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Abstract 

Worldwide electrical grids are expected to become smarter in future. Microgrids are deemed as one of the main 
building blocks of the smart grids; since, they are able to facilitate implementation of many smart grid functions. 
It is expected that in a near future, smart grid emerges as a well-planned plug-and-play integration of microgrids 
which interact through dedicated highways for exchanging commands, data, and power to provide a high power 
quality and optimized operation.  

This tutorial will start by providing basic definitions, general overview of microgrid configurations and control 
structures as well as some examples of microgrids in the world. Afterwards, the control of power electronic 
converters in microgrids will be presented by covering concepts like frequency and voltage droop control and 
virtual impedance. In addition, hierarchical control of microgrids will be discussed. The second part of tutorial will 
be focused on power quality issues in microgrids. Compensation of power quality problems such as voltage 
harmonics and unbalance will be addressed through proper control approaches including hierarchical and 
decentralized schemes. Furthermore, load sharing among distributed generators in presence of nonlinear and 
unbalanced loads will be discussed. The tutorial will continue by discussing advanced control schemes for dc 
microgrids. In this regard, cooperative and hierarchical control architectures will be addressed considering the 
operation of both distributed generators and storage systems. Finally, the tutorial will be concluded by 
introducing some real-world applications and projects (in the areas of hybrid microgrid systems, dc microgrids, 
electric vehicle charging stations, maritime microgrids as well as Internet of Things, IoT and cyber-physical 
systems) and discussing future trends in microgrids research and implementation. 
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