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The TwinEU approach towards Digital
Twin federation

Digital Twin Federation: The enablement of multiple digital twins, developed by different stakeholders
and platforms, to interoperate and share data and models in a standardized, synchronized, and
semantically consistent manner to provide a holistic view of complex systems or ecosystems in the
energy sector

TwinEU Digital Twin Federation is a networked ecosystem of interoperable digital twins that share,
exchange, and reason over data through a dataspace-oriented architecture, ensuring semantic
interoperability, data sovereignty, and trusted data exchange across organizational boundaries

TwinEU framework does not consider the federation as just technical interlinking—it is also a

governed, frust-enabled dataspace that connects heterogeneous digital twins through shared
semantics, metadata, and policy compliance

TwinEU



Rationale Behind the TwinEU
Reference Architecture

Federated DT Framework Cross-Border Coordination
. framework to enable interoperability among actors and supportf cross-border, pan-European

autonomy in their local or national context

European Initiatives Alignment

Ensure compatibility with GAIA-X, European
Data Spaces, and IDS frameworks

TwinEU



Design approach to the TwinEU RA

Use-.Cose— Use-case-driven approach, based
Driven on real operational scenarios from
Approoch TwinEU pilot projects

Generic
System Use
Cases

SGAM Applied Smart Grid Architecture
Framework Model to describe component,

Defined 6 GSUCs mapped to
detailed Functional Requirements

) communication, and information
Adoption layers

A collaborative approach based on

Collaboration continuous partner feedback
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Layer
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DT Connector embedded in each Digital
Twin Middleware providing Data Quality,
Data Access Policies, IDM, Semantic
Interoperability, Data/Model sharing and
Data catalogue
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Core Reference Architecture Pillars

Federation of Digital Model Sharing and Semantic Interoperability

Data Spaces Integration

Twins Reusability
Enable secure, Implement the core Facilitate the reuse and Ensure semantic
decentralized principles of European exchange of Digital alignment of
collaboration among Data Spaces, ensuring Twin models across exchanged data by
energy stakeholders by secure, sovereign, and domains and adopting common
orchestrating policy-driven data applications through vocabularies,
interoperability exchange between standardized interfaces ontologies, and data
between their Digital energy stakeholders. models

Twin systems
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Reference Architecture simplified

Graphical User
Interface

Demo Sharing
Strategies

Pan EU
Scenarios

Graphical User
Interface

""" Graphical User

Interface

Digital Twin Federation

-------------------------

> TwinEU



TWinEU * <]
\/j‘ /1

TwinEU Middleware

DT Federation Layer

AT NYIK



TwinEU Middleware in the TwinEU
digital ecosystem

The TwinEU middleware: A scalable, unified platform for
federated Digital Twin integration which enables data and
model sharing

1 TwinEU



TwinEU Middleware development

TwinEU Middleware development is based on European Dynamic’s Web Application
Generator platform SOFIA

SOFIA compirises of two sub-modules: The Author
Application which is used to dynamically
@@{F A configure the presentation of the data, the

OynamicVisializtion Sysess / menus, graphs, and user access and the Web

Application which visualizes the data in various

configurations and graphics. It is built on JAVA
Spring boot, Angular, Redis, MySQL Databases
SOFIA TwinEU Connector
SOFIA Author . e
WebApplication Graphical User Interface

and Docker technologies.
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Decentralized Data Space
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Starting Point: OneNet

Main Characteristics

FIWARE Context Broker fully integrated in the
Connector Architecture

Additional Data Services (e.g., CIM Data
Harmonization Tool)

Standardized Interfaces

Open GUI for facilitating the Connector usage

The energy context... Tailoring for Energy Domain
10 services categories
64 energy services

Vocabularies adoption

OneNet Participant Environment

OneMet Connector

OneNet Data Services IDS Core Services |~

Usage Control
Data

Harmonisation

] Clearing House
Data Quality

GUI

k4

Identity Management

i

X Context Broker FI"-E-’#

!

FIWARE Data App FI'E'

Semantic Tool

API |

Data Provider/Consumer

5 Platform/ E
Service/

: Application/
OneNet | End User

Participant ~ *=-====esreeeessmme e
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TwinEU Evolution

From OneNet Connector...

OneNMet Participant Environment

OneNet Connector
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Usage Control

Data
Harmonisation

Data Quality
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TwinEU Middleware
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Data Space Protocol

The Dataspace Protocol is a set of specifications designed to facilitate interoperable
data sharing between entities governed by usage control and based on Web
technologies. These specifications define the schemas and protocols required for
entities to publish data, negotiate Agreements, and access data as part of a federation

of technical systems termed a Dataspace

The Dataspace Protocol is used in the
context of Dataspaces with the
purpose 1o support

QCross



https://docs.internationaldataspaces.org/ids-knowledgebase/dataspace-protocol
https://docs.internationaldataspaces.org/ids-knowledgebase/dataspace-protocol
https://docs.internationaldataspaces.org/ids-knowledgebase/dataspace-protocol

Main processes
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Additional Features

Integration of external services (Push Mechanism)

Provide data to external service in a (near) real-time way, maintaining the features related to the Data Space

Blockchain Transaction Notarization
Logging and Certification of data transaction in an immutable and secure way
New Standards (IEEE2030.5) and real-tfime communication protocols (NATS)

Integration of new standards and protocols for a wider support

i
o :
_0_ Legacy Protocol
_— > <
o t—o Converter
Legacy Protocol Devices
IEEE2030.5 Devices l gacy

[ NATS Server J[."'

o ’
Data Consumer ———— > Energy Data Space «—— ' Third-Party services
@ l -—
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Nexi

Submission under LFE (ongoing with OneNet)
Creation of technical community for continuous development and maintenance
Technical and Semantical Interoperability
Extensions of Vocabularies and Standard Data Models
Support to real-time communication
Additional Communication protocols and mechanisms (e.g. Kafka)
Common European Energy Data Space (CEEDS)
Integration and deployment with other DS Technologies (DSP Connectors, EDDIE, SIMPL...)

SILFENERGY INSIEME
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Thank youl!

Apostolos Kapetanios - apostolos.kapetanios@eurodyn.com
Ferdinando Bosco - ferdinando.bosco@eng.it
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