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Abstract

The rising demand for renewable energy sources like solar and wind energy and the rapid development of electric vehicles
(EVs) are transforming the design and operation of modern power systems. Conventional power systems mainly rely on
synchronous generators, which provide rotational inertia and help to stabilize the voltage and frequency. However, as
compared to this, renewable energy sources are mostly connected through power electronic converters, which lack this
rotational inertia. This change electrical power systems into low-inertia systems that are more responsive to disturbances,
complicating stability and control. Meanwhile, EVs change the load patterns and enable the bidirectional power flow that
increases the complexity of the system.

Grid-forming inverters have evolved as one of the key solutions to address stability issues in inverter-based power systems.
In comparison to grid-following inverters, which rely on an external voltage and frequency reference, grid-forming
inverters can produce and regulate their own reference signals. This allows them to operate in both grid-connected and
islanded modes of operation. Grid-forming inverters can act as synchronous generators with proper control, helping in
stabilizing the frequency, voltage regulation, and increasing the overall reliability of the system, especially in weak or low-
inertia grids.

Technologies, such as Vehicle-to-Grid (V2G) and Grid-to-Vehicle (G2V), also improve the adaptability of the grid system.
EVs can act both as a load during charging and as an energy source when supplying power back into the electrical grid.
This improves system resilience and helps in meeting peak energy demand. Wireless power transfer (WPT) is also
investigated for EV charging, since it eliminates the need for any physical connections to charge the EV. However, issues
such as reduced efficiency, fluctuations, and voltage instability need careful control.

Distributed energy resources (DERs), such as battery energy storage systems, EVs, and controllable loads, should be
synchronized to ensure the stable operation of the grid. The DERs can respond quickly to the renewable energy variations
and help in balancing the supply and demand. However, renewable energy is subject to environmental conditions and
changes over the years, which impact system operation and planning. Al-based and forecasting techniques, therefore,
play a significant role in mitigating these issues.

Power quality is another major issue that is related to DER operation. Power electronic converters can introduce
harmonics and voltage variations, which must be managed properly to avoid reduced system performance. Grid-forming
inverters enable stable operation in these systems by providing voltage and frequency references without relying on an



electrical grid. The grid-forming inverter control, EV integration, and advanced energy management strategies work
together to ensure stable and effective operations of modern power systems.

This session offers an organized perspective on the integration of renewable energy in smart grids with a view on grid-
forming inverter technology, and includes EV integration, wireless charging, and V2G/G2V operation. It includes system
issues, control measures, coordination techniques, and energy management techniques.

Topics for Discussion

e Introduction to renewable energy and EV integration in smart grids.

e Challenges of inverter-based resources and EV charging systems.

e Grid-following and grid-forming inverter concepts.

e Control strategies for grid-forming inverters.

e Static and dynamic EV charging systems.

e Vehicle-to-Grid (V2G) and Grid-to-Vehicle (G2V) operation.

e Integration of energy storage systems and distributed resources.

e Al-based forecasting, optimization, and energy management.

e Smart grid and microgrid operation (grid-connected and islanded).
Collaboration models between academia and industry for technology transfer.

Moderator

Arif Sarwat (Senior Member, IEEE) has over 20 years of combined experience in industry (Siemens)
and academia. He is a Distinguished University Professor in the Department of Electrical and
Computer Engineering, the Director of Engineering for Industry and Research Collaborations, and
the Director of the FPL-FIU Solar Research Facility and the Energy, Power, Sustainability &
Intelligence (EPSi) group at Florida International University (FIU). He also serves as the Principal
Investigator for the state-of-the-art grid-connected 3MW/9MWh Al-based Fuel Agnostic (AIR)
< Microgrid long-term project. His research interests include smart grids, quantum computing in

energy systems, quantum cryptography for secure energy networks, electric vehicles, grid resiliency, data center design
and reliability, agentic Al for intelligent grid operation, fuel-agnostic microgrids and controls, energy storage and battery
management systems, and large language models (LLMs) for power systems.

