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PREFACE

This NEXTBUILT 2024 Conference Proceedings comprise the selected papers contributing to the 2024
International Conference on Challenges for the NEXT generation BUILT Environment, held in Bologna
on two years basis, with the ambition to become a reference event to share and discuss drivers of change,
barriers and solutions for shaping the future built environment considering the impact of Climate Change. The
Conference is one of the main outcomes of the NEXTBUILT Observatory, whose main scope is to collect,
analyse, and report information, research, and studies dealing with the most urgent and hot topics influencing
the transformation directions in contemporary cities with a forward-looking perspective. The initiative is
supported and fed by the research activity run at the Department of Architecture of the University of Bologna
as well as by the constant transformative plans led by the City of Bologna.
NEXTBUILT 2024 was held in Bologna on May 9" and 10™ 2024, with the chance to join the conference
online for those who were not able to attend in person, under the overarching theme of “a reflection on the
future of the built environment within a context of resource scarcity or heavily influenced by climate
change impacts, assuming a strong future oriented approach”.
The conference was accordingly organized around four main topics:
e Energy use and affordability in the built environment
Energy market global instability, progressive fossil fuel scarcity and related price fluctuations call for
new approaches which combine technical and socio-economical interventions to possibly ensure fair
and sustainable access to adequate energy services for all. Nonetheless, energy poverty rates are rising
globally without effective and future-oriented solutions being promptly drafted to mitigate the impact
of this issue. Besides, it strongly emerges the need to shift to cleaner energy sources while possibly
reducing the demand intensity and impacts of the building sector. It is largely agreed within the
scientific community that structural changes should be made to reduce the roots of energy challenges
in the built environment, but how can policymakers, planners, and designers innovate the retrofitting
market remains an open issue despite it is acknowledged to be the most urgent and promising field of
action.
e Water scarcity and cities response capacity to extreme events
In recent years, many countries worldwide have suffered the effects of climate change, especially in
relation to water. From devastating floods to severe droughts, water scarcity or abundance is
increasingly affecting life in urban environments, involving over half of the world population
according to IPCC projections. On the one hand, conventional water management solutions in cities
have been proven inadequate to address intense rain events and water needs; on the other, progressive
climate topicalization is posing a risk to ensuring adequate access to fresh water. Cities are actively
seeking effective solutions to reduce the flood risk and save water for use (including, among others,
water-efficient buildings and construction processes), but more integrated and interdisciplinary
approaches are not well-established yet. More integrated and systemic solutions to let cities and
buildings be reshaped to mitigate and/or adapt to increasingly severe water-related issues are needed.
e New paradigms in buildings and components expected lifetime
Heavy depletion of natural resources and the need to achieve carbon neutrality targets are strongly
encouraging policymakers, researchers, and designers to change their perspectives on life-cycle
impacts, durability and service life of buildings and components. However, the majority of current
interventions in the building sector are still focused on lowering the operational energy demand while
paying less attention to embodied energy and carbon as well as to the end-of-life stage. The
increasingly fast evolution of needs and requirements is calling to strategically rethink the expected
lifespan of buildings and to carefully consider the use of materials and design choices within a circular-
based perspective, not only at the local level but also at a larger scale. This seeks for innovative
measures, methodologies, procedures, and tools to facilitate and support a mind shift and a market
transition.
e Tools and means to go beyond the climate neutral transition
Current policies, measures and tools to achieve sustainable development and carbon neutrality have
largely proven inadequate and limited. Many of them can only deal with short-term visions and effects
of planning procedures, design, and building processes. However, given the unpredictability of the
future in the long run, effective and forward-thinking measures must be taken now. Can the carbon
neutrality challenge, which is now assumed to be a target, be turned into a useful means to that end?
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The main issue remains to plan, design, and build for future changes that will almost certainly imply

