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1 Executive Summary 

1.1 Abstract and Description 
 
This report refers to the first GOTOTWIN workshop, held on May 15–16, 2025, in Kozani, Greece. 
The workshop focused on the integration of digital twin technology into the renewable energy 
sector, under the theme “Advancing Renewable Energy in the Adriatic-Ionian Region through the 
Use of Digital Twins.” Organized within the framework of the Interreg IPA ADRION Programme, 
the event brought together a diverse group of stakeholders, including policymakers, academics, 
engineers, local government representatives, and energy professionals. It was hosted at the ZEP 
campus and conducted under Work Package 2 (WP2) and Work Package 4 (WP4) of the 
GOTOTWIN project—specifically titled “Initial Digital Twin Platform Planning Workshop” and 
“WP4 Workshop on Identification of Policy,” respectively. 
 
Day one focused on the design and planning of the digital twin platform, including the selection of 
appropriate technologies, assessment of infrastructure needs (software and hardware), and the 
formulation of an implementation roadmap. Day two examined the broader policy landscape, 
highlighting legal and regulatory challenges faced by participating countries. Key issues discussed 
included cybersecurity, interoperability, data ownership, and stakeholder involvement. 
Presentations and roundtable discussions underlined the importance of regulatory harmonization, 
strong cybersecurity measures, and inclusive, transparent policymaking. 
 
The workshop concluded that, while participating countries have made notable progress in the 
digitalization of their energy sectors, further efforts are required to enhance policy coherence, 
attract investment, and improve stakeholder engagement. The insights gathered during the 
workshop will inform future recommendations and actions at both the regional and European 
levels. 
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1.2 Agenda of 1st Day 
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1.3 Agenda of 2nd Day 



Project Acronym – GOTOTWIN                                                                                                             5/39 
 

 



Project Acronym – GOTOTWIN                                                                                                             6/39 
 

1.4 Invitation   
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2 Abbreviations and acronyms  
 
 

Abbreviation / Acronym Description 

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

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

WP Work Package 

DT / DTs Digital Twin / Digital Twins 

ICT Information and Communication Technology 

RES Renewable Energy Sources 

DERs Distributed Energy Resources 

DSO Distribution System Operator 

TSO Transmission System Operator 

RAE Regulatory Authority for Energy 

SCADA Supervisory Control and Data Acquisition 

AI Artificial Intelligence 

IoT Internet of Things 

IoD Internet of Devices 

DR Demand Response 

EIA Environmental Impact Assessment 

GDPR General Data Protection Regulation 

NECP National Energy and Climate Plan 

S3 Smart Specialization Strategy 

EU European Union 

NIS2 EU Directive on measures for a high common 
level of cybersecurity (Directive (EU) 
(022/2555) 

LPDP Law on Personal Data Protection 

ISO/IEC 27001 International Standard for Information Security 
Management Systems 
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3 Objective/Aim  
 
 The objective of this report is to comprehensively document and analyse the outcomes of 
the first GOTOTWIN workshop and to provide strategic direction for advancing digital twin 
technologies in the renewable energy sector across the Adriatic-Ionian region, within the 
framework of Activities 2.1 and 4.1. 

The primary goal of the workshop was to support the integration of digital twin technologies into 
the renewable energy systems of the participating countries. Digital twins—real-time digital 
replicas of physical systems—serve as powerful tools for optimizing energy efficiency, forecasting 
demand, and managing energy infrastructure. 

Specifically, this deliverable aims to: 

 Support the technical development and planning of the GOTOTWIN digital twin platform by 

facilitating expert dialogue on architecture design, technology selection, infrastructure 

requirements, and implementation roadmaps under Work Package 2. 

 Identify and assess legal, regulatory, and administrative frameworks that affect the 

deployment of digital twin technologies for energy systems in partner countries, under the 

scope of Work Package 4. This includes analyzing key barriers such as cybersecurity risks, 

data governance challenges, and interoperability limitations. 

 Encourage policy harmonization and cross-border cooperation by highlighting regulatory 

inconsistencies and proposing actionable solutions aligned with EU directives and climate 

objectives. 

 Promote stakeholder inclusion and capacity building by engaging a diverse range of 

participants—government authorities, academic institutions, energy cooperatives, and 

community organizations—while fostering knowledge exchange and institutional 

readiness. 

 Produce evidence-based recommendations to guide future actions within the GOTOTWIN 

project and to contribute to broader European dialogues on the digitalization of the energy 

sector and the just energy transition. 
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4 Minutes 
 The workshop started with opening remarks delivered by Prof. Dr. Georgios Christoforidis, 
who warmly welcomed all participants to Kozani and extended greetings on behalf of the 
University of Western Macedonia (UOWM). In his address, Prof. Christoforidis highlighted the 
significance of hosting this event at UOWM, underlining the institution’s strong commitment to 
research, innovation, and cross-border collaboration in advancing digital transformation within 
the energy sector. He emphasized that the workshop represents not only an important milestone 
for the project but also an opportunity to strengthen cooperation among the partners and align 
efforts toward a shared vision for the digital twin development. 

