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Abstract: This study explores the transformative potential of integrating Building Information Model-
ing (BIM) and Generative Design methodologies in heritage conservation and building management.
By utilizing BIM, detailed architectural, structural, and MEP models were created, facilitating precise
design and effective stakeholder collaboration. Generative Design enabled the exploration of multiple
design solutions, optimizing spatial layouts and structural integrity. The project also integrated
automated management systems and IoT sensors to enhance real-time monitoring, energy efficiency,
and user comfort through the development of a digital twin. Despite encountering challenges such
as technical complexities and budget constraints, the project successfully preserved the cinema’s
historical essence while incorporating modern functionalities. The findings highlight the contri-
butions of BIM and Generative Design to the AEC industry, emphasizing their role in improving
design accuracy, operational efficiency, and sustainability. This research provides valuable insights
for future projects in heritage conservation, offering a blueprint for balancing historical preservation
with contemporary needs. The revitalization of the “Ex Cinema Santa Barbara” in Paternò exemplifies
these advancements, demonstrating how these technologies can restore and modernize culturally
significant historical buildings effectively.

Keywords: BIM; generative design; building management; cultural heritage; digital twin; IoT;
revitalization; visual programming

1. Introduction

Building Information Modeling (BIM) has emerged as a transformative approach in
the Architecture, Engineering, and Construction (AEC) industry, significantly enhancing
design accuracy, collaboration, and project management [1]. BIM involves creating a
digital representation of the physical and functional characteristics of a facility, serving as a
shared knowledge resource for information throughout the lifecycle of a building [2]. This
technology streamlines the design and construction processes and facilitates more effective
building management and maintenance.

Generative Design, another innovative methodology, leverages computational algo-
rithms to generate a wide array of design solutions based on a set of predefined criteria [3].
By iterating through numerous design possibilities, Generative Design enables architects
and engineers to explore optimal solutions that balance various constraints such as spatial
efficiency, structural integrity, and environmental performance [4]. The integration of
Generative Design with BIM represents a significant advancement in the AEC industry,
providing a powerful toolset for tackling complex design challenges and enhancing overall
project outcomes [5].

Revitalizing historical buildings with modern functionalities presents significant chal-
lenges and opportunities [6]. One of the primary challenges is preserving the architectural
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integrity and cultural value of these structures while integrating contemporary features that
meet current standards of accessibility, energy efficiency, and user comfort. This includes
managing potential conflicts between preserving historical elements and implementing
modern technologies, which can sometimes be invasive or visually disruptive [7]. Addi-
tionally, the technical complexities involved in retrofitting old buildings with new systems,
such as IoT sensors and automated management technologies, require careful planning
and specialized expertise [8].

Despite these challenges, the integration of BIM and Generative Design in heritage
conservation offers unique opportunities. These technologies enable precise and flexible
approaches to restoration, allowing for the detailed modeling and simulation of different
design scenarios [9]. For instance, BIM’s capabilities in documenting and visualizing
complex geometries facilitate the conservation of heritage buildings by providing accurate
data for structural analysis and renovation planning [10]. Generative Design can be utilized
to optimize structural reinforcements and design interventions to ensure they do not detract
from historical aesthetics, thereby maintaining the building’s authenticity while enhancing
its functionality [11]. Furthermore, these technologies can improve the sustainability and
operational efficiency of heritage buildings, contributing to their long-term preservation
and relevance [12].

The integration of these technologies supports the delicate balance between historical
preservation and modern requirements. BIM allows for meticulous documentation and
collaboration among stakeholders, ensuring that preservation efforts align with modern
functionalities [13]. Generative Design aids in developing innovative solutions that respect
historical values while incorporating necessary modern amenities [14]. Moreover, these
approaches can help enhance energy efficiency in heritage buildings, which is crucial given
the increasing emphasis on sustainability in the built environment [15].