progressive resource scarcity (physical and non-physical) along with other challenges yet to come.
The breadth and urgency of the topics allowed to collect several insightful and novel contributions spanning
current trends and innovations, empirical findings and concrete applications in the fields of science, industry,
policy, and governance. However, the main detected barriers to concrete progress deal with the lack of systemic
approaches and long-term visions to go beyond the urgency of the present time. In the background, the need
for more balanced and environmentally driven economic models remains a turning point yet to come.
The conference stimulated a vivid dialogue between the invited keynote speakers and the participants in both
the plenary and parallel sessions. NEXTBUILT 2024 had the privilege to host:

e Brenda Boardman, from the Environmental Change Institute, University of Oxford, whose studies
since the early 90s contributed to providing the definition of Energy Poverty still in use globally. Her
key lecture titled Energy prices, energy efficiency and equity considered the competing needs of the
poorest households and climate change, both today and into the future.

e Louisa Bowles, Partner and Head of Sustainability at Hawkins\Brown, who has led several multi-
disciplinary projects and is an active contributor to many industry organisations working to improve
environmental performance. Her key lecture titled Circular economy, buildings as material banks
stimulated a reflection on a mind shift in the way we use and understand the service life of materials
in contemporary architecture.

e Paolo Negro, Research officer at the Joint Research Centre of the European Commission, with a long
experience in research activity and scientific policy advising, whose key lecture titled A strategy for
the holistic rehabilitation of buildings and the new European Bauhaus outlined the main challenges
at EU level with reference to multiple actions under the umbrella of the green deal.

o FElisabete Teixeira, from the University of Minho where she serves as a dedicated Researcher at ISISE
(Institute for Sustainability and Innovation in Structural Engineering). Her key lecture titled
Synergizing nature-based solutions for water resilience and urban infrastructure protection
highlighted the importance of more coordinated actions and systemic approaches to put in place more
effective mitigative strategies.

The conference included eleven parallel sessions organised during the two days to expand the dialogue
opportunities and to let all the participants from seventeen countries exchange ideas and proposals for
facilitating synergies and future cooperation opportunities. A NEXT TALK inviting three architectural design
firms, NET Engineering, Pier Curra Architettura, Open Project, was also held to bridge the gap between
academic research and the professional market enlarging the horizon of research to very practical implications.
As the necessary transition of our built and urban environments is becoming more urgent NEXT BUILT tried
to attract the attention of the key involved stakeholders to stimulate collaboration and partnerships while laying
the foundations for meaningfully shaping policy, practice, and capacity-building programs.

This Proceedings collect the main individual contributions organized according to the four main topics that
underpin the conference's scientific program. Each submission underwent a two-round (abstract and full paper)
double-blind peer-review process. The NEXTBUILT Scientific Committee and the Editors carefully handled
the process to ensure only those meeting the necessary scientific standards were presented at the conference
and included in these

proceedings.

Editors

Jacopo Gaspari
Licia Felicioni
Lia Marchi
Ernesto Antonini

8 July 2024
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New paradigms shift in buildings: experimental application of
Digital Twin for safety and well-being
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Abstract. Enhancing durability and service life of buildings and components is pivotal for sustainable
development. It constitutes an opportunity to reduce energy consumption, carbon emissions and life
cycle impact of buildings in a climate neutral perspective. Issues strongly introduced and set as priorities
by EU policies that highlight the urgent need to tackle them also through deeply heritage renovation
and digital transformation in the building sector. Digitalization is a cornerstone of this transformation,
instrumental in facilitating and enabling it sustainably. The Key Enabling Technologies (KETs) are
directly associated with new technological potential and emerging technologies. Digital Twin (DT)
approach appears alongside these. Its experimentation and widespread application are gaining
prominence in innovating Life Cycle Management (LCM) and sustainability practices of buildings.