Following the opening remarks, Prof. Dr. Zivko Kokolanski presented the objectives and expected 
outcomes of the workshop, providing participants with a clear orientation to the agenda and the 
structure of the sessions. He explained that the workshop had been carefully designed to ensure 
a systematic approach to finalising the digital twin platform planning, with discussions organized 
into four key segments: 

 Digital Twin Architecture based on identified requirements – focusing on consolidating 

architectural decisions to meet the needs collected from stakeholders. 

 Living Labs Infrastructure Overview – reviewing the facilities, capacities, and resources 

available across partner institutions to support the implementation. 

 Infrastructure Integration Planning – addressing interoperability, technological choices, 

and system integration strategies. 

 Action Plan & Next Steps for WP2 – defining the concrete responsibilities, and timeline for 

implementation. 

Prof. Kokolanski stressed the importance of active engagement from all partners throughout the 
workshop to ensure that the outputs would directly contribute to the successful development of 
the digital twin platform. The introduction set a collaborative and results-oriented workshop, 
establishing a shared understanding of the expected deliverables. 

4.1 Digital Twin Architecture based on identified requirements 
 The first technical session of the workshop was introduced by Prof. Dr. Daniel Denkovski, 
WP2 leader from FEEIT, who provided an in-depth presentation on the digital twin platform 
architecture. His contribution built upon the findings of WP1, where functional and non-functional 
requirements had been systematically identified and validated. 

4.1.1 Functional and nonfunctional requirements 
 Prof. Denkovski began by outlining the functional requirements that define the core 
capabilities of the GOTOTWIN platform. These ranged from data collection and sharing 
mechanisms (REQ-F-1 to REQ-F-3), through the harmonization of datasets (REQ-F-4, REQ-F-5), to 
advanced functionalities such as support for virtual power plants (REQ-F-6), model validation 
against real-world data (REQ-F-7), and AI/ML model integration for predictive maintenance and 
forecasting (REQ-F-8). Furthermore, he emphasized the importance of cross-border collaboration 
among stakeholders (REQ-F-10) and interoperability via standard data models and protocols (REQ-
F-12), both of which are critical for ensuring wide adoption and replicability of the GOTOTWIN 
ecosystem. The presentation then shifted to the non-functional requirements, which serve as the 
quality attributes of the platform. These included performance-related aspects such as low 
latency, scalability, and high availability (REQ-NF-1 to REQ-NF-5), as well as robust security, 
encryption, and access control mechanisms (REQ-NF-6 to REQ-NF-9). Prof. Denkovski further 
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underlined the need for compliance with EU regulations (REQ-NF-8, REQ-NF-15), and for ensuring 
auditability, documentation, and reporting (REQ-NF-10, REQ-NF-17, REQ-NF-18). Collectively, 
these non-functional requirements provide the foundation for a secure, reliable, and standards-
compliant digital twin infrastructure. 

4.1.2 Updated digital twin architecture 
 Building upon the identified requirements, Prof. Denkovski presented the updated digital 
twin architecture, developed as an outcome of WP2, guided based on the WP1 requirements. The 
architecture adopts a Kubernetes-based microservice approach, leveraging container approach for 
modularity, scalability, and fault tolerance. Kubernetes, as an open-source platform grounded in 
Docker technology, was introduced as the backbone of the system due to its ability to: 

 Automate deployment and scaling of applications, 

 Provide self-healing and load-balancing functionalities, 

 Facilitate service discovery, and 

 Ensure high availability and resilience of platform services. 

 

Fig. 1 Updated digital twin system architecture 

The image illustrates a digital twin platform designed for the monitoring, prediction, and 
optimization of renewable power plants. It combines IoT connectivity, simulation, predictive 
analytics, machine learning, and advanced visualization to create a comprehensive environment 
for managing renewable energy systems. This architectural choice directly addresses the 
requirements for interoperability, scalability, and continuous operation, while providing the 
flexibility to integrate diverse datasets, external services, and advanced AI/ML modules. Prof. 
Denkovski emphasized that the microservice paradigm not only improves maintainability but also 
enables seamless updates and extensions as the GOTOTWIN platform evolves. In the next part of 
the presentation, Prof. Denkovski explained in detail the role of each module in the updated 
architecture. 
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Data Sources 

The foundation of the platform lies in the continuous flow of information from diverse data 
sources. 

 Power plants are the physical assets—such as solar power plants, wind turbines, or hydro 

power plants - that generate energy. These assets constantly produce operational data, 

such as energy output, equipment status, and efficiency metrics. 

 Weather sensors complement this with environmental information, including 

temperature, humidity, solar irradiance, wind speed, wind direction, etc. Since renewable 

energy production is highly dependent on weather conditions, this data is crucial. 

 External data providers add another layer of intelligence by supplying weather forecasts 

and meteorological reports. These forecasts enable the system to anticipate conditions 

that could impact energy generation in the near future. 

IoT Gateway 

 The IoT Gateway serves as the bridge between the physical world and the digital twin. It is 
responsible for collecting data from both the power plants and the sensors. The data, structured 
in JSON format, is transmitted securely using protocols like HTTPS or MQTTS, ensuring reliability 
and security. By acting as the entry point, the gateway guarantees that the digital twin always 
receives fresh, real-time telemetry to reflect the actual state of operations. 

