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1 Executive Summary

1.1 Abstract and Description

This report summarizes the second GOTOTWIN workshop, held on December 3—4, 2025, in
Ljubljana, Slovenia, hosted by the project partner Jozef Stefan Institute. The workshop actually
comprised two events, both conducted under Work Package 2 (WP2) of the Interreg IPA ADRION
GOTOTWIN project.

The first event took place on December 3, when the project organized an open technical
GOTOTWIN Workshop on Digital Twins for the Energy Transition with a number of invited
stakeholders and related projects. This event was planned both to disseminate the achievements
of the GOTOTWIN project and start preliminary networking and engagement activities with the
stakeholders as well as to give the stakeholders an opportunity to present their related ongoing
projects and activities. Overall, this event featured 18 invited presentations from industry and
academia structured in 4 sessions, presenting the activities and achievements of more than 20
past and ongoing research and development projects and activities.

The second event held on December 4 was actually a Mid-term hands-on digital twin platform
implementation workshop as part of the Activity 2.2 in WP2 and closed to project partners only.
This workshop was aimed at detailed status update on the implementation of the GOTOTWIN
digital twin platform and a hands-on session for the participating partner representatives focused
on the integration of renewable energy systems from the living labs into the GOTOTWIN digital
twin platform, giving them an opportunity to get acquainted with the selected open-source
modules and explore real-time data acquisition, supported communication protocols and
visualization workflows.

Through lively discussions and interactions both workshop events offered valuable insights and
helped identifying new opportunities and challenges for collaboration both between project
partners and with external stakeholders, thus setting the ground for the upcoming project
activities in WP2 and WP3.
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1.2 Agenda of 1%t Day

Workshop on Digital Twins
for the Energy Transition

Jozef Stefan Institute, Jamova 39, Ljubljana, SI-1000, Slovenia
Location: Meeting room af Teslova 30 (3 minutes walk from JSI)
& online via ZOOM (https://zoom.us/i/93632283986)

Date: 3< December, 2025

Time: 9:00 CET

Workshop Program

L Introduction to the workshop: objectives, and expected outcomes
Mihael Mohor¢ié (I51) & Zivko Kokolanski (Ss. Cyril and Methodius University in Skopje,
North Macedonia)

- 11:0(

B Advancing Renewable Energy in the Adriatic lonian Region through the Use of Digital Twins
Zivko Kokolanski (Ss. Cyril and Methodius University in Skopje, North Macedonia)
B Transmission network Energy testing facilities and Regulatory Sandboxes (EnerTEF)

Matija Cankar (JoZef Stefan Institute, Slovenia)

[ The Digital Twin of the Slovenian Power System for Dynamic Security Assessment
Matjaz Skrlec (University of Ljubljana, Slovenia)

L Predictive modelling and optimization for energy transition [SEEDS project]
Martin Znidar$i¢ (JoZef Stefan Institute, Slovenia)

2 EVAEU - Electric Vehicles Management for carbon neutrality in Europe
Matej Zajc & Tim Marentic (University of Ljubljana, Slovenia)

11:00 - 11:15 | Coffee break

1:15-13:00 [ Session 2

Branko Blanusa, University of Banja Luka, Bosnia and H

[ Grids for the Next Generation
Filip Rzharov (POWER VIEW, North Macedonia) - Remote
B Prediction and feature extraction of EV charging sessions
Amadej Pavsic (Iskraemeco, Slovenia)
B SmartEAM — Development of an Analytical and loT Solution for Transformer Condition
Monitoring
Tijas-Tugo Strbenc, Lenart Ribnikar (Elektro Gorenjska, Slovenia)
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& i-Stentore industrial case for innovative energy storage
Klara Sparlek (Steklarna Hrastnik, Slovenia)

] Powering the Future Grid: DSO Insight from EU Projects
Ursula Krisper (Elektro Ljubljana, Slovenia)

13:00 — 14:00 | Lunch & networking break

® Q-V Power Plant Digital Twin
Anita Mijajlovic (Electrical Engineering Institute Nikola Tesla, Serbia) - Remote

& Modelling, optimization and control of hydrogen-based power supply system for residential
buildings

Matic Rutnik (JoZef Stefan Institute, Slovenia)

a Digital twins for dynamic limits in electricity transmission systems
Miha Rot (loZef Stefan Institute, Slovenia)

B Flexibility management in energy grids: use cases and pilots
Dusan Gabrijelé¢i¢ (JoZef Stefan Institute, Slovenia) - Remote

vi deiDiria
n 4: Digi

] Intelligent Control Strategies for Energy Communities: What Reinforcement Learning Brings
to the Table
Jernej Hribar (JozZef Stefan Institute, Slovenia)

B Cross-vector optimizer for transition toward Positive Energy District (InterPED project)
Igor Jovanovic (Institute Mihajlo Pupin, Serbia)

-] STREAM: Building the Flexibility Ecosystem for Low-Voltage Grids
Jan Jeriha (University of Ljubljana, Slovenia)

] ENPOWER & DEDALUS: Data-Driven Energy Communities and Residential Demand
Response
Klemen Bregar (ComSensus, Slovenia)