In this scenario the paper explores the role and potentialities of DT approach presenting the experimental
application of the DT4SEM. A digital infrastructure that, by integrating Internet of Things (IoT),
synchronizes a physical building with its virtual counterpart. The two realities (physical and virtual)
remain interconnected through the mutual exchange of data, both in real-time and asynchronously
enabling proactive monitoring and analysis of seismic behaviour. The experimental setup involves
simultaneously Big Data analytics, simulation tools and deploying sensors within the sample building.
Data is then fed into the virtual DT model, allowing for continuous comparison and analysis to detect
anomalies and predict potential risks. This approach facilitates enhanced decision-making, performance
optimization and sustainability improvements across the building's lifecycle: a new vision for built
environment management that evolves from a process resulting in a sequence of operative phases into
a complex digital infrastructure. The design of the DT4SEM and the current application for seismic
monitoring in buildings, results from a collaborative effort involving the academic spinoff BIG srl, the
startup Sysdev, the company Berna Engineering srl, and ACCA Software spa.

Keywords: Digital Twin, seismic monitoring, decarbonization, energy efficiency

1. Introduction
After years of indifference to the environment, low productivity and limited technological innovations,
the Construction sector is now undergoing an in-depth revision and innovation process of its statutes
and operativeness.
This process must necessarily be combined with the broader challenges of Agenda 2030.
Sustainable development cannot ignore more conscious, innovative and inclusive governance actions
for the social and economic development of cities and communities. Renovation and management of the
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built environment become the expression of a new transformation perspective capable of involving the
environment as a whole on different scales: environment, landscape, territory, cities and buildings.
Further, life cycle strategies assume the role of key actions achieving the decarbonisation of the building
stock into the timeframes of both the 2030 and 2050 scenarios for carbon and climate neutrality [1-4].

Thus, the interaction of climate neutrality with digital assets also emerges as a key issue, specifically
supported by the application of Information Communication Technologies (ICT) with related enabling
and emerging technologies — such as Building Information Modeling (BIM), Internet of Things (IoT)
and Digital Twin — to improve decision-making processes of the built environment in a sustainable
governance perspective.

Nevertheless, the strategies for decarbonization of buildings and their implementation in sustainable
processes and operational practices still need systemic and scalable innovations, to bridge the current
gap between traditional modalities and the digital frontier [5].

According to Energy Performance of Buildings Directive, 85% of EU buildings were built before
2000, and amongst those, 75% have poor energy performance [6].

Therefore, a complex and articulated system of possible new challenges takes shape. Enhancing
durability and service life of buildings and components, optimizing energetical performance, reducing
energy consumption and emissions, they all constitute an opportunity to reduce life-cycle impact from
which economic, environmental and extra social costs derive [7].

With reference to this scenario and increasing attention to environmental vulnerability resulting from
natural disasters or extreme weather events, including seismic, the paper introduces an ongoing
experimental application of Digital Twin — DT4SEM - to monitor seismic and energetical building
behaviour.

2. Background
At the European level introducing key enabling technologies (KETs) marks the beginning of the digital
transformation of industrial and productive sectors [8].

KETs combine and establish a strong integration between research and industry affirming through
their digital matrix the dual purpose of supporting innovation and operativity, promoting improved
digital solutions for processes, products and services.

Many years after their introduction, European digital policies still affirm and strengthen the same
principles: digitalization, automation and interconnection of production processes [9-11].

By moving away from the simple digitization phase, KETs and emerging technologies are now
driving a new and ongoing phase of the digital transformation of industrial sectors [12].

Nowadays, in the context of the Fourth Industrial Revolution [13], starting from Digital Agenda, the
European policies mark the transition from Industry 4.0 to Industry 5.0, opening new development
scenarios [14-17].

The EU report “Industry 5.0 introduces a new “stage” in the historical sequence of Industrial
Revolutions. It affirms the need to accelerate the transformation already underway - digital and
ecological - to restore the environment and the economy, focusing on three principles: centrality of man
- self-sustainability - flexibility and resilience [18].

A Collaborative Industry and Super Smart Society affirmed by intelligent cooperation between
machines and humans, to accompany the transition from digital industry to digital society.

For the construction sector it means increasing attention towards the issues of durability and life
cycle management, energy efficiency and the recovery of existing buildings [19-21].

