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TOPICS

Topics within the scope of the conference include the following areas, but not limited to:

Renewable (Green) Energy Systems and Sources (RESSs) as Wind Power, Hydropower,
Solar Energy, Biomass, Biofuel, Geothermal Energy, Wave Energy, Tidal energy,
Hydrogen & Fuel Cells, Energy Storage

New Trends and Technologies for RESSs

Policies and Strategies for RESSs

Energy Transformation from Renewable Energy System (RES) to Grid

Novel Energy Conversion Studies for RESs

Power Devices and Driving Circuits for RESs

Control Techniques for RESs

Grid Interactive Systems Used in Hybrid RESs

Performance Analysis of RESs

Hybrid RESSs

Decision Support Systems for RESSs

Renewable Energy Research and Applications for Industries

RESSs for Electrical Vehicles and Components

Artificial Intelligence and Machine Learning Studies for RESs and Applications
Computational Methods for RESSs

Energy Savings for Vehicular Technology, Power Electronics, Electric Machinery and
Control, etc.

New Approaches in Lightings

Public Awareness and Education for Renewable Energy and Systems

Reliability and Maintenance in RESSs

Smart grids and RESSs

Safety and Security of RESSs

Renewable Energy Systems in Smart Cities

Future Challenges and Directions for RESSs

IoT for RESSs

Energy Management, VPP(Virtual Power Plant) and ERAB (Energy Resource Aggregation
Businesses) for RESSs

Model based Design and Digital Twin for RESSs

LANGUAGE

The official language of the ICRERA conference is English



WELCOME to ICRERA 2023

Dear Colleagues,

The purpose of the International Conference on Renewable Energy Research and
Applications (ICRERA) 2023 is to bring together researchers, engineers, manufacturers,
practitioners and customers from all over the world to share and discuss advances and
developments in renewable energy research and applications.

After the successes of the first, the second, the third, the fourth, the fifth , the sixth, the
seventh, the eighth, the ninth, the tenth, and the eleventh editions of ICRERA in Nagasaki
(2012), Madrid (2013), Milwaukee (2014), Palermo (2015), Birmingham (2016), San Diego
(2017), Paris (2018), Brasov (2019), Glasgow (2020), Istanbul(2021), Istanbul(2022), the
12th ICRERA 2023 is going to be organized by the technical co-sponsorship of IEEE IES
and IAS in Oshawa, Canada on August 29 - September 1, 2023. Attending ICRERA 2023
will benefit you to meet well-known expert keynote speakers, tutorial organizers, special
session organizers as well as young and many other colleagues coming from more than 60
countries.

It is our happiness to share with you that selected 100 papers at ICRERA2022 have been
proposed for possible publications in

e IEEE Transactions on Industrial Applications (15 papers) cited in SCI-Expended,
e International Journal of Renewable Energy Research (15 Papers) cited in ESCI,
e International Journal of Smart Grid (20 papers) cited in Google Scholar,

e International Journal of Engineering Science and Applications (14 papers),

and
e Electric Power Components and Systems (36 papers) cited in SCI-Expended.

Up to 2023, all papers presented ICRERA have been cited in IEEE Xplore, SCOPUS and Web
of Science (Clarivate Analytics).
According to WEB of Science (Clarivate Analytics) in 2023;

h-index = 24

Average citation per item = 4.3

5 Years Impact Factor = 12.35
ICRERA aims to present important results to the international renewable energy
community in the form of research, development, applications, design, and technology. It
is therefore intended to assist researchers, scientists, manufacturers, companies,
communities, agencies, associations and societies to keep abreast on new developments

in their specialties and to unite in finding alternative energy solutions to current issues
such as the greenhouse effect, sustainable and clean energy issues.

Professor Sheldon Williamson,
General Chair, ICRERA 2023

Professor Adel Nasiri, Professor Ilhami COLAK, Professor Fujio KUROKAWA,
Co-Chair, ICRERA 2023 Co-Chair, ICRERA 2023 Co-Chair, ICRERA 2023



KEYNOTE SPEAKERS

Keynote 1: Noriko Kawakami, Toshiba Mitsubishi-Electric Industrial Systems
Corporation (TMEIC) Power Electronics Systems Division Fuchu, Tokyo, Japan
Date : August 30, 2023 10.00-11.00 AM

Biography:

Dr. Noriko Kawakami (M’95-SM’16-F’18) is Senior Fellow in the Power
Electronics Systems Division at Toshiba Mitsubishi-Electric Industrial
Systems Corporation (TMEIC).

She has led development projects of large-capacity power electronics
equipment for more than 30 years.

