1/2

2022 IEEE PES Innovative Smart
Grid Technologies Conference
Europe (ISGT-Europe 2022)

Novi Sad, Serbia
10-12 October 2022

Pages 1-477

.O I E E E IEEE Catalog Number: CFP22SGT-POD
° ISBN: 978-1-6654-8033-8



Copyright © 2022 by the Institute of Electrical and Electronics Engineers, Inc.
All Rights Reserved

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private
use of patrons those articles in this volume that carry a code at the bottom of the first
page, provided the per-copy fee indicated in the code is paid through Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.

For other copying, reprint or republication permission, write to IEEE Copyrights
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854. All rights
reserved.

**% This is a print representation of what appears in the IEEE Digital
Library. Some format issues inherent in the e-media version may also
appear in this print version.

IEEE Catalog Number: CFP22SGT-POD
ISBN (Print-On-Demand): 978-1-6654-8033-8
ISBN (Online): 978-1-6654-8032-1

Additional Copies of This Publication Are Available From:

Curran Associates, Inc
57 Morehouse Lane
Red Hook, NY 12571 USA

Phone: (845) 758-0400

Fax: (845) 758-2633

E-mail: curran@proceedings.com
Web: www.proceedings.com

.com

proceedings



TABLE OF CONTENTS

Sharing Frequency Containment Reserves with HVDC SYStems ........cceeeeviieiiieeriiiiniiieie e 1
Abhimanyu Kaushal, Hakan Ergun, Dirk Van Hertem

Evaluation of the Use of Short-Circuit Ratio as a System Strength Indicator in Converter-
DomiINated POWET SYSTEIMIS ... .eeiuieiieiieieeiiestieste ettt et et ete et e st ee st e e bt essesnaessaesseesseanseenseessesssesssenseensesnsennnes 7
Oscar Damanik, Ozgiir Can Sakinci, Goran Grdenic, Jef Beerten

AC System Restoration using Embedded MT-HVDC ..........ccocoiiiiiiiiiiiiieeee et 12
Hassan Alhomsi, Franz Linke, Dirk Westermann

Prediction of Cascading Failures and Simultaneous Learning of Functional Connectivity in Power

Tabia Ahmad, Panagiotis N Papadopoulos

Application of Machine Learning to Oscillation Detection using PMU Data Based on Prony
F N1 ) USRS UTSRPRR 22
Taif Mohamed, Mladen Kezunovic, Zoran Obradovic, Yi Hu, Zheyuan Cheng

Federated Learning Enabled Prediction of Energy Consumption in Transactive Energy
COMUMUNITIES ..ttt ettt ettt ettt ettt s a et b e st e bt e et e bt s e et et e s e e e enesa e e enesaesnenesaenne 27
Nuno Mendes, Pedro Moura, Jérome Mendes, Rodrigo Salles, Javad Mohammadi

Linearised Optimal Power Flow Problem Solution using Dantzig - Wolfe Decomposition ............cccceeeveenee. 32
Giacomo Bastianel, Hakan Ergun, Dirk Van Hertem

Open Data Based Model of the Dutch High-Voltage POWer System ...........cccoevieviieiiiiierieneeeee e 37
Wouter Zomerdijk, Digvijay Gusain, Peter Palensky, Milos Cvetkovic

A Quasi-Analytic Solution for Harmonic Power Flow Analysis of a Full Bridge Rectifier ...........cccccccevienee. 43
Christoph Szymczyk, Gerd Bumiller

Cross-Sectoral Provision of Ancillary Services in Coupled Electricity and Gas Sectors on a Real-
TIME STMULATOT ....ceeieitieie ettt et ettt sa e st e et et e e e eb e e eb e e b e e bt emtesateseeeseeenbeenaeenes 49
Elisabeth Feldhoff, Tom Duphorn, Steffen Schlegel, Dirk Westermann

Towards a Massive Open Online Course for Cybersecurity in Smart Grids — a Roadmap Strategy.................. 54
Bahaa Eltahawy, Maria Valliou, Jirapa Kamsamrong, Andrejs Romanovs, Tero Vartiainen,
Mike Mekkanen

GridShield: A Robust Fall-Back Control Mechanism for Congestion Management in Distribution

F. Tangerding, 1. A. M. Varenhorst, G. Hoogsteen, M. E. T. Gerards, J. L. Hurink

A New Deep Learning-Based Strategy for Launching Timely DoS Attacks in PMU-Based Cyber-
PhySICal POWET SYSIEIMS ....cutiuiiiiteitietieitet ettt sttt eb ettt et st b et eb et et besae e b e bt ebt et et ebeneean 65
Tohid Behdadnia, Geert Deconinck

Quasi-Stationary Implementation of Virtual Admittance Controller for Voltage Support from
IR ne 1oL b 1rTe €S 1 =) e 1 o) o NPT 70
Dionysios Moutevelis, Fredrik Gothner, Javier Roldan-Pérez, Milan Prodanovic



An Extended Optimization Model for Decentral Multi-Energy Systems Including Cold District
Heating for the Integration of Renewable Heating and COooling ..........c.ccocevererinireeiinieneneneneeccteieneenenene 75
Malte Drogemiiller, Nils Korber, Paul Maximilian Réhrig, Andreas Ulbig

Coordinated PI-Based Frequency Deviation Control of Isolated Hybrid Microgrid: An Online
Multi-Agent Tuning Approach via Reinforcement Learning ...........ccccecuevenenereniriceienieneneneneeeeteieseeseneenn 80
K. Nosrati, A. Tepljakov, E. Petlenkov, Y. Levron, V. Skiparev, J. Belikov

Minimization of Variable Renewable Energy Curtailment in an Islanded System using Power-To-
Gas Technology: A Reunion Island Case StUAY.........ccccuieriiiiiieiiieiiieie ettt ssae e es 85
Corey Duncan, Agnes Frangois, Robin Roche, Marie-Cécile Pera, Samir Jemei

EMT Three-Phase VSC Grid-Connected Converter Reactive Power Control using Heo LMI MIMO
AAPPTOACH ...ttt ettt bbbt h et b e bbbt bt et et b e sh e bt et eht et et e te st 90
Hoang-Trung Ngo, Elkhatib Kamal, Bogdan Marinescu