Digital Twin Manager 

 At the heart of the system is the Digital Twin Manager, which creates and maintains a 
dynamic digital representation of the physical power plants. This manager integrates real-time 
telemetry from the IoT Gateway with simulated and predictive outputs from other toolkits. It 
manages all attributes, features, and operational states of the twin, ensuring that the virtual model 
is an accurate, continuously updated reflection of its physical counterpart. Beyond acting as a 
mirror, the Digital Twin Manager also sends relevant information to visualization tools for user 
interpretation. 

Simulation Toolkit 

 The Simulation Toolkit introduces foresight into the platform. By processing external 
forecast data, it can simulate potential operating conditions of power plants under various 
scenarios. For example, it can estimate solar power output during cloudy conditions or wind 
energy production during seasonal shifts. The simulated data generated is returned to the Digital 
Twin Manager, enabling operators to test different scenarios and optimize plant performance 
ahead of time. 

Prediction Toolkit 

 While the Simulation Toolkit focuses on scenario testing, the Prediction Toolkit aims to 
forecast actual outcomes. It uses both historical data and features of the digital twin to generate 
insights such as expected power output, equipment health, and potential anomalies. The toolkit 
provides predictions and system states that enhance decision-making, enabling proactive rather 
than reactive management. Underlying its accuracy are machine learning models, trained offline, 
that allow it to detect subtle patterns and anticipate changes in operations. 
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ML Model Training 

 The machine learning models powering the Prediction Toolkit are developed using 
exported historical data. Training occurs offline to ensure robust model development without 
affecting live operations. Once trained, the models are deployed back into the Prediction Toolkit, 
where they improve forecasting of energy generation, maintenance requirements, and revenue 
streams. This creates a cycle of continuous improvement, as newer data can always be used to 
retrain models and refine predictions. 

Historical Data Storage 

 To support both learning and long-term analysis, the platform includes Historical Data 
Storage. This component archives telemetry, simulated outputs, predictions, and states of the 
digital twin over time. It is a valuable repository that allows operators to identify trends, conduct 
benchmarking, and detect anomalies. Just as importantly, it provides the raw material for machine 
learning model training, ensuring that the prediction capabilities grow stronger with each 
iteration. 

Visualizations (2D / 3D Models) 

 For operators and decision-makers, the complexity of data and analysis is transformed into 
intuitive visualizations. These can take the form of two-dimensional graphs—such as time series 
plots, dashboards, and key performance indicators—or three-dimensional digital twin models that 
represent the physical plants in a virtual space. Visualizations make it possible to monitor real-
time operations, compare simulated results with actual performance, and explore predictive 
outputs interactively. In doing so, they bridge the gap between data and actionable insight. 

Use Cases & Capabilities 

The combined power of these components supports a wide range of applications: 

 Continuous real-time monitoring of power plants through telemetry. 

 Predictive maintenance, identifying failures before they disrupt operations. 

 Forecasting of energy production and revenue, helping with financial planning and grid 

management. 

 Aggregation of distributed energy sources into virtual power plants for system-level 

optimization. 

 Immersive 3D visualization of digital twins, making complex systems easier to understand 

and manage. 

Workflow Summary 

The workflow of the platform can be summarized as follows: 

 Power plants and sensors feed data into the IoT Gateway, which delivers it to the Digital 

Twin Manager. 

 External forecasts are processed by the Simulation Toolkit and fed into the Digital Twin 

Manager as simulated scenarios. 

 The Digital Twin Manager interacts continuously with the Prediction Toolkit, Historical Data 

Storage, and Machine Learning modules, ensuring accurate insights. 

 Visualizations then present all live, simulated, and predicted data in ways that are 

accessible to operators and decision-makers. 
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In essence, this digital twin platform provides a holistic environment for the monitoring, 
simulation, prediction, and optimization of renewable power plants. By combining IoT, big data, 
machine learning, and visualization, it enables operators to make better-informed decisions, 
anticipate future outcomes, and ultimately enhance both the efficiency and reliability of energy 
production. 

Drawing on its prior work in digital twin–related projects, FEEIT has gained substantial experience 
with an Eclipse-based reference architecture that integrates multiple open-source components. 
This architecture, consisting of Eclipse Hono, Eclipse Ditto, Apache Kafka, InfluxDB, and Grafana, 
has provided a strong foundation for experimenting with IoT device connectivity, data 
management, digital twin modeling, and visualization. Therefore, Prof. Denkovski addressed the 
features of these components in the context of their potential exploitation for the realization of 
the digital twin platform. 

4.1.3 Eclipse Hono – IoT Connectivity and Messaging 
 Eclipse Hono serves as the core module for connecting IoT devices to the platform. Its 
flexibility lies in supporting multiple communication protocols, such as MQTT, AMQP 1.0, and 
HTTP, ensuring adaptability across diverse IoT deployments. Hono was particularly valuable for its: 

 Protocol adaptability, allowing heterogeneous devices to connect seamlessly. 

 Multi-tenancy support, organizing data and authentication by tenant, ensuring strict 

isolation and security for different user groups. 

 Security and authentication mechanisms, applying tenant-based models for device 

validation and safe data exchange. 

 Two-way communication, achieved through the Command & Control API, enabling not only 

telemetry ingestion but also sending commands back to devices. 

 Integration with Apache Kafka, which manages both internal and external communication 

channels, streaming telemetry and event data while ensuring scalable message handling. 

