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Introduction

Digital twins, virtual replicas of physical products, processes, or systems, have emerged as powerful
tools for simulating real-world behaviour and performance. In the European context, the creation of
local and urban digital twins has gained strength through innovative initiatives such as the Digital
Europe Programme. This trend underscores the recognition of digital twins as instrumental in

governing and optimising living conditions for European citizens.

This case study examines the Digital Urban European Twins (DUET), an EU-funded initiative that
leverages digital twin technology to counter air pollution, responsible for around 6% of all deaths in
Greece'. By providing a virtual replica of smart cities, digital twins facilitate the more effective use of
ICT, enabling quicker responses to real-time events and informed long-term policy decisions. They are
recognised as a crucial tool for governing and optimising living conditions for European citizens?. They
offer a more accurate understanding of city systems, infrastructure, and dynamics, leading to improved
planning, decision-making, and responsive operations across domains like mobility, sustainability, and
energy®. Moreover, digital twins facilitate the integration of legacy systems, fostering better decision-
making and innovation in both public and private sectors®. Overall, digital twins play a key role in
improving urban environments and enhancing the quality of life for residents. The DUET project was
chosen as a case study due do its recent completion. Finalised in 2022, Athens’ DUET project provides
insights on the latest evolution of digital twins as well as best practices on the entire project cycle.
Finally, Athens’ DUET project offers a noteworthy scenario, having embarked into the digital twin path
from scratch®. This provides valuable insights into overcoming initial challenges and establishing a

successful digital twin ecosystem from the ground up.

1. Athens’ digital transformtion

The establishment of the smart city community

The implementation of the DUET project is part of Athens’ larger strategy to improve the quality of life
of its citizens. In 2018, Athens adopted a comprehensive urban management strategy focusing on
revitalising its urban landscape to foster sustainability and resilience, including through a proactive
approach to digital innovation. To accompany the implementation of the general strategy, Athens also
developed in 2018 a structured roadmap for digital transformation, which has been continually updated
since to meet the city's evolving needs. To execute this roadmap, Athens has adopted multiple digital
initiatives over time, actively engaging in the evolving landscape of smart cities through various

initiatives and advancements.

1 https://www.digitalurbantwins.com/athens-twin

22023, Interoperable Europe (Previously Join up), Rolling Plan for ICT standardisation 2023, Sustainable Growth, Smart and sustainable
cities and communities’ chapter. More information available here.

S December 2022, Living-in.EU, Local Digital twins — A journey not an end goal article. More information available here.

4 October 2021, European Commission, Local Digital Twins: Forging the Cities of Tomorrow | Shaping Europe’s digital future. More
information available here.

5 DUET website, About section, Our Vision. More information available here.
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Among the initiatives supported by Athens’ digital strategy, in 2017, Athens inaugurated the Athens
Digital Lab (ADL), serving as a municipal technological innovation hub aimed at nurturing technological
concepts into advanced 0T solutions. The lab focuses on fostering the startup ecosystem and uses
an open call process to support young entrepreneurs. Several examples can be mentioned with DUET
project for private entities such as the technical experts Virtual City Systems or TNO. This collaboration
extends also to national and European research institutes, facilitating other projects such as
UrbanReleaf, aimed at enhancing research data collection on air quality. Initiatives such as the Makers
Space, a tripartite collaboration project between the Anonymous Development Company of the
Municipality of Athens (DAEM), the City of Athens and the Polytechnic University of Crete, further
exemplify the commitment of Athens to fostering innovation and collaboration.

To ensure the success of its smart city initiatives, Athens put in place a collaborative smart city
ecosystem under the leadership of the DAEM, the public IT company of the municipality, with the
participation of different city departments and external suppliers have also fostered innovation and
facilitated the implementation of cutting-edge technologies.

Citizen involvement is prioritised through co-creation workshops, reflecting the European trend of
inclusive governance. Moreover, Athens actively supports citizen-led actions through platforms like
SynAthina, empowering popular initiatives in environmental, social, and urban development domains.

2. Athens’ DUET project

A. European project

The DUET project, which stands for Digital Urban European Twins, is an EU-funded initiative
operational from 2019 to 2022. DUET aimed to facilitate the development of robust digital twin solutions
adaptable to diverse urban landscapes while meeting policy needs. The cities of Pilsen and Athens as
well as the Flanders region participated in the pilot project alongside with other stakeholders such as

academia, researchers, technologists, and SMEs®.

