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EXECUTIVE SUMMARY 

This document provides an in-depth description of Task 3.1 within the ODEON project, which 

focuses on the development of the ODEON Semantic Data Model. Task 3.1 plays a critical 

role in ensuring semantic harmonization and interoperability across various data assets and 

processes within the project. 

At first, the task includes an analysis of the data modeling landscape within the domains of 

energy, buildings, and mobility, with a specific focus on semantic interoperability. It 

leverages the work of the Energy Interoperability Taskforce and the IDS Vocabulary Hub to 

guide the selection of relevant open standards, semantic models, and ontologies that meet 

the project's data modeling needs, ensuring a solid core implementation of the ODEON 

Semantic Data Model. 

Task 3.1 also defines and progressively integrates new concepts and relationships critical to 

the project. These concepts include areas such as flexibility in energy markets, 

electromobility, energy storage, and building and network topology. These areas are 

addressed through an iterative approach, enabling the model to evolve and provide an 

expanding semantic representation of the integrated energy system. 

Overall, task 3.1 extracts and defines the structure and semantics of data assets provided by 

the demonstrators, establishing the baseline concepts that form the foundation of the 

ODEON Semantic Data Model. This model serves as the primary tool for integrating and 

harmonizing the diverse datasets collected, processed, and utilized throughout the project. 

By supporting the collection, handling, and sharing of data across the energy value chain 

with a common semantic framework, the ODEON Semantic Data Model promotes 

interoperability, reduces complexity, and supports the project’s objectives of enhancing 

data integration, operational efficiency, and innovation within the energy ecosystem. 

 

COPYRIGHT STATEMENT 
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1. Introduction  
The ODEON framework will integrate a robust, reliable, scalable, and openly accessible 

federated technological framework built on top of the ODEON Cloud-Edge Data and 

Intelligence Service Platform for corresponding Federated Energy Data Spaces, AI 

Containers, and Smart Data/AIOps orchestrators. These components will provide services 

within the whole life cycle of data and AIOps, from the data collection to the smart 

deployment in federated environments. The scope of the framework shall therefore relate 

to the integration of highly reliable and secure federated data management, processing, 

sharing, and intelligence services with a view to allowing different actors in the energy value 

chain and third parties to share data and intelligence for purposes of innovation, while being 

in line with DoEAP’s (Digitalization of Energy Sector Action Plan) [1] objectives. The outcomes 

of ODEON will be widely validated through large-scale demonstration sites in Greece, Spain, 

France, Denmark, and Ireland. These demonstrations will involve all necessary stakeholders, 

a diverse set of assets, heterogeneous grid and market contexts, and a variety of climatic 

and socio-economic conditions to ensure successful replication and market uptake. 

The energy system's "edge" will increase in terms of control and operational complexity when 

the number of Distributed Energy Resources (DERs) connected to the network grows. This 

further decentralization of the energy system, including assets such as EVs, IoT devices, and 

batteries, raises a vital challenge toward its resilience. In addition, it increases uncertainty in 

traditional control routines thanks to the stochastic and intermittent nature of renewable 

generation and the new control variables introduced by these assets. 

ODEON aims to unlock data-driven innovation and sharing across the energy value chain 

through the use of data and intelligence originating from multiple energy actors and 

coupled sectors, such as buildings and mobility. This design is both data-driven and allows 

for maximum support to the network operators in optimizing their operations and enhancing 

their system resilience. With the integration of real data streams and intelligence, the features 

will be personalized and automated, leading to greater prosumer acceptance and 

significantly reduced intrusiveness. ODEON will support the establishment of sustainable 

Local Energy Communities (LECs), enhance consumer empowerment, and promote 

investments in green energy. These efforts finally lead to a new economy built on the 

production, security, trustworthiness, fairness, and acceptability of shared data. In this 

context, ODEON aims to reconceive data sharing beyond bilateral contracting at the base, 

working as an enabler of value multiplication linked to the collective. This will bring forth 

resilient operation of energy systems through coordinated optimization of generation, 

demand, and storage components and their integration with relevant sectors that have 

large flexibility potential, such as mobility through EV charging and building through 

heating/cooling systems control. 

https://odeonproject.eu/
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1.1. Purpose of the document 

The purpose of this document is to thoroughly describe the objectives, methodologies, and 

anticipated results of Task 3.1, which focuses on the development of the ODEON Semantic 

Data Model. This task plays a critical role in ensuring semantic harmonization and 

interoperability across the various data assets and processes within the ODEON project. 

Initially, Task 3.1 aims to extract the structure and semantics of the data assets available from 

demonstrators to establish baseline concepts that will form the foundation of the ODEON 

Semantic Data Model. This model will serve as the primary instrument for integrating and 

harmonizing the diverse datasets collected, processed, and utilized throughout the project. 

Furthermore, the task involves an extensive study of the data modeling landscape across 

the energy, buildings, and mobility domains, with a particular focus on leveraging the work 

of standardization in semantic interoperability, considering also the work from the Energy 

Interoperability Taskforce [6] and the IDS Vocabulary Hub[7]. This analysis will guide the 

selection of suitable open standards, semantic models, and ontologies that align with the 

project's baseline data modeling requirements, ensuring a robust and scalable core 

implementation of the ODEON Semantic Data Model. 

In addition to addressing existing data modeling needs, Task 3.1 will define and progressively 

integrate new concepts and relationships required for the ODEON demonstration phase. 

These new concepts, which may not be fully addressed by existing models, include aspects 

such as flexibility in energy markets, electromobility, energy storage, building and network 

topology, and other emerging areas critical to the project's objectives. This iterative 

approach will enable the model to evolve dynamically, providing an ever-expanding 

semantic representation of the integrated energy system. 

By facilitating seamless collection, handling, and sharing of data across the energy value 

chain under a common semantic framework, the ODEON Semantic Data Model will 

promote interoperability, reduce complexity, and support the project's overarching goals of 

enhancing data integration, operational efficiency, and innovation within the energy 

ecosystem. 

1.2. Scope of the document  

The ODEON Deliverable D3.1, titled “ODEON Semantic Data Model,” is focused on defining 

the background, core elements, and structure of the Semantic Data Model. It effectively 

models various semantic concepts, fields, their relationships, and mappings to existing 

energy data models and standards. The specific objectives of this document are: 

https://odeonproject.eu/
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• Landscape Analysis: To present a comprehensive landscape analysis aimed at 

indirectly identifying directions and data requirements. A curated selection of 

relevant and well-established semantic standards is derived from a broader set of 

prevailing standards, models, and ontologies. These standards are chosen based on 

their applicability to the electricity data value chain and their level of maturity. For 

each selected semantic standard, a brief description of its core functionalities is 

provided. Additionally, the document captures the data requirements arising from 

the ODEON demonstrators and energy applications. 

• Common Understanding and Documentation of Initial Model Contents: To ensure a 

consistent and shared understanding of the Semantic Data Model's concepts, 

foundations, and implications through a set of basic definitions and design principles. 

Then, on the basis of the aforementioned principles we provide a snapshot of the 

initial Semantic Data Model contents, including its concepts, fields, and relationships.  

• ODEON Data Model Lifecycle Definition: To ensure the full lifecycle of the Semantic 

Data Model—including its design, evolution, and change management—the 

Semantic Harmonizer Component provides comprehensive support. This component 

is fully aligned with the ODEON Platform, enabling the seamless integration of new 

concepts and updates to existing ones while preserving the consistency of both the 

model and its stored data. 

 

On The basis of the aforementioned 3 core steps, a robust and well-structured approach (as 

presented in Figure 1) has been carefully developed and implemented to ensure that the 

resulting Semantic Data Model is grounded in state-of-the-art, domain-specific data 

standards, meets the concrete data needs of its stakeholders, and adheres to the explicit 

and implicit requirements of the ODEON Platform. 

https://odeonproject.eu/
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Figure 1 ODEON Semantic Data Model – Design Details 

At the1st step there are two different sub actions considered: 

• External Landscape Analysis: This action focuses on identifying and assessing the most 

relevant data models, ontologies, and standards found in the literature and 

commonly used by stakeholders across the electricity data value chain (detailed in 

Section 2.1). From an extensive collection of energy data standards, a subset was 

selected based on criteria such as relevance to ODEON, maturity, and community 

support. These shortlisted standards are comprehensively detailed to provide insights 

into their modeling approaches, scope, and applicability. 

• ODEON-Specific Landscape Analysis: This involves gathering and analyzing the 

specific data requirements expressed by ODEON demonstrators and energy 

application developers. Key concepts were identified and mapped to the needs of 

ODEON’s demonstration sites and application developers (covered in Section 2.2). 

 

By considering these two actions, the alignment between the broader energy data 

landscape and the specific needs of the electricity data value chain is conducted to pave 

the way for the elicitation of the most relevant concepts to be integrated into the ODEON 

Semantic Data Model  

In the 2nd step of the methodology, the details of ODEON specific modeling activities are 

provided. First, the foundational modeling approach, guidelines, and patterns to ensure the 

creation of a consistent, scalable, and sustainable Semantic Data Model is provided. The 

core terminology, specific model definitions, and design principles are defined. Then, the 

https://odeonproject.eu/


 

 
  

15 
 

 

 

 D3.1 ODEON Semantic Data Model 
 

ODEON PROJECT 

ODEON Concept Development is performed identifying and defining the high-level 

concepts that are most relevant to the scope of ODEON. This process also includes mapping 

each concept and field to the appropriate standards and incorporating any necessary 

metadata. This sets the core of the ODEON Common Information Model. 

The 3rd step of the approach focuses on detailed modeling of the high-level concepts 

identified earlier, along with their associated fields and sub-concepts. This includes the 

detailed design and development of the ODEON Semantic Harmonizer Component 

responsible to encapsulate the ODEON data model, further incorporating the relevant 

services that support the lifecycle management and persistence of the model during the 

project implementation. The ODEON Semantic Harmonizer Component that incorporates 

the ODEON Semantic Data Model will be directly implemented in the ODEON Platform 

integrated with the different data handling related services that are to be delivered in the 

work of WP3 (T3.3). 

The definition of the ODEON Semantic Data Model is fundamental to the operation of the 

broader ODEON Platform. The platform's data-driven service bundles heavily rely on the 

knowledge encapsulated within the model. Consequently, the Semantic Data Model serves 

as a core component of the ODEON Platform, ensuring alignment with: 

• The data requirements expressed by various demonstration sites, as outlined in D2.1 

[3] as well as the different energy applications as detailed at a high level in D2.2.  

• The technical requirements and use cases of the ODEON project, as documented in 

D2.2 [4].  

• The functionalities and implementation details of the ODEON Platform, described in 

D2.2 [4]. 

 

Overall, the definition of the ODEON Semantic Data Model is a cornerstone of the ODEON 

Platform, facilitating interoperability, consistency, and innovation across the energy 

ecosystem. While the 1st version of the model is made available in M15 to facilitate the 

development activities of the project, updates will be continuously performed and the 

details will be reported in the upcoming deliverables of WP3. 

1.3. Structure of the document  

The document contains all information mentioned in the above section and it is structured 

as follows: 

• Chapter 2 presents the landscape analysis performed in preparation for the ODEON 

Semantic Data Model, including a description of the relevant semantic standards 

https://odeonproject.eu/
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considered most applicable to the electricity data value chain. In this section the 

review of the work at EC field is also provided. 

• Additionally, Chapter 2 outlines the identified data assets (by the ODEON 

demonstrators and energy applications) and their relevance to the Semantic Data 

Model design, as well as an assessment of the direct applicability of the analyzed 

standards. 

• Chapter 3 provides the basic definitions and terminology of the ODEON Semantic 

Data Model, outlines the model design guidelines followed during its creation, and 

elaborates on the decisions made during the design phase. A high-level overview of 

the Semantic Data Model is also included to provide additional insights into the work 

carried out. 

• Chapter 4 documents the model lifecycle management approach adopted to 

handle updates consistently throughout the ODEON project. The design and 

development details of the Semantic Harmonizer Component responsible for this 

work are provided as part of the documentation. 

• Chapter 5 summarizes the key aspects of the Semantic Data Model activities and 

provides an outlook on the next steps. 

• Chapter 6 includes the references and acronyms for a correct understanding of the 

document.  

• Chapter 7 includes the Annex for the detailed description of the ODEON Data Model 

concepts and their associated fields. 
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2.  Landscape Overview 

2.1. State of the art analysis 

2.1.1. Latest EC Advancements in Energy Semantics 

Management 
In this section, the up-to-date status of EC advancements in the field is provided. The analysis 

starts with the review of the work from BRIDGE as reported in the annual reports of 2024 [2].  

The analysis overview starts with the DERA3.1[2] version and the information layer that is 

defined to serve as a centralized layer for handling, managing, and storing data used by 

various system components. It defines the need for a repository, ensuring that data is 

accessible and available to the necessary parts of the system. This layer is essential for data 

management, supporting local platforms where data processing and persistence occur. A 

key highlight of this layer, as defined in DERA3.1, is the harmonization process, which ensures 

semantic interoperability. This is achieved through two modules: the Data Harmonization 

Module at the local level and the vocabulary provider at the federated level. 

• Data Harmonization Module (Local): This module ensures that data shared across 

endpoints follows consistent format and semantics. It verifies that data is semantically 

correct, meaning that the elements of the data hold the intended meaning. By 

utilizing a common vocabulary and adhering to FAIR principles (Findability, 

Accessibility, Interoperability, and Reusability), it ensures that all actors in the data 

space can understand the data.  

• Vocabulary Provider (Federated): The vocabulary provider ensures that the data 

complies with specific ontologies or languages, such as those used in energy systems 

(e.g., IEC, ETSI standards). There is a reference for specific standards IEC (CIM, 61850, 

COSEM), ETSI (SAREF) standards to be considered as part of this vocabulary module. 

A special remark must be made also about the ongoing work of IEC 63417 Guide and Plan 

for Developing Smart Energy Ontologies [5], which recommends steps to enhance semantic 

interoperability. IEC SRD 63417 focuses on several key ontologies and related standards that 

are considered crucial for ensuring semantic interoperability in smart energy systems. These 

ontologies serve as foundational models to ensure standardized and understandable data 

exchange across various sectors. The ontologies that are often referenced or considered in 

the context of smart energy ontologies include: 

1. IEC CIM (Common Information Model) [9]: The IEC CIM is one of the primary standards 

for representing power system data in a consistent, machine-readable format. It plays 

https://odeonproject.eu/
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a key role in ensuring semantic interoperability in smart grids by providing a 

standardized way of describing energy infrastructure and processes. 

2. SAREF (Smart Appliances REFerence ontology) [10]: SAREF provides an ontology for 

energy-efficient smart appliances and devices, facilitating communication and data 

sharing between various energy devices and systems. It is critical in enabling the 

interoperability of household and industrial energy management systems. 

3. COSEM (Companion Specification for Energy Metering) [11]: COSEM is used for the 

data modeling and communication between smart meters and the systems that 

collect and process energy usage data. It supports the standardization of meter data 

exchange across the energy grid. 

4. ETSI Smart M2M (Machine-to-Machine) Ontology [13]: This ontology provides a 

standard for machine-to-machine communication, which is particularly important in 

smart grid applications where devices need to autonomously exchange data about 

energy production and consumption. 

5. OpenADR (Automated Demand Response) [12]: OpenADR enables automated 

demand response, which helps in managing energy consumption by communicating 

energy pricing and demand response signals to devices in real-time, facilitating grid 

balancing. 

6. EEBUS [14]: EEBUS (Energy-efficient communication standard) is an open 

communication standard aimed at improving energy efficiency and interoperability 

between energy-consuming household devices, such as heating systems, 

appliances, and electric vehicles. 

These ontologies and standards work together to ensure that different devices, systems, and 

stakeholders in the smart grid ecosystem can understand each other and share data in a 

standardized and interoperable way. They address various aspects, from energy production 

and distribution to consumption and demand response. By adhering to these standards, 

smart energy systems can achieve semantic interoperability, enabling more effective 

management and optimization of energy resources. 

In the field of data spaces and by reviewing the relevant work of IDSA, the semantic 

interoperability is of utmost importance and the detailed specifications are reported in the 

associated report about Data Spaces Semantic Interoperability [6]. 

Similar to the BRIDGE initiative, the Semantic Management Data Services play a critical role 

in ensuring semantic interoperability within data space instances by aligning various 

semantic models to a common, agreed-upon semantic data model. These services 

facilitate the mapping of different data models, ensuring that data shared across different 
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systems adheres to a unified framework that supports consistent understanding and 

exchange. 

To integrate end-users into the data space, a semantic mapping between the end-users' 

backend systems and the common semantic model is required. This mapping is developed 

by service providers, who are responsible for ensuring the connection between the end-users 

and the data space. The mapping can be standardized by the Data Space Instance, 

ensuring a consistent and verified approach to data integration. The service providers not 

only develop and implement these mappings but also serve as the primary support contact 

points for the end-users, offering assistance as needed throughout the integration process. 

A Vocabulary Hub can further support these services by managing and providing access to 

various semantic models. This Hub acts as a central repository, publishing and provisioning 

semantic models to ensure consistency in data exchange across the Data Space. The Data 

Space Instance may provide one or more vocabulary hubs, or it may reference existing hubs 

to ensure that all participants are working with the same semantic definitions and standards. 

There is no single entity responsible for creating vocabularies; instead, standardization 

organizations like ISO/IEC, CEN/CENELEC, and IEEE create and own vocabularies. Since 

standardization through Standard Development Bodies (SDOs) isn't always practical, the 

Data Space Instance may adopt alternative methods, such as establishing commonly 

agreed structures within the ecosystem as de facto standards. This enables a tailored 

approach to semantic data management while maintaining flexibility and alignment with 

local needs. Ultimately, the Data Space Instance plays a key role in shaping the semantic 

framework of the data space, balancing adaptability and standardization. 

Contributing with more details on the specifications about semantic interoperability in the 

energy sector, IDSA has published the very recent report about interoperability framework in 

the energy sector [7]. As part of the information model related standards elicitation, there is 

a clear reference to the IEC standardization. The standards are the following: 

1. IEC 61850[15]: An international standard for communication and interoperability in 

power utility automation systems, enabling the integration of devices from different 

vendors and supporting real-time monitoring, control, and protection in substations. 

2. IEC 60870[16]: A standard for telecontrol communication protocols in electrical power 

systems, facilitating remote control and monitoring through communication between 

remote terminal units (RTUs) and SCADA systems. 

3. IEC 61970 (CIM) [9]: The Common Information Model standard, crucial for data 

exchange and integration in electrical energy systems, supporting functions like 

energy scheduling, market transactions, and asset management. 
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4. IEC 62325-301 [9]: A standard focused on data exchange for the wholesale electricity 

market, defining communication protocols for efficient market transactions. 

5. IEC 61968-1 [9]: Specifies extensions to CIM for power system management, including 

interfaces and message definitions. 

6. IEC CGMES[17]: Facilitates operational and grid planning data exchange among 

system operators. 

7. IEC ESMP[18]: Supports European market regulation with specific standards for 

electronic data interchange. 

8. EUMED profiles [19]: Associated with European energy data and customer access 

regulations. 

Also, there is a clear reference to the following standardization with focus on beyond smart 

grids standardization (focus on DERs, meters, building, storage, demand response). 

• IEEE 2030.5 (Smart Energy Profile) [20] for energy management systems and demand 

response. 

• SAREF4ENER [21]: Standardized ontology for energy data representation, enabling 

interoperability. 

• SAREF4GRID [22]: Standardized ontology for electricity grid data integration. 

• OpenADR [12]: for demand response communication. 

These standards ensure interoperability, security, and efficient data exchange across various 

components in a smart grid, contributing to a more reliable and scalable energy system. 

However, these models typically focus on core concepts at a high level of abstraction, and 

a more comprehensive unified model is needed when applied. IDSA prioritizes the usage of 

the results of the H2020-SYNERGY project1 (where partners of ODEON project have heavily 

contributed) that introduces an advanced CIM that semantically aligns and harmonizes 

energy data models, defining detailed semantic relations. Given the decentralized nature 

of energy systems and their connections with other sectors, an advanced harmonization 

approach as proposed in this project is required, starting from sector-specific CIMs and 

extending to integrate relations across sectors. 

Overall, IDSA emphasizes on the use of well-known data model standards (relying on data 

model standards like IEC CIM), enabling flexible lifecycle management, promoting common 

data models and mapping, facilitating automatic consultation of transferred data models, 

and adopting common data formats, interoperability in smart grid systems. Vocabulary 

 
1 https://synergyh2020.eu/  
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Hubs, where different data models are published, help link semantics to data marketplaces 

for easier discovery of data and services. 

In this section, the review of the relevant standardization as highlighted by the EC initiatives 

is provided in brief (considering also the context and activities of ODEON project) while in the 

following section (Section 3), we incorporate the basic architecture and management 

principles in order to align the work of ODEON with the relevant recommendations/ 

guidelines. As ODEON is tackling different sectors in the energy domain, the analysis of the 

standardization is divided in different sections, as presented in the following sections. 

2.1.2. Smart grid systems domain  

2.1.2.1. STANDARDIZATION REVIEW 
In the field of standardization, as stated also in the Working Groups, the IEC CIM 

standardization is the most relevant and thus a brief overview is provided. The CIM is officially 

adopted by the International Electrotechnical Commission (IEC) and is defined in several IEC 

standards, including IEC 61970-301 for transmission systems and IEC 61968 for distribution 

systems. It is also used to derive messages for the wholesale energy market with the 

framework for energy market communications, IEC 62325. The European style market profile 

is a profile derivation based on the CIM, intending to harmonize energy market data 

exchanges in Europe. Due to the maturity of the IEC CIM model, as well as the adaptation 

in existing network management applications, the IEC CIM model concepts are thoroughly 

considered in the activities of the project.  

The CIM model provides a structured framework for representing various components and 

aspects of electrical networks. At its core, the model represents the physical and logical 

elements of the distribution grid. Equipment such as transformers, power lines, switches, and 

distributed energy resources (DERs) are modeled using classes like PowerTransformer, 

ACLineSegment, and Switch, allowing DSOs to digitally map their infrastructure. Connectivity 

in the network is defined through ConnectivityNodes and Terminals, ensuring a clear 

representation of how different components are electrically linked. 

To monitor and control the network, CIM includes entities such as Measurement, which 

represents real-time sensor data, and Control, which allows remote operation of switches 

and other controllable devices. Loads and generation are modeled through elements like 

EnergyConsumer, which represents households or industries consuming electricity, and 

GeneratingUnit, which accounts for distributed energy sources like solar panels and 

batteries. The model also includes PhotovoltaicUnit and BatteryStorage to reflect the 

growing role of renewable energy and storage in distribution networks. 
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Geographically, the CIM framework helps organize the network by defining Substations, 

Feeders, and broader GeographicalRegions, ensuring that the system reflects both 

operational and spatial relationships. This structure is crucial for DSOs to manage their 

networks efficiently, particularly as they integrate more decentralized energy resources. 

Additionally, CIM supports energy market operations by incorporating elements such as 

EnergySchedule for forecasting and dispatch planning, and MarketParticipant for defining 

entities involved in energy trading. 

  

 

Figure 2 Reference model of IEC CIM 

Moving beyond IEC CIM and with interest on AMI data management, the IEC 62056 – Data 

Exchange for Meter Reading (DLMS/COSEM [23]) is considered. The common data model 

for smart meters, primarily based on IEC 62056 (DLMS/COSEM), provides a standardized way 

to represent meter readings, power quality data, and event logs. It is structured around the 

COSEM (Companion Specification for Energy Metering) object model, which organizes data 

into logical entities. 

At the core of this model is the Logical Device concept, representing the smart meter itself. 

