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A comprehensive protection strategy for microgrids with high renewable energy penetration

microgrid is a group of interconnected loads and distributed energy resources (DERs) with defined electrical boundaries

forming a local electric power system at distribution voltage levels, that acts as a single controllable entity and is able to
operate in either grid-connected or island mode. Deployment of DERs causes a microgrid or conventional distribution feeder
to tackle several challenges, such as the bi-directional flow of power, changes in fault current magnitude, and continuous
changes in operational configuration due to plug-and-play of DERs, fluctuation of load demands and intermittency of
renewable generations. Hence, the traditional protection strategies will no longer be sufficient to protect microgrids against
network faults, transient and dynamic disturbance conditions. This research study proposes a fast and reliable communication-
assisted protection strategy for ensuring safe operation of microgrids with high penetration of renewable energy. The strategy is
implementable by commercially accessible microprocessor-based digital relays. It also provides a backup protection to handle
communication failures and malfunction of protection devices. The study also presents the detailed structure of the digital
relay which enables the proposed strategy. A number of improvements are proposed to find an alternative way for conventional
overcurrent relays to reliably detect small-magnitude fault currents and high impedance faults, commonly encountered in
converter-interfaced renewable microgrids. Simple and economical bus protection method is also proposed. Several simulations
and related product field tests are conducted on a comprehensive model of realistic operational industrial microgrids (such as
Goldwind Smart Microgrid System, in Beijing, China, and many other microgrids in China) using PSCAD/EMTDC software
environment and practical product field test setups, for different case studies and fault scenarios, to verify the effectiveness of
the proposed protection strategy and its fault, transient and dynamic disturbances digital protection relays.
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