16:45 — 17:00 | Discussion and wrap-up

19:30 | GoToTwin project dinner in Ljiubljana
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1.3 Agenda of 2" Day

WP2 Mid-term hands-on digital twin
platform implementation workshop

Location: Jozef Stefan Institute, Jamova 39, Ljubliana, SI-1000, Slovenia
Date: 4 December, 2025
Time: 9:00 CET

Agenda details

-1

9:00—9:15 | Welcome & Introduction [JSI & FEEIT]

® Opening remarks
® QOverview of the workshop objectives and expected outcomes

9:15 - 9:45 | GoToTWIN Digital Twin Platform — Implementation Status (30 min)

® Qverview of the current architecture and implementation status
® Introduction to key open-source modules for Digital Twin development: Ditto, Kafka, Grafana

9:45 - 10:15 [ Eclipse Hono Module — Connectivity and Data Ingestion (30 min)

® QOverview of MQTT and HTTP interfaces for device communication
® JSON object definition
® Demonstration of Python integration using the Eclipse Paho client

10:15 - 10:45 | FEEIT Solar Power Plant Integration into the Digital Twin Platform (30 min
I q { J [

8 Overview of the FEEIT solar power plant infrastructure

® Integration of the metrological infrastructure into the DT platform
® Integration of external meteorological data sources

8 End-to-end data flow within the complete Digital Twin system

# Outcome: Participants will gain a comprehensive understanding of the GOTOTWIN digital twin
platform architecture, its integration with open-source modules (Ditto, Hono, Kafka, Grafana), and the
complete data flow from FEEIT's solar power plant and metrological systems within the digital twin
environment.

10:45 - 11:00 | Coffee Break
11:00- 13:00 | Digital Twin platform implementation workshop

A practical, hands-on session dedicated to the integration of renewable energy systems into the
GOTOTWIN digital twin platform. Participants will explore real-time data acquisition, communication
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protocols, and visualization workflows using the selected open-source modules. An experimental dataset
from solar power plant will be provided for testing and demonstration purposes.

Learning objectives:
= Understand the data flow between physical assets and the digital twin environment
= Configure MQTT and HTTP communication via Eclipse Hono and Paho libraries
= Implement Python scripts for device-to-cloud integration
= Visualize and analyse energy system data within the platform

Required equipment:
® Personal computer or laptop with Python 3.x installed
8 Eclipse Paho library for MQTT communication
® Stable internet connection
® (Optional) Access credentials to the own living lab infrastructure

13:00 - 14:00 | Lunch

10p continuation & Action Plan & Next Steps for WP2

-] Continuation of hands-on session (as needed)
B Overview of WP2 status and progress — FEEIT
® Joint definition of an action plan and implementation timeline — All Partners
-] Key takeaways and prioritization of next steps
0

utcome: A structured action plan with clear tasks and deadlines.

14:45 - 15:00 | Summary & Closing Remarks

B Recap of key workshop outcomes

0 — 16:45 | Consortium meeting

L] Progress review and planning of Work Packages
[ ] WP2 — FEEIT
] WP3 - UNIZGFER
[ ] WP4 - UOWM

= Quality assurance and control activities

-] Evaluation of project visibility and communication efforts

2] Planning of upcoming activities and next steps
16:45-17:00 | Summary & Closing Remarks

[ Recap of key consortium meeting outcomes
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1.4 Workshop Flier

- g:ig interreg [l =t vee | coTOTWIN
efan
.. Institute IDA ,orion

GoToTwin Workshop on
Digital Twins for the Energy Transition

As the world moves away from fossil fuels, the clean energy transition demands a large-scale deployment
of renewable energy sources, supported by technological innovation and forward-looking regulatory
frameworks. To achieve this, new tools and methods are essential for optimizing the planning,
implementation, and management of renewable energy systems and their seamless integration into electric
power networks.

Digital twins have emerged as a transformative technology for enhancing the efficiency, resilience, and
sustainability of renewable energy systems. By combining digital twin technology with artificial intelligence
and the Internet of Things, it becomes possible to create dynamic virtual representations of complex
systems—enabling real-time monitoring, virtual simulations, and predictive analyses of performance. This
integration empowers stakeholders to model the incorporation of renewable energy sources into existing
grids, identify potential challenges, and optimize operational strategies. Moreover, digital twins can support
infrastructure planning, predictive maintenance, and cost reduction while improving overall system
reliability. Beyond technical benefits, they also offer critical insights into balancing intermittent sources such
as wind and solar energy, and can facilitate cross-border cooperation by modelling regional energy flows.

This event aims to bring together stakeholders and ongoing projects from Slovenia and the wider Adriatic-
lonian region who are engaged in—or stand to benefit from—advances in digital twin technologies for the
energy sector. Participants will gain insight into the current state of development, strategic objectives, and
emerging opportunities, while contributing to discussions on open challenges spanning technology,
regulation, and real-world implementation.

The workshop will take a hybrid form at JozZef Stefan Institute, Ljubljana, Slovenia and online via ZOOM on

December 3, 2025, and will host a number of invited presentations from related projects and stakeholders.

