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THE GROWTH OF INVERTER TECHNOLOGY FROM TWO-LEVEL TO MULTILEVEL FOR 
DRIVE APPLICATIONS  
 
Abstract: Numerous interesting multilevel topologies have been reported for motor drive 
applications. However, to date, the most popular topology is the neutral point clamped (NPC) three-
level topology. Especially for medium-voltage drives applications. This shows that the industry is still 
looking for viable alternative to this topology, with reduced power circuit complexity and increased 
reliability for medium-voltage drives applications. This specific lecture will focus on some of the 
recent work in multilevel inverter topologies with reduced DC-link voltages, enabling back- to- back 
inverter operation for medium voltage drives. This is followed by some recent work on multilevel 
topologies with polygonal voltage vector generation for drives applications. Multilevel inverters are 
preferred for variable speed drives due to its improved output voltage profile , less low order harmonic 
content and low dv/dt requirements for the devices etc;. But the conventional multilevel voltage space 
vector structure has a hexagonal profile and it introduces the low order 5th and seventh harmonics 
especially in the overmodulation region. In this respect dodecagonal voltage space vector structure with 
increased modulation range and suppression of the fifth and seventh order harmonics is a viable 
alternative for the conventional hexagonal structure for the voltage space vector structure, for PWM 
control. The dodecagonal voltage space vector structure generation for an induction motor drive with 
open-end structure will be introduced in the first part of the lecture and then it will be extended to the 
normal three phase IM drive using a switched capacitive H-bridge acting as a 5th and 7th order harmonics, 
throughout the modulation range, in this talk. The switched capacitive filter with a capacitive fed H-bridge 
will only supply reactive energy and the capacitor voltage can be balanced during the PWM control 
without any complexity. The same concept will also be extended for a general multilevel polygonal vector 
generation for PWM control for drives application, in this lecture,using only the basic standard inverter 
modules.  
 
Bio:  K. Gopakumar (M'94-SM'96-F'11) received the B.E., M.Sc. (Engg.), and Ph.D. degrees in electrical 
engineering from the Indian Institute of Science, Bangalore, India, in 1980, 1984, and 1994, respectively. 
He was with the Indian Space Research Organization, Bangalore, India from 1984 to 1987. He currently 
holds the position of professor at the Department of Electronics System Engineering, Indian Institute of 
Science. Dr. Gopakumar is a Fellow of IEEE, IETE India and INAE. He served as Co-Editor in Chief of IEEE 
Transaction on Industrial Electronics, from 2012 to 2017 and also a Distinguished Lecturer of IEEE 
Industrial Electronics Society(IES. He is also the recipient of the prestigious Eugene MIttelmann 
achievement award in 2019. His research interests include PWM converters and high power drives. 
 
 
 
 
 
 
 
 
 



 
 
Andrei Blinov, TalTech, Estonia 
POWER ELECTRONICS AND ENERGY MANAGEMENT OF BATTERY ENERGY 
STORAGE SYSTEMS  
 
Abstract: The growing penetration of renewables and e-mobility in the power system increases the need 
of improved dynamic performance, flexibility, and resilience of the electrical grid. Various energy storages, 
such as stationary or electric vehicle batteries together with power electronic interface converters that 
feature advanced energy management algorithms will play a key role in addressing these requests. 
However, several barriers still stand in the way of massive implementation of this technology and 
associated enabling initiatives and developments are becoming of paramount importance. 
 
The current keynote will give a brief overview of the technologies in the area of power electronics and 
control methods for various battery storage systems, including e-mobility. One of the main goals of such 
developments lies in reduction of carbon footprint from building and transportation sectors.  
Growing private and public fleet of electric vehicles, together with energy-efficient buildings with on-site 
renewable generation are the examples apparent examples of successful implementation of such 
technologies. 
 