In addition, the integration of these technologies aligns with several United Nations
Sustainable Development Goals (SDGs), particularly Goal 11, which emphasizes the impor-
tance of making cities and human settlements inclusive, safe, resilient, and sustainable. By
preserving cultural heritage through innovative design and technology, projects like the
“Ex Cinema Santa Barbara” contribute to safeguarding urban cultural assets and enhancing
community resilience. Additionally, the project supports Goal 4 of the SDGs, aiming to en-
sure inclusive and equitable quality education and promote lifelong learning opportunities
for all. By incorporating interactive educational spaces equipped with augmented reality
and digital tools, the project removes barriers, provides personalized learning experiences,
and fosters digital literacy, benefiting all citizens, especially schools and children with
disabilities.

This study addresses the gap between historical preservation and modern require-
ments by demonstrating the integration of BIM and Generative Design in heritage conserva-
tion. While existing research has extensively covered BIM and Generative Design separately,
there is a lack of comprehensive studies exploring their combined application in historical
building revitalization [16]. This research complements the existing body of knowledge
by providing empirical evidence and practical insights into how these technologies can be
harmonized to achieve sustainable and efficient heritage conservation [17].

The revitalization of the “Ex Cinema Santa Barbara” in Paternò serves as an exem-
plary case study for applying BIM and Generative Design in heritage conservation. This
project aims to restore the cultural center, which holds substantial historical and cultural
value while integrating modern functionalities to meet contemporary needs. The specific
objectives include preserving the building’s architectural integrity, enhancing its struc-
tural stability, improving accessibility, and implementing advanced building management
systems to optimize comfort and energy efficiency [18].

The main objectives of this research are:

1. To demonstrate the integration of BIM and Generative Design in heritage conservation,
showcasing their combined potential to address complex design and restoration
challenges.
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2. To develop and implement advanced automated management systems, including IoT
technologies, to enhance the efficiency, sustainability, and user comfort of historical
buildings.

3. To provide a detailed case study analysis of the “Ex Cinema Santa Barbara” project,
documenting the methodologies, challenges, solutions, and outcomes to serve as a
reference for future projects in the AEC industry.

This research paper contributes to the field by:

1. Providing empirical evidence of the benefits of integrating BIM and Generative Design
in historical building revitalization.

2. Offering practical insights and methodologies for implementing automated manage-
ment systems in heritage conservation projects.

3. Highlighting the potential of digital technologies to balance historic preservation with
modern functionality, setting a precedent for future research and practice.

Through this comprehensive examination, the paper highlights the potential of BIM
and Generative Design to transform heritage conservation practices, offering insights and
recommendations for future projects in the AEC industry. This approach not only aligns
with the principles of Agenda 2030 but also significantly advances the SDGs by promoting
sustainable infrastructure, innovative design, and the preservation of cultural heritage.

2. Literature Review

This section provides an overview of existing research and developments in the
fields of BIM, Generative Design, and their applications in building management and
revitalization projects. It highlights the historical context, key concepts, and significant
contributions to these areas, establishing a foundation for the current study. The literature
is critically analyzed to show how these concepts relate to the present study and to identify
any gaps that this research addresses.

2.1. Building Information Modeling (BIM)

BIM represents a digital approach to managing the physical and functional character-
istics of facilities, serving as a shared knowledge resource throughout a building’s lifecycle.
BIM has significantly transformed the AEC industry by enhancing collaboration, improving
efficiency, and reducing errors [19]. The evolution of BIM is marked by significant tech-
nological advancements and conceptual developments that have shaped its current form.
Understanding the history of BIM requires a comprehensive view of the technological and
theoretical milestones that contributed to its development over several decades. To provide
an accurate and nuanced account of BIM’s history, it is possible to refer to the theoretical
insights offered by recent scholarship, such as the work presented by [20]. This source
offers a valuable epistemological framework for understanding the complex evolution of
BIM, helping to clarify its historical context and correct common misconceptions.