Each logical device contains COSEM Objects, which define different aspects of metering 

data. These objects are identified by OBIS (Object Identification System) codes, which serve 

as standardized addresses for different meter parameters. For example, active energy 

consumption is typically identified using OBIS code 1.8.0, while voltage and current 

measurements have their respective codes. 
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Meter readings are captured through Register Objects, which store values such as energy 

consumption, demand, and time-of-use tariffs. Power quality data, including voltage 

fluctuations, frequency deviations, and phase imbalances, is recorded using Profile Generic 

Objects, which allow for time-stamped historical data storage. Event logs, which track 

occurrences like outages, tampering attempts, or communication failures, are structured as 

Event Log Objects, providing a history of system and security-related events. 

The IEC 62056-6:2023 is the latest edition of the standard titled "Electricity metering data 

exchange – The DLMS/COSEM suite – Part 6" with updates on OBIS codes and meters model 

representation. The main interest though in terms of up-to-date standardization as is the very 

recent SAREF4GRID model, that was made available at the end of 2023. The SAREF4GRID, 

an extension of the SAREF (Smart Applications Reference) model, is a data model framework 

tailored for smart grid applications, specifically focused on integrating metering systems and 

smart devices into the grid. It aims to facilitate the efficient communication and 

interoperability of these devices within the broader smart grid infrastructure. 

At its core, SAREF4GRID defines several key classes that describe the essential properties, 

capabilities, and states of grid devices, as well as the services these devices provide to the 

grid. These classes are structured to represent a wide range of parameters necessary for the 

monitoring, control, and optimization of grid operations. 

The Action and Operation Classes focus on defining control mechanisms for devices and 

systems. These classes specify how actions are triggered or performed, ranging from simple 

device operations to more complex sequences.  

In the realm of Scheduling and Time Management, SAREF4GRID defines several classes to 

manage time-based aspects of grid operations. The ActivityCalendar class outlines 

scheduled activities, such as energy consumption events or maintenance periods. The 

DayProfile and RegularDayProfile classes describe the operational characteristics of a 

typical day, detailing energy usage or production patterns.  

Metering and Measurement are integral to the grid's operation, and SAREF4GRID defines 

classes to manage this process. The Meter class represents the metering devices that track 

energy consumption or generation, while the MeterProperty class provides additional details 

about the metering device’s capabilities and properties. EnergyPowerProperty captures key 

metrics such as active and reactive power, and QualityProperty defines the accuracy and 

reliability of the data collected. The ProfileGeneric class is a flexible data structure for 

defining various measurement or reporting parameters. 

The Descriptor and Value Management cluster includes the Entry Descriptor, which defines 

the characteristics of an entry in the system, such as a device or service, and the Range 

Descriptor, which specifies acceptable parameter ranges, such as voltage or power levels. 
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The PropertyValue class defines the specific value of a property, whether it’s a measured 

value or a configured parameter, essential for consistent monitoring and control. 

 It should be noted that, unlike in other SAREF extensions, SAREF4GRID establishes a 

comprehensive framework because to a specific standardization, the DLMS/COSEM 

standard which defines the data structures to model meters and their specific functionalities. 

Last but not least, IEC 61850 is highlighted as part of the standardization for the 

communication in substation automation systems and broader smart grid applications. It 

defines protocols, data models, and communication mechanisms to enable seamless data 

exchange between intelligent electronic devices (IEDs) in power systems. IEC 61850 was 

originally designed for substation automation, but its scope has expanded to include also 

modeling in other sectors with main reference to Renewable energy integration (wind, solar, 

hydro) and DER (Distributed Energy Resources) communication, the Microgrids 

management, Electric vehicle (EV) charging infrastructure etc. 

With focus on data modeling aspects, IEC 61850 employs an object-oriented data model to 

represent power system components and their functions in a structured and hierarchical 

manner. Instead of using simple registers or addresses for data points (as in traditional 

protocols like Modbus), IEC 61850 organizes data into Logical Nodes (LNs), Data Objects 

(DOs), and Data Attributes (DAs). More specifically, the foundation of IEC 61850’s object-

oriented data modeling lies in the concept of Logical Nodes (LNs), which serve as 

standardized representations of various power system functions and equipment. These 

logical nodes abstractly define the behavior and attributes of real-world devices, such as 

circuit breakers, transformers, or voltage sensors. To organize these logical nodes effectively, 

IEC 61850 introduces Logical Devices (LDs), which act as containers for multiple LNs within 

an Intelligent Electronic Device (IED). An IED, such as a protection relay or a control system, 

may encompass various logical nodes that handle protection, monitoring, control, and 

communication tasks. For example, a single IED could contain logical nodes dedicated to 

circuit breaker operation, voltage measurement, and current monitoring, each 

corresponding to a specific function within the power system. 

Within each logical node, Data Objects (DOs) define the individual data elements that 

describe its state and functionality. These objects can range from basic measurement values 

to operational commands or status indicators. Taking the XCBR logical node as an example, 

its associated data objects could include information about whether the breaker is open or 

closed, its current position, or whether a trip command has been issued. These data objects 

provide a structured way to represent and access key system parameters. 

Expanding further, Data Attributes (DAs) refine these data objects by specifying the precise 

values or conditions they represent. Data attributes contain the raw data used for monitoring 

and control, such as numerical measurements, binary status flags, or control signals. For 
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instance, within the XCBR logical node, the position attribute of a data object could hold a 

value that explicitly indicates whether the breaker is in an open or closed state. In the 

context of ODEON project, the main interest is on modeling DER systems (wind, PVs and EVs 

are covered by specifics of this standard) as presented in the next section. 

2.1.2.2. ALIGNMENT WITH ODEON ACTIVITIES 
The ODEON data model incorporates essential concepts from several IEC standards to 

improve energy system modeling, communication, and data exchange. This integration 

includes electricity network modeling as outlined in IEC 61970-301, which covers critical 

elements such as AC Lines, Branches, Buses, Connectivity Nodes, and other grid related 

aspects (Impedance, Load, Substation assets). These concepts are pivotal for accurately 

representing and managing the structure and behavior of electrical networks. Additionally, 

IEC 61968-11 defines structured CIM profiles at the Distribution System Operator (DSO) level, 

facilitating streamlined data exchange that supports efficient distribution network 

management.  

Additionally, IEC 62056 (DLMS/COSEM) plays a significant role by enabling standardized data 

exchange protocols for metering systems, which are essential for accurate consumption 

tracking, energy management, and billing. This standard ensures compatibility between 

devices and systems in the context of energy measurement, facilitating smooth integration 

of smart metering solutions. Moreover, the addition of SAREF4GRID enhances the ODEON 

data model by providing an advanced framework for smart grid management on the basis 

of IEC 62056. SAREF4GRID introduces concepts that improve interoperability between 

various grid components, allowing for better coordination between grid operators, 

consumers, and distributed energy resources. 

2.1.3. Other DER (PVs, EVs, Storage) domain  

2.1.3.1. STANDARDIZATION REVIEW 
In ODEON project, and moving beyond the grid level standardization, DER (Distributed 

Energy Resources) assets play a crucial role in enhancing energy efficiency and supporting 

the transition to sustainable energy systems. These assets include local generation 

(PVs/Wind) Systems, Battery Storage, E-Mobility and Building assets (Figure 3). Common Data 

Models are pivotal for ensuring the effective and efficient operation of the diverse assets in 

the grid. They enable smooth integration, optimization, and management of energy 

resources, helping to unlock the full potential of distributed energy resources (DERs).  
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Figure 3 DER assets integration in ODEON project 

Towards this direction the review of the relevant standardization landscape is performed in 

this section (analysis for Building Assets/Demand Response to be presented in the following 

section -2.1.4). 

Starting with PV assets integration, the mass penetration of PV systems mandated for 

standardization actions on the data models. As stated above, IEC 61850 is one of the leading 

standards for data models in distributed energy resources (DERs). IEC 61850-7-420 [24] is part 

of the broader IEC 61850 standard, specifically focusing on distributed energy resources like 

photovoltaic systems, wind turbines, and other renewable energy sources. 

The data model defined by IEC 61850-7-420 introduces several key components, such as 

logical nodes (LNs), data objects (DOs), and data attributes (DAs), which represent both the 

functional and monitoring aspects of DERs. For example, logical nodes like INVT (Inverter) are 

used to manage the inverter's operation in PV systems, converting DC power to AC and 

facilitating communication between the PV system and the grid. The MMXU (Measurement) 

logical node handles the measurement of key parameters such as active power, voltage, 

current, and frequency, ensuring that the system’s output is monitored in real time. Protection 

and control mechanisms are implemented using logical nodes like XPRO (Protection), which 

includes data objects for monitoring faults such as overcurrent, overvoltage, or 

underfrequency, ensuring the system operates safely. Switch control functions are handled 

by nodes like CSWI (Switch Control), which manage the isolation of components in case of 

maintenance or fault conditions. 
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The standard facilitates the management of active and reactive power flows to and from 

the grid, ensuring that the output from renewable energy systems like PV systems complies 

with grid codes and maintains the overall stability of the grid. It supports the real-time 

exchange of data such as operational parameters, energy production, fault conditions, and 

control commands through standardized communication protocols, including MMS 

(Manufacturing Message Specification), GOOSE (Generic Object-Oriented Substation 

Events), and SV (Sampled Values). These protocols allow for rapid, efficient communication 

between the DERs and the grid operator, enhancing the ability to monitor and control the 

system effectively. 

Apart from 61850 related standardization, there are several alternative standards and 

frameworks that also address data modeling and communication for photovoltaic (PV) 

systems. SunSpec is an open, industry-driven initiative that offers standardized data models 

specifically for the solar industry. It provides widely adopted communication protocols and 

data models for PV inverters, energy storage systems, and other renewable energy 

technologies.  

The SunSpec Modbus [25] data model is structured around SunSpec Data Units (SDUs), which 

represent groups of related data points for different device types within the system. For 

example, inverters, meters, and energy storage systems each have their own specific SDUs 

that outline how data is organized and exchanged. Within these SDUs, the data is broken 

down into registers, which are 16-bit data points representing individual measurements or 

status indicators. These registers track essential parameters such as voltage, current, power 

output, and fault status, ensuring that a wide array of devices within a PV system or smart 

grid can be monitored and controlled effectively. 

The SunSpec Modbus data model standardizes how this data is structured and exchanged 

across devices, ensuring that measurements such as real power, reactive power, and 

voltage can be communicated in a consistent format. It is particularly valuable for 

connecting PV inverters, controllers, and monitoring systems. While not as advanced as IEC 

61850, Modbus remains a popular and accessible protocol for smaller systems and is often 

used for data collection from PV systems and integration with SCADA (Supervisory Control 

and Data Acquisition) systems. 

DNP3 [26] is another communication protocol used in utility automation, including the 

integration of renewable energy sources like PV systems. It is commonly used for telemetry, 

control, and monitoring, especially in utility-scale PV installations but can also be applied to 

PV systems for telemetry, monitoring, and control purposes. In terms of protocol related 

functions, it uses a master-slave or client-server communication model, where the master 

(e.g., SCADA system or grid operator) requests data from slaves (e.g., PV inverters, 

controllers, or monitoring devices). DNP3 defines several types of data points, and each can 
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be used to model specific aspects of a PV system. These include Analog Inputs (AI), Binary 

Inputs (BI), Counters, and Binary Outputs (BO). 

• Analog Inputs (AI): These are continuous values representing real-time data such as 

energy generation, temperature, voltage, and current. 

• Binary Inputs (BI): These represent discrete on/off states, such as the operational status 

of an inverter or fault conditions. 

• Binary Outputs (BO): These represent commands or controls for actions like shutting 

down an inverter or disconnecting from the grid. 

• Counters: These keep track of accumulated values such as total energy generated 

or the number of events (e.g., inverter restarts or faults). 

A simplified DNP3 data schema specific to PV systems, focusing on how typical data from a 

photovoltaic system might be represented: 

Analog Inputs (AI) – Continuous Data (e.g., power, voltage, current) 

Table 1 Analog Inputs - DNP3 data schema 

O bj e c t  Typ e  D e s c r ip t i o n  D N P3  Da t a  P o i n t s  
T yp i ca l  U s e  in  P V  

S y s t e ms  

S o l a r  

I r r ad ia n c e  

S o l a r  e ne rg y  

r ec e iv e d  ( W / m² )  

1 .0  ( S o l a r  

I r r a d i an c e  in  W/ m ² )  

M o n i t o r ing  s un l ig h t  

i n t e n s i t y  

D C V o l ta ge  
V o l t ag e  f r o m  PV  

a r r a y  ( vo l t s )  

2 .0  (D C  V o l t a g e  

f r o m  PV  m o d u l e s )  

M o n i t o r ing  t he  in pu t  

v o l t a g e  o f  t he  in ve r t e r  

D C C ur r e n t  
C u r r en t  f r o m  P V  

a r r a y  ( a m p s )  

3 .0  ( D C Cu r re n t  

f r o m  PV  m o d u l e s )  

M o n i t o r ing  t he  in pu t  

c u r re n t  o f  t h e  i nv e r t e r  

A C V o l ta ge  
O u t put  A C v o l t a g e  

( v o l t s )  

4 .0  (A C  V o l t a g e  

f r o m  I nv e r t e r )  

M o n i t o r ing  t h e  A C 

o u t put  v o l t a g e  

A C C ur r e n t  
O u t put  A C c u r re n t  

( a m p s )  

5 .0  ( A C  Cu r re n t  

f r o m  I nv e r t e r )  

M o n i t o r ing  t h e  A C 

o u t put  c u r r e n t  
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O bj e c t  Typ e  D e s c r ip t i o n  D N P3  Da t a  P o i n t s  
T yp i ca l  U s e  in  P V  

S y s t e ms  

A C P o w e r  
A c t iv e  p ow er  

o u t put  ( w at t s )  

6 .0  ( A C P ow er  

O u t put  in  W o r  k W)  

M o n i t o r ing  t h e  a m o un t  

o f  p ow er  g en er at e d  

A mb i e nt  

T e mp e ra t u r e  

A m b i e nt  

t e m p er at u r e  

a r o un d  t h e  PV  

a r r a y  ( ° C)  

7 .0  (A m b ie nt  

T e m p e r at u re  in  ° C)  

M o n i t o r ing  

e n v i r on m e nt a l  

c o n d i t i o n s  

 

Binary Inputs (BI) – Discrete Data (e.g., system status, faults) 

Table 2 Binary Inputs - DNP3 data schema 

O bj e c t  Typ e  D e s c r ip t i o n  D N P3  Da t a  P o i n t s  
T yp i ca l  U s e  in  P V  

S y s t e ms  

I n ve r t e r  

S t a t u s  
O p e r at i o n a l  s t a t e  

o f  i nv e r t e r  ( on / of f )  

1 0 . 0  ( I nv e r t e r  

R un n in g  o r  

S t o p p e d )  

M o n i t o r ing  w het h e r  t h e  

i n ve r t e r  i s  a c t iv e  o r  i d l e  

F a u l t  

I n d i c at o r  
F a u l t  c o n d i t i on  

( t r ue / f a l s e )  

1 1 . 0  ( F au l t  

D et ec t e d )  

I n d i c at e s  w het he r  

t he re  i s  a  f au l t  ( e .g . ,  

o v e r -v o l t ag e )  

G r i d  

C o n ne c t i on  

S t a t u s  

W h et he r  PV  i s  

c o nn ec t e d  t o  t he  

g r i d  ( on / of f )  

1 2 . 0  ( C o nn ec t e d  t o  

G r i d )  

I n d i c at e s  w he t h e r  t h e  

P V  s y s t e m i s  su p p l y in g  

p o w er  t o  t h e  g r i d  

B y p a s s  

S w i t c h  
W h et he r  t he  

s y s t e m i s  i n  b y p a s s  

m o d e  ( o n/ o f f )  

1 3 . 0  ( B y p a s s  M o d e)  M o n i t o r ing  b y p as s  

o p e r at i o n  fo r  

m a i n t en a nc e  

I n ve r t e r  

C o m m u n ic a t i

o n  

W h et he r  

c o m m u n ic at i o n  

w i t h  t h e  in ve r t e r  i s  

a c t iv e  

1 4 . 0  ( C o m m  St at u s :  

O K / F a i l e d )  

D et ec t s  an y  

c o m m u n ic at i o n  i s sue s  

w i t h  t h e  i nv e r t e r  
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Counters – Cumulative Data (e.g., energy, operational hours) 

Table 3 Counters - DNP3 data schema 

O bj e c t  Typ e  D e s c r ip t i o n  D N P3  Da t a  P o i n t s  
T yp i ca l  U s e  in  P V  

S y s t e ms  

T o t a l  E n e rg y  

P r o d u c e d 

T o t a l  e ne rg y  

p r o d uc e d b y  t he  

P V  s y s t e m  ( k Wh )  

2 0 . 0  ( E n e rg y  

P r o d u c t i on  in  k W h)  

T r a c k i ng  c u m u l at i v e  

e n erg y  ou t put  o f  t h e  P V  

s y s t e m 

I n ve r t e r  

O p e r at i o n a l  

H o u r s  

C u m u l at i v e  ho u r s  

t he  in ve r t e r  h a s  

b e e n  o p er a t i ng  

2 1 . 0  ( I nv e r t e r  H ou r s )  

T r a c k i ng  t o t a l  

o p e r at i o n  t i m e  o f  t h e  

i n ve r t e r  

N u m b er  o f  

F a u l t s  

T o t a l  nu m b er  o f  

f a u l t s  de t e c t e d  
2 2 . 0  ( F a u l t s  C ou nt )  

M o n i t o r ing  t o t a l  f a u l t s  

o c c u r r in g  i n  t h e  s y s t em  

 

Binary Outputs (BO) – Control Commands (e.g., disconnect, reset) 

Table 4 Binary Outputs - DNP3 data schema 

O bj e c t  Typ e  D e s c r ip t i o n  D N P3  Da t a  P o i n t s  
T yp i ca l  U s e  in  P V  

S y s t e ms  

I n v e r te r  

R e s e t  

C o mma nd  

C o m m a n d  t o  re s e t  

t he  in ve r t e r  
3 0 . 0  (R e se t  In ve r t e r )  

R e se t  t he  in ve r t e r  i f  a n  

e r r o r  o r  f au l t  oc c u r s  

G r i d  

D i s c o nn e ct  

C o mma nd  

C o m m a n d  t o  

d i s c o nn ec t  t he  PV  

s y s t e m  f r o m  t he  

g r i d  

3 1 . 0  ( D i sc o nn ec t  

f r o m  Gr i d )  

D i s c on ne c t  t h e  P V  

s y s t e m d u r in g  

m a i n t en a nc e o r  f au l t  

B ypa s s  

S w i t ch  

C o nt r o l  

C o m m a n d  t o  

e ng a g e  o r  

d i s e ng a g e  t he  

b y p a s s  s w i t c h  

3 2 . 0  ( B y p a s s  Sw i t c h  

O n / O f f )  

E n a b l e  b y p a s s  m o de  fo r  

s y s t e m  m a in t e n an c e  
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In addition, IEEE 2030.5 (Smart Energy Profile 2.0 - SEP 2.0) IEEE 2030.5 is a communication 

standard for smart grid applications, specifically focused on enabling communication 

between distributed energy resources (DERs) and grid operators. It includes a set of data 

models for DERs, including PV systems, energy storage, and electric vehicles. Its use of RESTful 

web services (via HTTP/HTTPS) for data exchange, enables secure, reliable, and scalable 

communication between smart devices and the grid. 

The IEEE 2030.5 data model at its core, organizes data into several key objects, each 

representing different aspects of the system’s operation. One of the primary objects is the 

Device Object, which represents the PV inverter or the entire PV system. This object includes 

attributes such as the device type, which identifies whether the device is a PV inverter, 

battery, or another type of DER, and the device ID, which is a unique identifier assigned to 

each inverter or PV system. The location attribute specifies the geographical position of the 

system, often expressed in latitude and longitude. Additionally, the device capabilities 

define the range of possible operations for the PV system, such as the power output range 

and the various modes of operation, like whether the system is grid-tied or off-grid. 

The Power Generation Object captures both real-time and historical data about the energy 

production of the PV system. It includes information such as the instantaneous power output, 

which represents the current power being generated by the system, and energy production 

over time, typically measured in kilowatt-hours. Another important attribute is irradiance, 

which refers to the solar energy received by the PV array, often inferred from the system's 

performance or captured by specific sensors. Additionally, the voltage and current 

attributes describe the voltage levels and current flowing through the system, both in DC 

(direct current) and AC (alternating current) circuits, providing insights into the system’s 

electrical performance. 

The Control Interface Object is used for remote management and control of the PV system. 

Through this object, utilities or energy management systems (EMS) can send commands to 

the PV system, such as adjusting the setpoint control, which represents the target power 

output for the system. Another key aspect of this object is the mode control, which defines 

the operational mode of the PV system, such as grid-tied, off-grid, or islanding mode. The 

system also allows for inverter on/off control, enabling the inverter to be turned on or off 

depending on the needs of the grid or the operational conditions. The power factor 

adjustment attribute allows for the adjustment of the system’s power factor to meet grid 

requirements. 

The Operational Status Object monitors the health and operational status of the PV system. 

It includes attributes such as the status of the system, which could be online, offline, or in 

standby mode. This object also includes fault indicators, which highlight any failure 

conditions such as over-voltage, under-voltage, or inverter malfunctions. The last known error 
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code provides additional details about any recent faults or issues, helping with 

troubleshooting and maintenance. 

Finally, the Metering Data Object communicates information related to the energy usage 

and generation of the PV system. This object includes data such as active power, 

representing the real power being consumed or generated, and reactive power, which 

helps manage power factor and grid support. The object also includes the meter ID, a 

unique identifier for the energy meter used to measure the system’s output. This object 

ensures that all energy consumption and production data can be accurately tracked and 

reported. 

Of special interest in ODEON project, IEC 61400-25 (Wind Turbine Data Models)[27] 

specifically designed for wind turbines, it provides useful insights into how data models for 

renewable energy assets (like wind turbines) can be standardized. The IEC 61400-25 data 

model defines key objects, attributes, and communication services that enable the sharing 

of operational, status, and control data for wind turbines. The model (based on IEC 61850 

principles) is structured around several key elements, each designed to capture specific 

aspects of a wind turbine’s operation, performance, and interaction with the grid. These 

elements ensure that a wide range of parameters can be monitored and controlled, 

allowing for better performance, maintenance, and integration of wind power into the 

overall energy system. This standard defines the data models for wind turbine 

communication and monitoring, but many principles from IEC 61400-25 can be applied to 

PV systems, particularly for integration into larger DER and smart grid systems. 

The integration of battery storage systems has significantly increased interest in their 

representation and management. Key standards in this area include IEC 61850-7-420, which 

addresses distributed energy resources (DERs), encompassing battery storage systems. 

Another important standard is IEC 63382, focused on the management of distributed energy 

storage systems based on electric vehicles; this standard is currently under development and 

more details provided in the electromobility review. Additionally, the SunSpec Modbus 

protocol offers models that provide essential monitoring and control points applicable to all 

battery types, including lithium-ion, lead-acid, and flow batteries. 

