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Inverter-based resources (IBRs) have very different fault responses than synchronous
generators, which challenges the reliable operation of some commonly applied power
system protection elements. Therefore, there are significant research efforts that have
been performed in the power industry and in the academic/government research
community for enhancing power system protection reliability with increasing penetration
of IBRs, with special emphasis on how IBRs’ fault responses challenge certain protective
relay functions. The challenges are identified in multiple energy sectors, ranging from
small-scale systems such as microgrids, to large-scale distribution systems and bulk
power grids. It is noteworthy that reliable power system protection schemes are urgently
needed to guarantee the reliable operation of IBRs intensive grids.
In this tutorial, the diversified and multi-disciplinary instructor team from academia,
leaders from the protection industry, and a national laboratory will introduce the latest
research advances and industry practices on power system protection with high
penetration of IBRs. The tutorial will cover the four most critical topics in the power
system protection areas for high IBR grids, including key impact study of IBRs on
protection relays, protection of inverter-dominated transmission system with grid-forming
(GFM) and grid-following (GFL) IBRs, and real-world protection design for microgrid using
commercial relays. The tutorial serves to share the latest research progress and industry
practices of power system protection, and covers a broad guidance group, including
universities, inverter vendors, utilities, and government national laboratories. The whole
tutorial will be educational and informative with fundamentals, practical examples, and
real-world applications.
The first presenter will share the latest research in transmission protection with high IBRs
with the focus on the two most critical aspects that affect the protection relay’s
performance. These two aspects are current limiting and negative sequence current which
are evaluated using a real-world system with actual relay settings. The second presenter
will discuss commonly applied protection functions used and transmission and
distribution systems, followed by a discussion of ways GFL can impact protection
response. As more and more GFM IBRs will be integrated into transmission systems to
improve system strength and stability, it is important to understand how GFM IBRs’ fault
responses affect the response of protection relays. Thus, the third presenter will explore
protection of inverter-dominant transmission systems to shed light on how the different
fault-ride through (FRT) functions in GFM inverters affect the different protection 
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schemes, including overcurrent, distance protection, line current differential protection, and permissive over-reaching transfer trip. As transmission
protection attracts a lot of attention, microgrid protection is still an interesting topic because more and more microgrid systems start to use only
IBRs and become 100% renewable systems. The fourth presenter will present the real-world use cases of microgrid protection and demonstrate
their designs using commercial protective relays and test via hardware-in-the-loop (CHIL).
It is noteworthy that the tutorial will be designed as an interactive session for boosting audience interest and participation. Particularly, the
interactive tutorial session will be implemented by inviting the audience to access the interactive tools and video tours during the tutorial to dive
into the demo with real-world scenarios and applications.
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Jing Wang is a Senior Research Engineer at the National Renewable Energy
Laboratory, where she has worked for the past five years. She received her
Ph.D. degree in electrical engineering from RWTH, Aachen University in 2015.
From 2015 to 2017, she worked as a lead power system engineer at GE Grid
Solutions in Stafford, UK, and she led multiple microgrid grid automation
projects and HVDC system validation projects. Her research focuses on power
electronics control of distributed energy resources (DERs), microgrid
modeling, protection design, and DER control and integration. She has
expertise in power and controller hardware-in-the-loop (HIL) evaluation of
microgrid controllers, advanced distribution management system (ADMS),
distributed energy resource management system (DERMS) for grid automation
and control, and DER integration studies. Especially, she leads the 1 MW multi-
vendor demo for the SETO-funded UNIFI consortium.

Aboutaleb Haddadi received the Ph.D. degree in electrical and computer
engineering from McGill University, Montreal, QC, Canada, in 2015. From 2015 to
2020, he was a Postdoctoral Fellow and a Research Associate with
Polytechnique Montreal, Montreal, QC. Since 2020, he has been with the Electric
Power Research Institute, Palo Alto, CA, USA, as a Senior Technical Leader,
where he leads research and development activities related to bulk system and
distributed renewable energy resources modeling and system integration
impacts. His research interests include renewable resource integration, power
system protection, and power system modeling and simulation. He is the Chair
of CIGRE working Group C4.60 and is further active in a number of working
groups of IEEE Power and Energy Society, Western Electricity Coordinating
Council, and North American Electric Reliability Corporation.

Brian K. Johnson is the Schweitzer Engineering Laboratories Endowed Chair
in Power Engineering and University Distinguished Professor in the
Department of Electrical and Computer Engineering at the University of Idaho.
He received a PhD degree in electrical engineering from the University of
Wisconsin-Madison. His teaching and research interests include power
system protection, integration of inverter-based generation, HVDC
transmission, FACTS devices, power systems transients, and power system
resilient control. He is an associate editor for IEEE Power & Energy Magazine
and a member of the IEEE Press Editorial Board. He is a registered
professional engineer in the State of Idaho.
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Angelos Kokkinis is employed with Schweitzer Engineering Laboratories, Inc. (SEL) as a protection engineer in the engineering
services division. He received his BS in Electrical Engineering from the University of Missouri–St. Louis in 2019. His experience
includes leading projects on microgrid control design, microgrid modeling and hardware-in-the-loop (HIL) testing, protection design,
and DER control and integration.
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