicon and 6 Wp amorphous silicon.

Measurements on power quality of 4 PV-grid interactive systems are made, each is less
than 5 kWp. Two systems are in Bangkok, one in Samutprakarn in central Thailand
and one in Chiangmai in northern Thailand. For the first time in Thailand, a study on
the power quality is carried out. In our study, the radiation intensity varies from 0-1000
W/m’ and the rate of change of radiation is between 4-25 W/m?s. Outputs of the
inerter are measured up to 31% harmonic. We also simulate dc inputs to an inverter
connecting to a distribution transformer using a dc generator instead of a PV array and
look at the power quality. Lastly, a preliminary study to improve power quality and

efficiency of a PV-grid interactive system using a battery bank as a voltage regulator.

We can build a Class C solar simulator according to the Australian Standard AS 2915-
1987 using the commercial software in the design, and use the simulator in determining

parameters of modules. It is found that Ry and Rp can differ by 50% due to the
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assumption given above. Ry and Rp are voltage dependent. Cr is voltage dependent

and Cp is voltage and frequency dependent.

Power quality of the 4 systems are similar. At low radiation the power quality is low.
This manifests as low power factor and large total current harmonic distortion -%
THDc. Below 400 W/m® and at the rate of radiation change above 8 W/m?%/s it is
evident that the voltage variation at the point of common coupling — PCC (between the
inverter, the load and the low end of the distribution transformer) is between 1-3 V and

the % THDc increase to 6 %. However, this is within the prescribed standards.

Simulation of a PV array by a dc generator to study the power quality of an inverter
connected to a distribution transformer yield similar results. Preliminary investigation
on using a battery bank as a voltage regulator to increase the efficiency and improve

power quality indicates that such approach is feasible.

Keywords : Solar Cells / Static and Dynamic Parameters /Solar Simulator / Grid-

Connected System