BIM encompasses various dimensions, from 3D modeling to 7D, covering aspects
such as geometry, facility management, and sustainability [21]. Recent studies have shown
that BIM can significantly reduce project costs and timelines while enhancing quality. For
instance, Azhar and Brown [22] highlight that BIM enables complex building performance
analyses during the early design and preconstruction stages, ensuring that sustainability
goals are met from the outset. More recent research, such as the study by Liu et al. [23],
emphasizes that BIM facilitates improved collaboration among project participants by
integrating information across different roles and stages of construction. This integration
leads to better coordination, reduced miscommunication, and enhanced trust among team
members. Another study by Al Hattab and Hamzeh [24] discusses that BIM adoption
improves design workflow by enhancing social interactions and information flow dynam-
ics. However, its effectiveness is contingent on collaboration and changes in traditional
mindsets.

However, there are gaps in the current research regarding the integration of BIM with
emerging technologies and its application in heritage conservation. Most studies focus on
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new constructions and overlook the complexities involved in revitalizing historical build-
ings [25]. This study addresses these gaps by demonstrating how BIM can be integrated
with Generative Design and IoT technologies to enhance the revitalization of historical
buildings. Moreover, there is a need for more empirical data on the long-term effectiveness
of BIM in heritage conservation. Studies such as Biagini et al. [26], Di Gaetano et al. [27],
and Piaia et al. [28] suggest promising results, but comprehensive, long-term evaluations
are limited.

2.2. Generative Design

Generative Design is an iterative process that leverages algorithms to generate diverse
design solutions based on a set of constraints and goals. This approach harnesses com-
putational power to explore design possibilities beyond human capabilities, leading to
innovative and optimized outcomes [29]. Generative Design involves defining criteria such
as spatial requirements, structural integrity, and environmental performance. Tools like
Autodesk’s Dynamo, Grasshopper for Rhino, and Marionette for Vectorworks facilitate the
creation of generative algorithms through visual scripting, enabling designers to automate
repetitive tasks and explore a vast design space efficiently [30]. Studies have shown that
Generative Design can optimize building layouts, structural systems, and energy perfor-
mance. For instance, Autodesk’s office in Toronto utilized Generative Design to optimize
workspace layouts, resulting in a more efficient and productive environment [31]. More
recent applications, such as the use of Generative Design in the planning of urban spaces,
showcase its potential to address large-scale, complex design problems [32].

The integration of Generative Design in the AEC industry offers several advantages,
including enhanced creativity, improved performance, and greater efficiency. Despite its
potential, Generative Design faces challenges such as the complexity of algorithms, compu-
tational demands, and the need for interdisciplinary collaboration. Recent advancements
have focused on improving user interfaces, enhancing algorithmic capabilities, and inte-
grating Generative Design with emerging technologies like artificial intelligence (AI) and
machine learning (ML) [33]. However, there is a need for more research on the practical
implementation of Generative Design in heritage conservation and its integration with
BIM. Furthermore, studies examining the long-term effectiveness of Generative Design in
heritage conservation are sparse.

2.3. Integration of BIM and Generative Design

The integration of BIM and Generative Design represents a significant advancement in
the AEC industry, combining comprehensive data management with innovative problem-
solving approaches. By integrating these technologies, designers can create more informed
and optimized building models [34]. Generative Design can explore structural configura-
tions within a BIM environment, ensuring that the final design meets performance and
constructability criteria. This integration also facilitates the creation of digital twins, used
for the real-time monitoring and management of buildings [35].

Several projects highlight the successful integration of BIM and Generative Design.
The Qatar National Library, designed by OMA, used Generative Design to optimize the
building’s structure and daylighting. The integration with BIM ensured that the design
was innovative, feasible, and efficient to construct [36]. Another notable example is the
implementation of these technologies in the design of Google’s headquarters, where Gener-
ative Design was used to create an efficient and user-friendly workspace [29]. Projects like
the renovation of the Rijksmuseum in Amsterdam demonstrate how these technologies
can restore and enhance historical buildings [37]. BIM ensures that historical details are
accurately preserved, while Generative Design enables innovative solutions to modern
challenges.

