
 

COURSE PROGRAM COURSE DESCRIPTION 

8:45 Welcome and course introduction 

9:00 Lithium-ion battery modelling 

1. Battery basics 

2. Time-domain response to PCT 

3. Equivalent circuit model (ECM) 

10:30 Coffee break 

11:00 Practice 1: Battery time-domain simulation 

4. MATLAB implementation of a ECM 

5. Simulation of PCT and UDDS response 

12:00 Electrochemical impedance spectroscopy (EIS) 

of Li-ion batteries  

6. Principle, theoretical premises and good practice  

7. Equipment and stimuli 

8. EIS-oriented battery modelling 

13:00 Lunch 

14:30 Model-based identification of EIS response 

9. Fitting the complex impedance response 

10. MATLAB tools, examples 

15:15 Practice 2: Model-based identification 

11. Identification of a simulated frequency-domain  

battery response in MATLAB 

16:15 Coffee break 

16:30 Practice 3: Model-based identification (2) 

12. Identification of experimental data in MATLAB 

17:30 Application to monitoring and diagnosis 

13. Temperature, SoC and SoH dependence  

of EIS battery response 

14. Diagnostic perspectives 

18:30 End of Course 

Prerequisites: Background in the field of electrical or electronic 

engineering; basic skills in Matlab programming. Registered 

attendees will receive a list of recommended literature, slides and 

files to complete practical labs on MATLAB and Simulink. To take 

full advantage of this course, attendees are recommended to bring 

their laptop with MATLAB/Simulink installed. 

English will be the working language 

 
This is a one-day introductory course on 
Lithium-ion battery modelling and 
identification, with particular focus on the 
electric point of view. Batteries are 
modelled in time as well as in frequency 
domain. This lets the attendees learn 
how to simulate the battery behaviour 
through a simple equivalent circuit, and 
how to identify circuit parameters from 
the typical frequency-domain response 
obtained from the Electrochemical 
Impedance Spectroscopy (EIS). During 
the Practice sessions, attendees will use 
Matlab on their own laptop to test the 
proposed approaches in guided 
excercises. Monitoring and diagnosis 
perspectives based on EIS are finally 
presented. 
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Institute of Control and Industrial 
Electronics, 

Warsaw University of Technology  

8:45	 Welcome and Course Introduction  
9:00	 Energy Storage Systems  

1. Overview of Energy Storage 
technology 

2. Modeling and circuit representations 
for selected energy storage types 

3. Converter topologies and control for 
residential energy storage systems 

10:30	 Coffee break 
11:00	 Exercise: Implementation of the circuit 	
	 Ñbased models and their parameters  

1.  Li-ion battery 
2.  Ultracapacitor bank 

13:00	 Lunch 
14:00	 Control Strategies and Energy 		 	
	 Management Systems  

1. Overview of control methods for 
hybrid, grid-connected energy 
storage systems 

2. Energy management techniques and 
optimization criteria 

15:30	 Coffee break 
16:00	 Exercise: Applying selected 	 	 	
	 control techniques for hybrid energy 		
	 storage systems  

1. Cross-coupled current control 
2. Voltage control for the islanded 

mode of operation 
18:00	 End of Course  

Prerequisites:  basic knowledge of electrical 
engineering and power electronics. PLECS 
simulation software will be used for the course 
exercise parts. 

English will be the working language

Energy storage has become an essential 
complement to renewable energy systems, 
particularly in residential applications.  
Beyond simply storing energy, these 
systems provide enhanced flexibility for 
energy management, enabling controlled 
power flow and improving overall efficiency. 
This course provides a comprehensive 
overview of storage technologies, from 
foundational components like batteries and 
ultracapacitors to advanced control 
techniques and optimization algorithms 
crucial to modern energy management 
systems. 

COURSE PROGRAM

Special Course !

Energy Storage Systems for 
Residential Applications !