On the Distance Protection of Power Grids Dominated by Grid-Forming Inverters..........cc.ccoovevveroiiicencencnne 96
Nathan Baeckeland, D. Venkatramanan, Sairaj Dhople, Michael Kleemann

A Simplified Microgrid Architecture with Reduced Number of Measurement Units............coceeeeeevenenennene 102
Prashant Pant, Federico Ibanez, Petr Vorobev, Thomas Hamacher, Vedran Peric

Small Signal Study of Grid-Forming Converters and Impact of Different Control Structures and
PATAIMEGLETS ...ttt ettt st h e b et em bt ea e eh e eb e e b e em bt em bt ea e e sheeeb e e bt ent e eateeh e e bt e b e et e enteeaees 108
Luke Benedetti, Panagiotis N. Papadopoulos, Agusti Egea-dlvarez

Review of Statistics Based Coping Mechanisms for Smart Meter Missing Data in Distribution
Jiaojiao Wu, Arpan Koirala, Dirk Van Hertem

Cross-Functional Integration of Grid Operation with Predictive Asset Management............cccceeveereeneernennee. 119
Jernej Zupancic, Tomi Medved, Andrej F. Gubina, Mitja Antoncic, Miha Becan, Uros Kerin

Operationally-Safe Peer-To-Peer Energy Trading in Distribution Grids: A Game-Theoretic Market-
Clearing MECRANISII........eeuuiiiiiitietiete ettt ettt et h e b e b et e et e s et e saeesb e e st e e bt emteesteebeeebe e beenbeenbeennesnees 124
Giuseppe Belgioioso, Wicak Ananduta, Sergio Grammatico, Carlos Ocampo-Martinez

Fault Ride Through Control of Multiport Converter for Distribution Grids ..........ccccccevenineneniencenenenenenn 125
Marti Dominguez Hernandez, Oriol Esquius Mas, Marc Cheah Marie, Eduardo Prieto
Araujo, Oriol Gomis Bellmunt

Application of Graph Theory as a Tool for Reconfiguration of the Distribution Network ...........c.cccceevveeenenns 130
Artem Kashtanov, Eric Glende, Martin Wolter

Guaranteeing the Provision of Primary Frequency Control Services by Distributed Generation..................... 135
Oluwaseun Oladimeji, Lukas Sigrist, Alvaro Ortega

Reinforcement Learning Based MIMO Controller for Virtual Inertia Control in Isolated Microgrids............ 140
Viatseslav Skiparev, Juri Belikov, Eduard Petlenkov, Yoash Levron

How Inertia Reduction Affects Synchronous Generators: The Case of Synchronizing Torque....................... 145
Mamadou Goundiam, Vincent Debusschere, Raphaél Caire

Estimation of Load Inertia using Ambient Measurements from Synchrophasor Technology.........c..ccccceueeeee. 150
Marina Elenkova, Markos Asprou, Lenos Hadjidemetriou, Christos G. Panayiotou



Using a Grid-Forming Inverter to Stabilize a Low-Inertia Power System — Maui Hawaiian Island................ 155
Rick Wallace Kenyon, Amirhossein Sajadi, Andy Hoke, Bri-Mathias Hodge

Simulation of Electric Vehicles Daily Charging in a Low-Voltage Network to Reduce Grid
ReEINTOTCEMENT NEEAS ..ottt ettt ettt sbe e sb e et e et e s e et e e bt e beebeeneesaees 161
Chloe Fournely, Andrej F. Gubina, Edin Lakic, Bojan Stojanovic

Harmonic Emission of EV Fast Charging Station Under Different Supply- And Operating
CONAITIONS ..ttt et ettt s a e e bbb et e st e b sa e bt e st ea e eas et ebesae b e eaeeue e e enaennenaeanes 167
T. M. H. Slangen, V. Cuk, J. F. G. Cobben, E. C. W. De Jong

Stochastic Dynamic Thermal Rating of Transmission Lines in Heatwave Events...........cccoccovcvevieriiecineiennnnns 172
Ali Arab, Amin Khodaei, Suresh K. Khator

A Non-Convex and Non-Iterative Approach for Fast Vulnerability Analysis of Smart Grids.............cceeeueenn. 177
Pengxiang Liu, Zhi Wu, Wei Gu, Yuping Lu, Yujian Ye, Goran Strbac

Assessing Power System Resilience to Floods: A Geo-Referenced Statistical Model for Substation

INUNAALION FAITUTES .....coutiiiiiiiiiterieee ettt b ettt et et b et ebt et et ete e nes 182
Wenzhu Li, Eduardo A. Martinez Cesena, Lee S. Cunningham, Mathaios Panteli, David M.
Schultz, Sarah Mander, Chin Kim Gan, Pierluigi Mancarella

Electric Power Industry Challenges Due to Increasing Shares of Inverter-Based Resources in Power
S S ERIMIS ..t eteettte et ettt e ettt e ettt e e te e sttt e s tbe e ateesabeesseeasbeeasbeeasbeeasseeanaa e sbeeanb e e st e e eabe e sbeeasaeenbeeanbeesteeasaaenteennseensaean 187
A. Sajadi, J. P. Rafiola, R. W. Kenyon, B. M. Hodge, B. Mather

Routing and Dispatching of Mobile Storage Units for a Resilient Response to Severe Weather
Events in Low Voltage SMArt GIidS.........cceiieriieiieiiieiierienit ettt sttt stesee st eseesseenseessessaesseenseensesnnas 192
Laiz Souto, Philip C. Taylor, Maria Pregnolato

Optimal Coordination of Multiple System Protection Schemes Against Critical Overload
COMAILIONS ..ttt ettt h bbbt a ettt b e s h e e bt e bt eb b et et e bt s bt e bt e bt euteat et e be st e eb e e bt ebteseententeneenes 197
Daniel Baltensperger, Kjetil Uhlen

Dynamic Pricing Integrated Demand Response for Multiple Energy Carriers with Deep
ReINFOrCEMENt LEAIMING ... ..ccciiiiiiieeiieiiiecieeeit et et e st et e s te e sttt e sbeessbeesbeessseessseeasseessseeasseesnsesanseesnsesnnseenns 202
Gaddafi Almannouny, Shengrong Bu, Jin Yang