The integration between BIM methodology and Generative Design spans a wide
range of applications and is evidenced by numerous projects demonstrating its successful
implementation. Generative Design is prevalent in various fields, including:
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1. Architecture: Generative Design is used to maximize user comfort and optimize
building performance. Examples include the maximization of natural lighting within
spaces, as seen in the Qatar National Library project [36], the modeling of efficient and
user-friendly workspaces, such as in the Google Headquarters project [29], and the
automated design of modular housing to produce feasible, constructible, and optimal
mass buildings [38].

2. Structural Design: Generative Design facilitates iterative calculation processes where
dimensions are automatically varied until regulatory requirements are met. Notable
examples include the prequalified joints modeled after the Northridge earthquake in
Los Angeles [39], the sizing of retaining walls [40], and other structural applications
where optimization is critical.

3. Urban Planning: Generative Design enables the automatic generation, analysis, and
adjustment of urban design solutions for selected land units with a local development
plan. This is demonstrated in the case study of the City of Vienna, where a plot of
land is subdivided and various housing types are automatically assigned to it [41].
Additionally, Generative Design is applied to create sustainable and efficient urban
layouts [32].

Despite these advancements, there is still a gap in comprehensive studies that ex-
plore the integration of BIM and Generative Design specifically in the context of heritage
conservation. While projects like the renovation of the Rijksmuseum in Amsterdam have
demonstrated the potential of these technologies, there is a lack of detailed empirical stud-
ies. This study addresses this gap by providing insights into the practical application and
benefits of integrating BIM and Generative Design in heritage conservation projects. Addi-
tionally, research should focus on the social and economic impacts of these technologies
on heritage conservation projects. Integrating BIM and Generative Design can potentially
enhance community engagement, create job opportunities, and boost local economies
through the revitalization of historical sites.

2.4. Applications in Building Management and Revitalization

The integration of IoT with BIM has shown promise in enhancing building man-
agement and operational efficiency. IoT sensors can provide real-time data on various
environmental parameters, which, when integrated with BIM models, allows for dynamic
and responsive building management [42]. The practical application of this integration has
been demonstrated in various projects, but there is still a need for more comprehensive
studies focusing on heritage conservation [43].

In revitalization projects, BIM and Generative Design are invaluable for balancing the
preservation of historical elements with modern functionality. Projects like the renovation
of the Rijksmuseum in Amsterdam demonstrate how these technologies can restore and
enhance historical buildings. BIM ensures that historical details are accurately preserved,
while Generative Design enables innovative solutions to modern challenges [26]. Recent
studies, such as those by Georgopoulos [44], discuss the techniques such as 3D modeling,
laser scanning, and non-destructive testing that are critical for diagnosing and conserving
heritage structures. These methods provide detailed, three-dimensional records of artifacts,
supporting both virtual and physical restoration efforts.

Both BIM and Generative Design contribute to sustainability and energy efficiency. By
optimizing building performance through simulations and real-time data analysis, these
technologies help reduce energy consumption and environmental impact. Studies have
shown that buildings designed and managed with BIM and Generative Design achieve
significant energy savings and improved sustainability metrics [45]. Recent research by
Zhuang et al. [46] further supports these findings, demonstrating that the P-BIM framework
can improve energy efficiency by 11.5% and reduce life cycle costs by 36.8% in a school
building through optimization using simulations and real-time data analysis.

However, potential criticisms of existing research include the high initial costs and
learning curves associated with adopting these technologies, which can be barriers for
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smaller firms or projects with limited budgets. Additionally, there is a need for more
empirical data on the long-term performance and maintenance of buildings managed using
these technologies. Moreover, the social and economic impacts of implementing these
technologies in heritage conservation projects are under-researched. Understanding how
BIM and Generative Design influence local economies, community engagement, and social
values is crucial for comprehensive evaluations.