Her main achievements are related to grid-connected converters and

inverters, and their applications to distributed energy sources such as fuel

cells, wind turbines, and battery energy storage systems, and their
sophisticated control systems, including HVDC systems employing MMC topology. In 2003, she moved
from Toshiba Corp. to Toshiba Mitsubishi-Electric Industrial Systems Corporation (TMEIC) which is a
successful joint venture of two major Japanese companies in the industrial field.

She served as the President of Industry Applications Society of IEE-Japan from 2018 to 2020.

She has served as a members-at-Large of IEEE PELS Administrative Committee since 2018, a regional
distinguished lecturer of R10 since 2020 and an editor of the Journal of Emerging and Selected Topics
in Power Electronics (JESTPE) since 2020

She received the IEEE McMurray Award for Industry Achievements in Power Electronics in 2022.

Power electronics technology contributing to carbon neutrality

Summary: At COP27, held in Egypt in November 2022, the agreement reached at COP26 to limit the
increase in global average temperature to 1.5°C was maintained and emphasized its importance. At the
G7 Environment Ministers' Meeting held in Sapporo, Japan, in April 2023, it was clearly stated that the
introduction of renewable energy will increase, including an increase of 150 GW of offshore wind power
and 1 TW of PV generations, and that hydrogen and ammonia will contribute to the carbon neutrality of
various sectors and industries. To realize a carbon-neutral society, it is also important to reduce CO2
emissions by improving the efficiency of energy consumption. Power electronics technology is involved
in all of those aspects. TMEIC continues to develop power electronics (PE) technology under the slogan
"PEIE: Power Electronics in Everything" to contribute to carbon neutrality. In this presentation, I will
introduce large capacity power electronics technology that contributes to carbon neutrality.



Keynote 2: Professor Udaya Madawala, University of Auckland, New Zealand
Date : August 30, 2023 11.10-12.10 AM

Biography:

Udaya K. Madawala graduated with a B.Sc. (Electrical Engineering) (Hons)
degree from The University of Moratuwa, Sri Lanka, and received his PhD
(Power Electronics) from The University of Auckland, New Zealand as a
Commonwealth Doctoral Scholar. At the completion of his PhD, he was
employed by Fisher & Paykel Ltd, New Zealand, as a Research and
Development Engineer to develop new technologies for motor drives. At
present as a Full Professor in the Department of Electrical and Computer Engineering at University
of Auckland, New Zealand, he leads a large group of researchers focusing on a number of power
electronics projects that are related to energy and wireless EV charging systems for V2X applications.

Udaya is a Fellow of the IEEE and was a Distinguished Lecturer of the IEEE Power Electronic Society
(PELS), and has both industry and research experience in the fields of power electronics and energy.
He has served both the IEEE Power Electronics and Industrial Electronics Societies in numerous roles,
relating to editorial, advisory, conference, technical committees and chapter activities. He was the
General Chair of the 2nd IEEE Southern Power Electronics Conference (SPEC)- 2016, held in New
Zealand, and is also the Chair of SPEC Steering Committee. Udaya, who has over 300 journal and
conference publications, holds a number of patents related to wireless power transfer (WPT) and
power converters, and is a consultant to industry.

Inductive Power Transfer Technology for V2X Applications

Summary: The penetration rate of Electric vehicles (EVs) into the transport sector is becoming high.
Inevitably such high level of penetration will also bring some challenges to the electric power industry.
One potential solution of high promise is the vehicle-to-X (V2X) technology that enables EVs to be used
as an energy storage to offer services through vehicle-to-home (V2H), vehicle-to-grid (V2G), vehicle-
to-building (V2B) and vehicle-to-load (V2L) concepts. For all V2X applications, EVs essentially require
a bi-directional power interface either with the electricity network (grid) or load to allow for both storing
(charging) and retrieval (discharging) of energy. This can be achieved by both wired and wireless
means but the latter, based primarily on Inductive Power Transfer (IPT) technology, is becoming more
popular being convenient, safe, and ideal for both stationary and dynamic charging of EVs. The seminar
discusses the challenges and future directions of V2X technologies, and presents the latest advances
in bi-directional wireless power transfer (BD-WPT) technology developed for V2X applications.



Keynote 3: Professor Dan M. Ionel, IEEE Fellow, University of Kentucky, USA
Date : August 31, 2023 10.00-11.00 AM

Biography:

Dan M. Ionel, Ph.D., FIEEE, is Professor of Electrical Engineering and the
L. Stanley Pigman Chair in Power at University of Kentucky (UK),
Lexington, KY, where is also serves as the Director of the PEIK Institute
and of the SPARK Lab. Before joining UK in 2015, he worked in industry,
most recently as Chief Scientist and Engineer with very large multi-
national Fortune 1,000 companies, and was a visiting professor with
universities in Milwaukee, WI. Research and teaching include topics of
renewable and sustainable energy technologies, electric machines and
power electronic drives, electromagnetic devices, electrified
transportation, electric power systems, smart grids and buildings.