Optimization of Energy Communities in the Italian Incentive System ..........ccceeceeieniininieninniniiecicenee, 208
Marta Stentati, Simone Paoletti, Antonio Vicino

Design and Feasibility Study of Hydrogen-Based Hybrid Microgrids for LV Residential Services................ 213
Fahad Ali Sarwar, Ignacio Hernando-Gil, lonel Vechiu, Stéphane Latil, Sylvain Baudoin,
Chenghong Gu

Impact of Distributed Energy Resources on Power System Resilience Against Earthquakes............cccccee..... 219

Jihad Guenaou, Pierre Henneaux, Daniel S. Kirschen

An Integrated Frequency-Voltage Controller for Next-Generation Power Systems ...........cccceeveveeneencnnennne. 224
Etinosa Ekomwenrenren, Zhiyuan Tang, John W. Simpson-Porco, Evangelos Farantatos,
Mahendra Patel, Hossein Hooshyar, Aboutaleb Haddadi

Impact of Active Distribution Networks on Transient Stability ..........ccccovevirireniieiininininncceecee e 230
Ifigeneia S. Lamprianidou, Dimitrios Tzelepis, Panagiotis N. Papadopoulos, Anastasios Oulis
Rousis



Artificial Intelligence-Based Controller for Grid-Forming Inverter-Based Generators ...........ccccecceevevenienene 235
Hassan Issa, Vincent Debusschere, Lauric Garbuio, Philippe Lalanda, Nouredine Hadjsaid

Scalability and Reliability Analysis of a Novel Cloud Platform for TSO-DSO Information and Data
EXCRANGE ...ttt ettt et e h e e b e bt ettt e a e she e bt ettt ea e et e b e b e et e et eaeas 241
Mubashar Amjad, Gareth Taylor, Chun Sing Lai, Zhengwen Huang, Maozhen Li

The Impact of Local Electricity Markets on the Operation and Development of the Distribution
INBEWOTKS ..ttt st ettt b e sa e bt et e s et aesa e bt s bttt ena e e re e 246
Matej Pecjak, Jernej Zupancic, Chloé Fournely, Jan Jeriha, Andrej Gubina, Bostjan BlazZic

Multivariate Cross-Correlated Reliability Modeling of Wind Turbines using Pair-Copula Functions ............ 251
Payam Teimourzadeh Baboli, Amin Raeiszadeh, Michael Brand, Sebastian Lehnhoff

Drivers and Barriers to Deploy Microgrid in SWeAeN .......ccc.eeeviieiiieiiiieeiie ittt evee s e sveeeaee e 256
Oskar Nordlander Hurtig, Matilda Arvidsson, Max Hessman, Katriine Koit, Tim Lindberg,
Peiyuan Chen, Kristoffer Fiirst

Virtual Oscillator Based Hierarchical Control Strategy for Multi-Mode Operation of Microgrids ................. 261
Trung Thai Tran, Minh-Quan Tran, Thien-An Nguyen-Huu, Phuong H. Nguyen, Le Anh Tuan

Comparative Planning of LVAC for Microgrid Topologies with PV-Storage in Rural Areas — Cases
StUAY 1N CAMDOGIA .....viiiiieiiieeieeciee ettt ettt e st esbe e st e e ssbeessbeessbeessseessseessseessseensseesssaensseessseenssean 266
Chhith Chhlonh, Marie-Cécile Alvarez-Herault, Vannak Vai, Bertrand Raison

Impact of HVDC Fault Ride-Through and Continuous Reactive Current Support on Transient
Stability in Meshed AC/DC TranSmiSsion GIIAS .........coeoerirereeienienieneniinenieeie ettt sae s 271
Xiong Xiao, Soham Choudhury, Martin Coumont, Jutta Hanson

A Novel Two-Stage Tractable Approach to Multi-Period Optimal Power Flow in Smart Grids..................... 276
Muhammad Usman, Florin Capitanescu

Assistance System to Consider Dynamic Phenomena for Secure System Operation..........cccceceeeeeevenienennenn 282
Tom Sennewald, Xinya Song, Dirk Westermann

Fair Blackout Rotation for Distribution Systems Under Extreme Weather Events..........ccccocvevvieeiiciivennnns 287
Hongbo Sun, Shoichi Kitamura, Daniel Nikovski

Utility DERMS and DER Aggregators: An Ideal Case for Tomorrow’s DSO........cccccevenineneninieeiiencnenenn 293
Luka Strezoski

Modelling and Simulation of Power Systems with Grid-Connected Converters in OpenModelica................. 298
Lluc Figueras Llerins, Vinicius Albernaz Lacerda, Eduardo Prieto-Araujo, Oriol Gomis-
Bellmunt, Adrien Guironnet, Quentin Cossart

A Hardware-In-The-Loop Configuration for Real-Time Power System Monitoring.......c..cocceeeeeeevenenennenn 304
Orestis Darmis, George N. Korres, Dimitrios Lagos, Nikos D. Hatziargyriou

An Optimization-Based Approach for Automated Generation of Residential Low-Voltage Grid
Models using Open Data and Open Source SOftWATE..........cvecvieiieiirieieie ettt 309
Hiiseyin K. Cakmak, Luc Janecke, Moritz Weber, Veit Hagenmeyer

Optimal Microgrid Sizing using Gradient-Based Algorithms with Automatic Differentiation........................ 315
Evelise De Godoy Antunes, Pierre Haessig, Chaoyun Wang, Roberto Chouhy Leborgne



Attack Detection and Measurement Correction in Distribution Systems with Non-Synchronized
IMBASUTCIMEIES.......eeueeuriiieeritett ettt ettt ettt et et st saeesaeesteeat e eae e st e be et eabeeasesaeesueesaeemneemteeasesasebeenbeenneennesanes 321
Abdullah L. Shah, Ali T. Al-Awami, Wessam Mesbah

Blockchain Support for Time-Critical Self-Healing in Smart Distribution Grids .......cc.cccoceeeerienieneencnnennne. 327
Befekadu G. Gebraselase, Charles M. Adrah, Tesfaye Amare, Bjarne E. Helvik, Poul E.
Heegaard