The Battery Base Model (S 802) within the SunSpec Modbus protocol includes parameters 

such as battery type, cycle count, state of health (SoH), and alarms/warnings. Beyond this, 

SunSpec offers models tailored to specific battery technologies. The Lithium-Ion Battery Bank 

Model (S 803) focuses on monitoring and control points for lithium-ion battery banks, 

including summary information for the strings within the bank. The Flow Battery Models (S 806 

- S 809) provide monitoring and control points for flow battery systems, including banks, 

strings, modules, and stacks. 
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Apart from these models presented before, the IEC 61400-25 (provides an information model 

for electrical energy storage systems (EESS) within the IEC 61850 framework. It focuses on the 

storage functionality necessary for integrating these systems at the Distributed Energy 

Resource (DER) unit level. This includes aspects such as energy storage capacity, state of 

charge, charge and discharge rates, and other operational parameters. By adhering to this 

model, manufacturers and operators can ensure interoperability and effective 

communication between different components within the energy storage system. In the field 

of electromobility, a comprehensive list of standards exists to address all aspects of the value 

chain. Accordingly, this section presents key standards that facilitate information exchange 

among specific stakeholders in the electromobility ecosystem: the Charging Point Operator 

(CPO), the Electric Vehicle Supply Equipment (EVSE), and the Electric Vehicle (EV) as 

depicted below (Figure 4). 

 

Figure 4 Standardization Landscape on electromobility 

The Open Charge Point Protocol (OCPP) has emerged as the industry-recognized de facto 

standard for communication between Charging Stations and Charging Station 

Management Systems (CSMS). Designed to support various charging technologies, OCPP 

[28](now as IEC 63584 incorporating the 2.0.1 version of the model) is an open, license-free 

standard, making adoption accessible to all stakeholders.  

OCPP 2.1 was introduced in 2025, maintaining full compatibility with OCPP 2.0.1 while 

introducing additional features. Notably, OCPP 2.1 introduces several significant 

enhancements aimed at improving the integration of electric vehicle (EV) charging 

infrastructure with the broader energy grid. One of the key advancements is the support for 

EV energy discharge to the grid, which allows for bi-directional charging (concept of interest 
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in ODEON project). Another important enhancement in OCPP 2.1 is the integration with 

smart grids for more advanced energy management. This integration allows charging 

stations to communicate with grid operators and other smart grid elements, facilitating 

dynamic adjustments to charging behavior based on real-time grid conditions. In addition 

to these, the update introduces dynamic charging schedules. This feature enables the 

adjustment of charging times and rates based on grid demand, ensuring that EVs charge 

during off-peak hours when the grid is less strained. By dynamically adjusting charging 

schedules, the system helps balance EV energy needs with grid capacity, promoting a more 

sustainable and efficient energy ecosystem.  

A brief overview of the data model principles of OCPP 2.1 is provided. The protocol uses 

JSON over WebSockets (default) or HTTP REST for message exchange and a series of 

messages are considered to handle the different processes specified in the standard. One 

of the primary processes is Authorization and Authentication, which ensures that only 

authorized users or vehicles can initiate a charging session. Authorization also allows 

charging operators to manage who can access their infrastructure, preventing unauthorized 

use and ensuring billing accuracy. 

Transaction Management is another essential process within OCPP 2.1. It involves the 

tracking of charging sessions, including the start and stop times, energy consumed, and the 

associated costs. This process ensures that all charging transactions are properly logged and 

can be used for billing, accounting, or reporting purposes. Smart Charging & Energy 

Management is a significant enhancement in OCPP 2.1. This process involves optimizing 

charging operations to balance grid demand and the energy needs of EVs. Device 

Management & Diagnostics within OCPP 2.1 enables the remote monitoring and 

management of charging stations. This includes diagnostic processes that check the status 

of charging equipment, report faults, and carry out firmware updates or configuration 

changes. Device management ensures that charging stations remain operational and 

secure, while diagnostics support the maintenance of the infrastructure, minimizing 

downtime and improving service reliability. 

Apart from the OCPP 2.1 standard that has maturity in the market there is a series of IEC 

standards that are considered as alternatives to support the business operation of EV 

charging process. As depicted in Figure 5 there are two standards as the most relevant 

1. ISO/IEC 15118 [29]– Governing communication between an EVSE and an EV to 

support V2G functionality 

2. IEC 61850-90-8 – An alternative IEC based (following the IEC 61850 principles as stated 

above) standard supporting communication between a CPO and an EVSE, and/or 

between a DSO and an EVSE. 
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Figure 5 IEC Standards for EV Grid Support and Charging Management2 

In more details, ISO/IEC 15118 (with emphasis on ISO/IEC 15118-20) defines a structured data 

exchange model that enables secure and efficient communication between an Electric 

Vehicle (EV) and a Charging Station (Electric Vehicle Supply Equipment - EVSE). There is 

different communication processes considered between the EV and the EVSE, namely: Plug-

in and Session Establishment, Authentication and Authorization, Charging Parameters 

Negotiation, Charging Parameters Negotiation, Charging Termination. Additional 

parameters for Bi-Directional Power Flow (V2G, V2H, V2X) (Supports EVs as Distributed Energy 

Resources (DERs)/Manages energy storage and discharge for grid stability) and Flexible 

Energy Management (Dynamic charging schedules based on electricity prices and grid 

demand / Vehicle-to-Grid (V2G) support for selling energy back to the grid) are defined as 

part of the ISO/IEC 15118-20. 

 
2 https://etech.iec.ch/issue/2023-03/how-the-iec-works-to-integrate-electric-vehicles-into-the-grid  
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Each message follows a structured XML schema and is encoded in EXI (Efficient XML 

Interchange) for optimized data transmission. An indicative list of data elements is presented 

in the following table: 

Table 5 ISO/IEC 15118 structured schema 

D ata  E l em e nt  D e s c r ip t i o n  

E V CC ID  U n i q ue  ID  o f  t he  E V  c o m m u n i c at i on  c o nt r o l l e r  

E V S E ID  U n i q ue  ID  o f  t he  Ch a rg i ng  S t at i o n  ( EV S E )  

S e s s i o n ID  T r a c k s  t h e  c o m m un i c a t i o n  s e s s i on  

P a ym e ntM et h od  D e f i n e s  c o nt r ac t - b a se d  ( P n C)  o r  e x t e r n a l  a u t h en t ic at i o n  

M a xC u r r e n t  M a x i m u m  c u r re n t  t h e  E V  c an  ac c e pt  (A )  

V o l t ag e L im i t  V o l t ag e  r a ng e  su p p or t e d  b y  E V  (V )  

E n e r gyA m ou n t  R e qu e s t e d  e ne rg y  a mo u nt  f o r  c h a rg in g  ( k Wh )  

C h ar g eT im e  E s t i m a t e d  t i m e f o r  c ha r g ing  c o m p l e t i o n  

V 2 G  M od e   E n a b l e s  V eh i c l e - t o - Gr i d  ( V2 G )  o r  un i d i re c t io n a l  c h ar g ing  

Note: IEC 63382 - This international standard is currently under development and focuses on 

establishing protocols for managing distributed energy storage systems based on electrically 

chargeable vehicles (ECV-DESS). It encompasses functionalities such as V1G (smart 

charging), V2G (vehicle-to-grid), and V2X (vehicle-to-everything). The standard aims to 

define both technical and business requirements for grid services, involving various 

stakeholders including Charging Station Operators, EV users, Aggregators, e-mobility Service 

Providers, vehicle manufacturers, utilities, technology providers, software developers, and 

system engineers. It also addresses aspects like energy transfer management, reporting, 

power and energy exchange, contractual agreements, metering data, and demand 

response mechanisms. The data models for the different services will be made available in 

section 2 of the standard (end of 2026). IEC 63110 has been cancelled by IEC as not relevant 
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(considering the maturity of OCPP as a communication protocol for CPO/CP 

communication). 

2.1.3.2. ALIGNMENT WITH ODEON ACTIVITIES 
In the field of DER modeling and smart assets representation, a thorough analysis was 

performed covering the different types examined in ODEON project, namely GenAssets, 

Storage, EVs. 

IEC 61850-7-420, which focuses on Distributed Energy Resource (DER) modeling, 

incorporating technologies such as Generators, Batteries, and Combined Heat and Power 

(CHP) systems to manage decentralized energy resources effectively.  

The incorporation of SUNSPEC MODBUS enhances the ODEON data model by providing 

standardized communication for inverter-based systems covering both PVs and battery 

systems, including controllers, sensors, and meters. The IEEE 2030.5 standard, also known as 

Smart Energy Profile (SEP) 2.0, is critical as it supports demand response, energy 

management, and integration of distributed energy resources, aligning with ODEON's goals 

of optimizing energy use and enhancing grid stability. Also, DNP3 (Distributed Network 

Protocol) is another key addition, enabling reliable and secure data exchange in supervisory 

control and data acquisition (SCADA) systems, commonly used in utilities and energy 

management supporting time-stamped event reporting and data monitoring as presented 

above.  

Special interest as part of the analysis for the mobility related standards with focus on OCPP 

and the incorporation of G2V aspects. As mentioned earlier, OCPP is a widely adopted, 

market-ready solution that is extensively used to enhance the management of remote 

charging station operations and to provide more detailed information on the hardware and 

configuration of the charging stations. The analysis of the model indicates the relevant 

information required for the modeling aspects in ODEON project, though alignment with 

other standards in the field (namely the ISO/IEC 15118) is required for the provision of end-to-

end services 

2.1.4. Building/IoT domain  

2.1.4.1. STANDARDIZATION REVIEW 
In the previous section, the focus was on integrating grid and Distributed Energy Resources 

(DERs). This section shifts to the integration of building assets, emphasizing flexibility 

management and reporting. Incorporating building assets into the energy grid enhances 

flexibility and supports the transition to a more sustainable and resilient energy system. 

Buildings equipped with DERs can actively participate in grid operations, offering benefits 
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such as improved energy efficiency, reduced operational costs, and enhanced grid stability. 

Building-to-grid technology represents a cutting-edge approach that seamlessly integrates 

the power grid and building control systems. In the field of smart buildings representation, 

SAREF ontologies are defined as the state-of-the-art work in the field. 

Under SAREF umbrella, the SAREF4ENER technical specification extends SAREF for the energy 

domain, building upon CENELEC standards EN 50631:2023 and EN 50491-12-2[31]. Recently 

restructured in collaboration with the Horizon 2020 project InterConnect, provides a neutral, 

protocol-independent framework for smart appliance manufacturers. This extension enables 

energy smart appliances to exchange messages with an Energy Management System (EMS) 

to optimize energy consumption and production within user-defined constraints. 

SAREF4ENER incorporates data elements from the EN 50631 SPINE/SPINE (EEBUS) IoT model 

and the EN 50491-12-2 S2 model. It defines saref:Profiles to describe energy flexibility 

capabilities, merging overlapping concepts from SPINE and S2 into unified SAREF 

representations. Key flexibility profiles include Power Profile, Power Envelope, and Power 

Limits, while others, such as Incentive Tables and Demand Driven energy flexibility, remain 

distinct to their originating models. 

Beyond profiles, SAREF4ENER (as presented in Figure 6) defines flexibility instructions that 

facilitate communication between devices and EMS, structuring offers, requests, and energy 

flexibility plans. Real-time monitoring of power consumption is integrated through the core 

SAREF module and the load control use case. Additionally, the extension introduces a data 

modelling approach for handling data points and time series, essential for forecasting and 

tracking energy parameters. 
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Figure 6 SAREF4ENER conceptual representation 

The SAREF4ENER is also highlighted at EC level as the European Commission's Directorate-

General for Energy (DG ENER) and the Joint Research Centre (JRC) have developed a Code 

of Conduct (CoC) for Energy Smart Appliances (ESA) [34] manufacturers. This initiative aims 

to certify the 'energy-smart' behavior of products, focusing on two main challenges: 

• Data Sharing Principles: Establishing guidelines for data exchange among 

appliances, home and building automation systems, electric vehicle chargers, 

aggregators, and distribution system operators (DSOs). 

• Interoperability Requirements: Developing standards to ensure seamless integration 

and communication among various ESA stakeholders, including industry players, non-

governmental organizations, academia, and member state authorities. 

While SAREF4ENER is considered as of direct interest in ODEON (aiming to tackle the different 

energy related characteristics of building level smart appliances), we are covering as part 

of the analysis SAREF4BLDG [32] as an extension of the Smart Appliances REFerence (SAREF) 

ontology, specifically designed to enhance interoperability within the building sector. It 

incorporates concepts from the Industry Foundation Classes (IFC) standard, focusing on 

devices and appliances within building environments. This extension introduces 72 classes, 

179 object properties, and 83 data type properties, facilitating standardized communication 

among various stakeholders in the building lifecycle, including architects, engineers, and 

manufacturers. By utilizing SAREF4BLDG, smart appliances adhering to the IFC data model 

can seamlessly interact, promoting efficient building management and operation. The 

classes in SAREF4BLDG can be categorized as follows: 

• Building Elements: This category includes the 'Building' class, representing an 

independent unit of the built environment with a characteristic spatial structure. The 

'BuildingSpace' class defines a limited three-dimensional extent within a building, such 

as a room or corridor. The 'PhysicalObject' class encompasses all physical items within 

a building, including both building objects and devices.  

• Devices and Appliances: This category features the 'BuildingDevice' class, 

representing devices within a building, such as sensors, actuators, and other smart 

appliances. The 'Actuator' class refers to a device that performs actions based on 

received commands, such as opening a valve or adjusting a thermostat. The 'Sensor' 

class denotes a device that detects and measures physical properties, such as 

temperature, humidity, or light levels.  

• Properties and Relationships: This category includes the 'hasSpace' property, which 

relates a building to its constituent spaces. The 'contains' property indicates that a 
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building space contains a physical object. The 'isLocatedIn' property specifies the 

location of a physical object within a building space.  

As stated above, SAREF4BLDG is based on IFC (provided by buildingSMART) which is the base 

model for building representation. it provides a standardized, digital description of the built 

environment, encompassing buildings and civil infrastructure. The model is structured into 

several key categories, each serving a specific purpose in representing various aspects of 

building information. As the details of the IFC[38] are publicly available, there are no details 

to be reported in this section, rather to consider base building concepts as part of the 

ODEON data model. 

ISO 17800:2017 [39], also known as the Facility Smart Grid Information Model (FSGIM), is an 

international standard designed to provide a common language and framework for the 

exchange of energy consumption data across modern facilities. A central element of the 

ISO 17800 data model is its well-defined set of data objects incorporating Unified Modeling 

Language (UML) diagrams. It supports functionalities such as on-site generation and 

demand response, allowing for efficient management of local energy production and 

consumption patterns. The standard also incorporates provisions for electrical storage and 

peak demand management, ensuring that energy reserves are utilized optimally and that 

peak loads are controlled effectively. Moreover, it facilitates forward power usage 

estimation and load shedding capability estimation, detailed monitoring through end load 

sub metering and power quality of service assessments, thereby providing a granular view 

of energy usage and quality. 

It is evident that there are also additional model approaches (BEDES, PAS 1878:2021 & PAS 

1879:2021, EVS-EN 50631-2:2023 and building protocol related customization models, i.e. 

Matter, KNX, Zwave) that aim to tackle building assets modeling. While the interest in ODEON 

is about flexibility management of the building assets, the interest is also about the review of 

flexibility and DR related standardization (and the subsequent processes to be considered 

also in ODEON/ beyond the building environment).  

The most prominent standardization in the field is OPENADR (IEC 62746-10) with the recently 

published OpenADR 3.0 departing from the SOAP-based architecture and utilizing HTTP, 

JSON, and OAuth protocols to facilitate more straightforward and secure communication. 

The key concepts of the data model remain the same as in previous versions covering 

aspects as: 

• Event: Encapsulates information such as event signals, timing, and targeted 

resources, enabling VTNs to communicate DR signals effectively to Virtual End Nodes 

(VENs).  

• Resource: Associated with VENs, resources represent specific controllable assets or 

loads that can be managed during DR events.  
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• Report: Standardizes structures for reporting, enabling VENs to provide VTNs with data 

on energy consumption, event responses, and other relevant metrics. 

• Subscription: Manages the bi-directional data exchange between VTNs and VENs, 

allowing for efficient communication and control.  

These data classes are designed to provide a consistent methodology for managing 

different energy system components, ensuring interoperability and efficient communication 

within the OpenADR framework. 

Moreover, the recently defined standard IEC 62746-4 [40]describes Common Information 

Model (CIM) profiles for the Demand-Side Resource Interface, facilitating communication 

between customer energy management systems and power management systems. It is 

based on the other CIM standards, including IEC 61970, IEC 61968, and IEC 62325. The 

schemas associated with IEC 62746-4 were generated using the CIM101 Unified Modeling 

Language (UML) and leveraging the Market package. 

IEC 62746-4 defines a framework for facilitating communication through five core data 

exchange profiles. One of the key components of this standard is the MarketDER profile, 

which describes the market-level characteristics of a DER or an aggregation of DERs. Another 

critical profile is the ReferenceEnergyCurve, which captures and communicates the 

consumption and production patterns of a DER, customer, or aggregator over time. This data 

exchange is used to transfer energy-related values such as forecasts, schedules, patterns, 

and real-time energy usage. Market participation is further facilitated through the 

MarketDERBidOffer profile, which defines the price points at which a DER is willing to provide 

or consume services. Additionally, this profile allows for the submission of self-schedules, 

which record service consumption or production without an associated price. The standard 

also includes the MarketDERInstruction profile, which is responsible for conveying setpoints 

for DER operation. These instructions, sent by market operators, grid operators, or 

aggregators, guide the behavior of DERs based on market and grid conditions. Pricing data 

is managed through the CommodityPriceExchange profile, which facilitates the exchange 

of price information for specific commodities and establishes a clear pricing structure for 

market products and pricing locations.  

Also considering as a reference implementation the S2 framework [35] presented above 

(and promoted by flexible energy alliance) and further the work in the field of UFTP (Universal 

Smart Energy Framework - Flexibility Trading Protocol – now managed under the shapeshifter 

project) as a communication protocol designed to facilitate the exchange of flexibility 

between Aggregators and Distribution System Operators (DSOs). This model is defined using 

XML Schema Definitions (XSDs), ensuring consistent formatting and validation of messages 

exchanged during flexibility trading processes, encompassing various message types, each 

corresponding to specific phases of the Market Coordination Mechanism (MCM): 
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• Contract Phase: Messages related to the establishment of agreements between 

AGRs and DSOs. 

• Plan Phase: Messages for scheduling and forecasting flexibility. 

• Validate Phase: Messages to confirm the feasibility and acceptance of proposed 

flexibility plans. 

• Operate Phase: Messages for real-time operation and activation of flexibility services. 

• Settle Phase: Messages to facilitate the settlement and reconciliation of delivered 

flexibility services. 

In addition, several ongoing works from EC initiatives were considered as part of the analysis, 

namely the Energy Flexibility Data Model (EFDM)[36] and the work of FlexCommunity [37] 

initiative with the FlexOffer definition.  

2.1.4.2. ALIGNMENT WITH ODEON ACTIVITIES 
ETSI SAREF4ENER (which is based on the very recent work of alliances at EC level) contributes 

to the model by providing a framework for building level DER-related fields such as Control 

Actions, Devices, and Measurements, crucial for controlling and optimizing energy 

resources. It is important to note that ETSI SAREF4ENER has been elicitated as this work is 

aligned with the EN standardization and highlighted as part of the Code of Conduct (CoC) 

for Energy Smart Appliances (ESA) in order to promote building smart appliances 

standardization at EC level. On the other hand, SAREF4BLDG defines building representation 

classes that are part of the model representation of ODEON project. 

In the field of flexibility management and flexibility services within ODEON, special interest for 

the adoption and alignment with the work of IEC standardization, namely OPENADR (3.0) 

and the very recent IEC 62746-4. These two standards are crucial in order to ensure market 

base participation of flexibility. IEC 62746-10 OpenADR integrates demand response-related 

concepts, including Demand-Response-Event, Demand-Response-Event-Signal, and 

Demand-Response-Report, enhancing the capacity for demand-side management within 

energy systems. IEC 62746-4 introduces structured CIM profiles tailored for energy flexibility 

operations, promoting harmonized information exchange between various market 

participants. While the aforementioned models, cover the primary modeling needs of the 

ODEON project, reference to the other market-based models, such as IEC 62325, USEF UFTP 

as they incorporate market related processes and concepts that may be considered also 

of interest for a more extended version of the information model examined in the project. 

2.2. Demonstration Sites Landscape Analysis 

In this section we provide a detailed overview of the five project demonstrators and their 

assets in Greece, Spain, France, Denmark, and Ireland. Each section outlines site-specific 

details on the following key infrastructures considered in the project, taking into account the 
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analysis performed in D2.1- “Detailed demonstrators’ characterization” as well as further 

discussions with the demo partners, namely  

• Grid & RES Infrastructure: Grid details (HV, MV, LV), peak demand, network losses, RES 

integration, reliability aspects. 

• AMI & Digital Tools: Smart meter data, AMI functionality etc. 

• Local Energy Communities (LEC): Community energy resources considering 

community level DERs (PVs, EV CPs, Batteries). 

• Building & BEMS Assets: Community buildings, BEMS integration, IoT interaction, and 

relevant measurements. 

The section aims to establish a clear understanding of each site’s current state with focus on 

the data attributes considered to characterize the different assets in order to pave the way 

for the elicitation of the key concepts to be considered in the project. 

2.2.1. Greek Demo Site Data Assets 
At the Greek demo site, there are 2 demo partners contributing, HEDNO and HERON. At the 

DSO side, HEDNO is responsible for the data management at the Greek demo area, 

handling a regional DMS with SCADA, overseeing the HV/MV substation via RTUs, tele-control 

switches, and FPIs. Currently, 123 MV and limited LV customers have smart meters, covering 

areas served by the Markopoulo HV/MV Substation, including Mesogia, Lavrio, and Koropi. 

HEDNO's AMI includes a meter data management system that collects, validates, and 

analyzes smart meter data. AMR retrieves data every 24 hours via GPRS, with meters 

recording in 15-minute intervals before daily transmission to HEDNO servers. 

HERON set a community encompassing various building assets, including 150 residential units, 

which consist of both apartments and houses. Therefore, building related information will be 

made available in the project and thus special interest on proper modeling of the different 

entities within the building environment (devices, etc..). Overall, the data management 

system for the Greek demo site integrates datasets from HEDNO and HERON, focusing on 

grid monitoring, failure tracking, and smart metering, while also considering integration of 

building level data. 

HEDNO’s datasets, categorized include real-time monitoring of voltage and current levels 

on the MV Power Bus and line feeders, ensuring grid stability. They also track the active and 

reactive power of HV/MV transformers and monitor MV/LV transformer performance. 

Additionally, HEDNO maintains a database of MV and LV grid failures, recording their 

duration and causes. Smart meter data is collected from MV and LV consumers, prosumers, 

and PV plants, while grid simulations provide reports on MV grid model scenarios. 
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HERON’s datasets, under HERON_HOME_ID, focus on smart submetering and device control. 

These datasets include energy and power monitoring with 30-second interval data from 

smart meters and plugs. Voltage and reactive power readings are also recorded from smart 

meters, while a device management database provides details on HERON devices, 

including their type, the appliances they monitor, and their home assignments.  

2.2.2. Spanish Demo Site Data Assets 
At the Spanish demo site, there are 2 demo partners contributing, CUERVA and VERGY. At 

the DSO side, CUERVA utilizes an integrated system for monitoring, control, and optimization 

via SCADA. Smart meters cover 100% of the ODEON demo site, spanning 31 km of HV lines, 

292 km of MV lines, and 315 km of LV lines. At the user level, submetering provides Behind-

The-Meter (BTM) measurements with sub-second granularity, though data collection occurs 

at 15-minute intervals. This data is stored in a Snowflake-based database for accessibility and 

management. CUERVA also owns various renewable energy assets, generating thus data 

from these data sources. 

