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ABSTRACT

During last decade, solar photovoltaic (PV) power generation has become a focus area of
research and development as it is ecofriendly, renewable and available in large quantity.
Because of availability of the PV energy everywhere, it is possible to use it in both isolated and
grid connected systems. In this thesis work, the various system configurations for single stage
high power grid tied PV power generating systems based on two level, multilevel (diode
clamped, flying capacitor, binary and ternary cascaded) and multipulse converters, are
investigated in detail. The design, control and implementation of various system configurations
of PV power generating systems are carried out and their performance are evaluated under
varying solar insolation levels.

This research work focuses on investigations of grid tied PV power generating systems such as
two level VSC (Voltage Source Converter) based PV-DSTATCOM (Distribution Static
Compensator), multilevel VSC based PV-STATCOM (Static Compensator) and other
multilevel converters. In PV-DSTATCOM system, two level converter is utilized to do
multiple functions in three modes. In mode 1, it transfers active power to the grid and connected
loads while mitigating the power quality issues in the distribution network. In mode 2, it
transfers only active power to the grid at unity power factor while in mode 3, it does only power
quality mitigations. In PV-STATCOM system, it transfers large power at high voltage to the
three phase AC grid with STATCOM capabilities thereby increasing the transmission
transferring capability. For PV-STATCOM system working in three modes, five and seven
level converters are utilized to integrate the PV arrays with the grid at low switching frequency
with STATCOM capabilities. In both systems, the VVSCs are fully utilized to their full capacity
in the proposed system for 24 hours. To improve the efficiency of the system, a single stage

topology is adopted over double stage topology in the PV grid tied systems.



However, to transfer large power from a PV array to the three phase grid at high voltage,
multilevel and multipulse VSCs are viable solution as losses in the VSC, are decreased due to
low switching frequency. The various configurations (binary cascaded 31 level converter,
ternary cascaded 9 and 27 level converters, 12 and 18 pulse converter) of the PV system
operating at FFS (Fundamental Frequency Switching) are investigated. Due to FFS, the
switching losses of the converters are reduced, thereby, increasing overall efficacy of the
system, which results in reduction of unit cost of electricity. The binary and ternary cascaded
converters operating at FFS and single stage topology, offers advantages viz. high number of
voltage levels, less number of switching devices, low THD, low switching losses, ease of
operation at high voltages that leads to the improvement in power quality of the system. All
these converter based grid tied power generating systems are simulated in MATLAB and the
responses are verified through experimental results achieved on the developed prototype in the
laboratory, to demonstrate the system performance under varying conditions. The major focus
of this research work, is investigations of high power converter based PV grid tied system, for
active power transfer to the grid as well as mitigating power quality (PQ) issues, while

satisfying the IEEE standards.
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