4.1.4 Eclipse Ditto – Digital Twin Framework 
 Eclipse Ditto can be employed as the digital twin abstraction layer, offering an API-based 
service to manage and interact with devices at a higher level of abstraction. Ditto’s functionality 
centers around: 

 State management – tracking the reported (last known), desired, and live (current) state 

of devices. 

 Device as a service approach, simplifying interactions with physical devices via digital twin 

APIs. 

 Integration with connectivity layers, such as Eclipse Hono or MQTT brokers (e.g., Eclipse 

Mosquitto), ensuring smooth data ingestion. 

Key features previously leveraged by FEEIT included: 

 Digital twin modeling, enabling the creation of structured virtual representations of IoT 

devices. 

 Event-driven processing, ensuring real-time responsiveness and scalable asynchronous 

interactions. 

 Granular access control, providing secure, policy-based permissions for twin interactions. 
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 Flexible API connectivity, offering REST, WebSocket, AMQP, and Kafka interfaces for 

backend system integration. 

 Standardized data representation, supporting JSON-LD and ontologies for interoperability. 

4.1.5 InfluxDB2 OSS – Time-Series Data Management 
 For storing and analyzing high-frequency sensor data, GOTOTWIN can exploit InfluxDB2 
OSS, an open-source time-series database optimized for IoT workloads. Its strengths include: 

 High-speed ingestion and querying, capable of handling millions of data points per second 

with minimal latency. 

 Optimization for metrics, events, and logs, making it suitable for storing energy production 

and environmental data. 

 Telegraf integration, enabling the collection of metrics from multiple systems and 

forwarding them into InfluxDB. 

 Automated retention policies, allowing lifecycle management of data while optimizing 

storage usage. 

 Seamless integration with Grafana, using InfluxDB as a data source for visualization and 

supporting Flux query language for advanced analytics. 

4.1.6 Grafana OSS – Visualization and Analytics 
 To transform data into real-time visualization, and monitoring dashboards, a Grafana OSS 
can be used: 

 Customizable dashboards, enabling interactive and dynamic visualization of live metrics. 

 Multi-source data integration, with the ability to connect InfluxDB, Prometheus, SQL 

databases, and JSON endpoints. 

 Alerting capabilities, with notifications via Slack, email, and other channels for proactive 

system monitoring. 

 Role-based access control, ensuring secure collaboration among multiple stakeholders. 

Advanced query builders and scripting, supporting languages like PromQL, Flux, and SQL for 
flexible analysis. 

 The presentation of Prof. Denkovski concluded with an engaging discussion among 
participants, during which several critical questions were raised. These questions highlighted the 
complexity of the upcoming tasks and will be subject to deeper analysis and resolution as the 
project progresses: 

What infrastructure will be integrated in GOTOTWIN? 

Partners emphasized the need to define the scope of infrastructure integration across different 
Living Labs and partner sites, ensuring alignment with the functional and non-functional 
requirements already identified. 

How will AI/ML pipelines be integrated into the system? 

Discussions centered around the technical pathways for embedding machine learning and 
predictive analytics within the digital twin architecture, including requirements for data 
preprocessing, model training, and real-time inference. 

How will simulated power plants be developed and integrated? 
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Questions arose regarding the methodologies for creating realistic simulation environments of 
power plants, as well as the mechanisms for synchronizing their outputs with live operational data 
in order to validate scenarios and support replicability. 

How can external data sources, such as weather forecasts and market stock data, be integrated? 

The importance of external datasets was highlighted, particularly for improving forecasting 
accuracy and enabling more realistic simulations of energy market dynamics. 

While no final conclusions were drawn at this stage, the discussions demonstrated a shared 
understanding of these challenges as pivotal for the success of WP2. It was agreed that the topics 
will be revisited in upcoming technical meetings, where detailed solutions and integration 
strategies will be proposed. 

4.2 Living Labs infrastructure overview 
 The second part of the workshop shifted focus from architecture to the practical 
infrastructure resources available within the consortium, with a particular emphasis on Living Labs 
dedicated to renewable energy technologies and advanced measurement systems. This session 
aimed to provide a structured overview of the partner institutions’ facilities, highlighting their 
technical capabilities, available datasets, and relevance for potential integration into the 
GOTOTWIN platform. 

Each partner was invited to present their Living Lab infrastructure in a dedicated 15-minute slot, 
offering insights into how their respective environments can contribute to the development and 
validation of the digital twin platform. The following presentations were delivered: 

 INNOFEIT Living Lab 

 SMART Living Lab 

 Energy Platform Living Lab 

 IMP Testbed 

The outcome of this segment was to establish a clear overview of the available infrastructures and 
their respective datasets, enabling the consortium to identify potential synergies and integration 
points. This collective mapping of resources ensures that the GOTOTWIN platform will build upon 
real-world, operational environments where renewable energy technologies can be tested, 
validated, and demonstrated. 

4.2.1 INNOFEIT Living lab 
 The first presentation in this session was delivered by Prof. Dr. Zivko Kokolanski on behalf 
of the Center for Technology Transfer and Innovations – INNOFEIT, an autonomous legal entity 
within the Faculty of Electrical Engineering and Information Technologies. Established in 2018, 
INNOFEIT has become a central hub for innovation, supporting collaboration between academia 
and industry and strengthening FEEIT’s international profile in research and development. A 
recent milestone was the establishment of the INNOFEIT Living Lab, supported by the Ministry of 
Economy in 2025. The Living Lab is conceived as an open innovation ecosystem, where research, 
companies, and users jointly test and validate smart energy solutions in real-life conditions. Unlike 
conventional laboratories, the Living Lab emphasizes the Quadruple Helix Model (citizens, 
government, industry, academia) to ensure that technological developments are relevant, 
scalable, and aligned with societal needs. 