Overall, The Transformer and Line Data provides insights into the configuration and details of 

lines and transformers for CT PUEBLO FORNES. Moreover, the Loss Data includes records of 

both generic and historical losses for CT PUEBLO FORNES, detailing their duration and causes. 

Also, AMI monitoring data are made available including detailed information on energy 

consumption and generation at the point of interest in the point. 

VERGY acts as the energy community developer and municipal liaison. The energy 

community consists of public and private buildings. Public facilities include the town hall, 

which hosts a 58 kW photovoltaic plant, as well as a school, medical center, funeral home, 

theater, and public nursery. Wireless Sensor Network (WSN) sensors will be installed on HVAC 

systems to monitor and control consumption. These developments will enhance network 

management and facilitate flexibility tools such as demand response and congestion 

mitigation. The monitoring data for Fornes cover metering data from smart metering systems 

and self-consumption trends. Moreover, IoT data are considered of interest following the 

installation of building metering devices to be considered in the project. On the other hand, 

integration of EVs and EV charging points will be examined in the Spanish demo site and 

therefore the full coverage of this aspect is of high importance in the project. 

2.2.3. French Demo Site Data Assets 
At the French demo site, SICAE is handling the role of the DSO, considering also data made 

available from the local energy community established (with distinct roles among the 

entities). At the DSO side, SICAE utilizes an ADMS for grid monitoring, control, and 

optimization, featuring advanced functions and a development engine to implement 

additional algorithms. For data management, SICAE's system is supported by SCADA. The 

https://odeonproject.eu/


 

 
  

45 
 

 

 

 D3.1 ODEON Semantic Data Model 
 

ODEON PROJECT 

AMI (Advanced Metering Infrastructure) leverages the French smart meter infrastructure, 

“Linky.” Data is collected daily, with two years of historical data available, including details 

on voltage deviation, meter reading index, and daily maximum active power. 

At the community side, the demonstrator is situated in a rural village, where the community 

assets primarily consist of private customers living in individual houses. The community is rich 

in local energy resources, notably significant wind and photovoltaic generation capacities, 

which play a crucial role in shaping the overall energy profile. SICAE has load curves at 10-

minute intervals and data on voltage deviations for all these customers. Among these 

customers, 18 are prosumers, with 17 having photovoltaic (PV) installations under 36 kVA, 

and 1 with a PV installation exceeding 36 kVA. The building assets in the French demo site 

include two PV shading systems under 36 kVA, three PV trackers under 36 kVA, one EV 

recharging point (22 kW), and one heat pump. Also, availability of a battery system in place 

to increase the level of self-consumption in the region. 

The French Demonstration Site involves a diverse range of data assets critical for monitoring 

and managing renewable energy systems, energy storage, EV charging stations, grid assets, 

and AMI as presented in brief: 

• At the grid level, the assets category features detailed voltage and power 

measurements from LV and MV substations. In addition, the AMI category focuses on 

the collection and management of smart meter data from LV and MV consumers 

and prosumers. These datasets provide key consumption and production metrics, 

supporting detailed performance analysis and efficient grid management. 

• The renewable energy systems category encompasses data from PV canopies, solar 

trackers, and wind turbines. These datasets primarily focus on real-time monitoring of 

AC power values and lifetime energy production. 

• The energy storage systems category includes data related to storage units and Na-

ion battery storage. Parameters monitored in real time include power, state of 

charge, state of health, and operating modes.  

• For EV charging stations, the category includes real-time data on energy 

consumption during charging sessions, as well as cumulative energy usage.  

• Moreover, building level IoT data will be considered of interest for the French demo 

site with focus on flexible assets, HVACs. 

It is evident, that there are different aspects to be examined at the French demo site 

spanning from grid related elements to RES integration, EV/storage systems and building IoT 

data. 

2.2.4. Danish Demo Site Data Assets 
At the Danish demo site, TENO is addressing the role of network operator while BEOF/EWII are 

handling the data from the local community. 
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At the DSO side, the data management system relies on advanced tools and technologies 

for efficient grid monitoring, control, and optimization. The AMI (Advanced Metering 

Infrastructure) system plays a central role, collecting data from approximately 28,000 smart 

meters installed across all customer locations. The data is gathered with a 15-minute 

resolution, ensuring that detailed consumption data is available for analysis.  

At the community side, we capture various data streams that provide insights into the energy 

consumption and generation patterns of households equipped with renewable 

technologies and smart devices considering community/building asset related data. Data 

streams from photovoltaic (PV) inverters is considered. This system records real-time data of 

solar energy generation in participating households, contributing to a comprehensive 

understanding of renewable energy production. 

Furthermore, real-time data from wind turbines, capturing the generation of wind energy, 

offering insights into the contribution of wind power to the household energy mix. For 

households with electric vehicles (EVs), there are systems track energy usage during 

charging sessions, both for individual EVs and for the BEOF EV fleet, providing valuable data 

on charging patterns and energy demand from electric mobility. 

One key data source is the sensing device within the building environment that involves real-

time indoor measurements of temperature, humidity, and other climate parameters in 

homes that are directly linked with the operation of heat pumps. Additionally, data from 

heat pumps in households, offers valuable information on energy consumption and system 

performance.  

Together, these data sources create a detailed and dynamic view of household energy 

behavior, essential for optimizing grid management and integrating renewable energy 

sources. 

2.2.5. Irish Demo Site Data Assets 
The Irish Pilot site on the Aran Islands presents a unique context for control, and optimization, 

with both challenges and opportunities for improving energy systems. CFOAT is acting as the 

LEC manager and thus the interest is only about data from community and building 

environment. In short, the data assets can be categorized in the following categories: 

• Total Energy Consumption: Aggregates the total energy consumption across various 

household appliances, providing insights into overall energy usage, including data on 

energy (Wh), power (W), and costs (EUR). 

• PV Generation Data: This asset tracks photovoltaic (PV) energy generation, recording 

data such as energy generated (Wh), power output (W), and associated costs (EUR). 

• Battery Systems are available at residential level and thus battery related data are 

considered 
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• EV charging points are available at residential level and thus EV charging point 

related data (power, consumption) are considered 

• Building IoT data considering sub metering functionality as well as indoor 

environmental conditions monitoring 

In the following table (Table 6) we present an overview and the common denominator of 

the key entities defined at the data assets of the demo sties. The analysis takes into account 

the categorization as performed in D2.1 and listed in this deliverable. 

Table 6 Key Data Categories at the demo sites 

D o ma i n  K e y  Da t a  Ca te g or i e s  

E l e c t r i c i t y  G r id  

M a nag em e nt  

S C A DA  s y s t e m  r e a d in g s ,  g r i d  t o p o l og y  in f o r m a t i on ,  R E S  

S C A DA  d at a ,  G I S  de t a i l s ,  g r i d  f a i lu r e  re p o r t s ,  w e at he r  

c o n d i t i o n s ,  an d  a s s e t  m a i n t e n an c e  r ec o r ds  

A MI  Sy s te m s  
D a t a f r o m s m a r t  me t e r s ,  S CA D A  d a t a f r o m r e new a b l e  

e n erg y  s ou rc e s ,  a s se t - s p e c i f ic  d at a  f o r  R E S  

C o mm u ni ty  E ne r gy  

S y s t e ms  

D a t a f r o m  s m ar t  me t e r s ,  e l ec t r ic i t y  p r ic i ng ,  c u s t o m er  

p r o f i l e s ,  e n e rg y  m ar ke t  d a t a ,  b at t e r y  s y s t em  d a t a ,  e l ec t r ic  

v e h i c le  c h ar g i ng  s t at io n s ,  an d  w e at he r  c ond i t i o n s  

B u i ld i ng  E n er gy  

S y s t e ms  

I n f o r m a t i o n  on  e le c t r ic i t y  p r ic in g ,  s m a r t  d ev i c e  d a t a  w i t h i n  

b u i l d i ng s ,  e nv i r o n m en t a l  m on i t o r in g  d at a ,  e l ec t r ic  ve h ic le  

c h ar g ing  s t at i o n s ,  me t e r in g  d at a ,  re s i d en t i a l  P V  d a t a ,  

w e at he r  d a t a  

2.3. Energy Applications Data needs 

In addition to outlining the data specifications for the ODEON project as understood by the 

demo participants and stakeholders, this section also highlights the energy services data 

requirements essential for the creation and implementation of the different energy apps. 

These requirements are based on the preliminary design specifications for the ODEON 

energy applications, as detailed in D2.2, and presented in brief in the following table (Table 

7). 

As anticipated, the data specifications presented by the demo actors in the previous section 

align with the data needs for the development of the ODEON energy applications. 
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Furthermore, additional data requirements, as identified through the analytics services within 

the ODEON framework, are also addressed. 

Overall, in this section, each standard has been assessed based on its focus within one of 

the domains of interest in the project. The data assets provided by the demo partners of the 

ODEON project, their data needs, the requirements and the needs of the energy 

applications have all been considered in this comparison. This holistic approach enables an 

evaluation of the standards' scope and how they will be utilized in the ODEON project. 

Table 7 Key Data Categories at the ODEON applications 

E n e r gy  A pp l ic a t i o n  K e y  Da t a  Ca te g or i e s  

F l e x i b i l i t y - b a s e d 

N et w o rk  

M a n a g e m e nt  

S C A DA  d at a ,  g r i d  c on f ig u r at i o n  d a t a ,  G I S  d a t a ,  s m a r t  m et e r  

d a t a ,  ou t a g e  r e p or t s ,  S CA DA  d at a  f r o m DE R ,  w e a t h e r  d at a ,  

w e at he r  fo re c a s t s ,  g en er a t i on  an d  d em a n d  p r o j ec t i o ns ,  

n e t w ork - l ev e l  f l e x i b i l i t y  p r o f i l e s ,  S u b s t at i o n  t e m p e r at u re  

N et w o rk  P l an n in g  

a n d  R e i n f o rc e me nt  

A s s e s s me nt  

G r i d  c on f i g u r at i on  d at a ,  n e t w or k  e vo l u t i on ,  s m a r t  m et e r  d at a ,  

S C A DA  d a t a  f r o m  D ER / m e t e r i ng  (g en er at i on ) ,  g e n er at i o n  an d  

d e m a n d  p r o je c t i on s ,  n e t w ork - l ev e l  f l e x i b i l i t y  p r o j ec t i o n s ,  G I S  

d a t a ,  a s se t  f a i l u r e  i n fo r m a t i on  

D y n a m i c  P o w e r  

F l o w  M an a g e m en t  

a n d  P o w e r  Q u a l i t y  

R e s t o r a t i on  

G r i d  c on f ig u r at i on  d a t a  (c on s i d e r i ng  a l s o  n et w or k  

c o n s t r a i n s ) ,  s m a r t  met e r  d at a ,  ou t ag e r e po r t s ,  S C A D A  d a t a 

f r o m D ER ,  w e at h e r  da t a ,  w e at h e r  f o r ec a s t s ,  g e ne r at i on  an d  

d e m a n d  p r o je c t i on s  

N et w o rk  A s s e t  

M a n a g e m e nt  an d  

P r e d i c t i v e  

M a i n t e n an c e  

S c h e du l e r  

G r i d  c on f ig u r at i on  d a t a  (c on s i d e r i ng  a l s o  n et w or k  

c o n s t r a i n s ) ,  s m a r t  me t e r  d at a ,  S CA DA  d a t a  f r o m  D E R ,  w e at h er  

d a t a  

F l e x i b i l i t y  V i r t u a l  

P o w er  P l a n t  

C o n f ig u r at i on  

A p p l ic a t io n  

B u i l d i ng  I o T  - s p ec i f i c  s m a r t  m et e r  d a t a ,  b at t e r y  s y s t e m  d a t a ,  

E V  c h ar g in g  s t a t io n  d a t a ,  f l ex i b i l i t y  p r o f i l e s ,  a s se t  

c o nf ig u r a t i o n  d at a  

O p e n  F le x i b i l i t y  

T r a d i ng  

M a r ke t p l a c e  a n d 

S m a r t  F le x i b i l i t y  

C o n t r ac t s  

B u i l d i ng  I o T  - s p ec i f i c  s m a r t  m et e r  d a t a ,  b at t e r y  s y s t e m  d a t a ,  

E V  c h ar g in g  s t a t io n  d a t a ,  f l ex i b i l i t y  p r o f i l e s ,  a s se t  

c o nf ig u r a t i o n  d at a  
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E n e r gy  A pp l ic a t i o n  K e y  Da t a  Ca te g or i e s  

P e r s o n a l i z e d  

P r o s u m er  

E n g ag e m ent  a n d  

C a p a c i t y  Bu i l d i ng  

D a t a  f r o m  I oT /  s m ar t  m e t e r s ,  e le c t r i c i t y  t a r i f f s ,  c u s t o m er  a n d 

b u i l d i ng  p r o f i le s ,  ren ew a b l e  en er g y  d a t a ,  w e at he r  d a t a ,  

e n v i r on m e nt a l  m o n i t o r i ng  w i t h in  b u i l d ing s ,  s m a r t  d e v ic es  i n  

b u i l d i ng s ,  c o m fo r t  p ro f i l i ng ,  w e a t h e r ,  g en era t i o n  an d  d e m a n d  

p r e d ic t io n s  

S m a r t  H o me  a n d  

D E R  A u t o m at e d  

C o n t r o l  A p p l i c at i on  

D a t a  f r o m  I oT /  s m ar t  m e t e r s ,  e le c t r i c i t y  t a r i f f s ,  c u s t o m er  a n d 

b u i l d i ng  p r o f i l e s ,  e nv i r o n m ent a l  m o n i t o r ing  w i t h in  bu i l d in g s ,  

s m a r t  d ev i c e s  in  bu i l d i n g s ,  D R  ev ent s ,  c o m f or t  p r o f i l i ng ,  

w e at he r  a n d  de m a n d  p r e d ic t i o n s  

S m a r t  Ch a rg in g  

A p p l ic a t io n  f o r  E V s  

a n d  E V  f le e t s  

S m a r t  me t e r  d at a ,  EV  c h ar g ing  s t at i o n  d a t a ,  e l ec t r ic i t y  t a r i f f s ,  

E V  f l e e t ,  E V  s e rv i c e  da t a  

L E C  E ne rg y  

M a n a g e m e nt  an d  

S e l f -c o n su m pt i o n  

O p t i m i z at i o n  

D a t a  f r o m  s m a r t  me t e r s ,  e le c t r ic i t y  t a r i f f s ,  c u s t o m er  a n d 

b u i l d i ng  p r o f i le s ,  ren ew a b l e  en er g y  d a t a ,  w e at he r  d a t a ,  

s t o r ag e  d at a ,  EV  c ha r g e  d at a ,  s m a r t  d ev i c e s  i n  b u i l d in g s ,  

w e at he r ,  g en er a t i o n ,  d e m a n d  a n d  f l e x i b i l i t y  p r e d ic t i o n s  

C o m m u n i t y  

P o r t f o l i o  

M a n a g e m e nt  an d  

E l a s t ic i t y - b a s e d  D R  

D a t a  f r o m  s m a r t  me t e r s ,  e le c t r ic i t y  t a r i f f s ,  c u s t o m er  a n d 

b u i l d i ng  p r o f i le s ,  ren ew a b l e  en er g y  d a t a ,  w e at he r  d a t a ,  

w e at he r ,  g en er a t i o n ,  d e m a n d  p re d i c t i on s ,  p r i c e  f o rec a s t s  

C o m m u n i t y - b a s e d 

P 2 P  E n e rg y  T r a d i ng  

M a r ke t p l a c e  

D a t a  f r o m  s m a r t  me t e r s ,  e le c t r ic i t y  t a r i f f s ,  c u s t o m er  a n d 

b u i l d i ng  p r o f i le s ,  ren ew a b l e  en er g y  d a t a ,  w e at he r  d a t a ,  

w e at he r ,  g en er a t i o n ,  d e m a n d  p re d i c t i on s  

R E S  a n d  D E R  

I n ve s t me nt  S i z i ng  

a n d  G u i d a nc e  

C o m m u n i t y  ev o l u t i on ,  s m a r t  m et e r  d a t a ,  d at a  f r o m re n ew a b le  

e n erg y  s ou r c e s ,  d a t a  f r o m E V  c h ar g i ng  p i n t s ,  d at a  f r o m 

s t o r ag e  s y s t e m s ,  w ea t he r  d at a ,  g e n er at i o n  a n d  de m a n d  

f o re c a s t s  

The data assets and needs from the ODEON demo partners were considered to compare 

the scope and expected use of the standards in order to ensure the compliance of the 

different standards and models with the work performed in ODEON project. In the next 

section (Section 3), the data harmonization task is presented, elicitating the concepts that 

are to be inherited from the different standards/models to the ODEON common data model, 
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ensuring also the coverage of the data availability and needs as expressed at this stage of 

the project from the demo partners and the application developers of the project. 
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3. ODEON Common Information 

Model 

3.1. Alignment of standards with ODEON data 

specifications 

The previous sections of this document provided a comprehensive analysis of data 

standards, models, and ontologies (up to early-2025) relevant to the ODEON project, 

building on the energy data standardization review and analysis of standards. Each 

standard was assessed based on its relevance to ODEON activities domains, and its main 

use. The smartgrids data model will be based on IEC CIM and the rather new SAREF4GRID 

model. Considering DER assets, SAREF (particularly SAREF4ENER), IEC 61850, Sunspec 

Modbus, OCPP will be considered. The model will also integrate new concepts for managing 

DERs, with DNP3 and IEEE2030.5 added for DER deployment and management. For flexibility 

management OpenADR (IEC 62746) and IEC 62746-4 defining CIM profiles for energy 

flexibility exchange will be considered.  

3.2. Core Model Approach 

Moving beyond the alignment of ODEON data needs with the relevant standardization, the 

next step is the adoption of the model principles in order to tackle the inherent challenges 

of data integration and interoperability that arise from the diverse stakeholders within the 

energy data value chain. This includes addressing different levels of syntactic and semantic 

heterogeneity. In order to bridge the gaps between various standards and leverage 

knowledge across the various domains of interest as presented above, the design of the 

ODEON data model adheres to the core principles outlined below: 

A standards-based approach is central, taking into account the leading data models and 

standards within the different energy related sectors of interest. These existing schemas for 

data compliance provide a solid foundation for the design and integration of the ODEON 

Network. 

Inclusiveness ensures that knowledge across the different energy related entities is 

accurately represented. This is done by anticipating the datasets that will be uploaded to 

the ODEON Data Space and defining the key concepts and their interrelationships. 

The principle of granularity focuses on defining concepts, fields, and metadata at the right 

level of detail for each domain. 
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Another core principle is the unique representation of information, which guarantees that 

general information is represented uniquely in one data model. Relevant concepts are then 

interconnected with other concepts that require them, maintaining coherence across the 

system. 

The separation of concerns principle ensures that data ingested by various stakeholders is 

modeled without imposing restrictions on operational data. This includes data related to 

users, organizations, data pipeline jobs, and analytics pipeline configurations, which are 

handled independently. 

Language-independence ensures that the modeling process is neutral to the formal 

languages typically used within each domain. This is aligned with the approach followed in 

the ODEON technical specifications and ensures that the system can accommodate a 

range of modeling languages and tools. 

Flexibility is another essential principle, aiming to capture the various combinations and 

relationships among data that stakeholders may need to manage. This includes situations 

where data spans across multiple domains, ensuring the system can support diverse use 

cases. 

Usability is a key consideration, aiming to strike a balance between abstraction and 

reusability of concepts within each domain. This allows for flexibility and ensures that the 

concepts can be effectively reused across different scenarios. 

The extensibility principle ensures that the ODEON data model can smoothly incorporate 

changes to any concept. Changes are made with minimal disruption to the ongoing 

operation of the ODEON Data Space, allowing the system to evolve continuously. 

Finally, consistency and control are maintained through the oversight of a model 

administrator. This individual is responsible for reviewing and approving or rejecting changes 

proposed by stakeholders for each domain. This ensures the integrity of the model. 

3.3. Design Principles 

The ODEON Data Model evolves based on the design principles established in the project, 

aligned with the UN/CEFACT CCTS (Core Components Technical Specification) standard. 

The design principles for syntaxis and handling of semantics, applicable at the different 

concepts defined in the model are presented in brief: 

• Syntax: Concepts and fields are always expressed as nouns in English. 

• Naming: Concepts use upper CamelCase, while field names follow the lower 

camelCase convention. Combinations of words are allowed as long as their meaning 

is clear. 
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• Semantic Interpretation: Every concept and field must have a concise, clear 

description to avoid ambiguity. Related terms, synonyms, domain-specific 

terminology, and standard references should accompany concepts and fields to 

ensure clarity among stakeholders. 

• Data Type Rules: Basic data types like string, double, integer, datetime, date, time, 

boolean, and binary are supported. The object data type is used to denote relations 

to other concepts. 

• Standards Mapping: For each modeled field in the ODEON Network, the standards 

(and versions) that define it must be identified. The exact terms used and their 

accompanying data types should be recorded. 

• Data Type Restrictions: Different metadata restrictions apply based on data types. For 

example, numeric fields should define default measurement units for further data 

transformations. 

• Existence of Multiple Fields: It is anticipated that some fields may contain multiple 

values (e.g., appearing in separate columns in a CSV file). If multiple values are 

possible, ordering may also be relevant. 

• Nesting Layers: The level of nesting for each concept should be carefully considered, 

as it may require splitting certain concepts into multiple related concepts. 

We have to point out that following the mapping process (to the ODEON CIM incorporating 

domain-specific information as mandated also by IDSA), each data asset is defined by a set 

of additional metadata, following the interoperability principles promoted by IDSA. In more 

details, the Data Space (DS) Information Model, enriched with domain-specific information 

as mentioned above, will leverage also the Data Catalog Vocabulary (DCAT), to create a 

framework for organizing and sharing data in a standardized manner. The Data Catalog 

Vocabulary (DCAT) as a W3C standard designed to facilitate the interoperability and sharing 

of data, provides a standardized way to describe datasets, making it easier for users to 

discover and understand the data they need. Key features of DCAT include: 

• Dataset Descriptions: DCAT allows for detailed descriptions of datasets, including 

titles, descriptions, keywords, and temporal and spatial coverage. 

• Data Distribution: It supports the description of different distributions of a dataset, such 

as file formats and access URLs, which can include links to download or access the 

data. 

• Links to Metadata: DCAT enables linking to additional metadata, including 

information about the dataset's publisher, license, and quality metrics. 
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• Extensibility: DCAT can be extended with domain-specific vocabularies to include 

additional attributes relevant to particular sectors or use cases. 

Overall, the focus of the work in ODEON is not only on the semantic alignment of various 

domain-specific attributes to the common standards-based model but also on the 

characterization of each dataset according to standard-based principles. More details 

about the modeling principles for the data assets of the ODEON project will be provided in 

the relevant work in WP4, considering the integration of the data assets with their associated 

meta data in the marketplace environment to be delivered in the project. 

3.4. ODEON Data Model Details 

In this section, the details of the ODEON Data Model - 1st version are provided. This analysis 

as stated above incorporates the review of the data concepts that are considered in 

ODEON project in conjunction with the detailed analysis of the relevant standardization in 

order to ensure that all data fields are associated with the work performed by the 

standardization. The presentation of the work is split into the different categories as named 

above: smartgrids/electricity network data concepts, DER (storage, EVs, PVs, winds, other) 

data concepts, building/IoT related concepts considering also flexibility related aspects. 

Smartgrids model concepts 

In this section, the model concepts for the detailed network representation are provided, 

mainly addressing the DSO network and AMI technologies. It is evident that additional 

classes may be considered in order to cover DER related parameters as well as generic 

model concepts that can be linked also with several concepts of the ODEON data model. 