He received the M.Eng. and Ph.D. degrees in electrical engineering from the University Politehnica
of Bucharest, Romania. Dr. Ionel’s doctoral program included a Leverhulme Visiting Fellowship at
the University of Bath, England. He was a Postdoctoral Researcher with the SPEED Laboratory,
University of Glasgow, Scotland.

Dr. Ionel contributed to technological developments with long lasting industrial impact, to many
premier and large volume products, and holds more than forty patents, including a medal winner at
the Geneva Invention Fair. His research has been supported by NASA, NSF, DOE, DoEd, ONR, NIST,
and directly by leading industrial companies and utilities. He co-authored three books, published
more than two hundred papers, including multiple winners of IEEE Best Paper Awards, and received
the CG Veinott Award, the highest distinction for electromechanical energy conversion from the IEEE
Power and Energy Society.

He is an IEEE Fellow, was the inaugural Chair of the IEEE Industry Applications Society Renewable
and Sustainable Energy Conversion Systems Committee, Chair of the IEEE Power and Energy Society
Electric Motor Subcommittee, Editor of IEEE Transactions on Sustainable Energy, Technical Program
Chair of the IEEE ECCE 2015 Congress, the General Chair of the IEEE 2017 IEMDC Conference
Anniversary Edition, the Editor-in-Chief of the Electric Power Components and Systems Journal, and
the Chair of the Steering Committee for the IEEE IEMDC Series of Conferences.

Electric Aircraft — Recent Technology Developments in the US

Summary: Current research and development and field deployments of electric, hybrid, and
turboelectric aircraft are highly motivated by the stringent need to reduce the energy use and carbon
emissions towards an ultimate zero target. The presentation will overview trends with examples
provided by a large number of recent and ongoing projects supported directly by industry, by the US
Department of Energy (DOE) under the ARPAE ASCEND program, and by NASA, including some of the
projects to which the speaker and his research group have been directly contributing. Special emphasis
will be placed on the ongoing NASA ULI IZEA project with academic partners, alongside University of
Kentucky, from Florida FAMU-FSU, Georgia Tech, University at Buffalo — State University of New York,
and industry including Boeing, Raytheon Technologies, Collins Aerospace, AML, and QM Power. A
recently developed method for the initial sizing of aircraft electric power systems, based on the graph
theory and computational intelligence, which has been published in the IEEE Trans on Electrification of
Transportation, will be presented and used to illustrate possible architectures and highlight their relative
merits and advantages. The discussion will cover topics of energy sources and storage, including
hydrogen, fuel cells, and Li-ION batteries, and distributed systems with multiple electric circuits, and
power electronic converters. Electric motors for aircraft propulsion will be also reviewed with topologies
including PM synchronous in radial and axial flux configurations, special rotors of the PM and Halbach
array type, and multiple rotor and stator units, each with relative merits in terms of ultra-high efficiency
and power density, and fault tolerance. A new machine of the synchronous type with a robust
consequent-pole reluctance rotor and dual stator excitation, employing an AC three-phase winding with
concentrated coils and a special wave-type DC winding, will be described. Another section will be
devoted to the latest manufacturing technologies for electric machines, coreless stators, special
windings, superconducting and cryogenically cooled integrated systems. The conclusions will
summarize the state-of-the art and the anticipated developments.



Keynote 4: Professor Hiroo Sekiya, Chiba University, Japan
Date : August 31, 2023 11.10-12.10 AM

Biography:

Hiroo Sekiya received the B.E., M.E., and Ph.D. degrees in Electrical
Engineering from Keio University, Yokohama, Japan, in 1996, 1998, and
2001 respectively. Since April 2001, he has been with Chiba University,
and now he is a Professor at the Graduate School of Engineering, Chiba
University, Chiba, Japan. Besides, he is the Honorary Professor of
Xiangtan University, China, and the Specially Appointed Professor of
Nagasaki Institute of Applied Science, Japan. From Feb. 2008 to Feb.
2010, he was also a visiting scholar in Electrical Engineering, Wright
State University, Ohio, USA.
His research interests include wireless power transfer systems, high-frequency tuned power amplifiers,
resonant converters, nonlinear phenomena on electrical circuits, communication protocol designs, and
digital signal processing for wireless communications, speech, and images. He won the best paper
award of ICRERA2021, etc.
Dr. Sekiya has served IEEE CASS Board of Governors, Vice-Chair of IEEE PELS Japan Joint Chapter
(2022-2023), Associate Editors of International Journal of Renewable Energy Research, IET Circuits,
Devices & Systems, and IEEE Journal of Emerging and Selected Topics in Power Electronics. He is a
senior member of the IEEE, a fellow of the IEICE, Japan, etc.