Infrastructure Overview 

The Living Lab spans 500 m² of research and demonstration space, featuring offices, an IoT lab, 
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meeting facilities, and a multifunctional events area. Its infrastructure is grouped into three 
domains: 

Energy Infrastructure 

 30 kW solar power plant (three 10 kW segments). 

 100 kWh battery storage system. 

 EV charging station (2 × 12 kW). 

Heating and Cooling Systems 

 Heat pump with 9.5 kW heating and 8.5 kW cooling capacity. 

 Two 500-liter buffer tanks. 

 Central water heating system for experiments. 

Monitoring and Control 

 PLCs and automation systems. 

 Sensors for temperature, humidity, occupancy, and lighting. 

 Weather station for real-time meteorological data. 

 Dedicated digital twin server for data integration and simulation. 

Experimental Scenarios and Digital Twin Integration 

 The digital twin component is a defining feature of INNOFEIT Living Lab, enabling 
simulation, predictive control, and remote experimentation. This capacity allows both local and 
international researchers to test scenarios in a safe and controlled virtual environment, closely 
mirroring real-life conditions. Highlighted experimental scenarios include: 

 Smart building energy management (automation of heating, cooling, and lighting). 

 Integration and optimization of renewable energy sources and storage. 

 Assessment of electric vehicle charging impacts on local grids. 

 Modeling of user behavior and its influence on energy efficiency. 

Relevance to GOTOTWIN 

 The INNOFEIT Living Lab provides a fully operational test environment directly applicable 
to the GOTOTWIN project. By combining physical assets with digital twin tools, it enables testing 
of interoperability, validation of energy efficiency strategies, and development of replicable smart 
energy management models. Importantly, it supports remote access and collaboration, allowing 
partners from across the Adriatic-Ionian region to engage in experimental scenarios and co-create 
solutions. Prof. Dr. Kokolanski concluded that the INNOFEIT Living Lab represents both a local 
innovation hub and a regional integration platform, where digital twin technologies can be 
developed and validated in synergy with the broader project objectives. 

4.2.2 SMART Living Lab 
 The second presentation in the session was dedicated to the SMART Living Lab of the 
University of Western Macedonia (UOWM). The presentation was given by Dr. Stavros Filippidis, 
who provided an in-depth introduction to the laboratory’s facilities, infrastructure, and research 
focus. The SMART Living Lab represents one of the most comprehensive testbeds in the region, 
combining residential buildings, distributed prosumer sites, and advanced laboratory facilities for 
smart grid and renewable energy integration research. 
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The Living Lab is centered around a main building, the student dormitories of the UOWM campus 
in Kozani, complemented by a network of dispersed prosumers and other public buildings (over 
19 installations) across Western and Central Macedonia, Greece. This unique configuration 
enables experimentation both in a controlled environment and under real-world operational 
conditions. Since UOWM is a public institution, there is significant flexibility for deploying diverse 
equipment, piloting innovative technologies, and involving stakeholders in collaborative projects. 

The Smart Living Lab’s activities are focused on several core objectives, including: 

 Establishing multi-actor ecosystems at local, regional, and national levels, based on the 

quadruple and quintuple helix model. 

 Education and training initiatives, supported by both physical and virtual laboratory 

environments. 

 Social innovation experiments involving students as active participants. 

 Operation of an online database with over 1200 energy-related and air-quality metrics. 

 Development of energy management algorithms for efficient operation of buildings and 

distributed energy resources. 

Piloting activities targeting the optimal integration of renewable energy, with a strong emphasis 
on photovoltaic systems in the built environment. 

Main Infrastructure and Facilities 

The student dormitory building serves as the central hub of the Living Lab. Covering 4212 m² of 
total structured area, the facility includes 190 single rooms, offices, storage and laundry spaces, 
and a specialized control room dedicated to the Living Lab. Equipment deployment began in 2017 
and has been continuously expanded through successive research projects. 

The building and associated infrastructure host a diverse portfolio of installed technologies, 
including: 

 Rooftop PV system of 35.22 kWp. 

 Battery Energy Storage System (BESS) of 31.9 kWh. 

 Three hybrid DC/AC converters of 10 kVA. 

 EV charging station of 22 kW. 

 More than 140 smart meters and plugs. 

 Power analyzers on six main feeding panels. 

 A comprehensive meteorological station. 

 Over 70 distributed temperature and humidity sensors. 

In addition, the Laboratory of Electric Power Systems is integrated into the Living Lab 
infrastructure, providing advanced research capabilities through: 

 A Superconducting Magnetic Energy Storage (SMES) system. 

 DC/DC and DC/AC converters. 

 PV and grid simulators. 

 DC and AC programmable electronic loads. 

 Synchronous and inductive machines. 

 Monitoring and Data Sources 

The SMART Living Lab has implemented a robust data acquisition and monitoring system, 
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supported by a dedicated server and custom-made software, accessible through the SMART portal 
(https://smart.ece.uowm.gr/). The system supports: 

 Centralized collection and archiving of measurement data. 

