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ABSTRACT

Electrification and efficiency are essential drivers of the energy shift, made possible by
renewables, hydrogen, and sustainable biomass. Due to falling prices, solar and onshore wind
are forecasted to account for most renewable energy source (RES) growth, accounting for
43% and 26% of generation in 2050. The Intergovernmental Panel on Climate Change
(IPCC) projects that "global net human-caused CO> emissions would need to be decreased by
around 45% from 2010 levels by 2030, reaching 'net zero' around 2050" in order to limit
global warming at 1.5°C.

In this thesis, a number of grid-connected and standalone configurations of microgrids are
designed for integrating renewable sources such as solar and wind based on areas,
applications, type of energy sources, supply reliability, cost, and the power quality (PQ)
aspects for providing uninterrupted power to the loads. Moreover, with battery energy storage
(BES) and coordinated control, the proposed microgrid solves the problem of intermittent
renewable generation. Here, a switched reluctance generator (SRG) is adopted for converting
the mechanical power output from the wind turbine (WT) into electricity. Moreover, the SRG
is operated with a sensorless technique to determine the position and speed for its effective
control with the ability to harvest the peak power available in the wind energy.

The proposed microgrids address the problems related to electrification in the accessible
areas of the electric grid and in regions with a weak or nonexistent grid. In grid-connected
configurations, the power generated by the RES is shared between the local loads and the
utility grid. In the standalone systems, the microgrid is combined with a diesel generator
(DG) set to realize a reliable solution to provide uninterrupted electricity to local loads at
remote places. Moreover, it is guaranteed through the control and the storage battery that the
DG set is always utilized optimally by operating into the fuel-efficient zone, irrespective of

the variation in the load demand.



The unbalanced, distorted, and failure of the utility grid are severe concerns in the microgrid.
As a result, it must guarantee that the microgrid operates without generating any interruptions
in supplying the critical loads. Moreover, substantial power electronics converter-based
nonlinear loads are used in domestic applications, which have given rise to serious PQ issues,
such as harmonics, unbalanced loading, poor power factor operation, voltage distortion, etc.,
and have drawn the most attention in distribution systems. This causes mal-operation of
appliances, increased losses, and poor power factor on the grid. Therefore, algorithms are
needed to manage the voltage source converter (VSC) with rapid reaction, fluctuation-free,
and well-structured operation. In this thesis, robust control techniques are designed and
developed for multimode operations of microgrids as well as to regulate the voltage and
frequency of microgrids irrespective of the load condition and renewable sources availability.
All microgrid configurations are modeled and simulated in the MATLAB/Simulink platform.
Simulated performances are validated using an experimental microgrid setup developed in
the laboratory. The results showcase the satisfactory performance of microgrids under

different practical scenarios.
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PI Proportional-integral
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Vv PV array voltage

Lpy PV array current

Pyy PV array power

Voc Open circuit PV voltage

L Short circuit PV current

Vnpps Lmpps Pmpp PV array MPP voltage, current, and power

Ly Boost inductance

Vie, Ve, Ve Sensed and reference DC-link voltage and their error
Cac DC-link capacitor of VSC

m Modulation index

a Overloading factor

Ve Battery voltage

Ip, I'p, Ipe Sensed and reference battery current and their error
Loy BDC inductance

Vises Lise VSC switch voltage and current

k Safety factor

Ly Interfacing inductor

Ry, Cr Ripple filter

Vgab, Vgbe Sensed grid line voltages

Vea, Vab, Vgc Grid phase voltages

Vea, Vg Grid voltages in aff frame

Viga Vigs PSCs of grid voltages in aff frame

Vigay Vigh, Vige PSCs of grid voltages in abc frame

Ugpas Ugpb, Ugpe In-phase unit templates of PSCs of grid voltages
Ugga, Uggh, Ugqe Quadrature unit templates of PSCs of grid voltages
Vi Amplitude of PSCs of grid voltages

iga, Igh, igc Sensed grid currents

i"gar 1 ghy I ge Reference grid currents

VLab, VLbe Sensed PCC line voltages

VLa, VLb, VLe PCC phase voltages

V0 Vb, Ve Reference PCC voltages

Vi, wr Amplitude and frequency of reference PCC voltages
iLas ILb, iLc Sensed load currents

Pr Load power

Tuses 1 vse VSC currents and reference VSC currents

Vdga, Vdgb, Vdee, Vidg DG set voltages and their amplitude
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Wy Feed-forward weight of PV power
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Wiave Average fundamental active weight of load currents

We, Wag Amplitude of grid and DG currents
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