Dr. Sarwat has published more than 300 peer-reviewed articles and holds multiple patents. His research has been
consistently funded by the National Science Foundation (NSF), the Department of Energy (DOE), and various industry
partners, including the prestigious NSF CAREER Award. Before joining academia, he worked at Siemens for over nine years,
earning three recognition awards for excellence. He is the author and co-author of several award-winning publications,
including the Best Paper Award at Resilience Week 2017, the Best Paper and Most Cited Paper Awards (2016 and 2018,
respectively) from Springer’s Journal of Modern Power Systems and Clean Energy (MPCE), the Second-Best Paper Award
at the IEEE NAPS Conference in 2020, and the Best Paper Award at IAS IACC 2023. Dr. Sarwat has received multiple
institutional honors, including the FIU Faculty Award for Excellence in Research & Creative Activities (2016), the College
of Engineering & Computing Worlds Ahead Performance Award (2016), and the FIU Top Scholar Award in 2015, 2019, and
2023. He has also served as the Chair and Secretary of the IEEE Miami Section Vehicular Technology (VT) and
Communications Society since 2012.
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Osama Mohammed is a Distinguished Professor of Electrical and Computer Engineering and
Director of the Energy Systems Research Laboratory at Florida International University (FIU). His
research interests include computational electromagnetics, design optimization of
electromagnetic devices, physics-based modeling in electric drives, power electronic systems,
energy cyber-physical systems, and smart grid communications. He has more than 20 patents
awarded with several pending and has published over 850 articles in referred journals and IEEE-

refereed international conference proceedings.

Dr. Mohammed is a Fellow of the National Academy of Inventors, a Fellow of IEEE, and a Fellow of the Applied
Computational Electromagnetic Society. He received the IEEE PES Cyril Veinott Electromechanical Energy Conversion
Award, was named a Distinguished University Professor at FIU in 2018, and was inducted into the Academy of Science,
Engineering, and Medicine of Florida in 2025. He is also recognized among the Top 2% of Worldwide Scientists per the
Stanford University Compiled List and serves as a Distinguished Speaker for multiple IEEE Societies in 2025.

Dr. Anurag K. Srivastava is the Raymond J. Lane Professor and Chairperson of the Lane
Department of Computer Science and Electrical Engineering at West Virginia University (WVU),
where he leads research and academic programs across computer science, cybersecurity,
electrical engineering, Al, robotics, and biometrics. He also holds a joint appointment as a Senior
Scientist at Pacific Northwest National Laboratory and serves as an Adjunct Professor at
Washington State University. He received his Ph.D. in Electrical Engineering from the lllinois
Institute of Technology (2005).

With more than 18 years of experience as a scientist, educator, and researcher, Dr. Srivastava's expertise spans power
grid operation and control, grid resilience against cyber and weather events, renewable energy integration, physics-aware
machine learning, synchrophasor applications, and integrated cyber-power simulations. He has served as Technical Lead
and Lead Co-l of the $30M UI-ASSIST Center, with research projects exceeding $60M in funding from the US Department
of Energy, NSF, EPRI, DARPA, ONR, and other agencies. He is an IEEE Fellow, IEEE Distinguished Lecturer, author of over
375 technical publications, 3 books, and 3 patents, and has delivered 35+ keynotes and distinguished lectures across 18+
countries. He currently serves as co-chair of the IEEE PES Microgrid Working Group and chair of multiple IEEE PES technical
working groups.

Mr. Jintao Han is a Microgrid and Power Systems Expert at OPAL-RT Technologies, Montreal,
Canada, where he focuses on advanced real-time simulation and Hardware-in-the-Loop (HIL)
testing for power electronic and grid-integrated systems. His work supports utilities, system
integrators, research laboratories, and academic institutions in the development, testing, and
validation of next generation microgrid controllers, distributed energy resources, and renewable
energy integration solutions.

With a strong technical background in power systems engineering and digital real-time
simulation, Mr. Han collaborates with leading clients worldwide on projects involving inverter control, cyber-physical
security of microgrids, grid-forming inverters, and the testing of protection and control schemes under realistic grid
conditions. He is a key OPAL-RT representative at major international industry events such as the Microgrid Knowledge
Convention, the IEEE Power & Energy Society conferences, and other professional gatherings, where he engages with
engineers and researchers to advance the deployment of smart grid technologies.



