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ABSTRACT

Rapid increasing trend of electric energy demand in the world and depletion of fossil fuel
reserves motivate power generation from renewable energy sources. The renewable energy
sources based distributed generation system contributes a minimization of greenhouse gas
emissions and environmental impacts caused thereby. For this reason, renewable energy systems
have been promoted worldwide to address the issues of energy poverty, pollution and climate
change. An increased dependence on renewable energy resources is exhibited in recent years.
Over 13.5% of global energy demand at present is met through renewable energy sources. Solar
energy is an important renewable energy source that is expected to play a significant role in the
future energy supply and consequently, solar photovoltaic based renewable energy system has
emerged as a prominent contender.

The growing interest has been exhibited in grid integrated PV systems and also off-grid
systems. Several issues are associated with operation of solar PV systems in grid-interfaced and
off-grid operational modes. Firstly, the use of nonlinear loads in power conversion devices as
lighting, medical equipment and electric traction has increased the concerns to maintain power
quality in the distribution network. These nonlinear loads introduce the harmonics current which
lead to reduced life and mal-operation of the power devices. Secondly, the load side neutral
currents happen to cause the grid neutral current flow, thereby obstructing the general safety to
personnel and the equipment. Thirdly, the leakage currents caused by the parasitic capacitance
between the solar PV array and the ground, reduce the life-span of the solar PV array and cause
safety issues to the operating personnel. Besides these, the grid integration of inertia-less solar

PV system cannot support frequency regulation in the system. Moreover, the uninterrupted



operation of solar PV system under grid-side faults and sensor malfunctioning events is desired.
Since the power electronic technology plays a major role, the research is focused on developing
intelligent control techniques in addressing the aforementioned issues.

This research work aims at development and implementation of intelligent control strategies
to address various challenges faced in three-phase grid-interfaced and off-grid solar photovoltaic
systems. The strategies developed are simulated in MATLAB based environment for successful
operation, and the laboratory prototypes are built to validate the simulation results through
various experiments.

This research work mainly focusses on the solar PV systems connected in the distribution
network. The different problems addressed in this work are classified as- (i) power quality
improvement in three phase grid interfaced solar PV system under weak distribution grids (ii)
low-voltage ride-through strategy in double stage solar PV system enabling load compensation
capabilities (iii) leakage current suppression in grid-interfaced transformer-less PV system with
power quality improvement features (iv) Inertia emulated solar PV system and its seamless
transition under unintentional islanding events (v) control design for resilient operation of solar
PV system under sensor malfunctioning events and cyber-attacks. In case of two-stage PV
system, the first stage is a boost converter which serves for MPPT (Maximum Power Point
Tracking) and the second stage is a grid tied VSC (Voltage Source Converter).

Initially, a methodology for three-phase grid-interfaced two-stage solar PV system for grid-
currents balancing, grid harmonic-currents mitigation and reactive-power compensation under
abnormal grid scenarios is contemplated. This system also ensures crest power extraction, neutral
current compensation capability, VSC loss minimization, even during distorted grid voltages that

occur at far radial ends in the distribution system. Then after, a low-voltage ride-through method

Vi



for double stage solar PV array system is proposed which enables inherent VSC overcurrent
protection and supplies reactive power compensation as per revised grid code. A methodology
for leakage current elimination in two-stage PV system is then developed, to improve the life-
span of a solar PV array system, without compromising the power quality improvement features
such as grid-currents balancing, grid harmonic-currents mitigation and reactive-power
compensation. Then after, a generalized predictive control based harmonic-voltage controller for
three-phase grid-interfaced and off-grid distributed generation system. A minimization criterion
is used in generalized predictive controller to achieve accurate output voltage tracking
performance and flexibly control the output harmonic voltage, and thereby, the harmonic
currents entering the grid, are regulated in grid interfaced operation. Moreover, a method for
seamless transition of a distributed generation source based virtual synchronous generator is
investigated, where the seamless transition is realized without any need for separate
synchronizing tools or separate islanding detection algorithms. It inherits the grid-
synchronization and islanding detection within itself, without dependency on the signal from the
dedicated synchronization units. The system is not prone to delays in islanding detection during
unintentional islanding events. Finally, a methodology is developed for uninterrupted operation
of grid-interfaced solar PV system, which provides resilient operation under current-sensor
malfunctioning events and various false-data injections. This control technique effectively
identifies the malfunction/attack signal and generates corrective action. The performance
evaluation of different aforementioned methodologies has been carried out under practical
operating conditions. This work is expected to provide a good exposure to develop resilient solar

PV systems in distribution network, with multifunctional capabilities.
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