The workshop is organized by the Interreg IPA ADRION project GOTOTWIN “Advancing Renewable Energy

in the Adriatic lonian Region through the Use of Digital Twins”.
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1.5 Invitation

e° g‘:::;’,, interreg - o B union | GOTOTWIN
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GOTOTWIN

Advancing Renewable Energy in the Adriatic lonian

Region through the Use of Digital Twins

Ljubljana, Slovenia
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Workshop on Digital Twins
for the Energy Transition

Jozef Stefan Institute, Jamova 39, Ljubljana, SI-1000, Slovenia
Location: Meeting room at Teslova 30 (3 minutes walk from JSI)
& online via ITOOM (https://zoom.us/i/93632283986)

Date: 3 December, 2025

Time: 9:00 CET

Workshop Program

09:00 - 9:10 | Welcome & Introduction

. Introduction to the workshop: objectives, and expected outcomes
Mihael Mohoréi (J51) & Zivko Kokolanski (Ss. Cyril and Methodius University in Skopje,
North Macedonia)

09:15 - 11.00 [ Session 1: Projects on digital twins in the energy domain

[ Advancing Renewable Energy in the Adriatic lonian Region through the Use of Digital Twins
Zivko Kokolanski (Ss. Cyril and Methodius University in Skopje, North Macedonia)

[ Transmission network Energy testing facilities and Regulatory Sandboxes (EnerTEF)
Matija Cankar (Joief Stefan Institute, Slovenia)

[ The Digital Twin of the Slovenian Power System for Dynamic Security Assessment
Matjaz Skrlec (University of Ljubljana, Slovenia)

. Predictive modelling and optimization for energy transition [SEEDS project]
Martin Znidarsi¢ (Joief Stefan Institute, Slovenia)

] EVA4EU - Electric Vehicles Management for carbon neutrality in Europe

Matej Zajc & Tim Marenti¢ (University of Ljubljana, Slovenia)

11:00-11:15 | Coffee break

1:15— | Session 2; Adoption of digital twin technologies in the energy doemain
L] Grids for the Next Generation
Filip Rzharov (POWER VIEW, North Macedonia) - Remote
[ Prediction and feature extraction of EV charging sessions
Amadej Pavsic (Iskraemeco, Slovenia)
- SmartEAM — Development of an Analytical and loT Solution for Transformer Condition

Monitoring

Tijas-Tugo Strbenc, Lenart Ribnikar (Elektro Gorenjska, Slovenia)
[ i-Stentore industrial case for innovative energy storage

Klara Sparlek (Steklarna Hrastnik, Slovenia)
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L] Powering the Future Grid: DSO Insight from EU Projects
Ursula Krisper (Elektro Ljubljana, Slovenia)

13:00 - 14:00 | Lunch & networking break

[invited presentation of projects integrating and utilizing digital twins in energy (DTe)]

L] Q-V Power Plant Digital Twin
Anita Mijajlovi¢ (Electrical Engineering Institute Nikola Tesla, Serbia) - Remote

[ ] Modelling, optimization and control of hydrogen-based power supply system for residential
buildings

Matic Rutnik (Jozef Stefan Institute, Slovenia)

[ Digital twins for dynamic limits in electricity transmission systemns
Miha Rot (JoZef Stefan Institute, Slovenia)

L] Flexibility management in energy grids: use cases and pilots
Dusan Gabrijel€ic (JoZef Stefan Institute, Slovenia)

25 — 16:45 | Session 4: Digital twin technologies for energy communities

L] Intelligent Control Strategies for Energy Communities: What Reinforcement Learning Brings
to the Table
Jernej Hribar (JoZef Stefan Institute, Slovenia)

L] Cross-vector optimizer for transition toward Positive Energy District (InterPED project)
Igor Jovanovi¢ (Institute Mihajlo Pupin, Serbia)

[ STREAM: Building the Flexibility Ecosystem for Low-Voltage Grids
Jan Jeriha (University of Ljubljana, Slovenia)

L] ENPOWER & DEDALUS: Data-Driven Energy Communities and Residential Demand
Response
Klemen Bregar (ComSensus, Slovenia)

20:00 | GoToTwin project dinner in Ljubljana

Project Acronym — GOTOTWIN
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WP2 Mid-term hands-on digital twin
platform implementation workshop

Location: Jozef Stefan Institute, Jamova 39, Ljubljana, SI-1000, Slovenia
Date: 4 December, 2025
Time: 9:00 CET

Agenda details

9:00-9:15 [ Welcome & Introduction [I5] & FEEIT]

® Opening remarks

® Qverview of the workshop objectives and expected outcomes

5 | GoToTWIN Digital Twin Platform = Implementation Status (30 min)

® Overview of the current architecture and implementation status
® |ntroduction to key open-source modules for Digital Twin development: Ditto, Kafka, Grafana

"

9:45-10:15 lipse Hono Module — Connectivity and Data Ingestion (30 min)

8 Overview of MQTT and HTTP interfaces for device communication
® ISON object definition
® Demonstration of Python integration using the Eclipse Paho client

10:15 — 10:45 | FEEIT 5olar Power Plant Integration into the Digital Twin Platform (30 min)

®  Overview of the FEEIT solar power plant infrastructure

® |ntegration of the metrological infrastructure into the DT platform
® |ntegration of external meteorological data sources

® End-to-end data flow within the complete Digital Twin system

# Outcome: Participants will gain a comprehensive understanding of the GOTOTWIN digital twin
platform architecture, its integration with open-source modules (Ditto, Hono, Kafka, Grafana), and the
complete data flow from FEEIT's solar power plant and metrological systems within the digital twin
environment.