Load-Independent High-Frequency Inverter and Its Applications

Summary: The emergence of next-generation semiconductor devices, such as GaN devices, has lowered
the barriers to achieving high frequencies in power converters, reaching the megahertz range. In this
context, high-frequency inverters are gaining popularity and finding applications in various areas,
including single-phase DC/AC inverters, the power transmission component of wireless power transfer,
and the DC/AC conversion part of resonant converters. These are used many applications, such as micro-
grid converter, rechargeable battery charging, power supply for environment IoT devices, and so on.
However, high-frequency inverters are highly sensitive to load and reactance variations. The load
variations affect the converter performance, especially power conversion efficiency. Soft switching
achievement and output control are mandatory technologies for this issue, which are major research
topics on high-frequency inverters. The development of technologies contributes to the energy saving of
electrical products.

This presentation will focus on a load-independent high-frequency inverter that demonstrates robustness
against load variations. The load-independent inverter theoretically guarantees constant output voltage
and soft switching in the presence of load variations WITHOUT any control! As a result, they have
attracted significant attention, especially for wireless power transfer applications. The presentation will
cover the fundamental operation of the load-independent inverter, design principles for wireless power
transfer utilizing load-independent characteristics, and several specific applications.



Keynote 5: Professor Babak Nahid-Mobarakeh, Electrical Engineering Electrical
and Computer Engineering Dept. McMaster University, Canada
Date : September 01, 2023 09.30-10.30 AM

Biography:

Dr. Babak Nahid-Mobarakeh received the PhD degree in electrical engineering
from the Institut National Polytechnique de Lorraine (INPL), Nancy, France, in
2001. From 2001 to 2006, he was with the Centre de Robotique,
Electrotechnique et Automatique (CREA), University of Picardie, Amiens,
France. In September 2006, he joined the Ecole Nationale Supérieure
d’Electricité et de Mécanique (ENSEM), University of Lorraine, Nancy, where he
was a Professor until December 2019. Since January 2020, he has been a
Professor at Electrical and Computer Engineering Dept., Faculty of Engineering, McMaster University,
Hamilton, ON, Canada.

Dr. Nahid-Mobarakeh has authored or co-authored more than 300 international peer-reviewed
journal and conference papers as well as several book chapters. He holds 7 published patents. He is
the recipient of several IEEE awards. He was the General Chair of the 2020 IEEE Transportation
Electrification Conference and Expo. Between 2012 and 2019, he served as an Executive Officer and
Committee Administrator for the Industrial Automation and Control Committee (IACC) of the IEEE
Industry Applications Society (IAS). He was also a Technical Committee Paper Review Chair of the
IEEE Trans. On Industry Applications. Currently, he is the Vice Chair of the IEEE Power Electronics
Society (PELS) Technical Committee on Electrified Transportation Systems. He is also a member of
the Power Electronics and Motion Control (PEMC) Council.

Trends in Control of Renewable Energy Systems

Summary: Control of renewable energy systems (RES) plays an important role on their stability,
resilience, penetration in the grid and compliance with standards and regulations. On one hand, new
topologies of power electronics and power systems are being developed to improve the RES
performance in terms of efficiency and reliability. On the other hand, new energy storage systems are
being integrated into the RES to overcome the intermittent nature of the main RES. These
developments cannot be effectively employed without adapted control algorithms.

In this keynote, after a quick overview of some RES topologies and some power converters for RES,
the speaker focuses on recent advances on control techniques for power control, energy management
and active stabilization in RES. Different techniques will be studied and compared. Design examples
will be presented for some use cases. Finally, future challenges in the control of RES will be discussed.



TUTORIALS

Tutorial 1: Big Data Analytics, Security and Privacy Issues in Smart Energy
Systems
Date : August 29, 2023- 13.30-14.30 PM

Organizer: Prof. Seref Sagiroglu, Gazi University, Ankara, Turkiye

Biography:

Prof. Dr. Seref Sagiroglu completed his undergraduate education in 1987 at
Erciyes University, Department of Electronics Engineering. He completed his
doctoral studies at the University of Wales College of Cardiff (now Cardiff
University, UK) in 1994. He continues his academic career as the full
professor in Software Engineering at Gazi University Computer Engineering
Department. Sagiroglu has an outstanding academic with more than 8000
citation; almost 400 articles published in SCI/SSCI indexed journals, national
and international conferences, symposium and workshops.

