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ABSTRACT
This research work deals with the multi-objective solar PV array based generating systems with
grid synchronization, solar PV array-battery based microgrids (MGs), and solar-pico-hydro-
battery based microgrids with grid synchronization. These electricity generating systems and
microgrids address the solutions of power demand at remote areas, environment problems at
industrial sites and at thicky populated commercial locations, and the locations out of the reach
of the grid. It facilitates the availability of energy and supports the conservation of the stocks
of fossil fuels. A solar-pico-hydro-battery based microgrid maintains load power continuously
at outage of the grid or under deficit of power generation in a standalone system. Moreover,
fossil fuel-based generation systems are finding difficult to maintain load power at outage of
the grid. However, exhibited microgrids have power support to loads for 24x7hours. A
converter is used in the grid synchronized mode and in an islanded mode, which enhances the
operation of the developed system. These multi-functional aspects of MGs result in substantial
saving of capital spending, and maintenance cost of the system. However, in an islanded mode,
the battery and RESs supply power to loads at PCC and the loads connected at the DC-port
uninterruptedly. The objectives of RESs based microgrids are contributed to local loads and
relaxing the load burden on utility network, by this means reduce the energy losses through
curtailing in power transmission and power distribution. Therefore, it improves the efficiency
and decreases the cost of overall system. It has state transfer ability from the grid synchronized
mode to an islanded mode and vice-versa, without interruption in the loads power. A current
control approach is utilized to control the switching of the PCC interfaced voltage source
converter (VSC) in the grid synchronized mode. However, the switching of the VSC is
controlled through a voltage control approach in an islanded mode. The PCC interfaced VSC
performs multi-functions, such as, it feeds the harmonics mitigated currents to the grid,

compensates the reactive power drawn by the loads and improves power factor of the grid to



unity. In an islanded mode, the VSC controls the magnitude and frequency of the load voltages.
However, the voltage at the DC-link is supported by the battery. The battery through absorption
of excess power at an excess power generation and discharging deficit power under short of
power generation in an islanded mode assures power supply to the loads without interruption.

The prime aims of this research work are control and implementation of several three-phase
solar PV array based generating systems, solar PV array-battery and solar-pico-hydro-battery
based microgrids. These generating systems and microgrids are categorized further based on
connection of solar PV array at the DC-port of the VSC (single-stage and double-stage) and
connection of the battery at the DC-port (with and without a bidirectional DC-DC converter).
In double-stage solar PV array based generating system, the peak power of solar PV array at
MPP is tracked through controlled switching of the boost converter. However, in a single-stage
solar PV array based generating system, the bidirectional DC-DC converter is used to harness
the peak power of the PV array with control of charging and discharging of the battery. The
feedforward terms of the solar PV array and pico-hydro generator are used in current control
loop, which injects the active power to the grid and improves the dynamic performance of the
microgrids. Simulated performance of exhibited microgrids is studied. Their Simulink models
are developed to implement various control techniques. Experimental prototypes are developed
to validate simulated results of models of microgrids. No availability and outage of the grid are
a common issue at remote location and rural areas. Therefore, the simple and multi-functional
intelligent control approaches in the exhibited microgrids, are developed to control them in the
grid synchronized mode and in an islanded mode, and transition of modes without interruption

in the loads.
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