In conclusion, the literature review underscores the transformative potential of BIM
and Generative Design in the AEC industry. The integration of these technologies en-
hances design creativity, improves building performance, and supports the sustainable
management of facilities. This study contributes to the current literature by providing
empirical evidence of the benefits and challenges of integrating BIM and Generative Design
in heritage conservation, addressing gaps related to their practical application in historical
building revitalization. It also emphasizes the need for further research on their long-term
effectiveness, social and economic impacts, and integration with emerging technologies in
heritage conservation projects.

3. Methodology

The revitalization of the “Ex Cinema Santa Barbara” employed a meticulous and
multi-faceted methodological approach, integrating BIM, Generative Design, and advanced
automated management systems to achieve a comprehensive and sustainable renovation
(Figure 1).
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3.1. BIM Modeling

Autodesk Revit v2024.2 was selected as the primary software for BIM modeling due
to its comprehensive capabilities in creating detailed architectural, structural, and MEP
(Mechanical, Electrical, and Plumbing) models. Revit’s robust functionality supports a
holistic BIM approach, allowing for the creation of an integrated model that encompasses
all aspects of building design. This software was chosen over others for several reasons:

1. Revit provides a comprehensive suite of tools for detailed and multi-disciplinary
modeling, which is essential for complex projects like the revitalization of historical
buildings.

2. Its widespread acceptance in the industry facilitates collaboration among various
stakeholders, including architects, engineers, and contractors.

3. Revit supports the IFC file format, ensuring seamless data exchange between different
software platforms and stakeholders, which is crucial for maintaining consistency
and collaboration.

The BIM model development process involved creating detailed parametric families
for architectural, structural, and MEP components. These parametric families allowed
for dynamic adjustments, ensuring that all elements within the model were intercon-
nected. This approach significantly improved the model’s accuracy and facilitated easier
modifications and updates. Parameters such as dimensions, materials, and performance
characteristics were meticulously defined, enabling the creation of a detailed and adaptable
model. To ensure seamless data exchange, the IFC file format was utilized, enhancing inter-
operability in the building industry and allowing various BIM tools to integrate seamlessly.
This ensured that all parties involved could access and contribute to the model without
compatibility issues.

The project adhered to several critical standards and legislative requirements to ensure
quality, accuracy, and regulatory compliance. The Italian BIM standard UNI 11337 [47]
was followed, providing comprehensive guidelines for implementing BIM processes in
construction projects, promoting consistency and reliability. The project also complied
with Legislative Decree 50/2016 and Ministerial Decree 560/2017, which mandate the use
of BIM methodologies in public procurement and construction projects in Italy. These
standards and legislative requirements ensured that the BIM processes were robust, trans-
parent, and aligned with national regulations, facilitating effective project management and
collaboration while promoting best practices and reducing the risk of errors and rework.

To ensure that the integration of BIM and Generative Design was seamless and effective
throughout the project, regular coordination meetings were held with all stakeholders.
These meetings facilitated continuous communication and collaboration, enabling the
prompt identification and resolution of any integration issues. The use of common data
environments (CDE) ensured that all project information was shared and updated in
real-time, maintaining consistency across the project lifecycle.

3.2. Generative Design

Generative Design is an innovative and iterative design process that leverages ad-
vanced algorithms to generate multiple design solutions based on a predefined set of
constraints and objectives. This approach enables designers to explore a wide array of pos-
sibilities, optimizing various performance criteria such as spatial configuration, structural
integrity, energy efficiency, and user comfort [4]. Dynamo v2.17, a visual programming
tool integrated with Autodesk Revit, was chosen for the Generative Design process due to
its ability to create and manipulate data structures and algorithms graphically. Dynamo’s
visual scripting capabilities allowed for the creation of parametric and algorithmic design
workflows, making it accessible to both novice and experienced users. By connecting vari-
ous nodes representing different design parameters and operations, a dynamic and flexible
design model was established. This model could be easily adjusted to explore different
design scenarios and optimize the final solution based on the project’s requirements [48].