DUET’s main objective was to exploit urban data sources and facilitate policy making through
simulation analysis. Specific goals were declined by each participating public administration to reflect
different geographical scopes, spatial challenges, and policy needs. However, amongst this diversity,

common high-level objectives/key milestones were identified to guide the overall aims of the project:

o foster more efficient use of resources in urban environments, leveraging digital twin
technologies to optimise resource allocation and management;

e demonstrates the transferability of the project's results to other cities and regions,
ensuring that the solutions developed could be applied and adapted in different contexts; and

e collect and exploit the lessons learned throughout its duration, to facilitate continuous

improvement and the dissemination of knowledge.

5 DUET website, about section. More information available here.
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By aligning each city's initiatives with these common objectives, the DUET project aimed to deliver
significant results while advancing the understanding and implementation of digital twin technologies

in urban governance and planning’.

An important aspect highlighted in the project objectives is the diversity of digital twin models in the
different pilot cities, which can create barriers in terms of technical development and data
management. To overcome this challenge, the project aimed to demonstrate the interoperability and
potential of 'Policy Ready Data-as-a-Service'®. This involves using data, models and APIs from different
cities to demonstrate interoperability and facilitate the creation of common methods and models for
implementing local digital twins.

B. Implementation in Athens

Objectives of Athens’ DUET project

Athens experiences significant seasonal increases in tourist traffic because of its history and as the
capital of Greece. Additionally, the city is addressing air quality issues, given the significant health
impact of air pollution and the high smoking rate. Coordinated efforts from government departments
on transport, health, and environmental policies are key to tackling these challenges. To coordinate
the response to these challenges, the city sees the need for a digital twin to integrate all its digital
sources, making them easily accessible for exploration and experimentation in order to improve the

management of municipality data®. By leveraging digital twins, the city aims to:

Understand urban relationships and engage stakeholders.
Create business value from data insights.

Co-create digital services with citizen participation.

Use common standards for interoperable digital tools.

o s w e

Enhance policy design and implementation.

To achieve the ambitious objectives of the DUET project at both European and local level, it was

necessary to mobilise a range of stakeholders, each with their own expertise.
DUET project participants

The DUET project represents an important step towards the democratisation of local digital twins and
urban digital twin initiatives. A consortium composed of public administrations, private companies
specialised in smart city technologies, researchers, and non-profit organisations collaborated on the
development and testing of digital twin solutions. Participants in the project included more specifically:

= Pilot implementations were carried out by Anonymous Development Company of the
Municipality of Athens (DAEM), the Region of Flanders, and IS Practice Pilsen, with support
from Open & Agile Smart cities communities (OASC) and Open technologies Alliance

(GFOSS) both non-profit organisation respectively at European and national level (Greece).

7 DUET website, Digital Twins for Better Policy Making article. More information available here.
8 DUET website, Digital Twins for Better Policy Making article. More information available here.
9 DUET website, City of Athens section. More information available here.

Page 4 of 8


https://www.daem.gr/daem/organogramma/
https://www.daem.gr/daem/organogramma/
https://www.digitalurbantwins.com/flanderstwin
https://www.sitmp.cz/projekty/
https://oascities.org/
https://gfoss.eu/
https://gfoss.eu/
https://www.digitalurbantwins.com/digitaltwins
https://www.digitalurbantwins.com/digitaltwins
https://www.digitalurbantwins.com/athens-twin

= Private sector technical experts for Digital Twin technology implementation: Virtual City
Systems for the development of maps and 3D visualisations, Athens Technology Centre
(ATC) for the solution back-end and integration, AEGIS for cybersecurity and Grimaldi Studio
Legale, a legal firm specialised in infrastructure and transport law as well as European law,
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for the legal aspects of the project.

= Data modelling professionals from diverse backgrounds: the non-profit Plan4All for the
development of traffic models, the company TNO and KU Leuven university bringing expertise
on Machine Learning algorithms, scenario calculations, and models to calculate baseline data

from historical sources.

Technical infrastructure of the solution

The DUET project uses a flexible technical approach centred on the T-Cell architecture for DUET digital
twins as showed in the Figure 1 below. The T-Cell architecture enables the creation of digital twin
platforms for urban regions with extended functionalities, including the integration of new data sources,

simulation models, visualisation clients, and the expansion of the digital twin ontology to cover various

urban domains.

Figure 1: T-Cell Architecture for DUET Digital Twins
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At the heart of this architecture is the Digital Twin Data message flow system, which enables data flows
between components and rapid access to data for reactive digital twin scenarios. These scenarios —
or models — are connected via the DUET data broker API while the data catalogue playing a key role
in registering data sources and ensuring compatibility with specific use cases. Finally, visualisations

and interaction clients are highly visible components, they function as clients of the DUET data broker,

Source: DUET website

consuming data and initiating model recalculations?®.

10 DUET website, Open Technical Approach. More information available here.
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Overall, the project aims to facilitate integration and interoperability between the different technical
components of the smart city solution. To this end, the DUET project relied on the reuse of existing
solutions and open source components such as the different deliverables available on the DUET
website.