 Dataset downloading for research and analysis. 

 Real-time visualization of measurements. 

 Integrity monitoring of the data collection process, with email notifications in case of faults 

or device disconnections. 

The data infrastructure integrates multiple sources, such as: 

 Smart plugs and power meters (providing >1200 electrical metrics). 

 Raspberry Pi sensors monitoring temperature and humidity at strategic points. 

 Thermal energy meters for heating supply monitoring. 

 Data streams from PV inverters, BESS, and EV chargers. 

 Meteorological data, including irradiance, rainfall, wind speed, temperature, and humidity. 

 Indoor environmental quality sensors (under installation) measuring CO₂, brightness, and 

air quality parameters. 

 In his conclusion, Dr. Stavros Filippidis emphasized that the SMART Living Lab constitutes 
an advanced, real-world testbed for smart grid, renewable energy, and building energy 
management research. 

4.2.3 Energy Platform Living Lab 
 The third presentation in the Living Labs session was delivered by Prof. Dr. Mario Vrazic, 
who provided an overview of the Energy Platform Living Lab (EPLL), an independent non-profit 
association dedicated to promoting sustainable energy solutions in Southeast Europe. EPLL 
operates through a collaborative network of utilities, industries, agencies, and academic 
institutions, aiming to create bespoke approaches to territorial sustainable development that 
integrate local communities, research institutions, and the real economy. 

Prof. Dr. Vrazic highlighted that the lab addresses the urgent environmental, social, and economic 
challenges facing the region. With rising climate risks, energy insecurity, and demographic shifts, 
EPLL positions itself as a proactive platform to translate digital innovation and research insights 
into tangible actions for green transition and resource optimization. The lab emphasizes that 
timely interventions can reduce ecological footprints, improve resource circularity, and promote 
social equity, aligning with broader European sustainability goals, including the UN 2030 Agenda. 

At its core, the EPLL promotes the development of sustainable and smart communities. A 
sustainable community, according to EPLL, is one that meets the needs of its current population 
while respecting future generations, ensures inclusivity, fosters local economic development, and 
promotes safety, connectivity, and social cohesion. The lab leverages the smart community 
concept by using knowledge and innovation to enhance quality of life, optimize resource use, and 
expand opportunities for all citizens. 

EPLL follows a structured innovation cycle in which opportunities are identified through 
stakeholder engagement, creative solutions are co-designed with end-users, and implementations 
are validated and scaled. Examples include strategic energy planning for Istria County, where EPLL 
tailored solutions to local conditions and is actively supporting implementation, as well as ongoing 
initiatives in Primorje – Gorski Kotar County. Primary stakeholders include local communities, 
regional authorities, and businesses, ensuring that activities are grounded in real-world needs and 
actionable outcomes. 

https://smart.ece.uowm.gr/
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EPLL’s governance involves collaboration across three academic institutions: 

 Faculty of Engineering, Rijeka, Croatia 

 Faculty of Electrical Engineering & Information Technologies, Skopje, North Macedonia 

 Faculty of Mechanical Engineering, Computing and Electrical Engineering, Mostar, Bosnia 

and Herzegovina 

The governance is funded via project budgets, with 20% of each project’s funds allocated to the 
Living Lab for operational costs. The board of directors meets at least annually and currently 
consists of six members, while the assembly of the Living Lab comprises six institutional 
representatives, soon expanding to include three additional long-standing contributors. This 
structure ensures both strategic oversight and active involvement of stakeholders in guiding EPLL’s 
activities. 

EPLL focuses on enabling the green energy transition in Croatia and the broader Southeast Europe 
region. The lab facilitates knowledge and technology transfer, particularly in energy efficiency, 
renewable energy integration, and sustainable territorial development. Its infrastructure and 
expertise support the co-design, prototyping, and deployment of tailor-made energy solutions, 
combining digital tools, stakeholder collaboration, and strategic planning. The lab also emphasizes 
connectivity with European Living Labs networks, fostering collaboration, exchange of best 
practices, and participation in EU-wide projects. This integration allows EPLL to remain at the 
forefront of sustainable energy research, while also contributing to practical local 
implementations that enhance resilience, efficiency, and social well-being. 

In his conclusion, Prof. Dr. Mario Vrazic emphasized that the Energy Platform Living Lab represents 
a strategic hub for sustainable energy innovation in Southeast Europe. By combining academic 
expertise, local governance, and industry engagement, EPLL provides a platform to develop, 
implement, and scale practical solutions for renewable integration, energy efficiency, and 
sustainable community development. 

4.2.4 IMP Testbed 
 The final presentation of the Living Labs session was delivered by Dr. Valentina Janev, who 
introduced the IMP Testbed at the Institute Mihailo Pupin, a leading Serbian R&D institution in 
information and communication technologies. Located in Belgrade, Serbia, IMP is the largest and 
oldest research institute of its kind in Southeastern Europe, with a campus-like structure 
comprising multiple buildings and centralized energy infrastructure. 

The IMP R&D campus spans approximately 14,500 m² of indoor space (offices, laboratories, 
workshops, and storage) and 17,500 m² of outdoor area (parking and exhibition spaces). The site 
includes a multi-carrier energy system, consisting of: 

 Electricity supply from the public grid via a low-voltage substation (0.4 kV/220 V). 