Physical Verification of Data-Driven Cyberattack Detector in Power System: An MTD Approach............... 333

Wangkun Xu, Imad M. Jaimoukha, Fei Teng

The Effect of Demand and RES Uncertainties on Contributions of Loads to FIows..........ccccccoeevviviiiiieiiinnen.. 338
Feifan Niu, Jelena Ponocko

System Benefits of Residential Heat Storage for Electrified Heating Sector in the United Kingdom ............. 344
Marko Aunedi, Goran Strbac

A Bespoke Frequency Response Service Suitable for Delivery by Flywheel Energy Storage
S SEEINIS ..ttt ettt ettt ettt ettt ettt e s e ettt e sttt e bt e sut e e bt e e s hb e e bt e e a bt e bt e e s a b e e bt e e bt e e bt e e h b e e bt e e hbe e bt e e ab e e bt e e sabeenhteenabeebeean 349
Andrew. J. Hutchinson, Daniel. T. Gladwin

Aggregation of Time-Dependent Flexibility in Cellular Organized Distribution Grids..........cccceeceeveenennennee. 354
Sina Steinle, David Littig, Steven De Jongh, Frederik Gielnik, Michael R. Suriyah, Thomas
Leibfried

Protection Security Assessment with Guiding Optimization Criteria Based on Stability Indices.................... 359

Georg Janick Meyer, Johann Jaeger

Improved Battery Storage Systems Modeling for Predictive Energy Management Applications.................... 365
Ricardo Silva, Clara Gouveia, Leonel Carvalho, Jorge Pereira

Voltage Support Based Peer-To-Peer Energy Trading Scheme with Reactive Power Compensation ............. 370
Tristan Kleinjan, Jin Yang

Reinforcement Learning-Assisted Controller Parameterization Based on Improving Oscillatory
Stability in Converter-Dominant POWET SYSIEIM .......ccc.ieiiuieriiieiiieiiiesieerite sttt sveesiveesreeseteeseaeessseeseveenseees 375
Hui Cai, Xinya Song, Teng Jiang, Uwe Rdde, Steffen Schlegel, Dirk Westermann

Long Term Characteristics of Ultra Low Frequency Oscillations in the Nordic Power System...........c......... 380
Janne Seppdinen, Matti Lehtonen, Mikko Kuivaniemi, Liisa Haarla

An Adaptive Subgrid Identification Strategy for Future Medium Voltage Smart Grids Based on
IMACKINEG LEAIMING. ... .eeitiieeiiieeiiieiiieete et e et ettt e et e sttt e sbeessbeeesbeessseessseeasseesssaessseesssaeassassnsaeasseesnseeenseesnseensseenns 385
Frederik Puhe, Christian Rehtanz

Performance Comparison of Deep RL Algorithms for Energy Systems Optimal Scheduling ......................... 390
Hou Shengren, Edgar Mauricio Salazar, Pedro P. Vergara, Peter Palensky

Electric Utility Customer Segmentation from Advanced Metering System Data using K-Shape
Clustering — a NOrwegian Case StUAY .......ccevierierieiieie ettt stesee st e st eseesseensessaessaesseeseesesnsesnnes 396
Kari Walstad, Vijay Venu Vadlamudi

Interpretable Data-Driven Solar Power Plant Trading Strategies.........cooveuiiiirienienieiieieeieceeseeieeeeee e 402
Konstantinos Parginos, Ricardo Bessa, Simon Camal, Georges Kariniotakis

Special Day Regression Model for Short-Term Load FOrecasting............ccoevevvereenieiciinienienienieeie e 407
Zoran Jankovic, Slobodan Ilic, Boban Vesin, Aleksandar Selakov



Probabilistic Impact Assessment of Electric Truck Charging on a Medium Voltage Grid...........cccccvevveennenee. 412
Kathrin Walz, Krzysztof Rudion, Cristina-Maria Moraw, Martin Eilers

Optimal Design of Time-Of-Use Tariffs using Bilevel Optimization ............cccueevvierieenieenieenieesee e 418
Ashwin Venkatraman, Gabriela Hug, Christian Schaffner, Marina Gonzalez Vayd

Optimal Electric Vehicle Charging using Real-Time Coordinated and Decentralized Cooperating
Heat Pump in COMMUNIEY GTIAS ....veevieeieriieiiieieeiesie sttt ettt e st et e e eaessaesseesseesseenseenseessessaenseensennsennnes 423
Chitchai Srithapon, Daniel Mansson

A Privacy-Friendly Hybrid Data-Driven Algorithm for Modeling the Local Flexibility of the EVs............... 429
Hossein Fani, Emilio J. Palacios-Garcia, Geert Deconinck

Bottom-Up Quantification of Energy Flexibility in Cluster of Residential Heat Pump Systems...........c......... 435
Muhammad Hafeez Saeed, Hussain Syed Kazmi, Geert Deconinck

Optimized UAV Placement for Resilient Crisis Communication and Power Grid Restoration....................... 440
Michael Heise, Martin Pietsch, Florian Steinke, Maximilian Bauer, Burak Yilmaz

The Decarbonisation Perspectives: The Implementation of Carbon Capture and Storage Projects in

the Oil and Gas Industry Under the Serbian Climate Change AcCt.........c.cceveeriiiiiiinienieieieeeseeeee e 445
Serguei Fominykh
Towards Improving Validation Models of Coordinated Functions for TSOs Market Involvement................. 450

Predrag R. Vujovic, Luka V. Strezoski

Flexible Connection Concept and Planning Studies for Its Piloting in a Transmission System....................... 455
Antti Kuusela, Lauri Ala-Mutka, Antti-Juhani Nikkild, Suvi Peltoketo, Tuomas Rauhala

Load Pattern Recognition Method for Probabilistic Short-Term Load Forecasting at Low Voltage

Igor Manojlovic, Goran Svenda, Aleksandar Erdeljan

Overcurrent Relay Coordination in the Presence of the Uncertainties of Production and
CONSUIMPLION ....utteeiiieeiie ettt etteetteetteetee e teeeteeestaeeseeessaeesseeassseasseeansseanseeansseassessnsseenseeansssenseesnsseenseesnsesensesnnses 466
Marko Obrenic, Dragana Radojcic, Predrag Vidovic