3. Interoperability

Interoperability assessment

This series of case studies on smart city projects aims at assessing the level of awareness of the
European Interoperability Framework for Smart Cities and Communities (EIF4SCC). The EIF4SCC is
an adaptation of the European Interoperability Framework (EIF) tailored for local governments,
providing a comprehensive framework to guide city leaders and officials in establishing public
services/projects. The framework is subdivided into several principles and elements, strategically
designed to encompass all facets of interoperability, including definitions, recommendations and use
cases from cities and communities across Europe. Smatrt city project leaders interviewed for this case
study have been asked to evaluate their project’s compliance the recommendations of the EIF4SCC.

Therefore, the following results have been based on the analysis of their self-assessment.

The DAEM team was very familiar with the European Interoperability Framework for Smart Cities and
Communities (EIF4SCC) as they participated in the co-development process organised by the
European Commission in 2020-2021, through a series of workshops gathering cities and community

administrators from across the European Union.

According to the self-assessment by the DUET coordinator presented in Figure 2 below, the project
strongly aligns with the EIF4ASCC principles of "A city needs-led approach at EU level” and "A city
as a participatory-driven and open innovation ecosystem". The Digital Twin responds to Athens'
specific needs, such as green routing, traffic reduction, and air and noise pollution mitigation by
allowing users to visualise potential changes in streets and assess their impact. Thus, DUET
empowers decision-makers to design effective policies. Moreover, while DUET was initially developed
for research purposes, it also aimed to engage citizens as active participants in the city's innovation
ecosystem. The project planned making data visualisations openly available to citizens, enabling them
to explore and understand the potential impacts of traffic reduction measures. Through a simple login
system accessible to both citizens and city officials, DUET fosters participatory engagement and
facilitates informed decision-making to create a more sustainable and liveable urban environment in
Athens.

In addition, the DUET project complies to some extent with the other EIF4SCC principles of "Human-
centric approach”, "Ethical and socially responsible access, use, sharing, and management of

data and technology" and "Technologies as key enablers, not as an objective".
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Figure 2: Compliance level with the EIFASCC Principles of the DUET Athens' project
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Source: Wavestone on the basis of interviewee’s input!

In addition, the DUET project is mostly aligned with the recommendations of the Interoperability layers
of the EIF4SCC as shown in Figure 3. In particular, the DUET project was able to rely on the following

good practices:

e Interoperability governance: DUET demonstrates scalability and adaptability, allowing it to
be easily deployed in other cities and to accommodate additional functionality, such as the
integration of data from sensors and loT devices as well as the elaborations of different
models.

e Governance integrated services: the project embraces the layer by combining data from a
variety of sources and engaging a range of stakeholders, including businesses, universities
and municipalities.

e Cultural interoperability: is illustrated by DUET's inclusivity, which allows municipal
administrations and citizens to access and use the tool without discrimination. However, the
technical complexity of the solution may require a certain level of IT knowledge, which can
negatively impact the accessibility to the solution and represent a challenge in terms of digital
inclusion.

e Legal interoperability: DUET adheres to the legal frameworks established by the
Commission and includes a competent partner responsible for ensuring compliance with these
frameworks.

e Organisational interoperability: is ensured by well-defined roles and access rights for the
different types of end-users within the digital twin structure.

e Semantic interoperability: through the development of its digital twin, and more specifically
its T-Cell architecture, Athens improved the city’s capacity to exchange seamlessly data

across different digital systems and organisations. The use of open data models facilitates the

11 Each principle is represented by a spoke, with compliance levels ranging from 0 to 4, indicating the extent of adherence: 0 signifies
"Not at all," 1 stands for "To a small extent," 2 represents "To some extent,” 3 indicates "To a great extent".
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integration and consistent interpretation of data from a variety of sources, such as sensors
and loT devices.

e Technical interoperability: the project fully complies with a majority of the technical
recommendations, focusing on the collection and synthesis of open data sources into easily

understandable maps and visualisations.

Figure 3 : Level of compliance with EIF4SCC layers of Athens' DUET project
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Source: Wavestone

Overall, DUET application in Athens presents a holistic approach to interoperability governance,
facilitating its widespread adoption and use in diverse urban contexts. The technical solutions more
specifically imply to consider interoperability in the design and development of technical deliverables,
guides. The project demonstrates a relevant perspective on interoperability, showing how different
systems can seamlessly integrate and communicate with each other, which are key enablers of the

scalability and adaptability of digital twin solutions in various urban landscapes.

If you want to learn more on DUET, you can consult the website of the project.

Page 8 of 8


https://www.digitalurbantwins.com/technology-outputs

