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Michael Grieves, Digital Twin: Manufacturing Excellence through Virtual 
Factory Replication, 2014 

Grieves considered the replication of the virtual factory as a push toward 
manufacturing excellence and thus actually contributed to the spread of 
the use of this metaphor in production engineering.

In this context, a digital twin is understood to be a mirror image of a 
physical process that can reproduce or simulate its operation, while it is 
developing in parallel with the physical process itself.

Very quickly this concept has adapted to other areas of 
design that are not strictly manufacturing until it has 
extended, with a significant leap in scale, to the design 
and management of more complex portions of space, 
from single buildings to entire cities.

The leap in scale involves an increase in the complexity 
of factors and variables to be considered to create a 
copy of reality and the processes that occur in it.

The concept is now used to characterize various digital 
simulation models that develop parallel to real-time 
processes concerning physical, social, and economic 
systems.



A matter of 
scale



Earth replication based on digital modeling aims to be a breakthrough in terms of accuracy, 
detail, access to information, speed, and interactivity

Plus: European HPC computers and AI capacity

Focus: climate change, natural hazards, extreme events, marine, and urban ecosystems (socio-
economic impacts and risk mitigation)

Objectives:

• to produce accurate, interactive, and dynamic simulations of the Earth system

• to improve predictive capabilities (water, renewable energy, and food management; risk 
mitigation)

• to support decision-making and implementation processes

→ Europe chooses DT as a key tool in the green transition (A key component of the European 
Strategy for data)

DestinE



Part of the European Data Space for 
Smart Communities (DS4SSCC-DEP) 
initiative, is a comprehensive 
framework designed to develop a 
unified, secure, and scalable data space 
for smart and sustainable cities and 
communities across Europe. 

Co-funded by the Digital Europe 
program, this initiative brings together 
municipalities, private organizations, 
and academic institutions to promote 
the European Green Deal and 
Sustainable Development Goals. It 
focuses on advancing innovative data-
sharing and governance practices to 
drive sustainable urban development

i) Multi-Stakeholder Governance Scheme: 
Establishes core principles, defines roles and 
responsibilities, and sets governance structures 
and legal frameworks to ensure secure and 
reliable data transactions within the data space 
ecosystem.

ii) Technical Blueprint: Provides a catalog of 
specifications and a reference architecture 
model for building the necessary technical 
infrastructure. It promotes data sharing and 
stakeholders’ trust by recommending 
standards, technologies, and clear governance 
mechanisms.

iii) Roadmap and Action Plan: Outlines a 
strategic approach to developing a pan-
European data space for smart communities, 
focusing on middleware service solutions to 
enable data sharing and management. This 
phase also involves refining the blueprint 
based on insights from local pilot projects.

The DS4SSCC Blueprint



Key component of the European 
Commission’s Digital Decade Policy 
Program 2030.

CityVerse aims to promote 
collaborative investments in 
knowledge and funding across 
Europe, to advance digital 
infrastructure and technological 
capabilities to support the 
development of digital twins across 
Europe, according to the EU’s digital 
transformation goals. 

Minimal Interoperability Mechanisms 
(MIMs):

technical specifications developed under 
the Living-in.EU initiative to promote 
interoperability across European cities and 
communities

This approach prevents vendor lock-in, 
fosters innovation, and supports the 
development of smart cities by ensuring 
that diverse systems can communicate 
and collaborate effectively. 

MIMs aim to create a flexible, standardized 
foundation for data exchange, driving 
local digital transformation and 
contributing to broader sustainability 
goals, efficiency, and innovation across 
Europe. 

The CityVerse initiative



Snap4City Digital Twin solution

Framework developed by the DISIT Lab of the University of Florence, 
Snap4City is an officially certificated platform of EOSC (European Open 
Science Cloud Marketplace) and Gold Member of FIWARE and an officially 
recognized FIWARE platform.

Snap4City complies with protocols, such as NGSI (Next Generation Service 
Interface), for robust interaction with various IoT connections, applications, 
and dashboards. 

It supports multiple other protocols, including JSON, MQTT, Lightweight 
M2M, LoraWAN, OPC, SigFOX, and more, enabling versatile data integration 
and communication.





DS4SSCC (European Data Space for 
Smart Communities)

• Interoperable Data Spaces

• Sustainability and Innovation

• Governance and Technical 
Infrastructure

• Pilot Projects and Innovation

• Middleware Services for Data 
Sharing

CityVerse

• Open-source and Interoperable 
Platform

• Comprehensive IoT Integration

• Support for Sustainable 
Development Goals (SDGs)

• Digital Twin Technology

• Training and Development 
Support

Snap4City and



MIMs Requirements



Snap4City ingests real-time and 
event-driven data streams using IoT 
brokers, indexed and shadow-stored 
in an OpenSearch cluster, making 
them accessible to various consumer 
processes.

Internal brokers utilize Orion Broker 
NGSI, supporting smart data models, 
with data retrievable in push or event-
driven modes.

Node-RED flows facilitate 
interoperability with external services 
like GIS, ITS, TV cam services, CKAN, 
BIM servers, and social media, with 
dedicated libraries and microservices 
for data transformation

Data is stored across multiple systems: 
a Virtuoso RDF store for Km4City 
ontology, an OpenSearch cluster for 
real-time and time-series data, and 
the Snap4City GeoServer for 
georeferenced data, supporting 
analysis of pollutants, temperature, 
energy, traffic, and population density.

Snap4City architecture
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