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SCOPE AND BENEFITS 
Lithium-ion (Li-ion) batteries have become a key technology in our daily routine, from 
powering our portable electronics devices and electric vehicles to offering grid support and 
playing a crucial role in the reliable and cost efficient grid integration of intermittent energy 
sources.  
The objective of this tutorial is to provide the audience with an extensive overview of the 
lithium-ion battery technology, its operating principles, advantages and drawbacks, system 
integration issues and requirements. Furthermore, as Li-ion batteries are highly non-linear 
systems, their performance and lifetime behaviour will be analysed and various modelling 
approaches will be introduced and assessed. 
New battery applications require new power electronics solutions in order to assure lithium-
ion battery pack safety, high-efficiency, and reliable operation. Power electronics play three 
important roles in the battery applications: charge/discharge management, battery cell 
balancing, and safety protection. In consequence, this tutorial will provide an extensive state-
of-the-art on the power electronics solutions for battery charge/discharge management in 
stationary and e-mobility applications.  
Finally, new solutions, such as smart battery packs and wireless-BMSs, will be discussed. The 
wireless-BMS has been recently introduced in EVs for increased reliability and flexibility. 
This technology opens the path for smart battery solutions, where both monitoring and 
balancing are provided by smart platforms with integration to IoT.  With smart battery 
solutions, extended lifetime, improved battery pack management, increased useful capacity 
and fault tolerant operation can be achieved. 
 
CONTENTS 
Monday, 2 September 2019 – Tutorial day (Location: University of Genova, Genova, 
Italy) 
 
08:30 - 09:30  Registration for tutorials 
09:30 - 11:00 Part 1: Lithium-ion battery basics. Technologies and Applications 

a. Energy Storage Technologies Overview 
b. Lithium-ion batteries – Status and Challenges 
c. Overview of Lithium-ion battery applications.  

11:00 - 11:30  Coffee break 
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11.30 - 13:00  Part 2: Lithium-ion battery performance and lifetime behaviour 
a. Lithium-ion battery performance behavior and performance models 
b. Lithium-ion battery lifetime behavior and lifetime models 

13:00 - 14:00  Lunch break  
14:00 - 15:30 Part 3: Power electronics converter topologies used in Lithium-ion 

battery applications 
a. EV battery chargers 
b. Grid connected battery energy storage systems 
c. MMC-based power electronics solutions for Lithium-ion battery 

packs 
15:30 - 16:00  Coffee break 
16:00 - 17:30 Part 4: Smart Battery Packs and Wireless Battery Management 

Systems 
a. Battery Management Systems (objectives, functions, topologies) 
b. Wireless Battery Management Systems 
c. Smart Battery Packs 

 
 
WHO SHOULD ATTEND 
This tutorial is divided into two parts (lithium-ion batteries fundamentals and power 
electronics solutions for lithium-ion batteries). Thus, the tutorial can be treated as a bridge 
between power electronics and lithium-ion battery research fields. 
The tutorial is mainly addressed to power electronics engineers who would like to learn more 
about the lithium-ion battery systems that are used for automotive and stationary applications. 
Moreover, the tutorial is aimed also for battery specialists who would like to get know-how 
about power electronics solutions used for lithium-ion battery systems. 
Technical Level:  Medium 
 
 
ABOUT THE INSTRUCTORS 
 

 

Daniel Stroe (Associate Professor, Aalborg University) 
He received the Dipl.-Ing. degree in automatics from 
“Transilvania” University of Brasov, Romania, in 2008, and M.Sc. 
degree in wind power systems from Aalborg University, Aalborg, 
Denmark, in 2010. He has been with Aalborg University since 
2010, from where he obtained his Ph.D. degree in lifetime 
modelling of Lithium-ion batteries in 2014. Currently, he is an 
Associate Professor with the Department of Energy Technology, 
where he leads the Battery Storage Systems research programme 
and the Battery Systems Testing Lab. He was a Visiting 
Researcher with RWTH Aachen, Germany, in 2013. He has co-
authored over 90 journal and conference papers in various battery-
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related topics. His current research interests are in the area of 
energy storage systems for grid and e-mobility, Lithium-based 
batteries testing, modelling, diagnostics and their lifetime 
estimation. 
 

 

Remus Teodorescu (Professor, Aalborg University)  
He received the Dipl.Ing. degree in electrical engineering 
from Polytechnical University of Bucharest, Romania in 1989, and 
PhD. degree in power electronics from University of Galati, 
Romania, in 1994. In 1998, he joined Aalborg University, 
Department of Energy Technology, power electronics section 
where he currently works as a professor. He is a Fellow Member 
of IEEE. Between 2013 and 2017, he has been a Visiting 
Professor with Chalmers University. He was the coordinator of 
Vestas Power Program (2007 - 2013, involving 10 PhD projects in 
the areas of power electronics, power systems and energy storage. 
He has co-authored the book “Grid Converters for Photovoltaic 
and Wind Power Systems”, ISBN-10: 0-470-05751-3 – Wiley and 
over 400 IEEE journals and conference papers. His areas of 
interests include: design and control of power converters for 
photovoltaics and wind power systems, grid integration with wind 
power, HVDC/FACTS based on MMC, SiC-based converters, 
storage systems for utility. 

 

Mattia Ricco (Assistant Professor, University of Bologna) 
He received the master's degree (cum laude) in Electronic 
Engineering from the University of Salerno in 2011. He received 
the Ph.D. degrees in Electrical and Electronic Engineering from 
the University of Cergy-Pontoise (France) and in Information 
Engineering from the University of Salerno (Italy) in 2015. From 
2015 to 2018 he has been a Postdoctoral research fellow at 
Aalborg University (Denmark) in the Energy Technology 
Department. He is currently a Senior Assistant Professor with the 
Department of Electrical, Electronic and Information Engineering 
“Guglielmo Marconi” - DEI, University of Bologna. His research 
interests include power electronics, FPGA/SoC based controllers, 
battery management systems, modular multilevel converters and 
photovoltaic systems. 
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