January 21, 2025 

PŠrnu, Estonia

COURSE DESCRIPTION

COURSE INSTRUCTORS

Radek KotAdam Milczarek

Luis Mart’nez Caballero



 

COURSE PROGRAM COURSE DESCRIPTION 

8:45 Welcome and Course Introduction 

9:00 Impact of cyber attacks 

1. Advanced controllers in microgrids 

2. Vulnerability/risk assessment 

9:30       Modeling of cyber attacks 

1. Stealth cyber attacks in microgrids 

2. Attack variants in DC and AC microgrids 

10:30 Coffee break 

10:50 Detection of cyber attacks 

1. Voltages 

2. Currents 

3. Frequency 

   13:00 Lunch 

14:30 Mitigation of cyber attacks (and Demonstration) 

16:00 Coffee break 

16:15 Anomaly detection between faults and cyber attacks 

16:45 Exercises: Design for Security 

Based on the lecture contents, two black-box models will be 

provided to decode the presence of attacks with limited 

measurements.You will be divided into groups to solve these 

simulation exercises. 

18:00 End of Course 

Prerequisites: Background in the field of electrical engineering, 

power electronics, control theory and basic skills in programming 

language for solving numerical problems. To take full advantage 

of this course, it is strongly recommended that all attendees install 

prior to this course the latest MATLAB/Simulink with Simscape 

library. 

English will be the working language 

Microgrids are becoming a cornerstone of 
power distributions systems that will 
facilitate the realization of a carbon-
neutral electric power systems. Alongside 
their flexibility to be operated in both grid-
connected and autonomous modes, they 
also provide natural interfaces with many 
types of RES and ESSs and good 
compliance with consumer electronics. 
Moreover, microgrids can be grid-
interactive by providing grid supportive 
functions such as frequency response 
and, regulation, reactive power support 
and voltage regulation, etc. All these facts 
lead to more and more deployment of 
microgrids in transmission and distribution 
levels. Furthermore, with proliferation of 
communication technologies, microgrids 
are evolving into cyber-physical systems 
(CPS) that use sophisticated software-
based networked control. This increased 
sophistication imposes numerous new 
challenges involving coordination, 
operation philosophy and vulnerability to 
cyber-attacks.  

COURSE INSTRUCTORS 

 

Dr. Subham Sahoo 
Assistant Professor and 
Vice-Leader, Reliability of 
Power Electronic 
Converters (ReliaPEC), 
Aalborg University 
Aalborg, Denmark. 
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COURSE PROGRAM 

 
COURSE DESCRIPTION 

8:45     Welcome and course introduction 
9:00     Climate and energy policy framework 

1. Evolution of climate and energy 
policies in the EU 

2. Key challenges of energy transition in 
the EU: electrification, decentralization, 
energy equity, and systems integration 

3. Energy efficiency for the building and 
transport sectors: policies, measures, 
barriers and enablers   

10:30 Coffee break 
11:00 Solutions for boosting energy efficiency 

in the building and transport sectors 
4. Clean energy technologies innovation 

for energy efficiency in the building and 
transport sectors. 

5. Economic and financial mechanisms 
for energy efficiency in the building and 
transport sectors. 

13:00 Lunch 
 14:30 Exploring business models for 

innovative clean energy technologies 
1. The business model concept and the 

business model canvas. 
6. Innovating the business models for 

energy efficiency in the building and 
transport sectors.  

16:15 Coffee break 
16:30 Practical application using the business 

model canvas approach 
18:30 End of course 

Prerequisites: Registered attendees will receive a 
list of recommended literature and slides. English 
will be the working language 

 
The course aims to explore the EU's climate and 
energy policy frameworks and analyse economic, 
financial and technological solutions to boost energy 
efficiency in the building and transport sectors. The 
course begins by exploring the evolution of climate 
and energy policies within the EU, followed by an in-
depth discussion of key challenges faced in the EU’s 
energy transition, including electrification, 
decentralization of energy production, energy equity, 
and systems integration. Participants will then delve 
into energy efficiency in the building and transport 
sectors, highlighting the critical role of urban areas as 
hubs for innovative and synergistic solutions. Then 
the morning session explores cutting-edge solutions 
for boosting energy efficiency, from innovations in 
clean energy technologies to economic and financial 
mechanisms. Special attention is given to electric 
vehicles (EVs), solar photovoltaics (PV), and heat 
pumps, while examining barriers and leveraging 
opportunities at the urban level. In the afternoon, the 
course turns to business innovation. Participants will 
explore the fundamentals of business model 
creation, focusing on the business model canvas and 
"Energy-as-a-Service" models as innovative 
strategies for energy efficiency. A hands-on session 
will allow participants to apply these concepts 
directly, reinforcing the day’s lessons through 
practical experience.  
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8:45 Welcome and Course Introduction 