10:45 - 11:00 | Coffee Break

11:00 - 13:00 | Digital

vin platform img 1entation workshop

A practical, hands-on session dedicated to the integration of renewable energy systems into the
GOTOTWIN digital twin platform. Participants will explore real-time data acquisition, communication
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protocols, and visualization workflows using the selected open-source modules. An experimental dataset
from solar power plant will be provided for testing and demonstration purposes.

Learning objectives:
= Understand the data flow between physical assets and the digital twin environment
* Configure MQTT and HTTP communication via Eclipse Hono and Paho libraries
* |mplement Python scripts for device-to-cloud integration
* Visualize and analyse energy system data within the platform

Required equipment:
® Personal computer or laptop with Python 3.x installed
® Eclipse Paho library for MQTT communication
® Stable internet connection
® (Optional) Access credentials to the own living lab infrastructure

13:00 — 14:00 | Lunch

: / Implementation v

rkshop continuation & Action Plan & Next Steps for WP2

Continuation of hands-on session (as needed)
Overview of WP2 status and progress — FEEIT
Joint definition of an action plan and implementation timeline — All Partners
Key takeaways and prioritization of next steps

O s = s @

utcome: A structured action plan with clear tasks and deadlines.

| Summary & Closing Remarks

L Recap of key workshop outcomes

L] Progress review and planning of Work Packages
WP2 - FEEIT
WP3 — UNIZGFER
WP4 - UOWM

[ ] Quality assurance and control activities

Evaluation of project visibility and communication efforts

Planning of upcoming activities and next steps

| Summary & Closing Remarks

L] Recap of key consortium meeting outcomes
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THE VENUE

Jozef Stefan Institute, Jamova 39, Ljubljana, Slovenia
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2 Abbreviations and acronyms

Abbreviation / Acronym Description

GOTOTWIN Advancing Renewable Energy in the Adriatic lonian
Region through the Use of Digital Twins

IPA ADRION Interreg Instrument for Pre-Accession Assistance
Adriatic-lonian

WP Work Package

HE Horizon Europe

MSCA Marie Skladowska Curie Action

RRP Recovery and Resilience Plan

RES Renewable Energy Sources

DSO Distribution System Operator

TSO Transmission System Operator

MQTT Message Queuing Telemetry Transport

Al Artificial Intelligence

loT Internet of Things

AMQP Advanced Message Queuing Protocol

HTTP Hypertext Transfer Protocol

0SS Open Source Software

JSON JavaScript Object Notation
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3 Objective/Aim

The objective of this report is to comprehensively document the organization and the
outcomes of the mid-term hands-on digital twin platform implementation workshop within the
framework of Activity 2.2 as well as the collocated technical GOTOTWIN Workshop on Digital
Twins for the Energy Transition as a preliminary engagement with invited stakeholders ahead of
more targeted capacity strengthening activities in WP3.

The primary goal of the mid-term workshop was to conduct initial hands-on integration with living
labs and establish strategies for successfully incorporating them into the transnational digital twin
platform. And the main goal of the technical workshop was to bring together GOTOTWIN partners,
stakeholders and ongoing projects from Slovenia and the wider Adriatic-lonian region who are
engaged in or stand to benefit from advances in digital twin technologies for the energy sector, in
order to disseminate the current status of the GOTOTWIN digital twin platform as well as to
identify related activities and needs of the stakeholders.

Specifically, this deliverable aims to:

e Support the integration of living labs in the GOTOTWIN digital twin platform by facilitating
initial hads-on expernience of technical experts with the platform and the dialogue on
further implementation steps and integration across borders under WP2.

e Establish and/or strengthen a bidirectional dissemination channel between the GOTOTWIN
project on one side and its stakeholders and related ongoing projects in the region on the
other side ahead of more dedicated activities planned under WP3.

e Further promote stakeholder inclusion and capacity building by engaging a diverse range
of participants from or related to the energy sector to share their activities, experiences
and/or needs with respect to digital twin technologies.
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4 GoToTwin Workshop on Digital Twins for the Energy Transition

The workshop started with opening remarks delivered by Prof. Dr. Mihael Mohor¢i¢, who
welcomed the project partners and external invited participants to the Jozef Stefan Institute (JSI)
in Ljubljana. In his opening remarks, Prof. Mohorci¢ highlighted the role the digital twin technology
along with Artificial Intelligence (Al) and the Internet of Things (IoT) is and will continue having in
the large-scale deployments of renewable energy sources (RESs) by enabling dynamic virtual
representations of complex systems that can support real-time monitoring, virtual simulations,
and predictive analyses of system performance. He furthermore expressed appreciation to the
attendees for their interest in the event organized by the GOTOTWIN project and readiness to
share the status of their respective projects and activities along with gained experiences and
identified requirements for further work. As such, the workshop represented not only an
important milestone for the project but also an important opportunity to establish and/or
strengthen cooperation among the GOTOTWIN partners and its stakeholders and at the same time
align efforts toward a shared vision for the digital twin development in the broader region.