Utilization of Flexibility Mechanisms in Regional Outage Planning of Transmission Systems.........c..c..c...... 472
Suvi Peltoketo, Antti Kuusela, Antti-Juhani Nikkild, Tuomo Mdkihannu, Tuomas Rauhala

Sustainable Off-Grid Systems with Integration of Renewable Generation and Hydrogen-Fuel Cell............... 478
Yared Bekele, Getachew Biru, Lina Bertling Tjernberg

Modelling and Control of Wind Turbine and Battery Energy Storage System for Grid Integration................ 483
Omid Khoubseresht, Mohamadamin Rajabinezhad, Bahman Ahmadi, Elham Shirazi

Residential PV Hosting Capacity, Voltage Unbalance, and Power Rebalancing: An Australian Case

Yushan Hou, Michael Z. Liu, Luis F. Ochoa

Value Stream Mapping of Stakeholder Impacts from Rising ProSumers ...........cccceceevverenenenenenecicnenennenn 494
Soumyajit Mitra, Eduardo Alejandro Martinez Cesena

Local Reactive Power Control Method for Overvoltage Mitigation in Low-Voltage Grids ..........ccccceveenenee. 499
Marian Meyer, Andreas Ulbig



Small-Signal Analysis of a Microgrid with Secondary Control Including the Dynamics of Primary
Control and CommuNICation DELAYS ......cccviioiiiierieiee ettt sttt e s et eesaessaessaeseeseennesnnes 504
Diana Patricia Moran-Rio, Javier Roldan-Pérez, Milan Prodanovic, Aurelio Garcia-Cerrada

AC Multi-Stage Transmission Network Expansion Planning Considering a Multi-Voltage

N 0] 01 1o USRS 509
Patricio Cajas, Santiago P. Torres, José E. Chillogalli, Harold R. Chamorro, Vijay K. Sood,
Rubén R. Romero

Detection and Properties of Voltage Impasse Regions in the Presence of Nonlinear Static Loads.................. 514
Marina Oluic, Maria Angeles Antolin Lifian, Bertil Berggren, Mehrdad Ghandhari, Luis
Rouco

Challenges in the Representation of Digital Applications in SGAM: Overview and Solutions..............c....... 520

Jose Angel Leiva Vilaplana, Konrad Sundsgaard, Gabriel Miguel Gomes Guerreiro,
Guangya Yang

Supporting the Requirements-Based Selection of Suitable Communication Protocols in Smart Grids ........... 525
Sebastian Hanna, Sebastian Rohjans, Philipp Heeren, Johannes Rolink

Scalability Evaluation of a Modbus TCP Control and Monitoring System for Distributed Energy

RESOUICES ..ottt et et ettt e b et e bttt e e satesatemaeeat e eaaeeesesbeenbeenneeanesanes 530
Néstor Rodriguez-Pérez, Javier Matanza Domingo, Gregorio Lopez Lopez, Vojislav
Stojanovic

Towards Risk Assessment of Smart Grids with Heterogeneous ASSetS .........ccoveereerieriirienienienienieenieeeeee 536

A. G. Priyanka, Antonello Monti

Effect of Future Distributed Energy Resources Penetration Levels on a Local Electricity Market.................. 542
Sjoerd C. Doumen, Phuong Nguyen, Koen Kok

A Compensation Mechanism for EV Flexibility Services using Discrete Utility Functions...........cccccoccevenee. 547
Juan S. Giraldo, Nataly Bariol Arias, Edgar Mauricio Salazar Duque, Gerwin Hoogsteen,
Johann L. Hurink

On the Effects of Active Energy Community Participation in the Energy System .........cccccocevviniininnnnnne. 553
Gerwin Hoogsteen, Aditya Pappu, Bahman Ahmadi, Johann L. Hurink, Edmund W. Schaefer,
Cihan Gercek, Richard P. Van Leeuwen

Upper-Layer Post-Processing Local Energy Bids and Offers from Neighbouring Energy
COMUIMUNITIES ..ttt ettt ettt ettt e s et e be s et e b et e ae et en et e b e eeeene e 558
Juan J. Cuenca, Vahid Hosseinnezhad, Barry Hayes

Data Gathering Procedure for ADMS DeplOymMENt........c.ceccuieiiuieriieiiiieeiiesieeeieesieeereesveesveesreeeseessseessseenns 564
Dusko Bekut, Goran Svenda, Sonja Kanjuh, Verica Koturevic

Ground Directional Protection Assesment in Inverter Dominated Distribution Networks ..........ccccccvevvvennnee. 569
Christos Frangeskou, Lenos Hadjidemetriou, Markos Asprou, Christos Panayiotou

Improved Grid State Identification Algorithms using Voltage Measurements for Underdetermined
LOW VOItaZE GIIAS ..ottt ettt ettt h e b ettt et esaeesae e bt et e este e b e e ebeenbeenbeennesaees 574
Markus Koch, Marcel Modemann, Markus Zdrallek, Fabian Karl

Measurement and Operation Based Condition Monitoring Methodology for High Voltage Circuit

BIEAKETS ...ttt bt sh e bt et e a e e 579
Sajjad Asefi, Guido Andreesen, Madis Leinakse, Jako Kilter, Tauri Kalmet, Henri Manninen,
Mart Landsberg



Optimal Flexible Load Programming Based on Time of Use Pricing for the Colombian Energy
IMLATKET ...ttt e h ettt a e et h e et h e a et h ettt ne e 584
Sergio Daniel Montaiia-Salas, Carlos Adrian Correa-Florez

Optimal Model for Prosumer Remuneration Schemes Considering Electric Vehicle Chargers
(070703 (e FBaF:1 5 o) o H TR 590
Cesar Diaz-Londono, José Vuelvas, Giambattista Gruosso, Carlos Adrian Correa-Florez

Distributed Co-Operative Demand Side Management for Energy Communities.............cceeeveerereeeireesiveencnnenns 595
Aditya Pappu, Gerwin Hoogsteen, Johann L. Hurink

Data-Driven Modelling for HVAC Energy Flexibility Optimization............cccceceeeeeeienenienenenenceienenennee 600
Ana David, Mazen Alamir, Claude Le Pape-Gardeux