9:00 Running DC-Grids 

• Balancing power: set-points and droop 

curves of devices, stability  

• Device types: battery storage systems, 

charging stations, PV stations and 

interlink converters 

• Control of DC-grids: inertia, primary 

control, secondary control, dynamics 

10:30 Coffee break 

11:00 Physical Basics 

• Cables and speed of light 

• A community of capacitors 

• Fault effects and fault clearance 

• Design rules 

13:00 Lunch 

14:00 DC-Grid Codes 

• Device protection (loads and in-feed) 

• Coupling a device to the grid 

• Operating a device on the grid 

16:00 Coffee break 

16:30 DC-Applications in Buildings and 

Neighborhoods 

• Energy performance regulations 

• DC opportunities and challenges  

• DC enabling power electronic systems 

18:00 End of Course 

Prerequisites:::: Basic knowledge of electrical 

engineering. PLECS simulation software will be 

used for the course exercise parts. Pls. install the 

free demo version of PLECS standalone and bring 

your computer to the course. 

English will be the working language 

PV-stations, battery storage systems, electric 

vehicles and machines with variable speed have 

one thing in common: They are DC-systems. The 

most efficient way to interconnect them and to 

ease stress on utility grids is by using DC-grids. 

The tutorial explains the physical of DC-grids: 

How do DC-grids work? Which design rules are 

needed? How devices interoperate on the grid in 

a compatible way?  How to maintain a balance of 

power within the grid?  The material is available 

on the web, including simulation models to 

illustrate operation and to develop your own 

concepts. The focus is on low voltage DC-grids, 

as applied in buildings and neighborhoods. 

COURSE PROGRAM 

Special Course 

Energy Efficient DC 

Electrification Technologies for 

Buildings and Neighborhoods 

January 24, 2025 

Pärnu, Estonia 

COURSE DESCRIPTION 

COURSE INSTRUCTORS 

 
 
 
 
 
 

Dmitri Vinnikov 

 
Stephan Rupp 

 
 
 
 
 
 

Andrii Chub 
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System Simulation: from 

Mechatronic to Digital 

Twin – Application on 

Smart Grid  
 

 

 

 

 

 

 

 

 

 

 

 

24 Jan 2025  
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COURSE PROGRAM  COURSE DESCRIPTION  

8:45  Welcome and Course Introduction   

9:00  Introduction to System Simulation   

1. Context 

2. Mechatronics definition 

3. Design Cycle 

4. History of the simulation tool 

5. Interest of simulation platform    

6. System simulation  

7. New Challenges 

10:30  Coffee break   

11.00  Introduction to Simcenter Amesim  

1. How to use Simcenter Amesim? 

2. Electric libraries overview  

3. Preliminary modeling activities  

13:00  Lunch   

14:30  SMART grid modeling workshop - Part 1 

1. PV Subsystem model 

2. Hydrogen Subsystem model 

3. Battery system model 

4. Complete Grid Model (system integration) 

5. Control development   

16:15  Coffee break   

16:30  SMART grid modeling workshop - Part 2 

1. Model Analysis 

2. Virtual assessment 

3. Feedback & Take-away 

18:30 End of Course   

 

Prerequisites: Background in electrical and electronics engineering 

and basic skills in system simulation (Simulink, Simcenter Amesim, 

...).  Registered attendees will receive a list of recommended literature, 

slides, and files to complete practical labs on Simcenter Amesim. To 

take full advantage of this course, it is strongly recommended that all 

attendees install Simcenter Amesim 2410 before this course.  

English will be the working language  
 

System Simulation has been one element 
of the 3rd industrial revolutionary. After 
defining the purpose of the system 
simulation, we will explain how System 
simulation is still necessary in the new 
context of Sustainability, and how it can 
leverage the design and the development 
of a Digital twin for a more electrical society 
with more and more smart grids.  
A key challenge is how to handle properly 
a multi-physics approach to allow for a 
better understanding of complex system, 
especially through interaction with control. 
An example of a Smart Grid will illustrate 
the capability of this simulation tool, by 
connecting different subsystems 
altogether. 
This course will also provide a workshop to 
model and run your own model of a 
SMART grid and allowing the attendees to 
exercise   and become proficient in these 
topics. 