Following the opening remarks, Prof. Dr. Zivko Kokolanski from University of Ss. Cyril and
Methodius in Skopje, North Macedonia, coordinator of the GOTOTWIN project, welcomed the
attendees also on behalf of the project and presented the objectives and expected outcomes of
the workshop, providing participants with a clear orientation to the agenda and the structure of
the sessions:

e Session 1: Projects on digital twins in the energy domain (moderated by Mario VraZié,
University of Zagreb, Croatia)

e Session 2: Adoption of digital twin technologies in the energy domain (moderated by
Branko Blanusa, University of Banja Luka, Bosnia and Herzegovina)

e Session 3: Digital twins for management of energy systems (moderated by Cedomir
Zeljkovi¢, University of Banja Luka, Bosnia and Herzegovina)

e Session 4: Digital twin technologies for energy communities (moderated by Valentina
Janev, Institute Mihajlo Pupin, Serbia)

4.1 Session 1: Projects on digital twins in the energy domain

The first technical session of the workshop was introduced by Prof. Dr. Mario Vrazi¢ from
University of Zagreb, who moderated the session comprising five invited talks presenting the work
in four international projects and one national Slovenian research project.

First, Zivko Kokolanski from Ss. Cyril and Methodius University in Skopje, North Macedonia,
presented the hosting project GOTOTWIN with its objectives and the work performed to date with
an emphasis on the design and implementation of the digital twin platform and models of
renewable energy sources.

Matija Cankar from JoZef Stefan Institute, hosting organization of the workshop, followed with a
presentation of the HE EnerTEF project, with a particular focus on the testing and experimentation
facilities covering different aspects of energy grids and power systems, also mentioning the
established catalogue of services to be available to the users of facilities, highlighting also the role
of the regulatory sandbox under development, potentially important aspect also for the
GOTOTWIN WP4.

The third presentation, given by Martin Znidarsi¢ also from Jozef Stefan Institute, was about the
HE project SEEDS with an emphasis on research activities concerned with predictive modeling and
optimization for energy transition, where Slovenian pilot is focusing on the provision of energy
flexibility of buildings and stability of the grid in connections with DSOs and TSOs.
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Matjaz Skrlec from University of Ljubljana followed with a presentation of the national applied
research project AI-ASSIST concerned with the development of dynamic stability assessment tool
supported by Al for the Slovenian TSO ELES.

The first session was concluded by the presentation of HE EVAEU project given by Tim Marentic¢
from University of Ljubljana, concerned with the challenges of integration of electrical vehicles
into the power grid, especially with the rising load demand on the grid and the need for greater
grid flexibility.

4.2 Session 2: Adoption of digital twin technologies in the energy

domain
The second technical session of the workshop was introduced by Prof. Dr. Branko Blanusa
from University of Banja Luka, who moderated the session with five invited talks presenting the
related activities in five stakeholders from the industry.

The session started with a remote presentation focusing on Power View tool for the energy grids
of the next generation given by Filip Rzharov from the North Macedonian company POWER VIEW.

The second presentation was given by Amadej Pavsic from Iskraemeco, focusing on prediction and
feature extraction of electrical vehicles’ charging sessions aimed at aggregated occupancy
forecasting whereby he showed data analysis and forecast results obtained from three distinctive
charging datasets from Portugal, Norway and United States.

Tijas-Tugo Strbenc and Lenart Ribnikar from Elektro Gorenjska, a Slovenian DSO, followed by the
presentation of activities on the development of an analytical and loT solution for transformer
condition monitoring SmartEAM aimed at calculation of asset health index (AHI) for distribution
transformers but also monitoring a number of other indices and operating parameters.

The fourth presentation on HE project i-STENTORE was given by Klara Sparlek from Steklarna
Hrastnik, focusing on the industrial use case for innovative energy storage in the form of a hybrid
regenerative glass furnace used in glass manufacturing process, requiring the development of a
representative furnace model, its inclusion in the flexibility platform via suitable interfaces and
integration with other models in the digital twin platform.

The final presentation in this session on the HE SENERGY NETS project investigating synergies
between electrical energy, district heating and cooling, and gas energy with the objective to
decarbonize the power sector was given by Ursula Krisper from Elektro Ljubljana, another
Slovenian DSO. She was focusing on the aspects of energy flexibility demonstrator developed in
an industrial area in Ljubljana and on the flexibility provision market platform where consumers
and aggregators can register flexibility resources for the use by DSO.

4.3 Session 3: Digital twins for management of energy systems

This technical session of the workshop was introduced by Prof. Dr. Cedomir Zeljkovi¢ from
University of Banja Luka, who moderated the session with four invited talks, two in person and
two remote, presenting the related research activities.

Anita Mijajlovi¢ from the Electrical Engineering Institute Nikola Tesla started the session with the
presentation on Q-V power plant digital twin developed as a realistic environment for training of
operators for reactive power-voltage control strategy in reactive power management along with
its main components and benefits.