The use of battery allows significant increase in building self-consumption of renewable energy and opens 
potential to provide grid-support ancillary services. At the same time, to amplify the cumulative beneficial 
effects, the new generation and storage technologies need to be operated jointly, based on informed 
decisions and collective actions. To further improve the energy-efficiency, new concepts – such as dc 
distribution in a building are currently under active development. 
This presentation will cover the current developments related to Tallinn University of Technology, 
highlighting the current and recent projects from the academia and industry. 
 
Bio: Andrei Blinov received the M.Sc. degree in electrical drives and power electronics and the Ph.D. 
degree, with a dissertation devoted to the research of switching properties and performance 
improvement methods of high-voltage IGBT-based dc–dc converters, from Tallinn University of 
Technology, Tallinn, Estonia, in 2008, and 2012, respectively. After the Ph.D. studies, he has spent two 
years in Sweden working as a Postdoctoral Researcher with the KTH Royal Institute of Technology. 
He is currently a Senior Researcher with the Department of Electrical Power Engineering and 
Mechatronics, Tallinn University of Technology. His research interests are in research of switch-mode 
power converters, new semiconductor technologies, and energy storage systems. 
 
 
 
 
 
 
 
 
 
 
 



Adam Milczarek, Warsaw University of Technology, Industrial Electronics Division 
HYBRID ENERGY STORAGES: TOPOLOGIES, CONTROL AND APPLICATIONS FOR 
GRID AND EV CHARGING 

 

Abstract: In recent years, aiming to provide islanded operation of the AC and DC grids, uninterruptable 
operation of electric devices and especially increase the range and charging dynamic of electrical vehicles 
(EV) the Lead-acid and Li-Ion energy storages are widely used and new technologies are continuously 
developed. Combining the different energy storages (ES), the idea of hybrid energy storage (HES) has been 
considered to improve the fast response to dynamic load changes with high current [11], [12]. The most 
popular solution is combination of Li-Ion batteries with a supercapacitor (SC) characterized by high power 
density, immediate high current but low energy density. The energy which is needed by connected loads 
is provide by Li-Ion battery, which decrease the current of SC increasing self-current with lower dynamic. 
That solution significantly increases the application possibilities of ES in the islanded microgrids/smart 
grids or EV with charging infrastructure. 
The topologies of power electronics converters and control solutions used in energy storage systems (ESS) 
are different, depending on the application and customer needs, but mainly depends on the character of 
the point of common coupling: AC or DC. Taking into consideration the DC microgrid, the different power 
management strategies can be distinguished. In [6], [7] the power sharing based on measured value of DC 
voltage. Depends on the voltage level the suitable strategy is activated. In that case there is no additional 
communication infrastructure, giving the advantage among others. In [8], [9] the power management 
methods based on communication between sources, loads and control unit. In these cases, the known 
power of RESs and loads allow to select the algorithm mode, providing the power balance in microgrid. 
Moreover, the energy prices are included in power management algorithm, giving possibility to optimize 
the energy cost e.g. during load power peak.  
The suitable solution for ES and HES integration with the grid and smart grid is a smart transformer instead 
of many different power electronic converters and the classical transformer. Smart transformer (ST) fits 
into a trend of smart grid and provides many additional functionalities for the grids and local customers 
[13]–[15]. One of the interesting features of ST is the simplicity of DC microgrid integration with MV and 
LV grids, EV charging stations, smart homes etc. In the ST two different level DC links can be distinguish 
and the microgrid can be directly connected to one or both of them (Fig. 1).  
Taking into consideration the multiple loads connected to the DC-link of smart transformer (e.g. many EV 
chargers) which required high dynamic of the current changes and high amount of energy from the 
beginning of loads connection the novel control strategy for HES has been developed at Warsaw 
University of Technology (Fig. 2). It focusses on providing proper operation of battery preventing the deep 
discharge or overcharge, high energy amount for all suddenly connected loads and preventing the 
converter overload and voltage dip in critical load case.  



 
Fig. 1. Block scheme of DC Microgrid interlinked with ST and HES 

 

Fig. 2. The block scheme of proposed control for HES combined from SC and Li-Ion baterry. 