COURSE INSTRUCTORS   

Franck Sellier   
Simcenter System simulation 
Principal Research Engineer  
Siemens Industry Software SAS, 
France 



 

 

 
 
 
 
 
 
 
 
 
 
 

  

Department of Signal Processing and 

Biomedical Engineering, Electrical 

Engineering (Chalmers University) 

Department of Computer Science (University 

of the Balearic Islands) 

 

 

 

13:00 Gender equality: why to care and 

what to do. 

14:15 Women in sustainability 

• Why sustainability. 

• Main contributions. 

15:30 Reflections from the participants 

• Working group 

16:15 Guided discussion on the 

participants reflections 

17:00 End of Course 

 

 

Prerequisites:::: No prerequisites are required. 

English will be the working language 

Today, sustainability in technology is a 

global concern, and one of the strategic 

objectives of any organization. Within this 

field, women have played and continue to 

play a fundamental role. 

This course aims to present good practices 

so that women who want to work within 

sustainability, and in any field, can do so. In 

addition, different inclusion strategies and 

policies will be worked on with the 

attendees. 

COURSE PROGRAM 

Special Course 

Women in Sustainability 

January 23, 2025 

Pärnu, Estonia 

COURSE DESCRIPTION 

COURSE INSTRUCTORS 

 
Dr. Silvia Muceli 

 
Dr. Belen Bermmejo 



 

 

 
 
 
 
 
 
 
 
 
 
 
  

8:45    Welcome and Course Introduction 

9:00 Power Theory - different approaches and 

physical interpretation (Lecture): 

• effective value of voltage/current and 

function norm 

• power flow or energy transfer 

• calculation of power in electrical 

circuits with non-sinusoidal voltage and 

current - Buneta’s, Fryze’s, Budeanu’s, 

and Czarnecki’s concepts. 

10:30 Coffee break 

11:00 Powers in autonomous systems based on 

the case of measurements of a ship's 

electricity network (Lecture): 

• maritime microgrid as a special case of 

power system. 

• measurement of electrical parameters 

in the present of power electronics 

devices in shipboard microgrid. 

• modelling as the important part of 

maritime microgrids operation analysis. 

13:00 Lunch 

14:00 Identification of power quality and 

electromagnetic compatibility issues in 

power electronic converters. (Lab 

demonstration) 

15:30 Coffee break 

16:00 High frequency interactions of 

interconnected AC and DC networks. (Lab 

demonstration) 

18:00 End of Course 

This seminar provides an in-depth exploration 

of key theoretical and practical aspects of 

modern electrical power networks and 

selected power electronic systems. Through a 

combination of lectures and laboratory 

demonstrations, participants will gain a 

comprehensive understanding of power 

theory, including different analytical 

approaches, physical interpretations, and real-

world applications in autonomous electrical 

systems such as ship networks. Special 

emphasis will be placed on the interaction of 

AC and DC networks and the measurement 

and identification of power quality and 

electromagnetic compatibility issues. 

COURSE PROGRAM 

 

 

Gdansk University of Technology  

Faculty of Electrical and Control Engineering 

 

 

Course I 

 
Power Theory  

in Electrical Systems 

 

May 26, 2025 

Gdansk, Poland 

COURSE DESCRIPTION 

COURSE INSTRUCTORS 

 

Marek Hartman, professor emeritus 

Mariusz Górniak, Gdynia Maritime University 

Jarosław Łuszcz, Gdansk University of Technology 

Andrzej Augusiak, Gdansk University of Technology 

Krzysztof Szwarc, Gdansk University of Technology 

 



 

CCCCOURSE OURSE OURSE OURSE PPPPROGRAMROGRAMROGRAMROGRAM    CCCCOURSE OURSE OURSE OURSE DDDDESCRIPTIONESCRIPTIONESCRIPTIONESCRIPTION 

9:00 Welcome and course introductionWelcome and course introductionWelcome and course introductionWelcome and course introduction    

9:10 Representation and controllers of control Representation and controllers of control Representation and controllers of control Representation and controllers of control 

systemssystemssystemssystems 

          (Oleksandr Velihorskyi) 

- The main objectives during control system design; 

- Transfer functions in s-domain, state space 

representation, solutions/stability/robustness of 

the control system, delay in control systems; 

- Controllers: feedback/feedforward, disturbance 

decoupling, full-state feedback. 