The second presentation was given by Matic Rutnik from JoZef Stefan Institute with an emphasis
on modeling, optimization and control of hydrogen-based power supply system for residential
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buildings used as mid- to long-term energy storage to complement batteries which are used as
short-term energy storage.

The third presentation focused on digital twins for dynamic thermal limits in electricity
transmission systems was delivered by Miha Rot from JoZef Stefan Institute. In particular, he was
presenting models developed for transformers, overhead lines and local weather that were
initially developed for the Slovenian transmission operator ELES and integrated in its operational
grid monitoring systems.

Finally, Dusan Gabrijel¢i¢ and Davud Topalovi¢, also from Jozef Stefan Institute, presented the
research activities within the HE projects iFLEX, RESONANCE and INDEPENDENT with an emphasis
on a digital twin of a household with a heat pump used for flexibility management use cases and
pilots.

4.4 Session 4: Digital twin technologies for energy communities
The final technical session of the workshop was introduced by Dr. Valentina Janev from
Institute Mihajlo Pupin, who moderated the session with the last four invited talks.

Jernej Hribar from JoZef Stefan Institute started the session with a presentation on intelligent
control strategies for energy communities based on the use of reinforcement learning (RL) to
optimize the shared use of local resources including photovoltaics, batteries and electrical
vehicles, essentially based on research activities and insights from a HE MSCA project TimeSmart
and a national RRP Mobility project Timeliness.

The second presentation delivered by Igor Jovanovi¢ from Institute Mihajlo Pupin was focusing on
the activities in the international InterPED project, with the emphasis on an optimizer for cross-
vector power flows for the transition towards positive energy districts with net-zero annual energy
import and net-zero CO2 emissions.

Jan Jeriha from University in Ljubljana followed with a presentation on the HE STREAM project
concerned with flexibility ecosystem for low-voltage grids, estimating the value of flexibility
support on one hand for the DSO and on the other hand for the aggregators and consumers,
essentially managing assets and data, streaming flexibility to the market, and providing benefits
from the market back to end users.

The session was concluded by Klemen Bregar from ComSensus, an associated partner in
GOTOTWIN, with the presentation on data-driven energy communities and residential demand-
response, essentially reporting on research activities and outcomes of HE projects ENPOWER and
DEDALUS, with particular focus on the pilot sites, secure data collection using developed universal
secure gateway and the pre-aggregation platform providing data and services of energy
community to the aggregator.
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5 WP2 Mid-term hands-on digital twin platform implementation

workshop

The WP2 Mid-term hands-on digital twin platform implementation workshop started with
brief opening remarks by Prof. Dr. Mihael Mohor¢ic (JSI), followed by an overview of the workshop
agenda, workshop objectives and expected outcomes given by Prof. Dr. Daniel Denkovski (UKIM-
FEEIT). In particular, the aim of the workshop was for the participants to gain a comprehensive
understanding of the GOTOTWIN digital twin platform architecture, its integration with open-
source modules (Ditto, Hono, Kafka, Grafana), and the complete data flow from FEEIT’s solar
power plant and metrological systems within the digital twin environment before moving ahead
with a practical hands-on session dedicated to the integration of renewable energy systems into
the GOTOTWIN digital twin platform. In this part, participants were exploring real-time data
acquisition, communication protocols, and visualization workflows using the selected open-source
modules and pre-provided experimental dataset from solar power plant. To this end, the
workshop was structured in four sessions:

e GoToTWIN Digital Twin Platform — Implementation Status (prof. dr. Daniel Denkovski,
University of Ss. Cyril and Methodius in Skopje, North Macedonia)

e Eclipse Hono Module — Connectivity and Data Ingestion (Bodan Velkovski, University of Ss.
Cyril and Methodius in Skopje, North Macedonia)

e FEEIT Solar Power Plant Integration into the Digital Twin Platform (prof. dr. Zivko
Kokolanski, University of Ss. Cyril and Methodius in Skopje, North Macedonia)

e Hands-on Digital Twin platform implementation session (led by prof. dr. Daniel Denkovski
and Bodan Velkovski, University of Ss. Cyril and Methodius in Skopje, North Macedonia)

5.1 GoToTWIN Digital Twin Platform — Implementation Status

The first session was conceived as a comprehensive overview and technical update on the
current architecture and implementation status of the GOTOTWIN digital twin platform. It was
delivered by the WP2 leader, Prof. Dr. Daniel Denkovski (UKIM-FEEIT), who guided the participants
through the architectural evolution of the platform, its modular design principles, and the current
deployment status across partner infrastructures. The presentation clarified how the platform has
transitioned from conceptual design toward a functional, interoperable digital twin ecosystem
capable of supporting renewable energy use cases.

Following the overall architectural review, Prof. Denkovski introduced the key open-source
modules that form the technological backbone of the platform. He explained not only their
individual roles but also the way they interconnect to provide a scalable, secure, and extensible
digital twin environment.

Eclipse Hono was presented as the core connectivity layer responsible for secure device
onboarding and bidirectional communication. Serving as the entry point for loT devices, Hono
enables telemetry ingestion and command distribution while supporting multiple communication
protocols, including MQTT, AMQP 1.0, and HTTP. This multi-protocol capability ensures
adaptability across heterogeneous loT deployments, ranging from lightweight edge devices to
more complex industrial systems. Particular emphasis was placed on its multi-tenant architecture,
authentication mechanisms, and its integration with the messaging infrastructure.