The European Green Deal [22] supports specific aforesaid issues such as:

e Circular Economy Action Plan promoting the principles of circularity throughout the life cycle
of buildings to increase the efficiency of materials, reduce climate impact and improve the
durability and adaptability of buildings in the life cycle [23].

e A Europe fit for the digital age encouraging digital transformation to combat climate change
and achieve the green transition [9].
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® A Renovation Wave for Europe - Greening our buildings, creating jobs, improving lives
formalizing the goal of doubling the upgrade of existing building stock to achieve greater energy
efficiency contributing to the process of decarbonization by 2030 [24].
In line with these political and strategic goals, some other operational principles and indicators have
been established, such as:
® FEnergy Performance of Buildings Directive promoting policies to achieve high energy
efficiency and decarbonised building stock by 2050; introducing a methodology and a related
Indicator to measure the smart readiness of existing buildings, i.e., their ability to be included
in the digital reconversion process of buildings [6].

These are general goals that have already been affirmed, but rarely placed so explicitly close to each
other both from a political and operative point of view.

Meanwhile, enabling and emerging technologies introduce new opportunities to manage the whole
life cycle of buildings. This starts from the design to the construction and operation phases, involving
multidisciplinary and transdisciplinary approaches. The management of great amount of information is
required pertaining to performance and operation data in buildings, as well as behavioural and
experiential aspects related to end users, their well-being and their level of satisfaction [25,26]

The Digital Twin approach constitutes the key aspect of this new perspective [27].

Coined by Michael Grieves in 2011, the term Digital Twin simultaneously defines the digital and
virtual reality of a physical object [28]. Since its introduction by Grieves, a few years before, the Digital
Twin has configured a dynamic operational tool linking the real and virtual realms throughout a system's
lifecycle: from design and production to use and disposal [29].

Following Grieves’s vision, applied research across various scientific fields is increasingly validating
the significance of the Digital Twin concept and affirming its importance [30].

In 2019, a survey on the adoption of innovative technologies has identified digital twins among the
top five emerging trends driving technological innovation for the coming decades [31]. Market trends
also confirm its exponential growth and potential [32].

Nowadays in the construction sector, the Digital Twin enables intelligent construction advancing
from Smart Buildings to Cognitive Buildings: “Phygital” constructions that leverage, synergically, data
and information modeling throughout the building's lifecycle [33,34].

It guarantees - with Building Information Modeling (BIM), Geographic Information Systems (GIS),
Internet of Things (IoT), smart connection and sensor systems such as Home Automation and Building
Automation Control Systems (BACS), Augmented and Virtual Reality (AR/VR), data analytics,
blockchain, Artificial Intelligence and machine learning solutions - a unique and synergic convergence
of capacities to generate, manage, and exchange information throughout the entire lifecycle of buildings,
monitor real-time building performances and simulate or predict behaviour during the time. This close
integration optimizes building management by organizing and systematizing complex information
networks also integrating real-time monitoring data [35-38].

According to this background, experimental applications of Digital Twin methodologies aim to
implement structured decision-making processes for reducing the environmental impact of buildings
and infrastructure, plan maintenance strategies, enhancing end-user comfort and satisfaction. They
enable simultaneous management of available and acquired information from operational conditions
surveys, real-time monitoring and updating of sensor-collected data, anomaly and risk detection and
performance simulations using machine learning and artificial intelligence [39-41].

Thus, the challenge, as defined by the European Commission in the strategic foresight report 2022
“Matching ecological and digital transition in the new geopolitical context” is to use Digital Twins to
revolutionize urban planning, monitoring, and management. This could lead to reduced urban emissions,
increased resource efficiency and quality of life, better utilization of building space and improved
building resilience against hazardous events [42].
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3. An experimental application of Digital Twin for safety and well-being in buildings
The previous paragraph underlines increase attention to the built environment vulnerability, resulting
from natural disasters and extreme weather and seismic events.

Moreover, the Digital Twin effort in combining real entities and computational models, assumes high
potential to improve, in a sustainable and climate-neutral perspective, design, monitoring, control and
management of buildings.

In this scenario, the authors, as a group of researchers also operating at BIG srl, an Academic spinoff
of the Mediterranean University of Reggio Calabria, three of which are among its founding partners,
involving the startup Sysdev, the company Berna Engineering srl, and ACCA Software spa,
implemented and prototyped a new experimental application of the digital infrastructure, the
Management Model, promoting an innovative vision for the management of seismic safety and well-
being in buildings [43,44].