These concepts can be categorized into 9 different ad-hoc groups, primarily designed to 

facilitate the presentation in this section. These groups are briefly presented: 

• Core Network Components & Management: Fundamental infrastructure such as 

substations, power buses, transformers, maintenance scheduling, and asset lifecycle 

management. 

• Geographic & Spatial Information: Covers GIS-based asset management, network 

topology visualization, and geospatial data integration. 

• Electrical Conductors & Devices: Covers transmission lines, cables, conductors, 

transformers, and related components essential for power networks. 

• Voltage, Reactive Power & Switching Control: Includes voltage regulation, reactive 

power compensation, capacitor banks, circuit breakers, relays, and protection 

schemes. 

• Network Calculations, Operations & Control: Encompasses load flow analysis, state 

estimation, contingency analysis, grid monitoring, SCADA, and real-time network 

management. 
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• Network Segmentation & Planning: Grid partitioning, islanding strategies, long-term 

expansion planning, and operational forecasting. 

• Market & Business Operations: Market clearing, tariffs, settlements, demand response 

programs, financial transactions, and grid economics. 

• Metering, Customer Interaction & Demand Management_ Smart metering, customer 

billing, demand-side management, and interactive energy platforms. 

• Loads & Distributed Energy Resources: Covers distributed generation, energy storage, 

flexible loads, microgrids, and demand response integration. 

By taking into, account the definition of the key categories and the review of the 

standardization, the concepts are defined and characterized by a set of fields, as previously 

mentioned. As part of the modelling work in ODEON, a non-exhaustive set of fields has been 

established for the different concepts. Furthermore, as highlighted in the literature section, 

the ODEON smartgrids domain model is based on established standards in the field (DLSM, 

IEC CIM, SAREF4GRID, etc.). Therefore, the following table (Table 8 Smartgrids related 

concepts) also includes information on the standards that influenced the specific modelling 

approach. 

Table 8 Smartgrids related concepts 

C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

A C L i n e Se g m

e nt  

M o d e l s  an  

o v e r he a d  l i n e  o r  

u n d er g r ou n d  

c a b l e .  

I E C  619 70  
E l e c t r i c a l  C on d uc t o r s  

&  De v ic e s  

A d m i t t a nc e  

R e pr e se nt s  

n e t w ork  

a d m i t t an c e  f o r  

e l ec t r ic a l  

c a l c u l at i o n s .  

I E C  619 70  
N et w o rk  O pe r at i o n s  &  

C o n t r o l  

A u t o m at i c V o

l t ag eR eg u l at

o r  

R eg u l at e s  v o l t a g e  

l e ve l s  t o  e n su re  

s y s t e m  s t a b i l i t y .  

I E C  619 70  
V o l t ag e  &  R e a c t iv e  

P o w er  C on t r o l  

B r e ak e r  

A  sw i t c h  t h at  

i n t e r ru p t s  f au l t  

c u r re n t s  f o r  

p r o t e c t i on .  

I E C  619 70  
S w i t c h i ng  &  P r o t ec t io n  

E q u i p m e nt  
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

B u s  

R e pr e se nt s  a  

b u s b a r  i n  a  p ow er  

n et w ork .  

I E C  619 70  
C o r e  N et w or k  

C o m p o n e nt s  

B u s b a r S ec t i o

n  

R e pr e se nt s  a  

s e c t i o n  o f  a  

b u s b a r  i n  a  

s u b s t at i on .  

I E C  619 70  
E l e c t r i c a l  C on d uc t o r s  

&  De v ic e s  

C a p a c i t o r B a

n k  

A  b a nk  o f  

c a p a c i t o r s  u s e d 

f o r  p ow e r  f a c t o r  

c o r r ec t i o n  a n d 

v o l t a g e  

r eg u l at i on .  

I E C  619 70  
V o l t ag e  &  R e a c t iv e  

P o w er  C on t r o l  

C o n d uc t i ng E

q u i p m e nt  

E q u i p m e nt  t h at  

c o n d uc t s  

e l ec t r ic i t y .  

I E C  619 70  
C o r e  N et w or k  

C o m p o n e nt s  

C o n ne c t iv i t y

N o d e  

R e pr e se nt s  a  po i n t  

w he re  t e r m i n a l s  o f  

c o n d uc t i ng  

e q u i p m ent  a re  

c o nn ec t e d .  

I E C  619 70  
C o r e  N et w or k  

C o m p o n e nt s  

C o n ne c t o r  

D e f i n e s  t he  

c o nn ec t io n  

b e t w ee n  n et w o rk  

d e v ic e s .  

I E C  619 70  
C o r e  N et w or k  

C o m p o n e nt s  

C o o r d i n at e S y

s t e m 

D e f i n e s  t h e  s p at i a l  

r e f e r en c e  s y s t e m 

f o r  a s s e t  m a p p in g .  

I E C  619 68  
G e o g r a p h ic  &  S p at ia l  

I n f o r m a t i o n  

C u r r en t T r an s f

o r m e r  

A  t r a n s f o r me r  u s e d  

t o  m e a su re  

c u r re n t  a n d s c a le  

i t  f o r  p r o t e c t i on  

a n d  c on t r o l .  

I E C  619 70  
E l e c t r i c a l  C on d uc t o r s  

&  De v ic e s  
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

C u s t o m e rA g r

e e m e nt  

D e f i n e s  c o nt r ac t s  

b e t w ee n  D S O s  a n d 

c u s t o m er s .  

I E C  619 68  
M a r ke t  &  Bu s in es s  

O p e r at i o n s  

D e m a n d R e s p

o n s e P r og r a m  

R e pr e se nt s  

d e m a n d - s i d e  

m a n a g e m ent  

i n i t i a t i v es .  

I E C  619 68  
M a r ke t  &  Bu s in es s  

O p e r at i o n s  

D e v i c e C o nt r

o l E v en t  

R e pr e se nt s  e ve nt s  

t r i g g er i ng  t he  

c o nt ro l  o f  d ev i c e s  

i n  t he  s y s t e m .  

I E C  619 68  
N et w o rk  O pe r at i o n s  &  

C o n t r o l  

D e v i c e C o nt r

o l E v en t A c t i o

n  

R e pr e se nt s  t he  

a c t io n  t a k en  

d u r in g  a  d ev i c e  

c o nt ro l  eve nt .  

I E C  619 68  
N et w o rk  O pe r at i o n s  &  

C o n t r o l  

D e v i c e C o nt r

o l S t a t u s  

R e pr e se nt s  t he  

c u r re n t  s t a t u s  o f  a  

c o nt ro l l e d  de v ic e .  

I E C  619 68  
N et w o rk  O pe r at i o n s  &  

C o n t r o l  

D i s c on ne c t o r  

A  s w i t c h  u s e d  t o  

i s o l a t e  p a r t s  o f  t he  

n et w ork .  

I E C  619 70  
S w i t c h i ng  &  P r o t ec t io n  

E q u i p m e nt  

D i s t r i bu t i o n S y

s t e m O p er at o

r  

R e pr e se nt s  t he  

e nt i t y  m a n ag i ng  

t he  d i s t r i b u t i on  

n et w ork .  

I E C  61 96 8 ,  

S A R E F 4 GR I D  

C o r e  N et w or k  

M a n a g e m e nt  

E n d D ev i c e  

R e pr e se nt s  s m a r t  

m e t e r s  a n d 

c u s t o m er  d ev ic e s .  

I E C  61 96 8 ,  

S A R E F 4 GR I D  

M e t e r i ng  &  C us t o me r  

I n t e r ac t i o n  

E n e rg y C on s u

m e r  

R e pr e se nt s  a  l o a d 

( h ou s e h o l d ,  

i n d u s t r i a l ,  o r  

c o m m e rc i a l ) .  

I E C  61 96 8 ,  

S A R E F 4 GR I D  

L o a d s  &  D i s t r i b u t ed  

E n e rg y  R e s o u r c e s  
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

E n e rg y E xc h a

n g e P o i n t  

A  p o i n t  w he re  

e n erg y  i s  

e x c h a ng e d  

b e t w ee n d i f fe re n t  

n et w ork  s eg m ent s .  

I E C  619 70  
C o r e  N et w or k  

C o m p o n e nt s  

E n e rg y M ar ke

t  

M o d e l s  t h e  e ne rg y  

m a r k et  d o m a in .  

I E C  61 96 8 ,  

S A R E F 4 GR I D  

M a r ke t  &  Bu s in es s  

O p e r at i o n s  

E n e rg y M ar ke

t O p er a t o r  

R e pr e se nt s  t he  

o p e r at o r  o f  an  

e l ec t r ic i t y  m a rk et .  

I E C  623 25  
M a r ke t  &  Bu s in es s  

O p e r at i o n s  

E n e rg y S o u rc e  

M o d e l s ’  

r e new a b l e  

g en er a t i on  

s o u rc e s  ( s o l a r ,  

w i n d,  e t c . ) .  

I E C  619 70  
L o a d s  &  D i s t r i b u t ed  

E n e rg y  R e s o u r c e s  

E q u i p m e nt  

G e n er a l  c l a s s  f o r  

a l l  p h y s ic a l  

e l ec t r ic a l  de v ic e s .  

I E C  619 70  
C o r e  N et w or k  

C o m p o n e nt s  

E v e nt  

A n  oc c u r re nc e  o r  

c h a ng e  c a p t u r e d 

b y  t h e  m et e r ,  su c h  

a s  v o l t a g e  

a n o m a l i e s .  

S A R E F 4 GR I D  
M e t e r i ng  &  C us t o me r  

I n t e r ac t i o n  

E x t e r n a lN et w

o r k S eg m en t  

R e pr e se nt s  a  

s e g m ent  o f  t he  

n et w ork  

c o nn ec t e d  t o  an  

e x t e rn a l  s y s t e m.  

I E C  619 70  
N et w o rk  O pe r at i o n s  &  

C o n t r o l  

F a u l t In d i c at o

r  

D et ec t s  f au l t s  a n d 

h e l p s  in  f au l t  

l o c a l i z at i on .  

I E C  619 68  
S w i t c h i ng  &  P r o t ec t io n  

E q u i p m e nt  

F e e d e r  R e pr e se nt s  a  

m e d i u m -  o r  l ow -
I E C  619 70  

C o r e  N et w or k  

C o m p o n e nt s  
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

v o l t a g e  

d i s t r i bu t i o n  l i n e .  

G e n er a t ing U

n i t  

R e pr e se nt s  a  

d i s t r i bu t e d  e ne rg y  

g en er a t i on  

s o u rc e .  

I E C  619 70  
L o a d s  &  D i s t r i b u t ed  

E n e rg y  R e s o u r c e s  

G r i d  

R e pr e se nt s  t he  

p h y s i c a l  p ow er  

n et w ork .  

I E C  619 70  
C o r e  N et w or k  

C o m p o n e nt s  

G r i d F r e qu en

c y R e g u l at o r  

C o n t r o l s  g r i d  

f re q ue nc y  t o  

e n s u r e  s t a b i l i t y .  

I E C  619 70  
N et w o rk  O pe r at i o n s  &  

C o n t r o l  

I m p e d a n c e  

R e pr e se nt s  t he  

i m p e d a n c e  o f  

n e t w ork  

c o m p o n ent s  f o r  

c a l c u l at i o n .  

I E C  619 70  
N et w o rk  O pe r at i o n s  &  

C o n t r o l  

J u m p e r  

R e pr e se nt s  a  s h or t  

c i rc u i t  o r  b y p a s s  

l i n k  f o r  n e t w o rk  

c o nn ec t io n s .  

I E C  619 70  
S w i t c h i ng  &  P r o t ec t io n  

E q u i p m e nt  

J u nc t i o n  

R e pr e se nt s  a  

c o nn ec t io n  po i n t  

b e t w ee n  n et w o rk  

c o m p o n ent s .  

I E C  619 70  
C o r e  N et w or k  

C o m p o n e nt s  

L o a d  

R e pr e se nt s  a  l o a d 

c o n su m i ng  

e l ec t r ic i t y .  

I E C  61 96 8 ,  

S A R E F 4 GR I D  

L o a d s  &  D i s t r i b u t ed  

E n e rg y  R e s o u r c e s  

L o a d B r e ak S w

i t c h  

A  sw i t c h  t h at  c an  

i n t e r ru p t  c u r re n t  

u n d er  n or m a l  l o a d 

c o n d i t i o n s .  

I E C  619 70  
S w i t c h i ng  &  P r o t ec t io n  

E q u i p m e nt  
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

L o a d P r o f i l e  

R e pr e se nt s  t he  

t i m e  se r ie s  o f  l o a d 

c o n su m p t i on  f o r  a  

g i ve n  p e r i o d .  

I E C  619 68  
M e t e r i ng  &  C us t o me r  

I n t e r ac t i o n  

L o a d R e s p on s

e  

R e pr e se nt s  t he  

r e s p on s e  o f  l o a d s  

d u r in g  d e m a n d 

r e s p on s e  e ve nt s .  

I E C  619 68  
M a r ke t  &  Bu s in es s  

O p e r at i o n s  

L o c at i on  

P r o v i d e s  

g e og r a ph ic  

c o o r d in a t e s  f o r  

a s s e t s .  

I E C  619 68  
G e o g r a p h ic  &  S p at ia l  

I n f o r m a t i o n  

M e t e r  

M o d e l s  a n  e ne rg y  

m e t e r  u s e d f o r  

c o n su m p t i on  

m e a s u re m e nt .  

I E C  61 96 8 ,  

S A R E F 4 GR I D  

M e t e r i ng  &  C us t o me r  

I n t e r ac t i o n  

O u t ag e  

R e pr e se nt s  

p l a n n e d a n d 

u n p l a nn e d p ow er  

o u t ag e s .  

I E C  619 68  
N et w o rk  O pe r at i o n s  &  

C o n t r o l  

O u t ag eL og  

L o g s  e ve nt s  

r e l a t e d t o  n et w o rk  

o u t ag e s .  

I E C  619 68  
N et w o rk  O pe r at i o n s  &  

C o n t r o l  

O u t ag eR e s t o

r a t i on  

D e s c r i be s  t he  

p r o c e s s  o f  

r e s t o r i ng  s e rv i c e  

a f t e r  a n  o u t a g e .  

I E C  6 196 8  /  I E C 

6 19 70  

N et w o rk  O pe r at i o n s  &  

C o n t r o l  

P o w er S y s t e m

R e s ou rc e  

A b s t r ac t  c l a s s  f o r  

a l l  e l ec t r ic a l  

s y s t e m  

c o m p o n ent s .  

I E C  619 70  
C o r e  N et w or k  

C o m p o n e nt s  

P o w er T r a n s f o

r m e r  
A  de v ic e  t h at  

t r an s fe r s  e l ec t r ic a l  
I E C  619 70  

E l e c t r i c a l  C on d uc t o r s  

&  De v ic e s  
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

e n e rg y  b et w e en 

c i rc u i t s .  

P o w er T r a n s f o

r m e r En d 

R e pr e se nt s  t he  

t e r m i n a l s  a t  e a c h  

e n d  o f  a  p ow er  

t r an s f o r m er .  

I E C  619 70  
E l e c t r i c a l  C on d uc t o r s  

&  De v ic e s  

P r o f i le  

A  t i m e - b a s e d 

c o l l ec t i o n  o f  

m e t e r  d a t a  u s e d 

f o r  b i l l i n g  a n d 

a n a l y s i s .  

S A R E F 4 GR I D  
M e t e r i ng  &  C us t o me r  

I n t e r ac t i o n  

P r o t e c t i on E q

u i p m e nt  

M o d e l s ’  

p r o t e c t i on  

d e v ic e s  su c h  a s  

r e l a y s .  

I E C  619 70  
S w i t c h i ng  &  P r o t ec t io n  

E q u i p m e nt  

R e ac t i ve P o w

e r C o m p en s at

o r  

E q u i p m e nt  u s e d  t o  

c o nt ro l  t he  

r e ac t ive  p o w e r  in  

t he  s y s t e m .  

I E C  619 70  
V o l t ag e  &  R e a c t iv e  

P o w er  C on t r o l  

R eg i s t e r  

A  d a t a  s t o r a g e  

e l e m en t  in  m et e r s  

f o r  c on s u m pt i o n ,  

d e m a n d ,  a n d 

e v ent  l og s .  

S A R E F 4 GR I D  
M e t e r i ng  &  C us t o me r  

I n t e r ac t i o n  

R eg u l at in g C

o n t r o l  

M o d e l s  r eg u l a t i on  

c o nt ro l  s e t t i ng s  f o r  

v o l t a g e ,  r e ac t i ve  

p o w er ,  e t c .  

I E C  619 70  
V o l t ag e  &  R e a c t iv e  

P o w er  C on t r o l  

R e m ot e Un i t  

M o d e l s  re m o t e  

t e r m i n a l  un i t s  

( R T U s )  f o r  S CA DA  

i n t e g r at i o n .  

I E C  619 70  
N et w o rk  O pe r at i o n s  &  

C o n t r o l  

https://odeonproject.eu/
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

R e t a i l e r  

R e pr e se nt s  an  

e l ec t r ic i t y  re t a i l e r  

i n  t he  m a rk et .  

I E C  623 25  
M a r ke t  &  Bu s in es s  

O p e r at i o n s  

R et a i l e r P o r t f

o l i o  

M o d e l s  a  r e t a i l e r ’ s  

p o r t f o l i o  o f  

c u s t o m er s .  

I E C  623 25  
M a r ke t  &  Bu s in es s  

O p e r at i o n s  

S C A DA  

M o d e l s  t h e  S CA DA  

s y s t e m  u s e d f o r  

m o n i t o r i ng  a n d 

c o nt ro l .  

I E C  619 70  
N et w o rk  O pe r at i o n s  &  

C o n t r o l  

S C A DA  

M o d e l s  t h e  S CA DA  

s y s t e m  u s e d f o r  

m o n i t o r i ng  a n d 

c o nt ro l .  

I E C  619 70  
N et w o rk  O pe r at i o n s  &  

C o n t r o l  

S e t t l e me nt  

R e pr e se nt s  t he  

f i n an c i a l  

s e t t le m e nt  

p r o c e s s  in  e ne rg y  

m a r k et s .  

I E C  623 25  
M a r ke t  &  Bu s in es s  

O p e r at i o n s  

S h u nt C o m p e

n s a t o r  

M o d e l s  s hu nt  

r e ac t o r s  o r  

c a p a c i t o r s  f o r  

v o l t a g e  c o nt ro l .  

I E C  619 70  
V o l t ag e  &  R e a c t iv e  

P o w er  C on t r o l  

S u b s t at i o n  

A  f ac i l i t y  w he re  

v o l t a g e  

t r an s f o r m at i o n  

o c c u r s .  

I E C  619 70  
C o r e  N et w or k  

C o m p o n e nt s  

S u b s t at i o nA u

t o m a t i on S y s t

e m  

R ef e r s  t o  s y s t e m s  

f o r  re m o t e  

m o n i t o r i ng  a n d 

c o nt ro l  o f  

s u b s t at i on s .  

I E C  619 68  
N et w o rk  O pe r at i o n s  &  

C o n t r o l  

https://odeonproject.eu/
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

S w i t c h  
G e n er a l  c l a s s  f o r  

s w i t c h i ng  d e v ic e s .  
I E C  619 70  

S w i t c h i ng  &  P r o t ec t io n  

E q u i p m e nt  

S w i t c h i ng P l a

n  

S t o re s  p l a nn e d 

s w i t c h i ng  

o p e r at i o n s .  

I E C  619 68  
N et w o rk  O pe r at i o n s  &  

C o n t r o l  

T a r i f f P r o f i le  

M o d e l s  p r ic i ng  

s t ruc t u r e s  f o r  

e n e rg y  u s a g e .  

I E C  619 68  
M a r ke t  &  Bu s in es s  

O p e r at i o n s  

T e r m in a l  

C o n ne c t s  

c o n d uc t i ng  

e q u i p m ent  t o  a  

c o nn ec t iv i t y  

n o d e .  

I E C  619 70  
C o r e  N et w or k  

C o m p o n e nt s  

T r a n s m i s s i on S

y s t e m O p er at

o r  

R e pr e se nt s  t he  

e nt i t y  re s p o n s i b le  

f o r  h ig h -v o l t a g e  

g r i d  o p er a t i o n s .  

I E C  619 70  
C o r e  N et w or k  

M a n a g e m e nt  

U s a g e P o in t  

D e f i n e s  a  l oc a t i on  

w he re  e l ec t r ic i t y  

i s  c o n su m e d  o r  

g en er a t e d .  

I E C  619 68  
M e t e r i ng  &  C us t o me r  

I n t e r ac t i o n  

V o l t ag eL ev e l  

D e f i n e s  v o l t a g e  

l e ve l s  w i t h in  a  

s u b s t at i on .  

I E C  619 70  
C o r e  N et w or k  

C o m p o n e nt s  

M e a s u r e m ent  

D a t a  p o i n t s  

c o l l ec t e d f r o m 

s e n s o r s  o r  m et e r s  

I E C  619 70  
M e t e r i ng  &  C us t o me r  

I n t e r ac t i o n  

K e y P e r f o r m a

n c e I n d ic a t o r  

A  m e a su r a b le  

v a l ue  i n d ic at i ng  

s y s t e m  or  p r o c e s s  

p e r f o r m a nc e .  

I E C  619 70  
M e t e r i ng  &  C us t o me r  

I n t e r ac t i o n  

https://odeonproject.eu/
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

P e r i o d  

A  t i me  du r at i o n  o r  

i n t e rv a l  f o r  

r e le v an t  d a t a  o r  

e v ent s .  

I E C  619 70  
M e t e r i ng  &  C us t o me r  

I n t e r ac t i o n  

S c h e du l e  

A  p r e d ef in e d  p l an  

o r  t i m et a b l e  f o r  

o p e r at i o n s  o r  

e v ent s .  

I E C  619 70  
M e t e r i ng  &  C us t o me r  

I n t e r ac t i o n  

S t a t u s  

T h e  c u r r en t  s t a t e  

o r  c o n d i t i on  o f  an  

a s s e t  o r  p r oc e s s .  

I E C  619 70  
M e t e r i ng  &  C us t o me r  

I n t e r ac t i o n  

W e a t h e r M e a

s u re m e nt  

E n v i r o n m ent a l  

d a t a  s uc h  a s  

t e m p er at u r e ,  

h u m i d i t y ,  o r  w i n d 

s p e e d .  

S A R E F 4 GR I D  
M a r ke t  &  Bu s in es s  

O p e r at i o n s  

W e a t h e r S t at i

o n  

A  s y s t e m  t h at  

c o l l ec t s  a n d 

r ec o r d s  

m e t e or o l og ic a l  

d a t a .  

S A R E F 4 GR I D  
M a r ke t  &  Bu s in es s  

O p e r at i o n s  

 

Additionally, it is essential to define relationships between these concepts to illustrate their 

connections within the domain. In this context, Table 13, in Annex presents a comprehensive 

list of concepts, including the number of relationships with other concepts and the number 

of fields associated with each.  

DER/LEC level model concepts 

In this section, the model concepts for the detailed representation of DERs (generation, 

storage, EVs) are provided. These concepts can be categorized into 11 different 'fictional' 

groups, primarily designed to facilitate the presentation in this section. These groups are 

briefly presented: 

• User/Role – Different stakeholders involved in energy systems, such as operators, 

service providers, and end-users (covered also in the previous list) 
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• Power Generation – Facilities and technologies involved in producing electricity from 

various sources. 

• Renewable Energy – Subset of previous category to cover energy generated from 

sustainable sources like solar, wind, hydro, and biomass. 

• Energy Management – Software and hardware solutions optimizing energy 

production, distribution, and consumption. 