 

Bio: Adam Milczarek (S’11; M’16) received the M.S. degree in electrical engineering with specialization of 
power electronics in 2010 at Electrical Engineering Faculty of Warsaw University of Technology. Since 
2011 to 2016 he was the Ph.D. student in Institute of Control and Industrial Electronics WUT. He has co-
authored more than 20 technical papers and one book chapter. His research interests are oriented to 
integration of Renewable Energy Sources with AC and DC grid and microgrid by Power Electronics 
Converters, including control algorithms, modulation technics and converter’s topologies. In recent years 
he was involved in the research project related to the smart transformer, communication between 
converters in the smart grid, power and energy management methods on high-level control. He was also 
involved in many research and industrial projects in field of Power Electronics as a main contractor and as 
a supervisor.Adam Milczarek is active member of the IEEE Industrial Electronics Society (IES) and IEEE 
Power Electronics Society. Since 2019 he is a chair of IEEE Poland Joint Chapter of IE-013/PEL-035. 

 

Dr. Wilmar Martinez, KU Leuven - EnergyVille, Belgium 

THE ROLE OF POWER ELECTRONICS IN THE CURRENT ENERGY TRANSITION 
 
Abstract: Power electronics is becoming an enabler of the current energy transition as it allows the 
implementation of technologies like smart grids, both AC and DC, renewable energy generation, electric 
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vehicles, more electric aircrafts, hydrogen generation, etc. Nevertheless, still there are many challenges 
to overcome in order to have a 100% power electronics based electric system. In this talk, several topics 
of interest in the role of power electronics in the current energy transition will be given. 
 
Short bio:  
Wilmar Martinez received his MSc degree in Electrical Engineering from Universidad Nacional de Colombia 
in 2013, and a PhD degree in Power Electronics from Shimane University, Japan in 2016. He was a 
postdoctoral researcher at the Toyota Technological Institute, Japan in 2016, and at Aalto University, 
Finland in 2017. In 2018, he was a visiting researcher in the Power Electronic Systems (PES) group at ETH 
Zurich, Switzerland. Since 2018, he has been an Assistant Professor in the Department of Electrical 
Engineering (ESAT) at KU Leuven - EnergyVille, Belgium. 

His current research interests include design automation of power converters, evaluation of iron losses in 
magnetic materials, and the study of wide bandgap switches for Electric Mobility, Renewable Energy 
Systems, and for Smart Grids. 

 
Enrique Romero-Cadaval, University of Extremadura, Spain 
MULTI-PORT SMART TRANSFORMER AS A COOPERATIVE CONVERTER FOR THE 
INTEGRATION OF PHOTOVOLTAIC ELECTRIC ENERGY GENERATION TO SMART 
GRIDS 
Abstract: The architecture of electric grid could change to a grid of microgrids with the integration of 
renewable energies and energy storage systems. Smart transformers are considered a crucial part of 
future smart grids as they will operate as the energy router and be able to control the power flows from 
and to the microgrids since they are placed in the border. A multi-port transformer can integrate different 
energy resources, loads and energy storage systems, optimizing the power flows between these elements. 
Combining both concepts, a multi-port smart transformer (MPST) is obtained that can integrate efficiently 
distributed and renewable energy resources, electric vehicle chargers, prosumers and energy storage in 
both AC and DC microgrids. Nevertheless, the operation of these transformers, composed of several 
modules connected in series to the high-voltage grid is not easy, mainly due to the different power 
consumed or generated by each module. The series structure of the MPST can be used for implementing 
cooperative converters strategies. The use of MPST as the core of potential smart grids architecture based 
on microgrids where the integration of photovoltaic electric energy is critical will be also discussed. 