Optimal Cross-Voltage Operation of Active Distribution Systems Based on a Comprehensive
Technical Management of Flexible Loads and Storages in the Grid...........ccceeeveeviierieeiieenieeie e 605
Nasratullah Mohseni, Sergio F. Contreras, M. Adnan Shihab, Johanna Myrzik

Reinforcement Learning Based Optimal Load Shedding for Transient Stabilization ............c.cceceeevecienenennene 610
Yunhe Wei, Al-Amin B. Bugaje, Federica Bellizio, Goran Strbac

Impact of System Conditions on Demand-Side Flexibility Potential in Industrial Production ........................ 615
Roman Cantu Rodriguez, Geert Deconinck, Emilio José Palacios-Garcia

Fast Mapping of Flexibility Regions at TSO-DSO Interfaces Under Uncertainty ..........coceeveverereeienenennenn 621
Alice Patig, Ognjen Stanojev, Petros Aristidou, Aristides Kiprakis, Gabriela Hug

Data Generation Methodology for Machine Learning-Based Power System Stability Studies..........cc..cc........ 627
Francesca Rossi, Eduardo Prieto Araujo, Marc Cheah Marie, Oriol Gomis Bellmunt

An Electrical Model-Free Optimal Power Flow for PV-Rich Low Voltage Distribution Networks................ 632
Angela Simonovska, Vincenzo Bassi, Arthur Gongalves Givisiez, Luis F. Ochoa, Tansu
Alpcan

Effect of Clustering in Federated Learning on Non-IID Electricity Consumption Prediction ...........ccccceuee..ee. 637

James S. Nightingale, Yingjie Wang, Fairouz Zobiri, Mustafa A. Mustafa

Distribution Grid Topology Calibration Based on a Data-Driven Approach ............ccccceevenererencenencnennenn 642
Milos Subasic, Giancarlo Dalle Ave, Marco Giuntoli, Peter Noglik, Katarina Knezovic,
Dmitry Shchetinin, William Peterson, Wenping Li

A Hybrid Protection Scheme Based on Deep Reinforcement Learning..........c.cceeveveeeeiieicieenciieiiieeciiesieeeieens 647
Georg Kordowich, Michael Jaworski, Tobias Lorz, Christian Scheibe, Johann Jaeger

Generating Contextual Load Profiles using a Conditional Variational Autoencoder.........c..c.cceceecvevveruenennenne. 653
Chenguang Wang, Simon H. Tindemans, Peter Palensky

Effect of Short-Term and High-Resolution Load Forecasting Errors on Microgrid Operation Costs.............. 659
Kyriaki Antoniadou-Plytaria, Ludvig Eriksson, Jakob Johansson, Richard Johnsson, Lasse
Kotz, Johan Lamm, Ellinor Lundblad, David Steen, Le Anh Tuan, Ola Carlson

Optimal Strategy of Energy Aggregators in the Energy and Regulation Markets: Chance-
CONSLIAINEA APPIOACKH ...ceviiiiiieiie ettt et e et e et e st e e beesbeeesteeesbaeesseesstaeesseeensaeesseesnsseenseesnseeanseennses 664
Meysam Khojasteh, Pedro Faria, Fernando Lezama, Zita Vale



Optimal Planning of Electric Vehicles Energy Exchange in Parking Lots Considering Uncertainties............. 669
David A. Sanchez, Santiago P. Torres, José E. Chillogalli, Harold R. Chamorro, Luis G.
Gonzalez, Vijay K. Sood, Rubén R. Romero

PHIL Infrastructure in CoSES Microgrid Laboratory ...........cccoeieiiiiiiiiiniiie e 674
Anurag Mohapatra, Thomas Hamacher, Vedran S. Peric

Home Energy Management System Based on Deep Reinforcement Learning Algorithms ..........c.ccceveenene. 680
Aysegiil Kahraman, Guangya Yang

Representative Feeders for Spatial Scaling of Stochastic PV Hosting Capacity .........ccceeeveeeeieeiciieecreesiieeeieenns 685
Arpan Koirala, Md Umar Hashmi, Dirk Van Hertem, Reinhilde D’Hulst

EU-India Collaboration for Smarter Microgrids: RE-EMPOWERED Project...........cccocvevveiiieienienieneeeeee. 691
Panos Kotsampopoulos, Aris Dimeas, Alexandros Chronis, Georgia Saridaki, Nikos
Hatziargyriou, Suman Maiti, Chandan Chakraborty

Volt Var Watt Optimization in Distribution Network with High Penetration of Renewable Energy
Sources and EIEctric VERICIES .......ccceiiriiriiiiiiiiciteeee sttt sttt 697
Goran Svenda, Ivana Krstic, Sonja Kanjuh, Milena Jajcanin, Dejan Vuletic

Distribution State Estimator Tuning Procedure — SA Power Networks' Challenges and Learnings................. 702
Steven Barone, Goran Svenda, Sonja Kanjuh

Monitoring Electricity Demand Synchronization using Copulas ............coceeerereririenieneneneneneeeeieneeneene e 707
Tobias Gebhard, Eva Brucherseifer, Florian Steinke

Improving Operational Efficiency and Reducing Costs in Distribution Utility with the Use of IEC
61850 Communication ProtOCOL. ... ...coouiiiiiiiiieiee e ettt et 713
Danilo Bojovic, Nebojsa Obradovic, Nebojsa Kurjakov

Impact of Existing Fault Protections of Wind Power Plants with Doubly Fed Induction Machines
ON FAULE CUITENES «..c.ouiiiiiiiiiie ettt st sttt et 718
Andrija Mitrovic, Luka Strezoski

Relay Protection in Microgrids: Settings and Sensitivity in Presence of IBDERS ..........ccccoeciiiiiiiniencnnenee. 723
Nikola Simic, Luka Strezoski, Radenko Milicevic

Energy Storage Arbitrage and Peak Shaving in Distribution Grids Under Uncertainty .........c..cccceceeevenenennene 728
Lysandros Tziovani, Lenos Hadjidemetriou, Stelios Timotheou

Recuperation of Railcar Braking Energy using Energy Storage at Station Level .......cc.ccoocoeoiiiiniiniennnenns. 733
Edmund W. Schaefer, Bart Homan, Gerwin Hoogsteen, Johann L. Hurink, Richard P. Van
Leeuwen