• Monitoring & Analytics – Systems measuring energy demand, generation, and storage 

for performance optimization. 

• Smart Grid – Digital and automated solutions enhancing grid efficiency, reliability, and 

sustainability. 

• Grid Monitoring – Systems and tools used to track, measure, and analyze power grid 

performance. 

• Grid Integration – Technologies and protocols enabling renewable energy and 

distributed resources to connect to the power grid. 

• Charging Infrastructure – Physical components like EV chargers, connectors, and grid 

interfaces supporting electric vehicle charging. 

• Charging Management – Software and systems coordinating EV charging sessions, 

scheduling, and power distribution. 

• EV & Communication – Communication protocols and control systems enabling 

interaction between electric vehicles, chargers, and the grid. 

By taking into, account the definition of the key categories and the review of the 

standardization, the concepts are defined and characterized by a set of fields, as previously 

mentioned. As part of the modelling work in ODEON, a non-exhaustive set of fields has been 

established for the different concepts. Furthermore, as highlighted in the literature section, 

the ODEON DER domain model is based on established standards in the field (Modbus, IEC 

61850, IEEE2030, DNP3.0, OCPP SAREF4ENER, etc.). Therefore, the following table (Table 9 DER 

related concepts) also includes information on the standards that influenced the specific 

modelling approach. 

Table 9 DER related concepts 

C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

B a t t e r y S t o r a

g e  

S t o re s  e l ec t r ic a l  

e n e rg y  f o r  l a t e r  

u s e ,  o f t en  

i n t e g r at e d w i t h  

r e new a b l e s  

I E C  C I M,  I E C  61 85 0 ,  

S u n S p ec  M o d b u s ,  

I E E E  20 30  

R e new a b l e  E n e rg y  

https://odeonproject.eu/
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

P h o t ov o l t a i c  

S o l a r  p a ne l s  

c o nv er t i ng  

s u n l ig h t  i n t o  

e l ec t r ic i t y  

I E C  C I M,  I E C  61 85 0 ,  

S u n S p ec  M o d b u s ,  

I E E E  20 30  

R e new a b l e  E n e rg y  

V o l t ag e Se n s

o r  

M e a s u r e s  v o l t a g e  

i n  p ow e r  s y s t e m s  

f o r  m o n i t o r i ng  &  

c o nt ro l  

I E C  6 18 50 ,  S un S p ec  

M o d b u s ,  I E E E  2 03 0 ,  

D N P 3  

G r i d  M o n i t o r in g  

G r i d T i e  

C o n ne c t s  

d i s t r i bu t e d  e ne rg y  

r e s ou rc e s  ( D ER )  t o  

t he  p ow er  g r i d  

I E C  C I M,  I E C  61 85 0 ,  

S u n S p ec  M o d b u s ,  

I E E E  20 30  

G r i d  I n t eg r a t i o n  

C h a rg er  

D e v i c e  c o nv er t i ng  

A C  p ow er  t o  D C 

f o r  b at t e r y  

c h ar g ing  

I E C  C I M,  I E C  61 85 0 ,  

S u n S p ec  M o d bu s  
G r i d  I n t eg r a t i o n  

P o w er P l a nt C

o n t r o l le r  

M a n a g e s  

g en er a t i on  un i t s  i n  

a  p o w e r  p l a n t  

I E C  C I M,  I E E E  20 30  P o w er  G en er a t i o n  

F u e l Ce l l  

C o n ve r t s  c h e m ic a l  

e n e rg y  ( h y dr og e n)  

i n t o  e le c t r ic i t y  

I E C  C I M,  I E C  61 85 0 ,  

I E E E  20 30  
R e new a b l e  E n e rg y  

W i n d T u r b i ne  

C o n ve r t s  w i n d 

e n erg y  i n t o  

e l ec t r ic a l  p ow e r  

I E C  6 140 0 ,  I E C 

6 18 50 ,  S un S p ec  

M o d b u s ,  I E E E  2 03 0  

R e new a b l e  E n e rg y  

E n e rg y M an a

g e m ent S y s t e

m  

S o f t w ar e  

o p t i m i z in g  e ne rg y  

u s e  a c r o s s  a  

s y s t e m 

I E C  C I M ,  I E E E  2 03 0 ,  

S u n S p ec  M o d bu s  
E n e rg y  M a n ag e m en t  

M i c r o g r i d C on

t r o l l e r  

M a n a g e s  

m i c r og r i d  

o p e r at i o n s  f o r  

I E C  C I M,  I E C  61 85 0 ,  

I E E E  20 30 ,  S un S p ec  

M o d b u s  

E n e rg y  M a n ag e m en t  

https://odeonproject.eu/
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

l o c a l  e ne rg y  

d i s t r i bu t i o n  

B i o m a s s P l a n t  

C o n ve r t s  o rg a n ic  

m a t e r i a l  i n t o  

e n erg y  

I E C  C I M,  I E E E  20 30  R e new a b l e  E n e rg y  

C o m b i n e d H e

a t i ng P ow er S y

s t e m 

S i m u l t an e ou s l y  

p r o d uc e s  

e l ec t r ic i t y  &  he a t  

I E C  C I M,  I E E E  20 30  E n e rg y  M a n ag e m en t  

E l e c t r o l y z e r  

S p l i t s  w a t e r  i n t o  

h y d r og e n  &  

o x y g en  u s i ng  

e l ec t r ic i t y  

I E C  C I M,  I E E E  20 30  R e new a b l e  E n e rg y  

E n e rg y De m a

n d M e a s u r e m

e nt s  

T r a c k s  e ne rg y  

c o n su m p t i on  

w i t h in  a  s y s t e m  

I E C  C I M,  I E E E  20 30  M o n i t o r ing  &  A n a l y t i c s  

E n e rg y G en er

a t i o nM e a su r

e m e nt s  

M o n i t o r s  p ow er  

g en er a t i on  d at a  
I E C  C I M,  I E E E  20 30  M o n i t o r ing  &  A n a l y t i c s  

E n e rg y St o r ag

e M e a su re m e

n t s  

M e a s u r e s  

c h ar g e / d i sc h ar g e  

s t a t u s  o f  s t o r a g e  

s y s t e m s  

I E C  C I M,  I E E E  20 30  M o n i t o r ing  &  A n a l y t i c s  

H y d r o g en T a n

k  

S t o re s  h y d r og en  

f o r  fu e l  c e l l s  o r  

g r i d  b a l a nc i ng  

I E E E  20 30  R e new a b l e  E n e rg y  

H y d r o P o w er S

y s t e m 

G e n er a t e s  

e l ec t r ic i t y  u s i ng  

w at e r  f l ow  ( d a m s ,  

r i ve r s )  

I E C  C I M,  I E E E  20 30  R e new a b l e  E n e rg y  

P l a n t O p er at o

r  

E n t i t y  m a n ag i ng  

p o w er  p l a n t  

o p e r at i o n s  

I E C  C I M,  I E E E  20 30  P o w er  G en er a t i o n  

https://odeonproject.eu/
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

P o w er P l a nt  

F a c i l i t y  

g en er a t ing  

e l ec t r ic i t y  f r o m 

d i f fe re n t  s ou rc e s  

I E C  C I M,  I E E E  20 30  P o w er  G en er a t i o n  

R e new a b l e En

e rg y S o u r c e  

A n y  su s t a i n a b le  

e n erg y  s o u r c e  

( s o l a r ,  w in d ,  

h y d r o ,  e t c . )  

I E C  C I M,  I E E E  20 30  R e new a b l e  E n e rg y  

R e new a b l e En

e rg y S o u r c e  

O p e r at o r  

M a n a g e s  

r e new a b l e  e ne rg y  

a s s e t s  an d  g r i d  

i n t e g r at i o n  

I E E E  20 30  U s e r / R o le  

V i r t u a l P o w e r

P l a n t  

A g g r eg a t e s  

m u l t i p l e  e ne rg y  

r e s ou rc e s  fo r  g r i d  

b a l a n c in g  

I E C  C I M,  I E E E  20 30  E n e rg y  M a n ag e m en t  

M i c r o g r i d  

L o c a l i z e d  e ne rg y  

s y s t e m i n t e g r at i ng  

m u l t i p l e  D E R s  

I E C  C I M,  I E C  61 85 0 ,  

I E E E  20 30 ,  S un S p ec  

M o d b u s  

E n e rg y  M a n ag e m en t  

S m a r t G r i d C o

n t r o l le r  

M a n a g e s  g r i d  

o p e r at i o n s  u s i ng  

d i g i t a l  

i n t e l l ig en c e  

I E C  C I M,  I E E E  20 30  S m a r t  Gr i d  

S t a t u s  

R e pr e se nt s  s y s t e m 

s t a t e  

( o p er a t i on a l ,  

f a u l t ,  s t an d b y ,  

e t c . )  

I E C  C I M,  I E C  61 85 0 ,  

D N P 3  
G r i d  M o n i t o r in g  

A l a r m 

A l e r t s  t r ig g er e d  b y  

f a u l t s  o r  a b n or m a l  

c o n d i t i o n s  

I E C  C I M,  I E C  61 85 0 ,  

D N P 3  
G r i d  M o n i t o r in g  

I n ve r t e r  C o n ve r t s  D C t o  A C 

f o r  g r i d  
I E C  618 50  G r i d  I n t eg r a t i o n  
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

i n t e g r at i o n  o f  

D E R s  

B i d i r ec t i o n a l

P o w er F l ow  

E n a b l e s  e ne rg y  

f l ow  f r o m  EV  t o  

g r i d/ b u i l d ing  

I S O  15 11 8 ,  O C P P  C h a rg i ng  I n f r a s t r uc t u r e  

C h a rg e P o in t

O p e r at o r  

M a n a g e s  c h arg i ng  

s t a t i o n s ,  

a v a i l a b i l i t y ,  a n d 

p r i c i ng  

O C P P ,  O C S P  U s e r / R o le  

C h a rg e P o in t

O w ne r  

E n t i t y  ow n in g  t he  

c h ar g ing  s t a t i on  

i n f r a s t ru c t u re  

O C P P ,  O C S P  U s e r / R o le  

C h a rg e S es s i o

n  

R e pr e se nt s  a  

s i n g le  c h arg i ng  

e v ent  w i t h  

m e t a d a t a  

O C P P ,  I S O  1 51 18  C h a rg i ng  M a n ag e m en t  

C h a rg i ng R e s

e rv a t io n  

B o o k i ng  a  c h a rg er  

i n  a dv a nc e t o  

s e c u re  av a i l a b i l i t y  

O C P P  C h a rg i ng  M a n ag e m en t  

C h a rg i ng Sc h

e d u l e  

D e f i n e s  p ow er  

a l l o c at i o n  ov e r  

t i m e  f o r  o pt i m a l  

g r i d  u se  

O C P P ,  I S O  1 51 18  C h a rg i ng  M a n ag e m en t  

C h a rg i ng St a t

i o n  

A  ph y s ic a l  o r  

l o g ic a l  e n t i t y  

w he re  EV s  c h ar g e  

O C P P ,  I E C  6 185 1  C h a rg i ng  I n f r a s t r uc t u r e  

C o n ne c t o r T y

p e  

D e f i n e s  p lug  t y pe s  

( C C S ,  C HA d e M O,  

T y p e  2 ,  e t c . )  

O C P P  C h a rg i ng  I n f r a s t r uc t u r e  

C h a rg i ng St a t

i o n M a n ag e m

S o f t w ar e  p l at f o r m 

m a n a g i ng  
O C P P ,  I S O  1 51 18  C h a rg i ng  M a n ag e m en t  
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

e n t  S y s t e m 

( C S M S )   

c h ar g ing  s t at i on s  

&  d a t a  

e M o b i l i t y S e r v

i c e Pr o v i de r  

( e M S P )  

M a n a g e s  r o a m i ng  

&  b i l l i ng  f o r  EV  

u s e r s  

O C P I ,  O I C P  C h a rg i ng  M a n ag e m en t  

E l e c t r i c V eh i c

l e C o m m u n i c

a t i o n  

C o n t r o l le r  

M a n a g e s  ve h ic le -

s i d e  

c o m m u n ic at i o n  

w i t h  c h arg i ng  

s t a t i o n s  

I S O  15 11 8 ,  I E C 

6 18 51  
E V  &  C o m m un i c at i on  

C h a rg i ng St a t

i o n C o nt r o lA c

t i o n  

A c t i on s  p e r f o r m e d 

t o  c o nt r o l  

c h ar g ing  s t at i on s  

r e m ot e l y  

O C P P  C h a rg i ng  M a n ag e m en t  

E V F l e et O p er

a t o r  

M a n a g e s  an  EV  

f l ee t ,  o pt i m i z i ng  

c h ar g ing  &  

s c he d u l in g  

O C P P ,  O C S P  U s e r / R o le  

E V O w n er  

O w ne r  o f  an  E V ,  

r e s p on s i b l e  f o r  

c h ar g ing  a n d 

u s a g e  

O C P P ,  O C S P  U s e r / R o le  

E V S e rv ic e  

A d d i t i on a l  

c h ar g ing - re l a t e d  

s e rv i c e s  

( m a i n t e n an c e ,  

a n a l y t ic s )  

O C P P ,  O C S P  C h a rg i ng  M a n ag e m en t  

E V S u p p l y E q u i

p m e n t  

H a r d w ar e  

p r o v i d in g  e ne rg y  

t r an s fe r  f r o m  g r i d  

t o  EV  

I E C  618 51 ,  I S O 

1 51 18  
C h a rg i ng  I n f r a s t r uc t u r e  
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

E V U s e r  

I n d i v i du a l  u s i ng  an  

E V  a n d  i t s  

c h ar g ing  s e rv i c e s  

O C P P ,  O C S P  U s e r / R o le  

P a y m e n t Me t

h o d  

D e f i n e s  s u p p or t e d 

p a y m e n t  o pt i on s  

( c ar d ,  

s u b s c r i p t i o n ,  p a y -

p e r -u s e)  

O C P P ,  O C P I  C h a rg i ng  M a n ag e m en t  

R o a m i ng H u b 

C o n ne c t s  m u l t i p le  

C P O s  a n d e M S P s  

f o r  c r o s s -n et w o rk  

c h ar g ing  

O C P I ,  O I C P  C h a rg i ng  M a n ag e m en t  

S u p p l y E q u i p

m e n t C o m m u

n i c at i on  

C o n t r o l le r  

( S E C C )  

M a n a g e s  

c o m m u n ic at i o n  

b e t w ee n  c h arg i ng  

e q u i p m ent  &  E V s  

I E C  618 51 ,  I S O 

1 51 18  
E V  &  C o m m un i c at i on  

E V U s e r P r o f i l e  

S t o re s  u s e r  

p r e f e r en c e s  f o r  

o p t i m i ze d  

c h ar g ing  

e x p er i en c e  

O C P P ,  O C S P  E V  &  C o m m un i c at i on  

Additionally, it is essential to define relationships between these concepts to illustrate their 

connections within the domain. In this context, Table 14, in Annex presents a comprehensive 

list of concepts, including the number of relationships with other concepts and the number 

of fields associated with each.  

Building/IoT model concepts 

In this section, the model concepts for the detailed representation of DERs (generation, 

storage, EVs) are provided. These concepts can be categorized into 7 different 'fictional' 

groups, primarily designed to facilitate the presentation in this section. These groups are 

briefly presented: 

• Building Structure – Defines spaces and structural components of buildings. 

• User & Roles – Stakeholders involved in building operations. 

• HVAC & Climate– Covers all heating, cooling, and ventilation systems. 
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• Communication & IoT – IoT-based infrastructure facilitating smart building 

communication. 

• Electrical Systems – Covers devices and infrastructure related to electrical distribution 

and control. 

• Monitoring & Analytics – Sensors and measurement tools for energy and 

environmental monitoring. 

• Automation & Control – Includes automated actions for building operations. 

By taking into, account the definition of the key categories and the review of the 

standardization, the concepts are defined and characterized by a set of fields, as previously 

mentioned. As part of the modelling work in ODEON, a non-exhaustive set of fields has been 

established for the different concepts. Furthermore, as highlighted in the literature section, 

the ODEON Building /IoT domain model is based on established standards in the field 

(SAREF4BLDG, IEC etc.). Therefore, the following table (Table 10 Building/IoT related 

concepts) also includes information on the standards that influenced the specific modelling 

approach. 

Table 10 Building/IoT related concepts 

C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

A i rC o n d i t i o n i

n g S y s t e m 

S y s t e m  t h at  

r eg u l at e s  i n d o or  

a i r  t e m p er a t u re  

a n d  hu m i d i t y .  

S A R E F 4B L D G,  I E C 

6 27 46 -4  

H V A C  &  C l i m at e  

C o n t r o l  

A i rC o n d i t i o n i

n g S y s t e m C on

t r o l A c t i o n  

C o m m a n d s  o r  

a d j u s t m en t s  

a p p l i e d  t o  a i r  

c o n d i t i o n i ng  

s y s t e m s .  

S A R E F 4B L D G  
H V A C  &  C l i m at e  

C o n t r o l  

A u t o m at e d O

p e r at i o n Pr o f i l

e  

D e f i n e s  

a u t o m at e d  r u le s  

f o r  c ont r o l l i ng  

b u i l d i ng  de v ic e s .  

S A R E F 4B L D G  A ut o m at i o n  &  C o nt r o l  

B o i l e r  

H e a t in g  d ev i c e  

u s e d f o r  s p a c e 

h e at i ng  o r  h ot  

w at e r  su p p l y .  

S A R E F 4 EN ER ,  

S A R E F 4B L D G  

H V A C  &  C l i m at e  

C o n t r o l  
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

B o i l e rC o nt ro l

A c t i on  

C o n t r o l  s ig n a l s  f o r  

a d j u s t in g  bo i l e r  

o p e r at i o n .  

S A R E F 4B L D G  
H V A C  &  C l i m at e  

C o n t r o l  

B u i l d i ng  

A  s t ru c t u re  w i t h  

m u l t i p l e  

i n t e rc o nn ec t e d  

e n erg y  s y s t e m s .  

S A R E F 4B L D G,  I E C 

6 27 46 -4  
B u i l d i ng  S t r uc t u r e  

B u i l d i ng Me a s

u re m e nt s  

D a t a  r e l a t e d  t o  

b u i l d i ng  e ne rg y  

c o n su m p t i on  a n d 

c o n d i t i o n s .  

S A R E F 4B L D G  M o n i t o r ing  &  A n a l y t i c s  

B u i l d i ng S p a c

e  

A  s p ec i f ic  a r e a 

w i t h in  a  b u i l d in g ,  

s u c h  a s  a  r o o m  or  

h a l l .  

S A R E F 4B L D G  B u i l d i ng  S t r uc t u r e  

B u i l d i ng Z on e  

A  f un c t i on a l  

s e g m ent  o f  a  

b u i l d i ng  w i t h  

d i s t i nc t  e ne rg y  

n e e d s .  

S A R E F 4B L D G,  I E C 

6 27 46 -4  
B u i l d i ng  S t r uc t u r e  

C h i l l e r De v i c e  

C o o l i ng  s y s t e m  f o r  

l a r g e - sc a l e  

c l i m a t e  c o nt r o l .  

S A R E F 4B L D G  
H V A C  &  C l i m at e  

C o n t r o l  

C h i l l e r De v i c e

C o n t r o lA c t i o

n  

C o n t r o l  s ig n a l s  f o r  

a d j u s t in g  c h i l l e r  

o p e r at i o n .  

S A R E F 4B L D G  
H V A C  &  C l i m at e  

C o n t r o l  

C o m f o r t  

P a r a m e t e r s  

e n s u r in g  a  

c o m f or t a b l e  

i n d o o r  

e n v i r on m e nt  ( e .g . ,  

t e m p er at u r e ,  

h u m i d i t y ) .  

S A R E F 4B L D G  U s e r  E x p er i en c e  
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

D o m e s t i c H ot

W a t e r S y s t e m 

S y s t e m  s u p p l y i ng  

h o t  w at e r  f o r  

r e s i d ent i a l  o r  

c o m m e rc i a l  u se .  

S A R E F 4 EN ER ,  

S A R E F 4B L D G  

H V A C  &  C l i m at e  

C o n t r o l  

D o m e s t i c H ot

W a t e r S y s t e m

C o n t r o lA c t i o

n  

C o m m a n d s  f o r  

o p t i m i z in g  h ot  

w at e r  s y s t e m 

e f f i c i e nc y .  

S A R E F 4B L D G  
H V A C  &  C l i m at e  

C o n t r o l  

E l e c t r i c A p p l i

a n c e  

G e n er a l  e l ec t r ic a l  

d e v ic e  u s e d  w i t h in  

a  b u i l d in g .  

S A R E F 4B L D G  E l e c t r i c a l  S y s t e m s  

E l e c t r i c A p p l i

a n c eC o nt r o l

A c t i on  

C o n t r o l  

c o m m a n d s  

a p p l i e d  t o  e l ec t r ic  

a p p l i a n c e s .  

S A R E F 4B L D G  E l e c t r i c a l  S y s t e m s  

F a c i l i t y M a n a

g er  

E n t i t y  re s p o n s i b le  

f o r  m on i t o r ing  a n d 

o p t i m i z in g  

b u i l d i ng  

o p e r at i o n s .  

S A R E F 4B L D G,  I E C 

6 27 46 -4  
U s e r  &  R o le s  

G a t ew a y  

I o T  d ev i c e  

e n a b l i ng  

c o m m u n ic at i o n  

b e t w ee n s m a r t  

b u i l d i ng  

c o m p o n ent s .  

S A R E F 4B L D G,  I E C 

6 27 46 -4  
C o m m u n ic a t io n  &  I oT  

H e a t P u m p 

D e v i c e  t h at  

t r an s fe r s  he a t  f o r  

s p a c e he a t ing  o r  

c o o l i ng .  

S A R E F 4 EN ER ,  

S A R E F 4B L D G  

H V A C  &  C l i m at e  

C o n t r o l  

H e a t P u m p C o

n t r o lA c t i on  

C o m m a n d s  f o r  

a d j u s t in g  h e at  

p u m p  o p er at i o n .  

S A R E F 4B L D G  
H V A C  &  C l i m at e  

C o n t r o l  
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

L i g h t i ng De v i

c e  

L i g h t  f i x t u r e s  u s e d 

f o r  i l l u m i n at i on  in  

a  b u i l d in g .  

S A R E F 4B L D G  L i g h t i ng  &  E ne rg y  

L i g h t i ng De v i

c e C on t r o lA c t

i o n  

C o n t r o l  s i g n a l s  t o  

m a n a g e  l i g h t i ng  

d e v ic e s .  

S A R E F 4B L D G  L i g h t i ng  &  E ne rg y  

O c c u p a nc y  

D et ec t io n  o f  

p r e s enc e i n  a  

b u i l d i ng  s p a c e f o r  

a u t o m at i o n .  

S A R E F 4B L D G  M o n i t o r ing  &  A n a l y t i c s  

O c c u p a nt  

I n d i v i du a l  re s i d i ng  

o r  w or k i ng  w i t h i n  a  

b u i l d i ng .  

S A R E F 4B L D G  U s e r  &  R o le s  

O u t le t  

E l e c t r i c a l  so c k et  

p r o v i d in g  p ow er  

t o  d ev ic e s .  

S A R E F 4B L D G  E l e c t r i c a l  S y s t e m s  

P r o s u m er  

E n t i t y  t h at  b o t h  

c o n su m er s  a n d 

p r o d uc e s  e ne rg y .  

S A R E F 4 EN ER ,  I E C 

6 27 46 -4  
E n e rg y  M a n ag e m en t  

S e n s i ng Me a s

u re m e nt  

D a t a  c o l l ec t e d 

f r o m s e n s o r s  f o r  

b u i l d i ng  

m a n a g e m ent .  