 Photovoltaic Power Plant (PVPP): 50 kWp capacity from 180 rooftop solar panels installed 

in 2014. 

 Heat supply from a local thermal plant with two fuel-oil powered steam boilers (2 × 1 

MWt), supplemented by three electric boilers (3 × 24 kW). 

 Cooling through distributed split air-conditioning units in office spaces. 

 Energy storage and fuel management via remotely controlled switches and fuel oil storage 

(main: 110 tons; auxiliary: 2.5 tons). 

The campus energy system allows flexible operation, dynamically switching between electricity 
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sources (grid or PV) and heat sources (thermal plant or electric boilers) depending on local 
production and energy market conditions. 

All energy flows are monitored and controlled through IMP’s proprietary SCADA system (View4), 
which communicates with Remote Terminal Units (pAtlas RTUs) and PLCs (ATLAS MAX). The PV 
plant, in particular, is fully integrated into this SCADA system, providing real-time Internet-based 
monitoring and data logging to support operational analysis and optimization. 

IMP has developed a cloud-based, service-oriented research platform designed to support 
experimentation with advanced energy systems and digital services. The platform enables data 
management via SQL and NoSQL databases and provides REST APIs for interoperability with the 
SCADA system. Custom scripts are employed to retrieve, process, and analyze energy and 
environmental data, supporting forecasting, optimization, and control services. 

Available measurements include: 

 Electrical production data for forecasting and optimization. 

 Meteorological data such as solar insolation, outdoor temperature, and panel temperature 

to support energy production models. 

The platform enables researchers to develop, test, and validate smart energy services, including 
predictive and optimization algorithms, in a real-world environment, while also offering potential 
integration with broader digital twin initiatives, such as GOTOTWIN. 

In her concluding remarks, Dr. Valentina Janev highlighted that the IMP Testbed offers a robust, 
flexible, and highly instrumented R&D environment. By combining a historic campus infrastructure 
with modern energy assets, real-time monitoring, and cloud-based research platforms, the 
testbed provides unique opportunities for experimentation, optimization, and integration of 
digital solutions in energy systems. 

4.3 Infrastructure Integration Planning 
 All partners contributed to a wider discussion on infrastructure integration, led by Prof. Dr. 
Zivko Kokolanski, aimed at defining how the unique assets of each Living Lab could be harmonized 
and incorporated into the GOTOTWIN digital twin platform. The session highlighted the 
complementary nature of the four Living Labs, with each providing critical resources in renewable 
energy, measurement systems, environmental monitoring, and data management, forming a 
robust foundation for digital twin development and cross-site experimentation. 

Renewable Energy Assets 

 Across the Living Labs, renewable energy sources are a central component of the 
infrastructure. INNOFEIT Living Lab features a 30 kW solar PV system supported by a 100 kWh 
battery storage, while the SMART Living Lab integrates a 35.22 kWp rooftop PV array with a 31.9 
kWh Battery Energy Storage System and hybrid DC/AC converters for flexible integration. Similarly, 
the IMP Testbed offers a 50 kWp PV plant, combined with multiple heat and electric energy 
sources, including fuel-oil boilers and electric heating, enabling dynamic energy flow management. 
The Energy Platform Living Lab, while more distributed, emphasizes regional energy strategies and 
sustainable deployment of renewable energy solutions in collaboration with local communities 
and authorities. The GOTOTWIN platform will consolidate these renewable energy assets to 
enable cross-site simulation, and monitoring, providing a unified interface to manage both 
generation and storage assets while assessing their operational impact on local and regional grids. 
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Meteorological and Environmental Data 

 A rich set of meteorological and environmental data is available across the labs. INNOFEIT 
hosts a dedicated weather station and sensors for temperature, humidity, and wind parameters, 
while SMART Living Lab includes a comprehensive meteorological station recording irradiance, 
rainfall, wind speed, and indoor/outdoor temperature and humidity at multiple points. IMP 
Testbed provides solar insolation, panel temperatures, and ambient temperature measurements. 
EPLL contributes regional-scale data relevant for energy strategy modeling and community-level 
decision-making. Integration of these data sources into GOTOTWIN enables real-time 
environmental monitoring, predictive energy production modeling, and scenario analysis, allowing 
the platform to account for the variability of renewable energy sources and environmental 
conditions in simulation and optimization processes. 

Measurement and Monitoring Devices 

 The labs deploy a wide array of measurement and monitoring technologies. SMART and 
INNOFEIT Living Labs rely on smart meters, smart plugs, power analyzers, and sensor networks to 
provide detailed electrical and environmental readings. IMP Testbed extends this with SCADA-
controlled energy flows, real-time PV plant monitoring, and a service-oriented research platform 
supporting SQL/NoSQL databases and REST API interoperability. EPLL adds a distributed 
intelligence layer through its regional deployments and smart community monitoring 
infrastructure. By integrating these measurement devices, GOTOTWIN will support high-
resolution data acquisition, real-time visualization, and centralized analysis, providing the 
foundation for accurate digital twin representations and advanced control strategies. 

Digital Twin Integration 

 The overarching goal of infrastructure integration is to enable a digital twin environment 
where assets from multiple Living Labs can be monitored, and optimized collectively. This involves: 

 Harmonizing data streams from PV systems, and smart meters. 