Building on the device connectivity layer, Eclipse Ditto was introduced as the digital twin
abstraction module. Ditto provides a standardized API-based service that allows devices to be
represented as virtual entities—digital twins—independent of the underlying communication
protocol. Through its twin model, attributes, features, and state representations, Ditto enables
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higher-level interaction, state synchronization, and logical grouping of devices. This abstraction is
essential for implementing advanced monitoring, and simulation strategies within the GOTOTWIN
platform.

For data visualization and user interaction, Grafana OSS was highlighted as the primary tool for
transforming raw telemetry data into meaningful, real-time dashboards. Prof. Denkovski
demonstrated how customizable panels, dynamic queries, and alerting mechanisms enable
operators and researchers to monitor renewable energy assets interactively.

At the core of inter-module communication, Apache Kafka was presented as the central messaging
backbone of the platform. Kafka ensures reliable, high-throughput, and scalable distribution of
telemetry streams and twin-related events among platform components. The session emphasized
how Kafka enables event-driven processing, supports horizontal scaling, and ensures data
persistence for downstream analytics and historical evaluation.

5.2 Eclipse Hono Module — Connectivity and Data Ingestion

In the second session, Bodan Velkovski (UKIM-FEEIT) delivered a detailed and practice-
oriented presentation on connectivity and data ingestion within the GOTOTWIN digital twin
platform, placing particular emphasis on the practical use of MQTT and HTTP protocols for secure
data transmission toward the Eclipse Hono gateway.

The session began with a concise architectural overview of the communication layer of the
platform, explaining how field devices, edge nodes, and software clients interface with the cloud-
based digital twin infrastructure. Special attention was given to the role of the Eclipse Hono
gateway as the central device connectivity layer, responsible for authentication, protocol
adaptation, and reliable telemetry/event ingestion.

A substantial part of the presentation focused on demonstrating how devices can publish
telemetry data using:
e MQTT protocol (publish/subscribe model, QoS levels, topic structure, authentication
mechanisms),
e HTTP protocol (REST-based telemetry and event posting with proper headers and device
credentials).

Rather than remaining on a purely conceptual level, the session emphasized live, step-by-step
demonstrations:

e Configuration of device credentials and tenant information for Hono.

e Construction of properly formatted telemetry messages.

e Definition of JSON payload structures aligned with the digital twin data model.

e Real-time posting of telemetry data to the Eclipse Hono endpoint via:

o MAQTT publish operations,

o HTTP POST requests.

Verification of successful ingestion and message routing within the platform.

Particular attention was devoted to the structure of the JSON object used for transmitting
telemetry data. The presenter carefully explained how each message must be consistently
organized in order to ensure proper ingestion and interoperability within the GOTOTWIN digital
twin architecture. Emphasis was placed on clearly defining unique device identifiers to enable
traceability across the platform, as well as accurate timestamp fields to preserve temporal
integrity of the measurements. The structure of the measurement attributes was demonstrated
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through practical examples such as voltage, current, power, and temperature values, showing how
structured key—value pairs support scalable data analytics. In addition, the importance of
metadata fields was underlined, especially those required for semantic consistency, cross-
component compatibility, and smooth integration with downstream services within the
GOTOTWIN ecosystem.

The session concluded with a practical, hands-on Python integration demonstration using the
Eclipse Paho MQTT client. Participants were guided through the complete workflow, beginning
with the secure configuration of the MQTT broker connection, including authentication and
transport security parameters. The topic hierarchy was configured according to Eclipse Hono
conventions, illustrating how telemetry channels are structured within a multi-tenant
environment. Live message publishing was then demonstrated in real time, allowing participants
to observe how structured JSON payloads are transmitted and received by the gateway. Finally,
the demonstration included connection monitoring and basic error handling mechanisms, showing
how to manage reconnections, detect transmission failures, and ensure reliable communication
between devices and the digital twin platform.

5.3 FEEIT Solar Power Plant Integration into the Digital Twin Platform
The third session focused on the INNOFEIT Living Lab solar power plant hardware
infrastructure and its full digital integration, and was delivered by Prof. Dr. Zivko Kokolanski (UKIM-
FEEIT). Unlike a purely conceptual presentation, this session emphasized the real, operational
infrastructure installed at the INNOFEIT Energy Living Lab, which served as a concrete
demonstration environment and showcase implementation for the GOTOTWIN project partners.

Prof. Kokolanski began with an overview of the complete solar power plant architecture deployed
within the Living Lab. He explained the installed PV array configuration, nominal power ratings,
electrical topology, grid connection scheme, and protection mechanisms. Both static parameters
(installed capacity, module specifications, inverter ratings, measurement ranges) and dynamic
operational parameters (instantaneous power output, voltage and current levels, temperature
variations, irradiation profiles, and environmental conditions) were presented.