10:45 Coffee break and discussion 

11:15 Design of digital control systems Design of digital control systems Design of digital control systems Design of digital control systems     

         (Oleksandr Husev) 

- Discretization and sampling, representation of ADC 

and DAC, Z-transform, types of Z-transform; 

- Selection of sampling rate, design methods: 

emulation and direct design. 

13:00 Lunch 

14:00 Controllers for power electronics and  its Controllers for power electronics and  its Controllers for power electronics and  its Controllers for power electronics and  its 

robustnessrobustnessrobustnessrobustness    

          (Oleksandr Velihorskyi) 

- Optimal design: design of Linear Quadratic 

Regulator (LQR);  

- Discrete-Time Kalman Filter. 

15:30 Coffee break and discussion 

16:00 SimulationSimulationSimulationSimulation    evaluation of the control algorithm evaluation of the control algorithm evaluation of the control algorithm evaluation of the control algorithm 

with and with and with and with and without discretizationwithout discretizationwithout discretizationwithout discretization 

           (Oleksandr Husev)  

18:00 End of CourseEnd of CourseEnd of CourseEnd of Course 

Prerequisites:Prerequisites:Prerequisites:Prerequisites: basic knowledge of electrical 

engineering and power electronics, control theory. 

Registered attendees will receive a list of 

recommended literature, slides and a practical 

application handbook. 

English will be the working languageEnglish will be the working languageEnglish will be the working languageEnglish will be the working language    

All electronic devices, including devices of power 
electronics requires control system, which should 
ensure precise, stable and robust control of all 
desired variables, despite external disturbances or 
changes of system parameters. Digital control 
systems are widely used now, they utilize discrete 
signals and digital computation for controlling the 
behavior of power electronic equipment, in contrast 
to analog control systems that use continuous 
signals.  
The definition and representation of digital control in 
power electronics are explored in the first section of 
the course, alongside with its significance. 
Approaches of digital controller’s design for power 
electronic systems will be deeply analyzed in the 
second part of the course. Recommendations for the 
selection of sampling rate, design methods such as 
emulation of the continuous system and direct 
design of discrete controller will be introduced with 
the practical examples. Finally, optimal controllers 
(LQR) and optimal estimators (Kalman Filter) will be 
presented in the first section of the course.  
The second section will be devoted to the practical 
training, covering simulation in PSIM software and 
Python. During practical implementation, the 
students will learn how to tune the closed loop 
system for power electronics converter taking into 
account sampling frequency and delay in digital 
system. 
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Digital Control in Power Electronics 
to Enhance Efficiency and 

Robustness 
 
 

 

26 May 2025 

Gdansk, Poland 
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CristinaCristinaCristinaCristina    GallardoGallardoGallardoGallardo    ReyReyReyRey        

Project Manager  
European Project Office 

Fundecyt-Pctex & University of Extremadura 
www.opesecti-es  

EU Funding Expert and PMI Certified Project 
Manager   

10:45    Welcome and Course Introduction 

11:00    EU and International Funding Framework  

• Bottom-Up Thematic Opportunities 

• Top-Down Thematic Opportunities  

• Understanding a topic: “looking the ring 

for your finger”  

 
13:00 Lunch time and reflection 

 

14:00 From an idea to a project proposal: “The 

project of writing a project” 

 

15:30 Healthy break 

 

16:00    Practice workshop: designing the skeleton 

of a real project proposal        

 

18:00 End of Course 

Prerequisites:Prerequisites:Prerequisites:Prerequisites: Basic knowledge of projects 

elaboration and implementation of grants.  

English will be the working language 

Knowing the basics of European and 

international funding, learning to make the 

right choice considering the different 

requirements without constraining the 

research topic will be the main objective of 

the training. In addition, the skills to plan the 

process of writing a competitive proposal will 

be worked on. The course ultimately hopes 

serves as a guide to understanding the key 

factors and specific requirements to increase 

the success possibilities in the competitive 

framework of research and innovation 

financing. 

