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“Applications of Model
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in Microgrids”

Microgrids have emerged as a promising solution to accommodate the integration
of renewable energy resources, offering localized, efficient, and resilient power
systems. These decentralized energy networks can operate independently or in
conjunction with the traditional power grid, enhancing energy security and
reliability. However, the fluctuating outputs from renewable energy resources, such
as solar and wind, coupled with variable power demand, have posed significant
challenges. These challenges include voltage and frequency fluctuations, which
can compromise the stability and reliability of microgrid operations. The
intermittent nature of renewables requires advanced control strategies to ensure
seamless energy distribution and maintain grid stability.

With the increasing penetration of renewable energy resources and the
proliferation of electronic interfaces, there has been a growing interest in
developing high-performance control strategies. The integration of power
electronic devices, while improving efficiency and control, also introduces
complexities related to harmonics, transient stability, and dynamic response.
Among these control strategies, Model Predictive Control (MPC) has garnered
considerable attention in both academic and industrial communities. MPC's ability
to predict future system behaviors, handle multivariable control problems, and
incorporate various operational constraints makes it highly suitable for microgrid
applications. Its fast transient response and flexibility in adapting to dynamic
changes position MPC as a powerful tool in managing the complexities associated
with modern microgrids.
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This tutorial will explore the recent applications of MPC in microgrids, covering a range of topics from the control of a single
converter to the management of entire microgrid systems. The tutorial will delve into the specific roles MPC plays, such as:

1. Control of a Single Converter: MPC optimizes individual converter performance by predicting and adjusting their output to
maintain desired voltage and frequency levels. This ensures efficient operation and contributes to overall microgrid stability.

2. Control of Parallel Converters: In systems with multiple parallel converters, MPC coordinates their outputs to balance load
sharing, minimize losses, and prevent conflicts. This coordination is crucial for maintaining system efficiency and power quality.
3. Energy Management of an Entire Microgrid: MPC facilitates comprehensive energy management across the entire microgrid.
It optimizes power distribution from various sources, manages energy storage systems, and responds to load variations to

ensure reliable and efficient operation.

The primary objective of this tutorial is to promote research and development in the application of MPC within renewable energy and
smart microgrid contexts. By addressing current challenges and showcasing innovative solutions, the tutorial aims to inspire new
technologies and methodologies that can enhance microgrid performance and integration of renewable resources.

The target audience includes scholars, researchers, students, lab technicians, and engineers from both academic and industrial
backgrounds. Participants will gain valuable insights into MPC's capabilities and its transformative potential in renewable energy and

microgrid management.
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Dr. Hu received a Ph.D. in electrical engineering from University of
Technology Sydney, Australia. He participated in the research of
microgrids at Commonwealth Scientific and Industrial Research
Organization (CSIRO), Newcastle, Australia. He was an assistant
professor at The Hong Kong Polytechnic University. Subsequently,
he joined Federation University Australia as the Discipline Lead of
Electrical Engineering. He is currently a Full Professor and Stream
Leader of the Centre for New Energy Transition Research, leading
microgrids and renewable energy initiatives in close collaboration
with industry. He is an awardee of the prestigious Australian
Research Council (ARC) Future Fellowship. He served as General
Co-Chair of IEEE PES 14th Asia-Pacific Power and Energy
Engineering Conference (APPEEC 2022) at Melbourne and the
33rd Australasian Universities Power Engineering Conference
(AUPEC 2023) at Ballarat. He is an Associate Editor for IET
Renewable Power Generation and IEEE TRANSACTIONS ON
ENERGY CONVERSION.
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