Addressing Unfeasibilities of Energy Storage Systems Participating in Energy and Reserve
IMATKELES ...ttt sttt st s 739
Hadi Nemati, Lukas Sigrist, Luis Rouco Rodriguez, Pedro Sanchez-Martin, Alvaro Ortega

A Fast and Automatic Methodology for Selecting Lithium-Ion Cells for Second-Life Batteries .................... 744
Aghatta Cioquetta Moreira, Marcelo Miranda Camboim, Raul Fernando Beck, Maria De
Fatima N. C. Rosolem, Vitor Torquato Arioli, Jonathan Moura, Camila Omae, Hongwu Ding

Simplistic Revenue Based BESS Sizing Tool Developed in Python using Historical Grid Data..................... 749
Lucas Tunelid, Micheal Peri, Srinath Sathyamoorthy, Hamza Shafique, Andres Rozas, Lina
Bertling Tjernberg



Aging Characteristics Consideration in Adaptive Control Design of Grid-Scale Lithium-Ion Battery............ 755
Chethan Parthasarathy, Hannu Laaksonen, Ilari Alaperd

A Review on Implementation of Vehicle to Everything (V2X): Benefits, Barriers and Measures.................. 760
Rahmat Khezri, David Steen, Le Anh Tuan

Voltage-Based Heat Pump Recognition in Low Voltage Distribution Grids with Convolutional
INCUIAL INEEWOTKS. ...ttt ettt b e st b ettt bt sbe bbbt et et e b sa e e b e sbeebeeneesteaeneeebenae 766
Henning Schlachter, Stefan Geifsendaorfer, Karsten Von Maydell, Carsten Agert

Assessing the Feasibility of Methods to Enhance the Security of Supply of Critical Infrastructure................. 772
Juha Haakana, Julius Vilppo, Otto Rdisdnen, Jouni Haapaniemi, Jukka Lassila

Asynchronous Implementation of a Region-Based Distributed Optimal Power Flow Algorithm.................... 778
Alyssia Dong, Roman Le Goff Latimier, Hamid Ben Ahmed

Potential Flexible Operation’s Assessment of a Non-Residential Building Through a Novel Tool................. 783
David Cano-Tirado, Tug¢in Kirant-Mitic, Maximilian Forchheim, Marcel Modemann,
Markus Zdrallek, Daniel Kiihler

Real-Time Approach for Managing Power Network by Shifting Electricity Consumers Demand.................. 789
Catia Silva, Pedro Faria, Bruno Canizes, Zita Vale

Deep Reinforcement Learning for Autonomous Control of Low Voltage Grids with Focus on Grid
Stability in FUture POWET GIiAS .........cccuiiiiiieeiieiieieeie ettt ettt et be e e snaesseesseesseenseenseensessaenseens 794
Lars Quakernack, Michael Kelker, Jens Haubrock

Evaluate the Impact of Network Tariffs on the Swiss Energy Transition - A Fair Cost Distribution
Or a Driver to Reduce Expensive Network Upgrades? .........coueiieiiiniiiiiieiieresieeeee e 799
Yamshid Farhat, Gabriel M. Lipsa, Torsten Braun

An ADMM-Based Distributed Energy Management System for Microgrids ............cceevevvvecieeieeieneeneennennnn. 805
Cindy P. Guzman, Juan Camilo Lapez, Gabriela Sanchez, Lucas Zenichi Terada, Marcos J.
Rider, Luiz C. P. Da Silva

The Influence of Deployment of DSM on Power System Angular and Frequency Transients and
SEADTIIEY <.ttt ettt ettt et h e st es et e et e e bt eb e e h e eh e e et e s et e ekt e Rt eRe ek e e aeen s et e et e bt eaeeheentenseteteneeaea 810
Mengxuan Wang, Jovica V. Milanovic, Jelena Ponocko

Towards a Framework for Modelling Market-Based Congestion Management in Distribution Grids ............ 815
Felix Gaumnitz, Andreas Ulbig, Mehdi Attar, Sami Repo

Demand Response in Smart Districts: Model Predictive Control of Building Cooling...........cccceecveveenennncnnee. 821
Philipp Zwickel, Moritz Frahm, Johannes Galenzowski, Karl-Heinz Hdfele, Heiko Maap3,
Simon Waczowicz, Veit Hagenmeyer

Quantification of the Shared Energy in Energy COmMMUNItIES ......cccoverrieriiiiiinienieiieie et 827
Viladimir Z. Gjorgievski, Bodan Velkovski, Snezana Cundeva

A Scheme for Resource Sharing in Distributed DC Microgrids with Minimal System Losses ....................... 832
Saqib Igbal, Kamyar Mehran, Mashood Nasir

Power Management Strategies for Vanadium Redox Flow Battery and Supercapacitors in Hybrid

ENETZY STOTAZE SYSLEIMS ...uvviiiiiiiiieiiieeciieete et e st ettt e st e sttt e s be e sttt e ssbeessseessbaessseesssaaasseessseeasseessseaanseesnsesnnseenns 837
Muhammad Hamza Ali, Dario Slaifstein, Federico Martin Ibanez, Christina Zugschwert,
Mikhail Pugach



Fairness of Sharing Renewable Energy Between Prosumers ............occevieriieriiiieiienienieeieee e 842
Viadimir Z. Gjorgievski, Bodan Velkovski, Snezana Cundeva

Comparison of Single-Stage and Two-Stage LSTM-Based Methods for Forecasting Electricity
Demands And PIICES .....co.uoiuiiiuiiiieiieee ettt ettt st h et ettt e e b e b et et saees 847
S. Zhu, M. Zou, S. Z. Djokic, J. Gunda, I. Papic

Multi-Threaded Power Flow Calculation for Unbalanced NetWorks ..........cccccvvveereverieniieniieireiecieseesieee e 852
Nikola Vojnovic, Jovana Vidakovic, Milan Vidakovic

Power Transformer Neutral Point Grounding Methods: Analysis of Fault Characteristics..........cccccceveeuennee. 857
Vahid Helac, Senad Smaka, Selma Grebovic, Nermin Oprasic