Prof. Sagiroglu:

e is author and/or editor of more than 20 books, owns 4 patents and has completed national and
international projects on security, big data, intelligent modeling and control, biometric, etc.

e organised more than 50 national and international events on artificial intelligence, 5G, Big Data,
Machine Learning, Deep Learning, Information and Cyber Security, Privacy, IPv6, etc. as a chairman
or co-chairman. Some of them are: International Conference on Information Security and Cryptology
(www.iscturkey.org); IEEE International Conference on Computer Science and Engineering
(www.ubmk.org); IEEE Big Data, Deep Learning and Fighting Cyber Terrorisms (www.ibigdelft.org);
IEEE International Conference on Machine Learning and Applications (www.icmla-conferences.org); Big
Data Analytics, Security and Privacy Workshop (www.bigdatacenter.gazi.edu.tr); National Cyber
Terrorism Conference (www.siberteror.org); Turkey Open Data Conference (www.acikveriturkiye.org);
IEEE 5G Summit-Istanbul (www.ieeesummit.org); IPv6 Council Turkey (www.ipv6forumtr.org);
National IPv6 Conference (www.ipv6.0rg).

e also has been founding members of Information Security Association (www.bilgiguvenligi.org.tr);
Member of IEEE Biometric Task Force; Turkish Science Research Foundation (www.tubav.org.tr), and
The Foundation of the People Caring for the Future (www.gonder.org.tr). Sagiroglu had such duties as
President and Executive Committee Members of those NGOs.

e completed the duties as the Deans of Graduation School of Science and Technology and Engineering
Faculty, and Head of Computer Engineering Department at Gazi University; Editors of International
Journal of Information Security Science (www.ijiss.org); International Journal of Information Security
Engineering (in Turkish) (www.dergipark.gov.tr/ubgmd) and CyberMag (www.cybermag.com); General
Director of FutureTech (www.futuretech.com.tr); Member of Cyber Security Group of Higher Education
Council of Turkey.

e contributed to consultants to Havelsan; IT Regulatory Body of Turkey (BTK) and Personal Data
Protection Regulatory Body of Turkey (KVKK).

e has delivered as invited or keynote speakers more than 500 seminars, talks, conferences at
universities, schools, sectors, TV and Radio Programs, institutions and organisations in the topics of
Information Security, Big and Open Data, Cyber Security and Defense, Artificial Intelligence, Computer
and Software Engineering, Privacy, Biometrics, Innovation Culture Creation, IPv6, 5G, etc.

e now is the director of Al and Big Data Center of Gazi University, Ankara Turkey.

Big Data Analytics, Security and Privacy Issues in Smart Energy Systems

Summary: Big data has great potential to provide opportunities not only many fields but also energy
enhancing technical, organizational, social and economic gains and contributions. The current potential
of applying big data approaches for better planning, managing, designing, and securing power grid
operations are very challenging tasks and needs significant efforts. This talk will cover the issues of
computational complexity, data security and privacy, cost, management, planning and integration of
big data into energy and power grid systems and also focus on the key challenges in big data analytics,
privacy and security issues.



Tutorial 2: Smart Grids for green and sustainable energy transition
Date : August 29, 2023- 14.30-15.30 PM

Organizer: Prof. Youcef SOUFI, Echahid Larbi Tebessi University,Tebessa, Algeria

Biography:

Professor Youcef SOUFI received the B.Eng. (1991) and Doctorate degrees
from the University of Annaba, Algeria in Electrical Engineering. Since
2000, he has been with the Department of Electrical Engineering,
Laboratory of Electrical Engineering at Echahid Larbi Tebessi University,
Tebessa, Algeria, where: He is currently a full Professor in electrical
engineering. His main and current major research interests include smart
grids, Renewable energy, electrical machines control, power electronics
and drives. He has published and co-authored more than 200 technical papers in scientific journals and
conference proceedings since 2000. He is the member of editorial board of many journals, and the
member of technical program committee / international advisory board / international steering
committee of many international conferences. His email address is: youcef.soufi@univ-tebessa.dz.

Smart Grids for green and sustainable energy transition

Summary: Smart Grid (SG) is now the buzzword in the power industry all over the world. The rise of
smart grid is a boon not only to society as a whole but to all who are involved in the electric power
industry, its customers, and its many stakeholders. It presents one of the most significant evolutionary
changes in power transmission and distribution. SGs are advanced technologies based on the intensive
use of IT and communication technologies over the entire generation, transmission, and distribution
systems of the electricity sector. They are generally recognized as an enabling technology for achieving
sustainable energy transitions with the potential to support a broad range of advanced energy
technologies on both the supply-side of the integration of a large scaleof renewable energy and
distributed energy sources and demand-side of energy management.