S A R E F 4B L D G  M o n i t o r ing  &  A n a l y t i c s  

S e n s o r  

D e v i c e  t h at  

m o n i t o r s  

e n v i r on m e nt a l  

c o n d i t i o n s  ( e .g . ,  

t e m p er at u r e ,  

h u m i d i t y ,  C O ₂ ) .  

S A R E F 4B L D G,  I E C 

6 27 46 -4  
M o n i t o r ing  &  A n a l y t i c s  

S m a r t A p p l i a n

c e  

C o n ne c t e d  h o m e 

o r  bu i l d in g  d ev i c e  

w i t h  re m o t e  

c o nt ro l  f e at u r e s .  

S A R E F 4B L D G  E l e c t r i c a l  S y s t e m s  
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

S m a r t A p p l i a n

c e C on t r o lA c t

i o n  

C o m m a n d s  

a p p l i e d  t o  s m a r t  

a p p l i a n c e s .  

S A R E F 4B L D G  E l e c t r i c a l  S y s t e m s  

S o l a r T he r m a l  

T e c h n o l og y  

h a r ne s s i ng  s o l a r  

e n e rg y  f o r  he at i ng  

p u r p o se s .  

S A R E F 4 EN ER ,  I E C 

6 27 46 -4  
R e new a b l e  E n e rg y  

S o l a r T he r m a l

C o n t r o lA c t i o

n  

C o n t r o l  ac t i o n s  f o r  

o p t i m i z in g  s o l a r  

t he r m a l  e ne rg y  

u s e .  

S A R E F 4B L D G  R e new a b l e  E n e rg y  

S p a c e H e at i n

g D ev ic e  

E q u i p m e nt  u s e d  t o  

h e at  i n d o or  

s p a c e s .  

S A R E F 4 EN ER ,  

S A R E F 4B L D G  

H V A C  &  C l i m at e  

C o n t r o l  

S p a c e H e at i n

g D ev ic e Co nt

r o l A c t i o n  

C o n t r o l  

c o m m a n d s  f o r  

s p a c e  he at i ng  

d e v ic e s .  

S A R E F 4B L D G  
H V A C  &  C l i m at e  

C o n t r o l  

V e nt i l a t i on S y

s t e m 

E q u i p m e nt  t h at  

e n s u r es  p r o p er  

a i r f lo w  an d  i n d o or  

a i r  qu a l i t y .  

S A R E F 4B L D G  
H V A C  &  C l i m at e  

C o n t r o l  

V e nt i l a t i on S y

s t e m C on t r o lA

c t i o n  

A d j u s t m e nt s  m a d e 

t o  v e nt i l a t i on  

s y s t e m s .  

S A R E F 4B L D G  
H V A C  &  C l i m at e  

C o n t r o l  

R a d i a t o r  

H e a t  e m i t t e r  f o r  

s p a c e  he at i ng  

a p p l i c at i o n s .  

S A R E F 4 EN ER ,  

S A R E F 4B L D G  

H V A C  &  C l i m at e  

C o n t r o l  

R a d i a t o r C o nt

r o l A c t i o n  

C o n t r o l  s e t t i ng s  

f o r  r a d i a t o r  

o p e r at i o n .  

S A R E F 4B L D G  
H V A C  &  C l i m at e  

C o n t r o l  
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

T h e r m o s t at  

D e v i c e  t h at  

r eg u l at e s  i n d o or  

t e m p er at u r e .  

S A R E F 4B L D G,  I E C 

6 27 46 -4  

H V A C  &  C l i m at e  

C o n t r o l  

T h e r m o s t at C

o n t r o l  

C o n t r o l  s ig n a l s  f o r  

t he r m o s t at  

s e t t in g s .  

S A R E F 4B L D G  
H V A C  &  C l i m at e  

C o n t r o l  

S h a d i n g  

A ut o m at e d  b l in d s ,  

c u r t a i n s ,  o r  s m a r t  

g l a s s  f o r  c l i m a t e  

e f f i c i e nc y .  

S A R E F 4B L D G  A ut o m at i o n  &  C o nt r o l  

S h a d i n g C ont r

o l  

C o n t r o l  a c t i on s  

a p p l i e d  t o  

s h a d i n g  d ev i c e s .  

S A R E F 4B L D G  A ut o m at i o n  &  C o nt r o l  

A i r Qu a l i t y M o

n i t o r in g  

S e n s o r s  m e a su r i ng  

i n d o o r  a i r  

p o l l u t a nt s  a n d 

v e nt i l a t i on  n e e d s .  

S A R E F 4B L D G  M o n i t o r ing  &  A n a l y t i c s  

In addition, and towards integrating flexibility related aspects as part of the analysis, the 

relevant standardization is considered (namely OPENADR, SAREF4ENER, 62746-4). At first the 

high-level categorization of the different concepts is provided: 

• Market Participants: Entities involved in the operation, coordination, and 

management of flexibility and energy markets.  

• Market Operators: as organizational roles that describe entities responsible for 

overseeing, regulating, or ensuring the proper functioning of flexibility and energy 

markets as a whole. 

• Flexibility and Demand Response: This category involves concepts related to the 

management and implementation of flexibility, particularly through demand 

response mechanisms.  

• Market Transactions: Concepts related to the execution, structuring, and settlement 

of trades and agreements in energy and flexibility markets. 

• Portfolio Management: Concepts related to managing and optimizing the collection 

of resources or customers. This includes aggregating flexibility resources or managing 

energy portfolios to provide flexibility or energy services within markets. 

The list of concepts elicitated to be part of the model are presented below in the following 

table.  
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Note: We have to point out that the analysis is covering a subset of energy market related 

operations to be considered in ODEON project. A more comprehensive review of these 

concepts will be considered as the project evolves and the final view of the market related 

operations will be defined in the project.  

Table 11 Flexibility/Energy markets related concepts 

C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

B a l a n c in g Se r

v i c e P r ov i d e r  

R e pr e se nt s  a n y  

p a r t ic i p an t  in  t he  

m a r k et .  

U s e r  R o le  M a r ke t  P a r t ic i p a nt  

F l e x i b i l i t y M ar

k et  

G e n er a l  m a rk et  

e n t i t y ,  c ou l d  be  

e x t e n d e d f o r  

f l e x ib i l i t y .  

O P E N A DR  M a r ke t  O p er at o r  

F l e x i b i l i t y M ar

k et O p er a t o r  

R e pr e se nt s  an  

e nt i t y  o p er at i ng  

t he  m a rk et .  

O P E N A DR ,  U s e r  R o le  M a r ke t  O p er at o r  

A g g r eg a t o r  

M a n a g e s  d e m a n d 

r e s p on s e  a n d 

f l e x ib i l i t y  

a g g r eg at i o n .  

O P E N A DR ,  U s e r  R o le  M a r ke t  P a r t ic i p a nt  

A g g r eg a t o r P

o r t f o l i o  

C o u l d  r e pr e se nt  

a n  a g g r eg a t or ’ s  

c u s t o m er  

p o r t f o l i o .  

O P E N A DR  P o r t f o l i o  M a n ag e m ent  

B a l a n c in g R es

p o n s i b l e P ar t y  

D e f i n e s  a  

p a r t ic i p an t ’ s  

m a r k et  r o le .  

U s e r  R o le  M a r ke t  P a r t ic i p a nt  

D e m a n d R e s p

o n s e E ve nt  

R e pr e se nt s  

d e m a n d  re s p o n se  

p r o g r a m s  a n d 

e v ent s .  

O P E N A DR  
F l e x i b i l i t y  a n d  D e m a nd  

R e s p on s e  
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

D e m a n d R e s p

o n s e E ve nt S ig

n a l  

U s e d  f o r  d e m a n d 

r e s p on s e  e ve nt  

s i g n a l s .  

O P E N A DR  
F l e x i b i l i t y  a n d  D e m a nd  

R e s p on s e  

D e m a n d R e s p

o n s eR e p or t  

M o d e l s  h ow  l o a d 

r e s p on d s  t o  

d e m a n d  re s p o n se  

s i g n a l s .  

O P E N A DR  
F l e x i b i l i t y  a n d  D e m a nd  

R e s p on s e  

D e m a n d R e s p

o n s eR e p or t R

e a d i n g  

R e pr e se nt s  

r e s p on s e  

m e a s u re m e nt s  

f r o m  d e m a n d - s i d e  

r e s ou rc e s .  

O P E N A DR  
F l e x i b i l i t y  a n d  D e m a nd  

R e s p on s e  

E n e rg y M ar ke

t  

R e pr e se nt s  a  

g en er a l  e ne rg y  

m a r k et .  

U s e r  R o le  M a r ke t  O p er at o r  

E n e rg y M ar ke

t O p er a t o r  

M a n a g e s  e ne rg y  

m a r k et  

o p e r at i o n s .  

U s e r  R o le  M a r ke t  O p er at o r  

E n e rg y S e r v i c

e C o m p a n y  

R e pr e se nt s  a  

c o m p a n y  

p r o v i d in g  en erg y -

r e l a t e d  s e r v ic e s .  

U s e r  R o le  M a r ke t  P a r t ic i p a nt  

F l e x i b i l i t y  

A  g en er a l  e n t i t y  

t h at  c ou l d  b e  u s e d 

f o r  f l e x i b le  

r e s ou rc e s .  

O P E N A DR  
F l e x i b i l i t y  a n d  D e m a nd  

R e s p on s e  

L o a d R e s p on s

e  

R e pr e se nt s  h ow  a 

l o a d  re a c t s  t o  

s i g n a l s .  

O P E N A DR  
F l e x i b i l i t y  a n d  D e m a nd  

R e s p on s e  

O f fe r  
C a n  b e  u se d  f o r  

m a r k et  o f f e r s .  
I E C  627 46 -4 ,  U S E F  M a r ke t  T r a n s ac t i o n  
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C o n c ept   D e s c r ip t i o n  S t an da rd  C at eg o ry  

O f fe r O pt i on  

R e pr e se nt s  a  t i me -

s e r ie s  b i d  in  t he  

m a r k et .  

I E C  627 46 -4 ,  U S E F  M a r ke t  T r a n s ac t i o n  

O r d e r  
R e pr e se nt s  m a rk et  

b i d s / o r d e r s .  
I E C  627 46 -4 ,  U S E F  M a r ke t  T r a n s ac t i o n  

R e qu e s t  

G e n er a l  

t r an s a c t i on  

r e qu e s t  in  t he  

m a r k et .  

I E C  627 46 -4 ,  U S E F  M a r ke t  T r a n s ac t i o n  

R et a i l e r  
R e pr e se nt s  an  

e n erg y  r e t a i l e r .  
U s e r  R o le  M a r ke t  P a r t ic i p a nt  

R et a i l e r P o r t f

o l i o  

R e pr e se nt s  t he  

p o r t f o l i o  o f  

c u s t o m er s  f o r  a  

r e t a i l e r .  

U s e r  R o le  P o r t f o l i o  M a n ag e m ent  

S e t t l e me nt  

R e pr e se nt s  

f i n an c i a l  

s e t t le m e nt s  in  t he  

m a r k et  

I E C  627 46 -4 ,  U S E F  M a r ke t  T r a n s ac t i o n  

Additionally, it is essential to define relationships between these concepts to illustrate their 

connections within the domain. In this context, Table 15, in Annex presents a comprehensive 

list of concepts, including the number of relationships with other concepts and the number 

of fields associated with each.  

 

Note: We presented above a non-exhaustive list of all concepts that are part of the ODEON 

data model following the methodological framework and the different steps considered for 

the definition of the respective details. We have to point out that this is a continuous work 

and as the project evolves, new attributes need to be incorporated in the project; thus, new 

concepts and fields may be defined as part of the lifecycle management process of the 

model. 
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4. ODEON Model and Semantic 

Harmonizer Design 

4.1. Semantic Harmonizer Design Principles 

In ODEON, the maintenance of the data models as presented above is crucial. The model 

is modeled using its specific concepts and their relationships. To manage the data model 

effectively, including the generic data model structure with domain specific concepts, a 

lifecycle management methodology (with the respective features) is defined based on key 

stages and applicable operations: 

1. Data Model Creation: When a data model is created for the first time, the model 

administrator can either create concepts from scratch or import them from an existing 

data model. Full import copies both content and relations, while partial import only 

copies the content. 

2. Data Model Interconnection: Existing concepts can be interconnected to avoid 

recreating existing concepts (e.g., measurement data). Interconnected concepts 

are updated once, simplifying the process. 

3. Data Model Storage: All major versions of data model are stored and traceable in 

ODEON data model storage (a slice of the ODEON data storage), with provenance-

related metadata. Only the latest version is accessible for use by stakeholders. 

4. Data Model Use: The appropriate version of any data model can be retrieved and 

used at any time. 

5. Data Model Search: The user interface (UI) allows searching for concepts and fields 

across the data model, facilitating the mapping of data during check-in jobs or 

locating datasets with specific concepts. 

6. Data Model Review: New proposals for updates or changes may arise during the data 

check-in job configuration, especially when mapping data to a model. 

7. Data Model Evolution: The CIM Network Manager, or model administrator, is 

responsible for overseeing proposed changes and monitoring new data models or 

standards. Proposals are evaluated and either accepted or rejected. Changes can 

include the addition or removal of concepts/fields and may result in new major or 

minor versions of the data model. 

https://odeonproject.eu/


 

 
  

82 
 

 

 

 D3.1 ODEON Semantic Data Model 
 

ODEON PROJECT 

8. Changes Propagation: Updates to shared concepts are made only once, and 

changes are automatically propagated through data model. If a high-level concept 

is updated or deprecated, the users should be notified about the changes. 

The aforementioned model principles are defined to set the basis for the detailed design 

and development of the Semantic Harmonizer (With the linked model repository) as an 

anchor layer for the ODEON data model management. The detailed design principles are 

presented in the following sections. 

4.2. Semantic Harmonizer Design Details 

In this section, we elaborate the specifications as provided in D2.2 in order to better define 

the features provided and the envisioned functionality. As stated in D2.2, the Semantic 

Harmonizer Component is a key component within the Cloud edge orchestration platform 

(at the central layer of the project), responsible for ensuring the seamless operation of the 

Common Information Model (CIM) as defined in the ODEON project. Its primary role is to 

maintain and manage the lifecycle of the CIM considering the different processes as 

presented in previous section (4.1), starting with the detailed specification of relevant 

concepts, handling updates, and overseeing the deprecation of concepts as the project 

progresses. 

The Semantic Harmonizer Component incorporates an evolution mechanism designed to 

maintain backward compatibility wherever possible. It also ensures that all changes to the 

CIM are effectively migrated across all services and components that rely on it. This 

approach enhances the integrity and robustness of the data model, allowing it to adapt 

over time while maintaining consistency across the ODEON ecosystem. 

Considering the key features that consist of the Semantic Harmonizer Component, these are 

reported in brief with focus on the development implementation. 

- Semantic Model Overview: The ODEON Data Model, encompassing key domains 

from the energy related sectors (as outlined in Annex I), is fully managed by a 

designated user role (CIM Administrator). This role enables the creation, modification, 

deletion, and retrieval of concepts and fields, as well as the establishment of 

relationships between concepts across different domains. Any modifications to a 

concept or field are systematically propagated throughout the data model. While all 

users can access and review the details of the data model, they can also submit 

suggestions for updates or additions. These suggestions trigger notifications to the CIM 

Administrator, who evaluates and decides whether to accept or reject them.  

- Semantic Model Metadata Management and Version Control: Apart from the 

definition of the core semantics, a structured metadata schema has been developed 

to store essential information related to concepts and fields within the ODEON Data 
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Model. This schema is in line with the design specifications as presented in Section 3 

and facilitates effective management of the data model to ensure seamless 

alignment with state-of-the-art data models, ontologies, and standards. Additionally, 

a version control mechanism has been introduced to track major and minor 

modifications made to the data model. This mechanism helps maintain consistency 

and ensures that necessary changes are appropriately propagated across the entire 

ODEON Data Model. 

- Semantic Model Harmonization Configuration: Users can access all relevant details of 

the underlying data model selected during the mapping configuration process (as 

defined also in D2.2 and will be detailed in D3.2 with the 1st version of the Semantic 

Mapping Service). To ensure data consistency, users (data providers) are required to 

utilize the version of the model in order to proceed with the mapping process but 

further specify localization settings and transformation rules based on the data type 

at the time of data check-in pipeline configuration. These provisions at rest, ensure 

that the heterogeneous data is harmonized according to the selected data model 

specifications before being integrated into the ODEON environment. 

Along with the definition of the core features, an overview (mock-ups) of the data model 

handling in the ODEON project is provided (Figure 7 ODEON Semantic Harmonizer 

Component Main view), illustrating the functionalities mentioned above. The analysis covers 

the management of the ODEON data model (which is overseen by the model manager—

an additional role in ODEON that requires domain expertise to manage model updates) as 

well as the incorporation of the model in the mapping process in order to map the data 

collected to the common information model of the project. 

Starting with the first view, the screen serves as the Data Model Management Interface, 

allowing users to view, organize, and manage different versions of the ODEON data model. 

At the top, navigation options enable users to filter models based on their status, such as 

stable, draft, deprecated, or all available models. Sorting options provide further flexibility. 

Each data model entry displays essential information, including its name, version, and current 

status, which could be stable, deprecated, or in draft form. A brief description provides 

context about the model, while additional metadata such as the number of concepts and 

fields within the model, along with its last update date, ensures transparency regarding its 

structure and evolution. Users can create a new version of the data model using the "Create" 

button and manage existing ones through edit and delete functionalities.  
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Figure 7 ODEON Semantic Harmonizer Component Main view 

By selecting the data model editing interface within the ODEON Data Space, allowing users 

to define, modify, and manage concepts and fields within an energy data model. The 

interface is divided into three main sections: the concepts list, the concept editor, and the 

concept creator. 

At first, the concepts list provides an overview of existing high-level concepts within the data 

model. Users can search for concepts, filter them based on their status as active, proposed, 

or deprecated, and add new concepts. Each concept is displayed with its name and the 

number of associated fields. 

As a core functionality, the concept editor allows users to view and modify a selected 

concept. The editor displays the concept’s description and its associated fields, each with a 

defined base type such as string, double etc. Users can add new fields to the concept, 

ensuring flexibility in defining the structure of the data model. 
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As part of the configuration of a concept, users can enter a title, a description, and specify 

the data type. Additional options allow for standards mapping and linking related terms, 

ensuring semantic alignment with external data standards.  

The interface (Figure 8) is designed to facilitate structured data modeling, enabling users to 

collaboratively build and refine domain-specific data models within the ODEON project.  

 

Figure 8 ODEON Semantic Harmonizer Component Model details 

The same approach is considered for defining and managing fields within a selected 

concept. The field details panel allows users to add an extra field, providing description title 

and relevance to standards mapping linking the field to external data standards. Below 

(Figure 9), metadata options enable users to configure field-specific attributes, such as 

allowing multiple occurrences, encryption, and whether the field contains sensitive or 

identifying information. 
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Figure 9 ODEON Semantic Harmonizer Component Model details- v2.0 

At the top side of the screen, a pop-up menu is available to display the hierarchical structure 

of model fields and concepts, providing users with an organized view of the data model. This 

feature enables users to navigate through the relationships between different concepts and 

their associated fields efficiently. 

When activated, the pop-up menu (Figure 10) expands to reveal a structured representation 

of the model, showing parent concepts, child concepts, and their interconnected fields. This 

hierarchical view is particularly useful for understanding complex data models, as it visually 

represents dependencies, inherited attributes, and the overall structure of the model. The 

pop-up also allows quick access to specific fields and concepts by clicking on them, which 

directs the user to their corresponding editing panels. 
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This functionality enhances the user experience by offering a clear, high-level overview of 

the data model while maintaining the ability to drill down into detailed configurations when 

needed.  

 

Figure 10 ODEON Semantic Harmonizer Component Model -Quick access 

 

4.3. Semantic Harmonizer Development Overview 

By taking into account the design specifications, the details about the implementation of 

the Semantic Harmonizer Component are provided as part of this section. The overall back-

end functionality consists of a Nest NodeJS based application with a database structure 

(Using PostgreSQL and Elasticsearch) to store the details of the model as well as the 

associated metadata. In this integration, PostgreSQL serves as the primary database, 
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efficiently storing structured data of the ODEON data model. Elasticsearch complements this 

by providing full-text search and analytics on the data stored in PostgreSQL. By leveraging 

Elasticsearch's capabilities, users can perform sophisticated queries that return results quickly 

and efficiently about the structure of the model. 

To ensure that the search experience remains current, a synchronization process is 

established between PostgreSQL and Elasticsearch. When data (new fields or concepts) is 

added, updated, or deleted in PostgreSQL, this process updates the corresponding indices 

in Elasticsearch. This real-time indexing guarantees that users always have access to the 

latest information 

As stated in previous section, a front-end feature is made available to facilitate the different 

business roles: CIM Model Manager and Data providers (as part of the semantic mapping 

configuration) to access the model (as well as the relevant model management processes) 

based on the permission rights criteria set per organization. The overall front-end 

development is based on Vue.js reactive components and TailwindCSS utility-first styling to 

enhance user experience and streamline development. The detailed list of tools and libraries 

considered for the development of the ODEON Semantic Harmonization component is 

presented in the following table: 

Table 12 Semantic Harmonization Component base libraries/tools 

L i b r a r y / T o o l  V e r s i o n  L i c e n se  

N o d e J S  1 8  M I T  

V u e . j s  2 .6  M I T  

T a i l w in d C S S  2 .2 .1 9  M I T  

T y p e O R M  0 .2 .4 1  M I T  

P o s t g r e S QL  -  
P o s t g r e S QL  L ic en s e  ( s im i l a r  t o  

B S D / M I T )  

E l a s t ic s e ar c h  7 .1 7 . 3  -  

We have to point out that the final development of the front end is still ongoing and the 

details will be made available in D3.2 along with the 1st release of the components for the 

ODEON Data Space environment. 
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5. Conclusions and Next Steps 
D3.1 serves as a primary document within WP3, focused on documenting the activities 

undertaken to deliver the ODEON Data Model. The document also provides a concise 

development plan leading to the incorporation of the Semantic Harmonization Component 

as part of the 1st release of the ODEON Energy Data Space. 

The design and implementation of the ODEON Data Model builds upon the work done in the 

SYNERGY project, expanding the focus to address the specific needs of the ODEON project. 

The preparatory analysis for the design of the ODEON Data Model is supported by two main 

factors: (a) a comprehensive review of the current state-of-the-art data standards related 

to data exchanges among stakeholders in the relevant domains, and (b) a thorough 

understanding of the data requirements for the ODEON demonstrators and ODEON energy 

applications within the project. 

Through an elicitation process that evaluated various data standards based on alignment 

with ODEON activities, maturity level, and active maintenance, the most appropriate data 

standards were selected as the foundation for constructing the ODEON Data Model. The 

development of the ODEON Data Model follows the core principles outlined in Section 3.1, 

which address various data integration, syntactic, and semantic interoperability challenges, 

while also ensuring the unique representation of general information. The outcome is the 

ODEON Data Model, consisting of 183 concepts, 3010 simple fields, and 1993 related 

concepts. 