BIG srl operates in the field of technological innovation exploiting the potential of Information
Communication Technology (ICT), in line with the operational trend of Industry 4.0. To implement its
mission, it assumes the interactions between technological capital (infrastructure and technology),
human capital (researchers, companies, professionals, end users, etc.), administration (institutions,
universities, managers, etc.) and real estate (public and/or private heritage). Its goal is to promote the
introduction of smart processes for the experimentation, implementation and dissemination of
innovative systems for the governance of real estate assets (www.bigspinoff.it).

3.1. The architecture of the Digital Twin for monitoring seismic behaviour in buildings
The Digital Twin for monitoring seismic behaviour in buildings uses the potential of advanced
technologies, already available but not yet widely systemised in the service of the construction sector.
DTA4SEM achieves synchronization between the sample building and its virtual model.
Throughout the entire life cycle, the two realities (physical and virtual) will remain connected
through the mutual exchange of data and information, both in real-time and asynchronously.
Its architecture consists of:

e The “as built” BIM digital model. It is the graphic and informative model of the sample building,
complete with information and technical specifications relating to the assets it contains.
According to the ISO 19650 standard, the “as built” dimension corresponds to the digital
representation of the construction systems to which the scheduling of Operation and
Maintenance phase is associated.

e A smart connection hardware and system sensors. They monitor the performance through real-
time acquisition and recording of data.

e The Internet of Things. It connects sensors, software and ICT technologies across the network.
It creates an information infrastructure that activates significant potential data flows relating to
the physical dimensions and performance of single parts of buildings.

e A collaborative platform. It is an open, accessible Platform As A Service (PAAS), usable online
by various operators (owners, managers, administrators, technicians and professionals, end
users), allowing the management of openBIM models in a single Common Data Environment
(CDE). By integrating viewers, virtual and augmented reality, the usage of the digital model for
data visualization and subsequent simulations and checks is possible.

e A Cloud computing and storage. It makes mass memories available for archiving and contextual
management of BIM models.

3.2 The sample building and its digital model
The sample building is in Reggio Calabria, Viale della Liberta 28.

It is a six-storey building on which the company Berna Engineering srl has carried out deep
restoration since late 2022 (Figure 1).

The load-bearing structure is made up of reinforced concrete pillars and beams.
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Figure 1. The sample building before and during renovation.

The first step to create the as-built digital model was the systematization of the available information
which, disaggregated, was organized in relation to the different formats (paper documentation, dwg, pdf,
doc files, etc.) and different types (administrative, technical, management). The structuring and
organization of data was aimed towards accurate management and transmission of information.

Furthermore, the possibility of using reverse engineering approaches - “scan to BIM” - allows the
control and integration of information derived from the design documentation made available by the
client. Imaging techniques and a laser scanner were used for the survey (Figure 2).

Figure 2. The survey phase with laser scanner.
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The produced point cloud was assembled and cleaned for export to the modeling phase (Figure 3).

At the same time, attention was paid to the issue of openBIM using the IFC standard (UNI EN ISO
16739) for the import/export process of information models, as well as for the transmission and display
of data during the in-use phase (Figure 4).

The level of information requirement (LOIN) for the start of the information management process
(UNI 17412) and the definition of the development level (LOD) for the modeling phase were decisive
in defining the information and geometric accuracy (UNI 11337-4).
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Figures 3 and 4. The structural and architectonic us built of the sample building.

3.3. The Deployment Plan of multi-sensor node and gateway

Once the architectural and structural as-built of the building had been created, a “Deployment Plan”
was processed to analyse the structure and to define the most effective position of multi-sensor nodes.
They record seismic events and measure displacements, inclinations, accelerations during a seismic
event, and external temperatures.

Each is identifiable through 3D BIM coordinates as shown in the figures below (Figure 5, 6).
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Figure 5. The Deployment Plan of multi-sensor node and gateway. Floor plans.
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Figure 6. The Deployment Plan. Section of the sample building and details.