The modernization of electric grids toward a smart grid is being carried out to improve reliability,
facilitate integration of renewable energies, and improve power consumption management. Also, the
electric power systems throughout the world are facing radical change stimulated by the pressing need
to decarbonize electricity supply, to replace ageing assets and to make effective use of rapidly
developing information and communication technologies. Thus, the development and the
implementation of a smart grid for power supply is one of the pressing issues in modern energy
economy and it is promoted by many governments as a way of handling energy independence, global
warming and security of supply based on the introduction of modern communications infrastructure,
sensing, metering technologies, and modern energy management techniques based on the optimization
of demand, energy and network availability. This presentation addresses critical issues on smart grid
challenges, development, and opportunities where the main objective of this presentation is to provide
a contemporary look at the current state of the art in smart grid as well as to provide a better
understanding of the technologies, potential advantages and research challenges of the smart grid and
provoke interest among the research community to further explore this promising research area.



Tutorial 3: Enhancing Dependability in Cyber-Physical Renewable Energy Systems
Date : August 29, 2023- 15.50-16.50 PM

Organizer: : Prof. Youmin Zhang, Department of Mechanical, Industrial and Aerospace Engineering
Concordia University, Montreal, Canada

Biography:

Youmin Zhang is a Professor with the Department of Mechanical, Industrial &
Aerospace Engineering at Concordia University in Montreal, Canada. He is also
a licensed Professional Engineer (P.Eng.) registered in Ontario. He received his
Ph.D. degree from Northwestern Polytechnical University, China, in 1995. He
has authored 8 books and more than 600 journal and conference papers. His
research interests include condition monitoring, fault detection and diagnosis
(FDD) and fault-tolerant control (FTC), cooperative guidance, navigation, and
control (GNC) of single and multiple autonomous/unmanned vehicles, and advanced diagnosis,
prognhosis, and health management of safety-critical systems with applications to renewable energies,
smart grids, and smart cities towards goal of electrification for resilient and decarbonized systems and
communities. Dr. Zhang’s research has drawn considerable attention in the field. His publications have
received 24,577 citations at Google Scholar with an h-index of 74 and i10- index of 361, and 12,596
citations with 548 Core Collection publications and an h-index of 57 at Web of Science (Wo0S). His
comprehensive review paper published in Annual Reviews in Control in 2008 on "“Bibliographical Review
on Reconfigurable Fault-tolerant Control Systems” (see here) has gained significant impact in the field
worldwide, with currently 2,706 citations at Google Scholar and 1,608 citations at WoS. Dr. Zhang is a
Fellow of IEEE and a Fellow of Canadian Society of Mechanical Engineering (CSME), as the President of
International Society of Intelligent Unmanned Systems (ISIUS) during 2019-2022, and a member of
the Technical Committee for several scientific societies including IEEE and IFAC. He has been an Editor-
in-Chief, an Editor-at-Large, an Editorial (Advisory) Board Member, and an Associate Editor for several
international journals, including as a Board Member of Governors and Regional Representative (North
America) for the Journal of Intelligent & Robotic Systems, and an Associate Editor for the IEEE
Transactions on Neural Networks & Learning Systems, IEEE Transactions on Industrial Electronics, and
IEEE Transactions on Circuits and Systems - II: Express Briefs. He has also served as (Honorary)
General Chair, Program Chair of several autonomous/unmanned systems, renewable energies, and
smart cities relevant international conferences. More detailed information can be found at
http://users.encs.concordia.ca/~ymzhang/.

Enhancing Dependability in Cyber-Physical Renewable Energy Systems

Summary: Cyber-physical renewable energy systems (RESs), comprising wind turbines, solar
photovoltaic (PV) arrays, and batteries integrated into microgrids, form the backbone of the next-
generation electricity grid, commonly referred to as the “smart grid.” Enhancing the dependability
(safety, security, reliability, availability, and resilience) of these RESs, both on the physical and cyber
fronts, demands innovative approaches for physical-faults and cyber-attacks monitoring and fault-
tolerant and attack-resilient control. Despite their distinct origins, both faults and cyber-attacks can
have comparable consequences, leading to increased operating costs, physical damages, and potential
cascading failures. Swift identification and differentiation of these incidents are essential to implement
timely corrective actions and limit system damages.

This tutorial focuses on the critical importance of early detection, diagnosis, and mitigation of
physicalfaults and cyber-attacks in cyber-physical RESs and microgrids to facilitate their dependable
operation towards a future goal of electrification for resilient and decarbonized systems and
communities fighting with climate change and global warming. Recent advancements in digitalization
and the Industrial Internet of Things (IIoT) have enabled robust intrusion detection and cyber-attack
mitigation countermeasures, offering unprecedented advantages. Moreover, the tremendous
computational power available in modern computers has propelled artificial intelligence (AI) and
advanced machine learning capabilities to new heights. Leveraging these developments, we can
efficiently convert vast and multidimensional sensor data into valuable insights, enabling intelligent
monitoring and reliable control of energy and power systems.