 Incorporating meteorological and environmental data to improve forecasting and 

predictive control. 

 Ensuring interoperability between heterogeneous monitoring systems, SCADA platforms, 

and research databases. 

 Providing a platform for simulation of energy scenarios, and renewable integration. 

The resulting integrated infrastructure will allow GOTOTWIN partners to develop, test, and 
validate innovative energy solutions, ranging from building-level smart energy management to 
regional energy strategy assessment, while maintaining scalability and flexibility for future 
expansions and collaborations. 

4.4 Action Plan & Next Steps for WP2 
 The session, led by Prof. Dr. Zivko Kokolanski with active contributions from all partners, 
focused on defining the next steps for WP2, which is dedicated to the design and implementation 
of the digital twin platform for renewable energy systems. WP2 aims to develop a robust, scalable, 
and modular architecture capable of integrating diverse renewable energy sources, 
meteorological data, and distributed energy assets across the Adriatic-Ionian region.  During the 
discussion, partners jointly defined an action plan and implementation timeline, outlining key 
milestones, responsibilities, and priorities. Emphasis was placed on cross-border integration, 
ensuring that the platform can operate seamlessly across different regional contexts while 
supporting collaborative management and optimization of renewable energy systems. 
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Task/Activity Responsible Partners Key Objectives Timeline / Next Steps 

Define digital twin 
platform architecture 

All partners, led by 
FEEIT 

Ensure scalable, 
modular, and 
interoperable design 
for renewable energy 
systems 

Immediate – finalize 
architecture draft 

Integrate data from 
renewable energy 
sources and 
meteorological stations 

All partners 

Enable real-time 
monitoring, predictive 
maintenance, and 
optimized resource 
allocation 

Long-term – define 
integration methods 

Develop virtual power 
plant modeling 

All partners 
Test and validate 
simulation models in a 
virtual environment 

Medium-term – 
establish simulation 
models 

Cross-border 
interoperability and 
cooperation 

All partners 

Ensure platform 
functions seamlessly 
across Adriatic-Ionian 
region 

Ongoing – align 
standards and data 
protocols 

Prioritize next steps 
and implementation 
milestones 

All partners, led by 
FEEIT 

Define actionable 
roadmap for WP2 
progress 

Immediate – finalize 
action plan and 
responsibilities 
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5 Conclusions 
 The GOTOTWIN workshop in Kozani brought together all project partners to advance WP2 
activities on the digital twin platform for renewable energy systems in the Adriatic-Ionian region. 
The discussions throughout the workshop highlighted the strong collaborative engagement of all 
partners and offered valuable insights into both the opportunities and challenges of integrating 
diverse infrastructures and technologies. 

Regarding the digital twin architecture, participants agreed that the updated design, based on 
WP1 requirements, provides a flexible, modular, and scalable framework. The adoption of a 
Kubernetes-based microservice approach was recognized as a strong foundation for integrating 
diverse energy systems, supporting advanced functionalities such as real-time monitoring, 
simulation, and predictive analytics. Partners discussed the importance of ensuring smooth 
interoperability between data sources, including renewable energy assets, meteorological 
sensors, and external forecast providers, as well as the need to coordinate AI/ML workflows for 
predictive maintenance and scenario forecasting. 

The session on infrastructure integration demonstrated how the four Living Labs complement 
each other, providing a rich set of assets for GOTOTWIN. INNOFEIT, SMART, IMP, and EPLL each 
contribute unique capabilities, from solar PV systems, energy storage, and EV charging stations, to 
SCADA-controlled energy flows, environmental sensors, and regional-scale monitoring networks. 
The partners explored how these diverse resources could be harmonized within a unified digital 
twin environment, considering both technical and operational perspectives. It was agreed that 
integrating these infrastructures in a seamless manner will allow the platform to support cross-
site experimentation, predictive control, and advanced simulation of energy systems across the 
Adriatic-Ionian region. 

Discussions around renewable energy and environmental data emphasized the importance of 
combining high-quality energy measurements with meteorological and environmental 
observations. Partners reflected on the variability in sensor types and measurement granularity 
across sites, and the need to develop strategies for aligning data streams, ensuring reliability, and 
enabling robust predictive models. There was consensus that incorporating local and regional 
forecasts, alongside historical data, will enhance the platform’s capacity to simulate and optimize 
energy production under real-world conditions. 

During the Action Plan & Next Steps session, the consortium collaboratively defined immediate 
and medium-term priorities for WP2. Key topics included finalizing the digital twin architecture, 
integrating data from the Living Labs, developing virtual power plant models, and ensuring 
interoperability across borders. Partners discussed the importance of iterative testing, 
coordination between sites, and maintaining flexibility to accommodate future expansions. 
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6 Appendices  

6.1 Attendance Registers 
 

 



Project Acronym – GOTOTWIN                                                                                                             34/39 
 

 



Project Acronym – GOTOTWIN                                                                                                             35/39 
 



Project Acronym – GOTOTWIN                                                                                                             36/39 
 



Project Acronym – GOTOTWIN                                                                                                             37/39 
 

 
 
 
 
 
 
 



Project Acronym – GOTOTWIN                                                                                                             38/39 
 

6.2 Photos 
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