The focus then shifted to the key hardware modules and their measurable parameters,
highlighting how each physical asset was mapped into the digital twin platform:

e The InfiniSolar 10k inverter, providing real-time AC/DC conversion data including DC input
voltage/current, AC output parameters, active and reactive power, energy vyield, and
operational status indicators.

e The GQ12 power analyzer, enabling high-precision measurements of voltage, current,
frequency, power factor, harmonic distortion, and energy consumption/production at the
grid interface.

e Dedicated PV temperature sensors, capturing module-level thermal behavior critical for
performance ratio evaluation and efficiency assessment.

e A comprehensive meteorological weather station, including sensors for solar irradiation,
ambient temperature, relative humidity, wind direction, wind speed, and rainfall volume.

Particular emphasis was placed on the fact that all these physical devices are not simulated assets
but fully installed, calibrated, and continuously operating equipment within the INNOFEIT Living
Lab. Each device is connected through appropriate communication interfaces (RS-485, Modbus,
or analog outputs), integrated via data acquisition modules, and routed through the loT
connectivity layer into the GOTOTWIN digital twin infrastructure.
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In addition to local sensor data, Prof. Kokolanski also explained the possibility of integrating
external meteorological data sources, such as open weather APls. This hybrid approach allows
comparison between on-site measured data and regional forecasts, improving modeling accuracy
and enabling advanced digital twin scenarios such as yield prediction, anomaly detection, and
performance benchmarking. The session concluded with a structured explanation of the complete
end-to-end data flow within the digital twin ecosystem.

5.4 Hands-on Digital Twin platform implementation session

The last session of the workshop was dedicated to obtaining practical, hands-on experience
with the integration of example renewable energy systems into the GOTOTWIN digital twin
platform using pre-prepared dataset and scripts. Under the supervision of prof. dr. Daniel
Denkovski and Bodan Velkovski (UKIM-FEEIT), the participants explored the work with real-time
data acquisition, communication protocols, and visualization workflows using the selected open-
source modules and experimental dataset from the INNOFEIT Living Lab solar power plant. The
main objectives of this session were to understand the data flow between physical assets and the
digital twin environment, configure MQTT and HTTP communication via Eclipse Hono and Paho
libraries, implement or adapt Python scripts for device-to-cloud integration and gain initial
experience with visualization and analyzing energy system data within the platform.
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6 Conclusions

The second GOTOTWIN workshop held in Ljubljana on December 3—4, 2025 marked an
important milestone achieved by the Activity A2.2 within WP2, i.e. the first on-line operational
version of the GOTOTWIN digital twin platform for renewable energy systems in the Adriatic-
lonian region, serving as a starting point for the subsequent integration of digital twins of living
labs and potentially other renewable energy resources. The project decided to organize the
workshop in the form of two separate workshop events, one open towards project stakeholders
and one closed to project partners only.

The event open to public was themed “GOTOTWIN Workshop on Digital Twins for the Energy
Transition”, and was held on December 3, 2025 at Jozef Stefan Institute. It was aimed at the
dissemination of project activities and achievements towards stakeholders and starting
preliminary engagement with them ahead of Work Package 3 by giving them an opportunity to
present their related activities, projects and needs. In total this workshop comprised 18 invited
presentations from industry and academia, covering more than 20 past and ongoing research and
development projects and activities. In addition to networking between stakeholders this
workshop through lively discussions and interactions also provided an up-to-date overview of
activities and achievements in related projects and helped identifying new opportunities for
collaborating with or benefiting from the GOTOTWIN digital twin platform.

The closed event titled “WP2 Mid-term hands-on digital twin platform implementation workshop”
was organized at Jozef Stefan Institute on December 4, 2025. It was aimed at bringing together all
project partners to get familiar with the final platform architecture and building blocks, its
implementation and use. Its objective was for the participants to obtain the first hands-on
experience with the integration of renewable energy systems from the living labs into the
GOTOTWIN digital twin platform, thus facilitating the next phase of the project concerned with
actual integration of the INNOFEIT, SMART, IMP and EPLL Living Labs. The discussions throughout
the workshop highlighted the strong collaborative engagement of all partners and offered valuable
insights into the opportunities and challenges of integrating diverse infrastructures and
technologies.
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Remote attendance on Day 1 via ZOOM:

Filip Razharov (Power View)

® Anita Mijajlovi¢ (Electrical Engineering Institute Nikola Tesla)

Jasna Dragosevac (Electrical Engineering Institute Nikola Tesla)

® Petar Vinkovi¢ (Hrvatski operator prijenosnog sustava - HOPS)

® Dusan GabrijelCi¢ (JoZef Stefan Institute)

® Davud Topalovi¢ (Jozef Stefan Institute)

® Filip Grebenar (Hrvatski operator prijenosnog sustava - HOPS)
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7.2 Photos

Advancing Renewable
Energy in the Adriatic loniar
n through the Use of
 Digital Twins

Project Acronym — GOTOTWIN 26/39



Project Acronym — GOTOTWIN

N
interreg [ S5 GOTOTWI

1PA soaion

GOTOTWIN
: ital Twins

for the Energy Transit




28/39

Project Acronym — GOTOTWIN



Project Acronym — GOTOTWIN




Project Acronym — GOTOTWIN 30/39



Project Acronym — GOTOTWIN 31/39