According to the concept of “point cloud” and the related intrinsic principle of redundancy, the best
positioning of the multi-sensor nodes to be applied on the salient structural elements, was defined. The
multi-sensor nodes are the “atomic” elements of the system, similar to a digital survey “point cloud”,
with the difference that they are dynamic points. In fact, they constantly update the structural digital
model. The redundancy of multi-sensor nodes does not constitute their duplication but an increase in the
resolution of the information.

Thus, the gateways and multi-sensor nodes have been positioned and configured to ensure optimal
coverage of the building. In this way it will be possible to carry out monitoring and analysis both at
structural element scale and at that of the building as one.

The latter overcomes the analysis referring to the single element or the single zone. Thanks to the
coordinated processing of multiple measurements, it allows in-depth evaluations to be carried out on the
entire building with the opportunity to compare its real behaviour with theoretical simulation models.

Between November 2023 and February 2024, the startup Sysdev (www.sysdev.eu) installed 2
gateways and 85 multi-sensor nodes based on the LoRaWAN protocol (Figure 7).
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Figure 7. The multi sensor nodes installed.

A gateway was installed on the ground floor and one on the terrace.
The new generation gateways (network access points) communicate with the multi-sensor nodes and
with the software platform via 3G/4G physical ETHERNET network (Figure 8).

Figure 8. The gateway installed.

At the end of the installation, in-depth tests were conducted to verify the correct functioning of the
system. Subsequently, the software platform was configured for the analysis of the data acquired by the
installed multi-sensor nodes.

The calibration procedure of the multi-sensor nodes and the setting was carried out in February 2024
at the end of the deep renovation underway on the building, to avoid the continuous recording of non-
standard information caused by construction site activities.
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3.4, The collaborative platform to exchange data through network infrastructures

The definition of DT4ASEM is completed through the virtual recombination of the information
detected by the deployment of the multi-sensor nodes in a collaborative platform; a Platform As A
Service (PAAS) usable online by various operators (owners, managers, administrators, technicians and
professionals, end users). The multi-sensor nodes and the collaborative platform exchange data through
a network infrastructure.

In the experimentation described the platform for data processing, storage and visualization is the
“usBIM.IoT”, produced by ACCA Software spa, and specially customized for the specific
experimentation. (www.acca.it/bim-iot-platform)

In its current configuration it allows:

e Viewing of the openBIM three-dimensional digital model through specifically dedicated guided
and/or customized navigation paths, functional to the localization and indication of active
“reports”.

e Viewing and organizing sensor data on the model in real time with a dedicated dashboard.

e Implementing the supervision and remote control of IoT devices directly from the openBIM
model, which becomes a dynamic system that reacts in real time to the events generated by the
multisensor nodes.

e Accessing data and related processing directly from the browser.

e Activating appropriate warning signals if the threshold values of the quantities measured by the
multi-sensor nodes are exceeded.

e Reconstructing the structural performance of the building over time, ensuring the historical
storage of any data collected.

e Implementing the integrated management of machine learning algorithms for statistical and
predictive analysis, as well as reporting deviations and anomalies in the structural state of the
building.

e Checking and changing the operating parameters of the individual monitored structural nodes.

e Activating specific queries from end users and dynamic chat between different operators with
advanced team working functions, online meetings and conference call.

To date, verification and setting tests have all given positive results, guaranteeing the total scalability
of the system, capable of supporting any expansion of both the number of sensors deployed and the
number of users. DT4SEM is tested and ready to go into operation as soon as two 75" monitors are
installed in the entrance hall of the two stairwells. These will inform technicians and end users in real
time about the operating status of sensors and gateways; they will display the data values detected by
the sensors and the operating temperature; they will indicate the last alert issued relating to the recording
of a seismic event.

4. Implications and Discussion

The DT4SEM presents an original experimental proposal of research dealing with the potentiality of DT
in enhancing the durability and service life of buildings and components combining monitoring of the
building's seismic behaviour with decarbonization issues and control of carbon emission of the existing
building stock.

