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ABSTRACT

The rapid advancement of renewable energy has profoundly transformed the energy sector
over the past decade. Microgrids, which integrate renewable energy sources with localized
loads, offer a sustainable solution to meet the growing global energy demand while
mitigating environmental impacts. Typically positioned near distribution networks,
microgrids employ power converters to operate effectively in both off-grid and grid-
connected modes. Progress in technology, supportive policies, and the adoption of custom
power devices have enhanced the flexibility and reliability of microgrids, significantly
boosting their performance. However, the inherent unpredictability of renewable energy
sources introduces challenges, such as irregular power generation and complex integration
with the main utility grid. Furthermore, the increasing deployment of microgrids within the
power grid brings issues such as poor power factor, stability concerns, power quality
degradation, and intricate power management requirements. To overcome these challenges,
it is essential to develop advanced circuit configurations and sophisticated control
algorithms that ensure the efficient and stable operation of microgrids. These innovations
are crucial for enabling a sustainable and resilient energy future.

This research emphasizes the development of a variable-speed, fixed-pitch wind energy
generation system (WEGS) designed with doubly fed induction generator (DFIG) for
efficient energy utilization. The system features two voltage source converters (VSCs)
arranged in a back-to-back configuration with a shared DC link. The rotor-side converter
(RSC) is responsible for maximizing wind energy extraction, while the grid-side converter
(GSC) ensures smooth integration with the utility grid, managing power flow to the grid
and local loads, including auxiliary services. For solar energy generation, the system can

be designed to operate in either single-stage or two-stage configurations, depending on the



specific application requirements. The primary objective is to achieve efficient energy
generation from both variable-speed wind turbines and solar photovoltaic arrays. Key
challenges include maintaining consistent power output despite fluctuations in wind speed
and solar irradiance, as well as ensuring stable and reliable grid integration.

This study explores two distinct configurations for forming a local grid. The first
configuration employs a grid-forming converter (GFC) supported by a photovoltaic (PV)
array and a battery energy storage system (BESS). The second configuration utilizes a
GFC exclusively powered by a BESS. In the PV-based system, maximum power extraction
is achieved through the incremental conductance (INC) algorithm, while the wind-driven
doubly-fed induction generator (DFIG) uses a maximum power point tracking (MPPT)
algorithm to optimize wind energy capture. The stator windings of the DFIG are
synchronized with the local grid to ensure seamless integration. To maintain efficient
microgrid operation, a robust control algorithm is essential. This research introduces an
advanced control strategy designed to ensure smooth microgrid performance under
dynamic conditions, including load connection and disconnection, variations in wind
speed, and changes in solar insolation. The proposed approach enhances the reliability and
stability of the microgrid, even in fluctuating environmental and operational scenarios.

The microgrid architecture and control strategies are initially validated through software
simulations using the MATLAB/Simulink platform. Following promising results, a
physical prototype of a microgrid is constructed, incorporating a wind turbine driven
doubly-fed induction generation (DFIG), a solar photovoltaic array, and a battery energy
storage system (BESS). This prototype is subjected to extensive testing across various
configurations, utilizing appropriate control algorithms to evaluate performance.

The simulated and experimental results are analyzed under a range of challenging

conditions, including fluctuations in wind speed, solar insolation, unbalanced and balanced

Vi



loads. Notably, the system demonstrates effective maximum power point tracking (MPPT)
for wind and solar energy under normal conditions. Additionally, the microgrid's
performance is assessed during both off-grid and grid-interactive operations, showcasing a
smooth transition between these modes. The results highlight the capability of this multi-
functional microgrid to maintain reliability and efficiency under diverse operational

scenarios.
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