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ABSTRACT

With the growing penetration levels of Photovoltaic Generators (PVG) at both medium voltage
and low voltage levels, the grid connected microgrids, which generally house such generation
sources face several problems due to intermittency of the aforementioned sources. These
problems vary from voltage rise and drop due to direct relation of the output voltage and the
insolation, to frequency related problems, especially when such sources are working in the
isolated mode. Therefore, in this thesis, control strategies have been proposed for the efficient
integration of renewable sources in the microgrid, which can work seamlessly in both isolated

and the grid connected modes.

In this first phase of the thesis, to overcome the problem of erroneous power sharing, a modified
droop control has been proposed which can not only overcome the aforementioned problem,
but also help in the mitigation of the low frequency oscillations which arise due to the direct
on-line switching of the induction motor loads in a system, which is primarily fed by the static
sources present in the microgrid network. The efficacy of the proposed control approach has
been observed through both time domain and system wide small signal analysis, and it is seen
that the proposed droop control is able to cancel out the low frequency modes, arising out of

the induction motor dynamics.

The second phase of the thesis discusses about the seamless control strategy for mode
transition. The proposed droop control in the first phase of the thesis is modified further in
order to attain two objectives, i.e. transfer of the controls of the PV G from the constant dispatch
mode to the frequency and voltage control mode, and vice versa, and also provide better
damping to the oscillatory behavior of the powers in the microgrid network, operating in the
isolated mode, after a fault has occurred. The dynamic stability analysis has been performed at
the VSI level to obtain the best set of the control parameters.

The integration of PVG with other sources such as a battery energy storage has been considered
in the third phase of the thesis. In this work, a power management approach has been proposed,
based on the modified droop control at the AC side of the network, and a power- voltage based
droop control for the current sharing within the batteries, when they operate in parallel. It is

observed in this work that when the PVG-BESS based microgrid enters the isolated mode, the



adaptive droop control for the PVG has the capability to make the PVG work in both MPPT
and the load following mode, based on the magnitude of the droop coefficients. It is also
observed that when the PVG operates in the de-rated condition, in tandem with the BESS, a

better frequency control is achieved in the isolated mode of operation.

An inertial control for the static DERSs operating in the grid connected hybrid AC-DC microgrid
has been proposed in the fourth phase of the thesis, and it is observed that upon the application
of the proposed inertial control, the PVG or the DC microgrid can contribute in the inertial
response, whenever there is a grid exigency. For the DGs to assist in the inertial control,
whenever a microgrid is considered where the inverter dominance is higher, the inputs to the
governor and the AVR is modified so as to mimic a P-Q-f and P-Q-v droop control, in order to

share powers in accord with the control coefficients, along with the DCM-VSI and the PVG.

vi
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