Thus, a new potential paradigm shift for the built environment through Digital Twin in building
appears. Hereafter some aspects from the study are listed.

Optimization of decarbonization strategies. Digital twins can be utilized to simulate building
decarbonization scenarios, considering factors such as energy efficiency, resource utilization, and
emissions reduction. By integrating seismic monitoring data, it is possible to evaluate how structural
modifications impact building energy and environmental performance [45-47].

Integration of innovative technologies. Seismic monitoring can be integrated with other innovative
technologies for building decarbonization, such as energy consumption sensors, automated control
systems and energy recovery/storage technologies. This integration improves building energy
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management, reduces greenhouse gas emissions and optimizes energy resource use by simulating
HVAC (Heating, Ventilation, and Air Conditioning) systems and analyzing thermal flows [48-50].

Energy efficiency management. Digital twins consolidate multiple data sources, including building
energy consumption data. Adding information from seismic monitoring helps identify correlations
between structural behaviour and energy performance, supporting targeted decarbonization
interventions to optimize building energy efficiency. Moreover, seismic monitoring can contribute to
identifying dynamic building characteristics, including foundation and structural behaviour patterns.
This data can be used to optimize building design for enhanced energy efficiency. For instance,
knowledge of building vibrations and oscillations can influence foundation design to reduce dissipated
energy and optimize thermal performance contributing to reduce buildings' carbon footprint [51-53].

Advanced dynamic modeling and predictive simulations. Digital twins enable the creation of detailed
building models that encompass structural and dynamic behaviour. By incorporating historical data from
seismic monitoring into digital twins, the accuracy and understanding of building behaviour during
seismic events can be enhanced. This facilitates predictive simulations to assess seismic risk and identify
critical areas requiring urgent interventions. These simulations support seismic retrofitting designs that
also address decarbonization aspects through material and/or intervention technology choices,
optimizing decarbonization strategies, preventing structural damage, and improving building seismic
resilience [54-56].

Predictive maintenance and asset management. Digital twins enable predictive maintenance by
identifying anomalies and potential failures in buildings in real-time. By integrating seismic monitoring
data into digital twins, it is possible to monitor structural aspects and predict maintenance needs. This
helps extend lifespan and reduces the resource consumption required for maintenance activities [57-58].

Risk management and urban planning. Seismic monitoring provides crucial information for seismic
risk management at an urban level. A better understanding of building seismic dynamics can influence
urban planning policies and the design of earthquake-resistant infrastructure, contributing to more
sustainable and resilient urban planning. Digital Twin thus makes buildings smart and cognitive, nods
of Smart Grids and Smart Cities, capable of communicating with other buildings, with safety systems
and end users [59-61].

5. Conclusion

Digital Twin approach represents a paradigm shift in building lifecycle management, enabling proactive
monitoring and optimization of structural integrity. The paper contributes to the discourse on Digital
Twin technology in building sustainability, in advancing sustainability goals and improving the overall
performance and resilience in the built environment.

The ongoing experiment of DT4SEM infrastructure showcases the potential of DT in innovating
building management and monitoring seismic building behavior. Real-time data exchange between
physical and virtual models empowers stakeholders to make informed decisions, fostering sustainability
and safety. Preliminary results demonstrate the effectiveness of the DT approach in providing early
warnings of structural issues and optimizing maintenance schedules. The synchronized virtual model
visualizes and simulates different scenarios, facilitating informed decision-making for building
management.

Future research will focus on scaling up DT applications for broader adoption in the building sector;
this requires addressing technical challenges and fostering interdisciplinary collaborations enhancing
integration with advanced technologies and data-driven approaches, additional sensors for
comprehensive building monitoring and optimizing predictive analytics algorithms.

Collaboration among experts in seismic monitoring, digital twins, and building decarbonization is
crucial for developing integrated solutions that address current sustainability challenges in the
construction sector. Experimental applications of seismic monitoring can significantly influence
building design and management strategies aimed at reducing carbon emissions and promoting
sustainability.
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