The tutorial delves into the following key objectives:

e Explore the critical challenges associated with physical-faults and cyber-attacks in RESs within
microgrids and smart grids;

e Introduce existing techniques and tools for condition monitoring, control, and health management of
wind turbines and solar PV systems in microgrids;

e Present an in-depth review of state-of-the-art techniques for condition monitoring, fault-tolerant
control, and attack-resilient control of wind turbines and solar PV systems in microgrids;

e Illustrate practical design approaches through several comprehensive case studies;

e Discuss important challenges, unresolved issues, and outline future directions in this dynamic and
burgeoning research and development domain.

- Duration:

The tutorial will last for 90 minutes (1.5 hours). The timing of each presentation is detailed in the next
section (i.e., Outline).

- Outline:
The tutorial will include the following 5 main sections in line with the overall theme of the tutorial.
1) “Introduction to the Tutorial Session” (15 minutes incl. Q&A: Prof. Zhang)

In this presentation, the content of tutorial will be outlined and the broad areas of condition monitoring,
fault-tolerant and attack-resilient control will be introduced and discussed.

2) “Condition Monitoring of Wind Turbines and Wind Farms” (25 minutes incl. Q&A: Prof. Badihi)

The presentation begins with an introduction to individual wind turbine and entire wind farm condition
monitoring including new and emerging state-of-the-art techniques and tools. Then, it continues with
two case studies for wind turbines and wind farms including detailed design and implementation steps.

3) “Fault-Tolerant and Attack-Resilient Control of Wind Turbines” (20 minutes incl. Q&A: Prof.
Zhang)

This presentation begins with the classifications and objectives of control at both individual wind turbine
and entire wind farm levels; covering wind turbine performance and fatigue load control, as well as
wind farm power quality and power dispatch control. In continuation, various passive and active fault-
tolerant control approaches and attack-resilient control schemes in wind turbines and wind farms will
be discussed with three case studies.

4) “Attack-Resilient Control of Solar PV Systems in Microgrids” (20 minutes incl. Q&A: Prof. Badihi)
This presentation begins with an introduction to microgrids and the role of solar PV systems in them.
The possible physical-faults and cyber-attacks related to PV systems will be detailed and analysed.
Accordingly, various schemes under different case studies will be presented to demonstrate the
diagnosis and mitigation of physical-faults and cyber-attacks in hybrid microgrids with solar PV
integration.

5) "Summary, Discussion, Open Problems, Future Issues, and Feedback” (10 minutes: Prof. Zhang,
and Prof. Badihi)

Lastly, the tutorial will be closed with a summary and discussion on the open problems and future
directions in this field.

- Motivation and Focus:

The proposed tutorial addresses an interesting and active research topic related to the important
aspects of safety, security, reliability, availability, and resilience of cyber-physical renewable energy
systems in evolving smart grids. It enhances technical information exchange and transfer, which also
plays an important role to keep the researchers up-to-date with the latest developments in this field.
In terms of intended audience, the tutorial is oriented towards graduated students, researchers and
engineers/practitioners from both academia and industry, who are interested in cyber-physical
renewable energy systems, microgrids and smart grids and in learning more about condition
monitoring, health management, advanced fault-tolerant and attack-resilient control, and their
applications in energy and power systems. The tutorial is also suitable for any academic faculty in the
field of energy and power who would like to become more familiar with condition monitoring and control
theories and applications.



Tutorial 4: Enhancing Dependability in Cyber-Physical Renewable Energy Systems
Date : August 29, 2023- 16.50-17.50 PM

Organizer: Assoc. Prof. Hamed Badihi, College of Automation Engineering, Nanjing University of
Aeronautics and Astronautics Nanjing, Jiangsu, China

Biography:

Hamed Badihi is an Associate Professor with the College of Automation
Engineering, Nanjing University of Aeronautics and Astronautics (NUAA),
Nanjing, China. Prior to this position, he was a Horizon Postdoctoral Fellow
with the Department of Mechanical, Industrial & Aerospace Engineering at
Concordia University in Montreal, Canada where he also received his Ph.D.
degree in Mechanical Engineering in 2016. His research interests include all
aspects of condition monitoring, fault diagnosis and prognosis, and fault-
tolerant and attack-resilient control of cyber-physical renewable energy
systems. Specific research areas include wind turbines and wind farms, solar photovoltaic systems,
microgrids, and smart grids. His research on wind energy application has produced impactful results,
published in more than 50 leading journals and international conference proceedings. He is the first
author of the paper "A Comprehensive Review on Signal-Based and Model-Based Condition Monitoring
of Wind Turbines: Fault Diagnosis and Lifetime Prognosis,” which was published in the prestigious
Proceedings of the IEEE. He is currently an Editor and Guest Editor for several journals, and a member
of the technical/program committees of several international conferences.