Within ODEON, the Data Model is considered a dynamic, continually evolving framework, 

with ongoing monitoring to adapt to any newly expressed data needs. It is anticipated that 

new modeling requirements will emerge, either from updated stakeholder needs or newly 

developed data standards. These requirements will be addressed by introducing necessary 

extensions, such as new concepts and fields, into the model. This process will be carried out 

in a controlled manner, following the established lifecycle management rules outlined in 

Section 4.1, and documenting the necessary actions for additions, updates, or deletions.  
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[39]. ISO 17800:2017: ISO 17800 - https://www.iso.org/standard/67683.html 
[40]. IEC 62746-4: IEC 62746-4 - https://www.iec.ch/standards/iec-62746-4 
[41]. UN/CEFACT CCTS (Core Component Technical Specification): UN/CEFACT CCTS - 

https://www.unece.org/trade/uncefact/ccts.html 
[42]. DCAT: https://www.w3.org/TR/vocab-dcat/ 

 

6.2. Acronyms 

A c r o n y m M e a n in g  

A I O p s  
A r t i f ic i a l  I n t e l l ig e nc e  f o r  I T  O p er a t i on s  

A M I  
A d v a nc e d M et e r in g  In f r a s t ru c t u re  

B E D E S  B u i l d i ng  En e rg y  D at a  E x c h an g e  S p ec i f i c at io n  

B I  B i n a r y  I n put s  (D N P3 )  

B O  B i n a r y  O ut p ut s  ( DN P 3)  

C C T S  
C o r e  C o m p o ne nt s  Tec h n i c a l  S p ec i f i c at i o n  

C E N / C EN E L EC  
E u r o pe a n  Co m m i t t ee  f o r  S t a n d a r d i z at i on  /  E le c t r o t e c h n ic a l  

S t a n d a r d i z at i on  

C G M E S  C o m m o n  G r i d  M o d e l  E x c h an g e  S t a n d a r d  

C I M 
C o m m o n  I n f o r m a t i on  M o d e l  

C o C  
C o d e  of  C on d uc t  

C O S E M  C o m p a n i o n  S pe c i f ic at i o n  f o r  En e rg y  Me t e r in g  

C P O  
C h a rg i ng  P o i n t  O p er at o r  

C S M S  
C h a rg i ng  S t at i o n  M a na g e m en t  S y s t e m s  
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A c r o n y m M e a n in g  

D A  
D a t a  A t t r i bu t e  ( I E C 61 85 0 )  

D C A T  
D a t a  C a t a l og  V oc a bu l a r y  

D E R  
D i s t r i bu t e d  E ne rg y  R es o u rc e  

D E R A  
D a t a  E xc h a ng e  R e f e re n c e  A r c h i t ec t u r e  

D L M S 
D e v i c e  L ang u ag e M es s a g e S p e c i f ic at i o n  

D N P 3  
D i s t r i bu t e d  N et w o rk  P r o t oc o l  

D O  
D a t a  O b je c t  ( I E C 61 85 0 )  

D o E A P  D i g i t a l i z a t io n  o f  En e rg y  S ec t o r  A c t i o n  P l a n  

D S O  
D i s t r i bu t i o n  S y s t e m Op e r at o r  

E E B U S  E n e rg y -e f f ic i en t  c o m m u n ic a t i on  s t a n d ar d  

E F D M  
E n e rg y  F le x i b i l i t y  D at a  M o d e l  

E M S  
E n e rg y  M a n ag e m en t  S y s t e m  

E S A  E n e rg y  S m ar t  A p p l i a nc e s  

E S M P  E u r o pe a n  S t y l e  M ar ket  P r o f i le  

E T S I  E u r o pe a n  T e le c o m m un i c at i on s  S t a n d a r d s  In s t i t u t e  

E V  E l e c t r i c  Ve h ic l e  

E V S E  E l e c t r i c  Ve h ic l e  S u p p ly  E q u i p m en t  
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93 
 

 

 

 D3.1 ODEON Semantic Data Model 
 

ODEON PROJECT 

A c r o n y m M e a n in g  

F A I R  
F i n d a b i l i t y ,  A c c e ss i b i l i t y ,  I n t e r o pe r a b i l i t y ,  an d  R e u s a b i l i t y  

G 2 V  G r i d - t o - Ve h ic l e  

G I S  G e o g r a p h ic  In f o r m a t io n  S y s t e m  

G O O S E  
G e n er i c  O b j ec t - O r i e n t e d  Su b s t a t i on  Ev en t s  ( I E C 61 850 )  

H V / MV  H i g h  V o l t ag e /M e d iu m  V o l t a g e  

I D S A  I n t e rn at i o n a l  D at a  S pa c e s  A s s oc i at i o n  

I E C  
I n t e rn at i o n a l  E l ec t r o t e c hn ic a l  C o m m i s s i on  

I E D  
I n t e l l ig ent  E l ec t r on ic  D e v i c e  

I E E E  20 30 .5  
S m a r t  En e r g y  P r o f i le  2 . 0  ( S E P  2 . 0 )  

I F C  I n d u s t r y  F o un d a t i on  C l a s s e s  

I o T  I n t e rn et  o f  T h in g s  

I S O  I n t e rn at i o n a l  O rg a n i za t i o n  f o r  S t a n d ar d i z at i o n  

L D  L o g ic a l  D ev ic e  ( I E C 61 85 0 )  

L E C s  
L o c a l  E n e rg y  C o m mun i t ie s  

L N  
L o g ic a l  N o d e ( I E C  6 18 50 )  

M 2 M  M a c h in e - t o - M a c h i ne  

M C M  M a r ke t  C o or d i n at i o n  M e c h a n i s m  

M M S  
M a n uf a c t u r ing  Me s s ag e S p e c i f ic at i o n  ( I E C 6 18 50 )  
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A c r o n y m M e a n in g  

O B I S  
O b j e c t  I de nt i f i c at i on  S y s t e m  

O C P P  
O p e n  Ch a rg e  P o i n t  P ro t o c o l  

O p e n A D R  
O p e n  A ut o m at e d  D em a n d  R e s po n s e  

P V  
P h o t ov o l t a i c  ( s o l a r  en e rg y)  

R T U  
R e m ot e  T e r m i n a l  U n i t  

S A R E F  
S m a r t  A p p l ic at i o n s  R e f e r e nc e  

S A R E F 4 EN ER  
S A R E F  f o r  E ne rg y  d o ma i n  

S A R E F 4 GR I D  
S A R E F  f o r  Gr i d  ( e x t en s i o n  o f  t he  SA R E F  m o d e l  f o r  s m a r t  g r i d  

a p p l i c at i o n s )  

S C A DA  
S u p e rv i s o r y  C ont r o l  an d  D at a  A c qu i s i t i on  

S C A DA  
S u p e rv i s o r y  C ont r o l  an d  D at a  A c qu i s i t i on  

S o H  
S t a t e  o f  H e a l t h  ( re l a t e d  t o  b a t t e r y  s t o r ag e)  

S P I N E  
S m a r t  P ow er  I n t e r f ac e  f o r  En e rg y  

U F T P  
F l e x i b i l i t y  T r a d i ng  P r o t o c o l  

U S E F  
U n i ve r s a l  S m a r t  E ne rg y  F r a m ew o rk  

V 2 G 
V e h ic le - t o - G r i d  

https://odeonproject.eu/
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A c r o n y m M e a n in g  

V 2X  
V e h ic le - t o - Ev e r y t h i ng  

V E N  
V i r t u a l  E n d N o d e 

V T N  
V i r t u a l  T o p N o de  

https://odeonproject.eu/
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7. Annex I – ODEON Data Model 

Details  

This section provides details on the ODEON data model. As mentioned above, each concept 

is defined and characterized by a set of field attributes, and numerous fields have been 

established for the various energy concepts examined in the project. Additionally, defining 

the relationships between these concepts is essential to illustrate their interconnections within 

the domain. 

In this context, the ODEON data model represents a comprehensive list of concepts, 

including their relationships with other concepts and the associated fields. However, for IPR 

reasons, this section presents only the categorization of the different fields per concept, 

along with the total number of relationships and fields for each concept. The different 

categories considered for the categorization of the fields are presented in brief: 

- Operational: Relates to the functioning and control of the system or device 

- Identification: Unique identifiers and naming information 

- Technical: Specifications, measurements, and performance-related attributes 

- Descriptive: General information and characteristics 

- Relational: Connections and associations with other elements 

- Location: Geographical and spatial information 

- Temporal: Time-related attributes and measurements 

- Financial: Cost, pricing, and monetary aspects 

- Administrative: Management and organizational details 

- Performance: Efficiency and effectiveness metrics 

- Environmental: Ecological and sustainability-related factors 

- Safety: Security and hazard prevention features 

- Communication: Information exchange and connectivity aspects 

- Consumption: Usage and demand-related metrics 

- Generation: Production and supply-related attributes 

- Storage: Capacity and storage asset related capabilities 

- Control: Regulation and management features 

- Meteorological: Weather-related measurements and forecasts 

- User related: Role-specific information 

- Statistics: Numerical data and analytics 

- Branding: Marketing and identity-related information 

https://odeonproject.eu/
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Note: As mentioned above, a potential increase in the number of linked attributes and 

relationships per concept may be considered to address project-specific needs. Any 

updates to the ODEON model will be documented in the upcoming WP3 deliverables. 

Table 13 Smartgrid related concepts 

Concept  Fields Categorization 
No of 
Fields  

No of Re-
lations  

ACLineSegment Identification, Technical, Operational, Descriptive 16 14 

Admittance Operational, Identification, Technical, Descriptive 7 1 

AutomaticVolt-
ageRegulator Identification, Technical, Operational, Performance 16 7 

Breaker 
Operational, Identification, Technical, Descriptive, Rela-
tional 16 7 

Bus 
Operational, Identification, Technical, Descriptive, Loca-
tion 14 5 

BusbarSection Identification, Technical, Operational, Descriptive 14 5 

CapacitorBank Identification, Technical, Operational, Performance 16 7 

ConductingEquip-
ment Identification, Technical, Operational, Descriptive 18 8 

ConnectivityNode Identification, Technical, Descriptive 9 10 

Connector Identification, Technical, Descriptive, Operational 16 7 

CoordinateSystem Identification, Technical, Descriptive 15 6 

CurrentTransformer Identification, Technical, Performance, Operational 15 7 

CustomerAgreement Identification, Administrative, Financial, Temporal 20 12 

De-
mandResponsePro-
gram Identification, Operational, Administrative, Financial 12 10 

DeviceControlEvent Temporal, Identification, Descriptive 7 22 

DeviceControlEven-
tAction Operational, Temporal, Identification, Descriptive 14 3 

DeviceControlStatus Operational, Temporal, Identification, Descriptive 9 23 

Disconnector 
Operational, Identification, Technical, Descriptive, Rela-
tional 14 7 

DistributionSys-
temOperator Identification, Descriptive 7 7 

EndDevice Identification, Technical, Operational, Descriptive 21 14 

EnergyConsumer Identification, Technical, Operational, Performance 20 10 

EnergyExchange-
Point Identification, Technical, Operational, Location 12 8 

EnergyMarket 
Operational, Temporal, Identification, Financial, Descrip-
tive 26 18 

EnergyMarketOper-
ator Identification, Descriptive 8 4 

EnergySource Identification, Technical, Operational, Performance 18 12 
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Equipment Identification, Technical, Operational, Descriptive 10 8 

Event Temporal, Identification, Descriptive 12 3 

ExternalNet-
workSegment Operational, Identification, Technical, Control, Relational 23 5 

FaultIndicator Identification, Technical, Operational, Performance 6 8 

Feeder Identification, Technical, Operational, Descriptive 10 6 

GeneratingUnit Identification, Technical, Operational, Performance 40 12 

Grid Operational, Identification, Technical, Descriptive, Safety 16 14 

GridFrequencyRegu-
lator Identification, Technical, Operational, Performance 12 8 

Impedance Operational, Identification, Technical, Descriptive 8 1 

Jumper 
Operational, Identification, Technical, Descriptive, Rela-
tional 14 7 

Junction Identification, Technical, Descriptive, Operational 16 8 

Load Operational, Identification, Technical, Descriptive 16 3 

LoadBreakSwitch Identification, Technical, Operational, Performance 14 7 

LoadProfile Identification, Technical, Temporal, Performance 15 13 

LoadResponse Identification, Technical, Operational 12 6 

Location Geographical, Identification, Descriptive, Address 33 3 

Meter Identification, Technical, Operational, Performance 15 12 

Outage 
Temporal, Identification, Descriptive, Operational, Impact, 
Administrative 33 17 

OutageLog Temporal, Performance 9 16 

OutageRestoration Identification, Operational, Temporal, Performance 8 12 

PowerSystemRe-
source Identification, Technical, Operational, Descriptive 26 12 

PowerTransformer 
Identification, Technical, Descriptive, Performance, Oper-
ational, Detailed 56 6 

PowerTrans-
formerEnd Identification, Technical, Operational, Performance 12 6 

Profile Identification, Technical, Descriptive, Temporal 15 7 

ProtectionEquip-
ment Identification, Technical, Operational, Performance 14 7 

ReactivePowerCom-
pensator Identification, Technical, Operational, Performance 13 6 

Register Identification, Technical, Operational, Administrative 8 2 

RegulatingControl Identification, Operational, Technical, Descriptive 10 5 

RemoteUnit Identification, Technical, Operational, Communication 21 10 

Retailer Identification, Descriptive 8 11 

RetailerPortfolio Temporal, Identification, Descriptive, Statistics 8 24 

SCADA Identification, Descriptive 9 4 

Settlement Financial, Operational, Identification, Temporal, Status 15 9 
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ShuntCompensator 
Identification, Technical, Descriptive, Operational, Perfor-
mance, Relational 18 9 

Substation 
Identification, Technical, Descriptive, Visual, Operational, 
Branding 15 12 

SubstationAutoma-
tionSystem Identification, Technical, Operational, Communication 9 2 

Switch Identification, Technical, Operational, Performance 16 8 

SwitchingPlan Identification, Operational, Temporal, Administrative 15 2 

TariffProfile Identification, Financial, Temporal, Descriptive, Technical 14 5 

Terminal Identification, Technical, Operational, Relational 15 8 

TransmissionSys-
temOperator Identification, Descriptive 8 7 

UsagePoint Identification, Technical, Operational, Administrative 8 6 

VoltageLevel Identification, Technical, Operational, Descriptive 6 14 

Measurement 
Temporal, Identification, Technical, Descriptive, Opera-
tional 9 21 

KeyPerformanceIn-
dicator Identification, Technical, Descriptive 6 25 

Period 
Temporal, Identification, Descriptive, Operational, Tech-
nical 33 5 

Schedule Operational, Temporal, Identification, Descriptive 9 12 

Status 
Operational, Temporal, Identification, Descriptive, Perfor-
mance, Current 18 2 

WeatherMeasure-
ment 

Meteorological, Temporal, Identification, Descriptive, 
Pressure, Visibility, Proximity 33 3 

WeatherStation Identification, Technical, Descriptive 7 9 

 

Table 14 DER related concepts 

Concept  Fields Categorization 
No of 
Fields  

No of Rela-
tions  

BatteryStorage 
Identification, Technical, Operational, Perfor-
mance 32 12 

Photovoltaic 
Identification, Technical, Operational, Perfor-
mance 42 15 

VoltageSensor 
Identification, Technical, Operational, Perfor-
mance 16 4 

GridTie 
Identification, Technical, Operational, Perfor-
mance 13 10 

Charger 
Identification, Technical, Operational, Perfor-
mance 20 12 

PowerPlantController 
Identification, Technical, Operational, Perfor-
mance 10 5 

FuelCell 
Identification, Technical, Performance, Finan-
cial 31 12 
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WindTurbine 
Technical, Performance, Operational, Identifi-
cation, Descriptive 31 15 

EnergyManagementSystem 
Identification, Technical, Operational, Admin-
istrative 25 5 

MicrogridController 
Identification, Technical, Operational, Perfor-
mance 14 6 

BiomassPlant 
Identification, Technical, Performance, Finan-
cial 29 12 

CombinedHeatingPowerSystem 
Identification, Technical, Performance, Opera-
tional 21 15 

Electrolyzer 
Identification, Technical, Performance, Finan-
cial 30 12 

EnergyDemandMeasurements 
Consumption, Temporal, Identification, Tech-
nical, Performance 46 27 

EnergyGenerationMeasure-
ments 

Generation, Temporal, Identification, Tech-
nical, Performance 153 22 

EnergyStorageMeasurements 
Storage, Temporal, Identification, Perfor-
mance 23 5 

HydrogenTank Identification, Technical, Performance 20 12 

HydroPowerSystem Identification, Technical, Performance 10 8 

PlantOperator Identification, Descriptive 8 9 

PowerPlant 
Identification, Technical, Operational, Perfor-
mance 16 9 

RenewableEnergySource Identification, Technical, Financial 7 17 

RenewableEnergySourceOpera-
tor 

Identification, Administrative, Operational, 
Performance 9 10 

VirtualPowerPlant Identification, Technical, Descriptive 8 8 

Microgrid 
Identification, Technical, Operational, Perfor-
mance 12 8 

SmartGridController 
Identification, Technical, Operational, Perfor-
mance 13 6 

Alarm 
Identification, Operational, Temporal, Descrip-
tive 15 4 

Inverter 
Identification, Technical, Performance, Finan-
cial 31 15 

BidirectionalPowerFlow 
Identification, Technical, Operational, Perfor-
mance 15 10 

ChargePointOperator Identification, Descriptive 8 17 

ChargePointOwner Identification, Descriptive 8 18 

ChargeSession Identification, Technical, Operational 7 11 

ChargingReservation 
Identification, Temporal, Administrative, Fi-
nancial 13 8 

ChargingSchedule 
Identification, Temporal, Operational, Admin-
istrative 12 9 

ChargingStation 
Identification, Technical, Operational, Loca-
tion 24 16 
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ConnectorType Identification, Technical, Descriptive 12 11 

ChargingStationManagement-
System 

Identification, Technical, Operational, Admin-
istrative 20 12 

eMobilityServiceProvider 
Identification, Administrative, Financial, Oper-
ational 8 16 

ElectricVehicleCommunication 
Identification, Technical, Operational, Admin-
istrative 15 11 

ElectricVehicleCommunication-
Controller 

Identification, Technical, Communication, Op-
erational 12 11 

ChargingStationControlAction 
Identification, Operational, Temporal, Perfor-
mance 16 10 

EVFleetOperator Identification, Descriptive 8 18 

EVOwner Identification, Descriptive 8 10 

EVService Identification, Technical, Descriptive 7 13 

EVSupplyEquipment Identification, Technical, Operational 18 18 

EVUser Identification, Descriptive 8 17 

PaymentMethod Identification, Financial, Administrative 12 7 

RoamingHub 
Identification, Technical, Communication, Ad-
ministrative 10 8 

SupplyEquipmentCommunica-
tionController 

Identification, Technical, Communication, Op-
erational 10 4 

EVUserProfile 
Identification, Personal, Descriptive, Adminis-
trative 7 13 

 

Table 15 Building/flex/market related concepts 

Concept  Fields Categorization 
No of 
Fields  

No of Re-
lations  

AirConditioningSystem Identification, Technical, Performance, Descriptive 34 15 

AirConditioningSystem-
ControlAction 

Operational, Temporal, Identification, Technical, De-
scriptive 28 9 

AutomatedOperation-
Profile 

Operational, Temporal, Identification, Descriptive, 
Technical 12 12 

Boiler 
Identification, Technical, Performance, Operational, 
Descriptive 31 16 

BoilerControlAction Operational, Temporal, Identification, Descriptive 10 13 

Building 
Physical, Technical, Operational, Identification, De-
scriptive, Performance 49 25 

BuildingMeasurements Consumption, Performance 12 2 

BuildingSpace Identification, Technical, Descriptive, Performance 19 28 

BuildingZone Identification, Physical, Descriptive 11 23 

ChillerDevice Identification, Technical, Performance 17 14 

https://odeonproject.eu/


 

 
  

102 
 

 

 

 D3.1 ODEON Semantic Data Model 
 

ODEON PROJECT 

ChillerDeviceControlAc-
tion Operational, Temporal, Identification, Descriptive 10 8 

Comfort 
Identification, Technical, Temporal, Descriptive, Per-
formance 26 8 

DomesticHotWaterSystem Identification, Technical, Performance 13 16 

DomesticHotWaterSys-
temControlAction Operational, Temporal, Identification, Descriptive 10 8 

ElectricAppliance Identification, Technical, Performance 15 17 

ElectricApplianceContro-
lAction Operational, Temporal, Identification, Descriptive 9 10 

FacilityManager Identification, Descriptive 8 5 

Gateway Identification, Descriptive 9 5 

HeatPump Identification, Technical, Performance 19 16 

HeatPumpControlAction Operational, Temporal, Identification, Descriptive 11 8 

LightingDevice Identification, Technical, Performance, Descriptive 21 13 

LightingDeviceControlAc-
tion Operational, Temporal, Identification, Descriptive 13 9 

Occupancy Identification, Technical, Temporal, Descriptive 18 4 

Occupant Identification, Personal, Descriptive 15 2 

Outlet Identification, Technical, Descriptive 17 14 

Prosumer Identification, Personal, Descriptive 15 22 

SensingMeasurement Technical, Temporal, Environmental 30 12 

Sensor Identification, Technical 10 14 

SmartAppliance Identification, Technical, Performance 12 11 

SmartApplianceControlAc-
tion Operational, Temporal, Identification, Descriptive 9 8 

SolarThermal Identification, Technical, Performance 23 17 

SolarThermalControlAc-
tion Operational, Temporal, Identification, Descriptive 10 10 

SpaceHeatingDevice Identification, Technical, Performance, Descriptive 23 13 

SpaceHeatingDeviceCon-
trolAction Operational, Temporal, Identification, Descriptive 11 8 

VentilationSystem Identification, Technical, Performance 17 13 

VentilationSystemContro-
lAction Operational, Temporal, Identification, Descriptive 10 8 

Radiator Identification, Technical, Performance, Operational 20 14 

RadiatorControlAction Identification, Operational, Temporal, Performance 20 9 

Thermostat Identification, Technical, Operational, Performance 10 8 

ThermostatControl Identification, Operational, Temporal, Performance 14 9 

Shading Identification, Technical, Operational, Performance 15 8 

ShadingControl Identification, Operational, Temporal, Performance 14 9 

AirQualityMonitoring 
Identification, Technical, Performance, Environmen-
tal 12 6 

https://odeonproject.eu/


 

 
  

103 
 

 

 

 D3.1 ODEON Semantic Data Model 
 

ODEON PROJECT 

BalancingServiceProvider Identification, Descriptive 8 10 

FlexibilityMarket 
Operational, Temporal, Identification, Financial, De-
scriptive 26 18 

FlexibilityMarketOperator Identification, Descriptive 8 4 

Aggregator Identification, Descriptive 8 14 

AggregatorPortfolio 
Statistics, Temporal, Identification, Descriptive, Tech-
nical, Operational, Relational 13 25 

BalancingResponsi-
bleParty Identification, Descriptive 8 10 

DemandResponseEvent Identification, Temporal, Descriptive, Operational 16 19 

De-
mandResponseEventSig-
nal Identification, Financial, Technical, Temporal 20 21 

DemandResponseReport Identification, Temporal, Descriptive, Technical 14 22 

DemandResponseRe-
portReading Identification, Technical, Descriptive 12 23 

EnergyServiceCompany Identification, Descriptive 8 4 

Flexibility 
Operational, Temporal, Descriptive, Financial, Tech-
nical 15 26 

Offer Identification, Temporal, Descriptive 6 10 

OfferOption Operational, Technical, Financial 9 4 

Order Operational, Temporal, Identification, Financial 12 14 

Request 
Operational, Temporal, Identification, Descriptive, 
Technical 9 8 

Contract 
Operational, Temporal, Identification, Descriptive, Fi-
nancial, Technical 27 37 
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