COURSE PROGRAM 

 

Course 

EU opportunities and 

proposals writing. Capitalizing 

SmartGYsum efforts 

May 27, 2025 

Gdansk, Poland 

COURSE DESCRIPTION 

COURSE INSTRUCTOR 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
  

Department of Business Management & Sociology 
School of Industrial Engineering 

Universidad de Extremadura, Spain 
 

8:45    Welcome and Course Introduction 

9:00    Business Planning 

• What is a business plan?  

• What is a business plan for? 

• The business concept 

• Practical activity: pitch elevator 

10:30 Coffee break 

11:00 Business Plan Contents 

• The promotors 

• Strategic analysis 

• Marketing 

• Operations 

• Human Resources 

• Economic and Financial Analysis 

• Risk Analysis 

13:00 Lunch 

14:00 Implementing a Business Plan (I) 

• Developing a Business Plan 

• Practical activity: My Business Plan 

15:30 Coffee break 

16:00    Implementing a Business Plan (II) 

• Presenting a Business Plan 

• Practical activity: Role-playing for 

investors pitches 
18:00 End of Course 

    

    

Prerequisites:Prerequisites:Prerequisites:Prerequisites: Basic knowledge of business 

management, entrepreneurship and economics. 

English will be the working language 

This intensive, hands-on course has been 

designed for doctoral students specializing in 

energy management systems. The course's 

primary objective is to facilitate the translation of 

scientific innovations into commercially viable 

enterprises. To this end, participants will be 

provided with the requisite tools and practical 

skills to transform their technological 

breakthroughs into sustainable business 

ventures. The course will employ a pragmatic 

methodology, underpinned by the development 

of a business plan, which serves as a 

comprehensive roadmap for the establishment 

and growth of a business. This course will provide 

useful insights about how to face the process of 

starting a business venture in research-academic 

contexts. The material of this course will be 

available on the web. 

COURSE PROGRAM 

 

Course 

From Lab to Market: 

Implementing Business Plans 

for Energy Systems Innovators 

May 28, 2025 

Gdansk, Poland 

COURSE DESCRIPTION 

COURSE INSTRUCTORS 

 

 
 

Prof. Sergio Rubio 
 

Dr. José M. García-Gallego 



 

 

 
 
 
 
 
 
 
 
 
 
 
  

Battery Systems (BES) Group Leader 
Chair of Power Electronics 

Kiel University 
hab@tf.uni-kiel.de 

8:45    Welcome and Course Introduction 

9:00    Talkative Power Conversion (TPC) 

• Communication Infrastructure in 

Smart Grids 

• Power Line Communication (PLC) 

• Talkative Power Converters 

10:30 Coffee break 

11:00 Overview of TPC 

• Operating Principles 

• Modulations 

• Demodulations 

• TPC in Diverse Converters 

• Networking in TPC 

13:00 Lunch 

14:00 TPC and EMI 

• EMI Definitions 

• EMI Mitigation Methods 

• Converter Modeling for EMI Design 

• Case Study 

15:30 Coffee break 

16:00    Multicarrier TPC 

• Sigle Carrier Modulation 

• Dual-Carrier Modulation 

• Fourier Analysis and Design 

• Case Study 

18:00 End of Course 

Prerequisites:Prerequisites:Prerequisites:Prerequisites: Basic knowledge of electrical 

engineering. PLECS simulation software will be 

used for the course exercise parts. Pls. install the 

free demo version of PLECS standalone and 

bring your computer to the course. 

English will be the working language 

Talkative Power Conversion (TPC) is an emerging 

technology in power electronics that uses the 

power converter itself for communication. Unlike 

widely used communication systems such as 

Power Line Communication (PLC), TPC does not 

require additional hardware to superimpose the 

data signals on the power signals. Therefore, it is 

expected that converters that interface batteries, 

photovoltaics, etc., can directly send the status to 

other nodes in the systems. This data can be used 

to optimize the grid while avoiding the additional 

cost of communication infrastructure. This course 

will familiarize you with TPC, modulation, 

implementation and potential challenges related 

to EMI. 

COURSE PROGRAM 

  

Chair of Power Electronics 

Kiel University 

Course 

Talkative Power Conversion: 

An Introduction 

May 28, 2025 

Gdansk, Poland 

COURSE DESCRIPTION 

COURSE INSTRUCTORS 

 

 
 Hamzeh Beiranvand 