 

Biography: Enrique Romero-Cadaval (ercadaval@ieee.org, S’02–M’05–SM’10) received the M.Sc. degree 
in Industrial Electronic Engineering from the Escuela Técnica Superior de Ingeniería Industrial (ICAI), 
Universidad Pontificia de Comillas, Madrid, Spain, in 1992, and the Ph.D. degree from the Universidad de 
Extremadura, Badajoz, Spain, in 2004. In 1995, he joined the University of Extremadura where he teaches 
power electronics and he researches within the Power Electrical and Electronic Systems (PE&ES) R&D 
Group in the School of Industrial Engineering. He is the Coordinator of the Energy Group for the Intelligent 
Specialization (RIS3) of the Extremadura Region (Spain), member of the management council of the Energy 
Companies Associations of Extremadura, representing the University of Extremadura. He is co-founder of 
“Smart Energy Products and Services”, a Spin-off Company of the University of Extremadura. His 
researcher lines are focused in power electronics applied to power systems, mainly for solid state 



transformers, active power filters, electric vehicles, energy storage and renewable energy resources. He 
is Senior Member of the IEEE and Chair of IEEE Spanish Section. 

Sheldon Williamson, Ontario Tech University, Canada 
SMART ELECTRIFICATION STRATEGIES FOR FUTURE AUTONOMOUS MODES OF 
MICROMOBILITY 
 
Abstract: Driverless (autonomous) electrified means of micro-mobility have been touted to bring 
progressive lifestyle changes to civilization. Examples include: E-bikes/scooters, autonomous robots, e-
drones, and unmanned e-aircrafts/UAVs, to name a few. It is clear that autonomous e-micromobility will 
become an essential support for humans, especially post Covid, by satisfying essential services and needs, 
without the necessity for human contact, thus respecting social distancing guidelines. One of the key 
issues, however, with e-micromobility is the battery range and calendar life. This requires their batteries 
to be recharged ever so often. In addition, various modes of e-micromobility also have major cargo 
restrictions, whereby carrying bulky battery packs is impractical. 
 
This talk will present innovative solutions to these issues in the form of completely autonomous, 
weatherproof, wireless rapid recharging. Wireless charging can provide rapid recharge within ~2-3 
minutes, making e-micromobility entirely autonomous, and literally allowing their on-board batteries to 
juice-up "on-the-move " or "on-the-fly." This talk will present the design, testing, and implementation of 
practically developed inductive power transfer (IPT), capacitive power transfer (CPT), and hybrid IPT/CPT 
chargers, with power ranging up to 11.0 kW. The results derived from these designs contribute specifically 
to the enhancement of wireless charging research for future e-micromobility, as well as for e-
transportation, in general. Alternatively, the lessons learned will, at the very least, facilitate the generation 
of new ideas. 
 
This presentation will also highlight the current status and future opportunities within Ontario Tech 
University's research program on transportation electrification and electric energy storage systems. The 
above-mentioned research initiatives will be described in the presentation and industry-specific projects 
within the STEER group will be highlighted. The NSERC Canada Research Chair (CRC) program includes 
several novel initiatives in the areas of transportation electrification and is built upon the expertise and 
knowledge of the STEER group in a number of promising interdisciplinary areas related to power 
electronics and motor drives. 
 
Bio: Sheldon S. Williamson (S'01-M'06-SM'13-F'20) received his Bachelors of Engineering (B.E.) degree in 
Electrical Engineering with high distinction from University of Mumbai, Mumbai, India, in 1999. He 
received the Masters of Science (M.S.) degree in 2002, and the Doctor of Philosophy (Ph.D.) degree (with 
Honors) in 2006, both in Electrical Engineering, from the Illinois Institute of Technology, Chicago, IL, 
specializing in automotive power electronics and motor drives, at the Grainger Power Electronics and 
Motor Drives Laboratory. Currently, Dr. Williamson is a Professor at the Smart Transportation 
Electrification and Energy Research (STEER) group, within the Department of Electrical, Computer, and 
Software Engineering, at Ontario Tech University, in Oshawa, Ontario, Canada. He also holds the 
prestigious NSERC Canada Research Chair position in Electric Energy Storage Systems for Transportation 
Electrification. His main research interests include advanced power electronics and motor drives for 
transportation electrification, electric energy storage systems, and electric propulsion. Prof. Williamson is 
a Fellow of the IEEE. 