Enhancing Dependability in Cyber-Physical Renewable Energy Systems

Summary: Cyber-physical renewable energy systems (RESs), comprising wind turbines, solar
photovoltaic (PV) arrays, and batteries integrated into microgrids, form the backbone of the next-
generation electricity grid, commonly referred to as the “smart grid.” Enhancing the dependability
(safety, security, reliability, availability, and resilience) of these RESs, both on the physical and cyber
fronts, demands innovative approaches for physical-faults and cyber-attacks monitoring and fault-
tolerant and attack-resilient control. Despite their distinct origins, both faults and cyber-attacks can
have comparable consequences, leading to increased operating costs, physical damages, and potential
cascading failures. Swift identification and differentiation of these incidents are essential to implement
timely corrective actions and limit system damages.

This tutorial focuses on the critical importance of early detection, diagnosis, and mitigation of
physicalfaults and cyber-attacks in cyber-physical RESs and microgrids to facilitate their dependable
operation towards a future goal of electrification for resilient and decarbonized systems and
communities fighting with climate change and global warming. Recent advancements in digitalization
and the Industrial Internet of Things (IIoT) have enabled robust intrusion detection and cyber-attack
mitigation countermeasures, offering unprecedented advantages. Moreover, the tremendous
computational power available in modern computers has propelled artificial intelligence (AI) and
advanced machine learning capabilities to new heights. Leveraging these developments, we can
efficiently convert vast and multidimensional sensor data into valuable insights, enabling intelligent
monitoring and reliable control of energy and power systems.

The tutorial delves into the following key objectives:

e Explore the critical challenges associated with physical-faults and cyber-attacks in RESs within
microgrids and smart grids;

¢ Introduce existing techniques and tools for condition monitoring, control, and health management of
wind turbines and solar PV systems in microgrids;

e Present an in-depth review of state-of-the-art techniques for condition monitoring, fault-tolerant
control, and attack-resilient control of wind turbines and solar PV systems in microgrids;

e Illustrate practical design approaches through several comprehensive case studies;

e Discuss important challenges, unresolved issues, and outline future directions in this dynamic and
burgeoning research and development domain.

- Duration:



The tutorial will last for 90 minutes (1.5 hours). The timing of each presentation is detailed in the next
section (i.e., Outline).

- Outline:
The tutorial will include the following 5 main sections in line with the overall theme of the tutorial.
1) “Introduction to the Tutorial Session” (15 minutes incl. Q&A: Prof. Zhang)

In this presentation, the content of tutorial will be outlined and the broad areas of condition monitoring,
fault-tolerant and attack-resilient control will be introduced and discussed.

2) “Condition Monitoring of Wind Turbines and Wind Farms” (25 minutes incl. Q&A: Prof. Badihi)

The presentation begins with an introduction to individual wind turbine and entire wind farm condition
monitoring including new and emerging state-of-the-art techniques and tools. Then, it continues with
two case studies for wind turbines and wind farms including detailed design and implementation steps.

3) “Fault-Tolerant and Attack-Resilient Control of Wind Turbines” (20 minutes incl. Q&A: Prof.
Zhang)

This presentation begins with the classifications and objectives of control at both individual wind turbine
and entire wind farm levels; covering wind turbine performance and fatigue load control, as well as
wind farm power quality and power dispatch control. In continuation, various passive and active fault-
tolerant control approaches and attack-resilient control schemes in wind turbines and wind farms will
be discussed with three case studies.

4) “Attack-Resilient Control of Solar PV Systems in Microgrids” (20 minutes incl. Q&A: Prof. Badihi)
This presentation begins with an introduction to microgrids and the role of solar PV systems in them.
The possible physical-faults and cyber-attacks related to PV systems will be detailed and analysed.
Accordingly, various schemes under different case studies will be presented to demonstrate the
diagnosis and mitigation of physical-faults and cyber-attacks in hybrid microgrids with solar PV
integration.

5) "Summary, Discussion, Open Problems, Future Issues, and Feedback” (10 minutes: Prof. Zhang,
and Prof. Badihi)

Lastly, the tutorial will be closed with a summary and discussion on the open problems and future
directions in this field.

- Motivation and Focus:

The proposed tutorial addresses an interesting and active research topic related to the important
aspects of safety, security, reliability, availability, and resilience of cyber-physical renewable energy
systems in evolving smart grids. It enhances technical information exchange and transfer, which also
plays an important role to keep the researchers up-to-date with the latest developments in this field.
In terms of intended audience, the tutorial is oriented towards graduated students, researchers and
engineers/practitioners from both academia and industry, who are interested in cyber-physical
renewable energy systems, microgrids and smart grids and in learning more about condition
monitoring, health management, advanced fault-tolerant and attack-resilient control, and their
applications in energy and power systems. The tutorial is also suitable for any academic faculty in the
field of energy and power who would like to become more familiar with condition monitoring and control
theories and applications.
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