Optimal Offering Strategy for an Aggregator Across Multiple Products of European Day-Ahead
IMATKEL ...ttt b e ettt be s h e b ettt be sh e bt et e na e 862
Yogesh Pipada Sunil Kumar, S. Ali Pourmousavi, Markus Wagner, Jon A. R. Liisberg

Regulatory Framework for Residential Aggregators: Solutions for Low-Resolution Metering............c......... 868
Louis Brouyaux, Sandro lacovella, Pol Olivella-Rosell, Sylvain Quoilin

Andreas Kotsonias, Markos Asprou, Lenos Hadjidemetriou, Christos Panayiotou

Demand Response Contract Management MOdel ..........cccoovieiieiieienienieieee e 879
Pedro Nel Ovalle, José Vuelvas, Arturo Fajardo, Carlos Correa, Fredy Ruiz

Current-Limiting Control of Interlinking Converter to Maintain Power Balance in Hybrid
AV o3 (e 5 5 Ua ST 884
Panagiotis Skentzos, George C. Konstantopoulos

A Data-Driven Algorithm for Short-Term Prediction of Over-Voltage and Under-Voltage Events in
DISHITDULION GIIAS ...ttt ettt sttt ettt et sa et b e s et ebesaeseenesaennes 889
Shabnam Ataee, Mohammad Rayati, Carlos Andrés Pena, Omid Alizadeh-Mousavi, Mokhtar
Bozorg

Impact of Distributed Energy Resources Capabilities and Protections on Islanded Power System
FreqUENCY StabIlity.......eccveiieeiieie ettt ettt sttt et et et e e st e st e e s e enseensesnaesseesseenseenseenseessenseeseensennsennnes 894
Phivos Therapontos, Charalambos A. Charalambous, Petros Aristidou

Comparing the Role of V2G Hydrogen Fuel Cell and V2G Electric Vehicles for Increased
Integration of VRE in a Low Carbon Neighbourhood............ccueeriiiiiieriiiiiieiie et 899
Dejene Asssefa Hagos

On the Role of Demand Response and Key CCHP Technologies for Increased Integration of
Variable Renewable Energy into @ MICIOZIIA ........cccuevierieriieiieiieieeiestcete ettt se e 904
Dejene Asssefa Hagos, Vojislav Novakovic

Design of a WAMPAC System for Implementation in the Greek Transmission System...........ccccecvereveeennens 911
Konstantinos F. Krommydas, Christos-Spyridon G. Karavas, Konstantinos A. Plakas,
Dimitrios Melissaris, Christos N. Dikaiakos, loannis Moraitis, Anibal Prada Hurtado, Marta
Bernal Sancho, Eduardo Martinez Carrasco, Jose Saldana, Virgilio De Andrade, Agustin
Padilla, Dalibor Brnobic, Toni Petrinic, Anastasis Tzoumpas, Paris Chatzitheodorou

Application of Physics-Based Graph Convolutional Network in Real-Time State Estimation of
Under-Determined DiStriDUtION GIIAS ........uvviiiiiiiiiiiiieieeee ettt e e eeertee e e e e e eeatae e e e e e seeenaaaereeeeeesnnnes 917
Simon Stock, Markus Dressel, Davood Babazadeh, Christian Becker



Analysis of Losses and Voltages in Prosumer-Rich Distribution Feeders ..........ccccevieniniineniniinncicncnennenn
Ivan Lukic, Kristijan Cvek, Kresimir Fekete, Marina Dubravac

Dynamic Reconfiguration Considering Hosting Capacity in Active Distribution Networks ..........c.ccccceeeenee.
Zeljko Popovic, Stanko Knezevic, Branislav Brbaklic, Mitra Glogovac

A Proposal for Implementing Short-Term Congestion Management Market in Distribution
INEEWOTKS ..ttt a et s et a st a st a st eas
Mehdi Attar, Sami Repo, Felix Gaumnitz, Andreas Ulbig

Low Voltage DC to Medium Voltage AC Step-Up PV Grid-Connected Inverter Module with
Robust DC-Link Voltage Balancing, MPPT and Grid-Side Control..........c.ccoceveririeiieneninenenieeeeiencee
Kajanan Kanathipan, Muhammad Ali Masood Cheema, John Lam

Ancillary Frequency and Voltage Support Provision by Renewable Energy Sources in a Medium
Voltage Distribution NETWOTK .........ooiiiiiiiiiiiiee ettt ettt sttt e bt e
Njegos Jankovic, Milan Prodanovic, Javier Roldan-Perez

Water-Energy Nexus and Stochastic Optimization in a Isolated Microgrid: Application in Arid
Zones of La Guajira in COLOMDIA .........cc.eiiiiieiieie ettt aeseesseeseesteesseesaesseeseenseensesnnas
Manuel Parraga Meneses, Arturo Fajardo Jaimes, José Vuelvas Quintana

Grid Optimization using DER Grid Support FUNCLIONS. ........ccvierieeiiieiieeiieeie et
Izabela Stefani, Viadimir Stokic, Sinisa Dzaleta, Branislav Brbaklic

Current Limitation Control Through the Angle of Grid Impedance for Grid-Forming Direct Voltage
COMUTOL. .ttt ettt et e st et h e st st eb e et e a e e et en et et en e
Mahshid Maherani, Hendrik Vennegeerts

Integration of an EMT HVDC Model into a Transient Stability Study using Co-Simulation...........ccccceeene..
Christian Scheibe, Michael Richter, Alexander Raab, Benedikt Stopfer, Gert Mehlmann

Decentralized Microgrid Control "beyond DIoop".........cccveruieiieiieieeiesierieee et
Marko Vekic, Ivana Isakov, Milan Rapaic, Stevan Grabic, Ivan Todorovic, Vlado Porobic

Fractional Modeling and Analytic Solution of Supercapacitor RESpOnSse .........cccceevveeerieiciieeciieiiieeiie e
Kristina Milic, Stevan M. Cveticanin, Nikola Vukajlovic, Dragan Milicévic, Marina Subotin,
Dragan Pejic

Application of Shunt Active Power Filters in Active Distribution NetWorks ...........cccceveveneneniinneenienenenenn
Mario Primorac, Zvonimir Klaic, Matej Znidarec, Josip Job

Author Index