Sustainability 2024, 16, 6720 8 of 24

The Generative Design process began with the establishment of specific goals and
constraints for the cultural center. Key criteria included optimizing spatial layouts, en-
suring structural stability, maximizing natural light and ventilation, enhancing energy
efficiency, and providing a high level of user comfort. These criteria were encoded into
Dynamo scripts, which served as the foundation for generating and evaluating design al-
ternatives [49]. The design process was highly iterative, with multiple rounds of generation
and evaluation. Dynamo scripts were used to generate numerous design variations, each
meeting the predefined constraints and objectives. These variations were then analyzed to
identify the most promising solutions. Feedback from each iteration informed subsequent
adjustments to the design parameters, leading to continuous improvement and refinement
of the design [50].

Optimization techniques were employed to identify the best-performing design solu-
tions from the generated alternatives. Key performance indicators (KPIs) such as spatial
efficiency, structural load distribution, energy consumption, and user comfort levels were
used to evaluate each design iteration. By optimizing these KPIs, the Generative Design
process ensured that the final design not only met but exceeded the project’s goals. The
integration of Generative Design with BIM facilitated a seamless transition from conceptual
design to detailed modeling. The optimized design solutions generated through Dynamo
were directly incorporated into the Revit BIM model, ensuring that all design modifica-
tions were accurately reflected in the BIM model, maintaining consistency and coherence
throughout the design process.

3.3. Validation and Verification

The accuracy and reliability of the BIM model and Generative Design solutions were
ensured through a comprehensive validation and verification process. This process began
with automated rule-based checking of the BIM model using tools such as Solibri Model
Checker and Navisworks. These tools were instrumental in identifying clashes, inconsisten-
cies, and compliance issues, which were systematically addressed to maintain the model’s
integrity. Additionally, regular peer reviews and coordination meetings were conducted to
validate the model against project requirements and industry standards, ensuring thorough
oversight and quality control.

Each design iteration produced through Generative Design was rigorously evaluated
against predefined KPIs. These KPIs included spatial efficiency, structural load distribution,
energy consumption, and user comfort levels. Detailed performance metrics were analyzed
to identify the most promising design solutions. Stakeholder feedback, including insights
from architects, engineers, and facility managers, was integral to refining the design
parameters, facilitating continuous improvement and enhancement of the overall design
quality.

Advanced simulation tools played a crucial role in assessing the performance of the
design solutions. Energy simulations, daylighting analysis, and structural simulations
were conducted to ensure that the design adhered to the project’s performance criteria.
Furthermore, the integration of real-time data from IoT sensors into the BIM model allowed
for continuous monitoring and validation of the building’s performance both during and
after construction. These real-time data provided a dynamic feedback loop, enabling
proactive adjustments and optimization of building systems.

Specific challenges faced during the validation and verification processes included
ensuring data accuracy from IoT sensors and dealing with the high computational demands
of Generative Design algorithms. These challenges were overcome by implementing robust
data validation protocols and leveraging cloud computing resources to handle intensive
computational tasks. Regular training sessions for the project team ensured familiarity
with the tools and processes, enhancing overall project efficiency.

Compliance with relevant BIM standards, particularly UNI 11337, was rigorously
maintained throughout the project. Adhering to these standards ensured that the model’s
Level of Development (LOD) was appropriate for each stage of the project, promoting
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accuracy, consistency, and reliability in all BIM processes. This compliance was crucial for
achieving high-quality outcomes and meeting regulatory requirements.

User acceptance testing was another critical component of the validation and verifica-
tion process. These tests ensured that the final design met the needs and expectations of
the end-users. The user acceptance testing process was conducted as follows:

1. A representative group of end-users, including community members, facility man-
agers, and potential visitors, was selected to participate in the user acceptance tests.
This group was chosen to ensure diverse feedback that accurately reflected the needs
and expectations of the various stakeholders.

2. Realistic scenarios were developed to simulate typical activities and interactions
within the cultural center. These scenarios included common use cases such as
attending events, navigating the facility, and utilizing different spaces and amenities.

3. Participants were guided through the facility using the BIM model and virtual walk-
throughs. They were asked to perform specific tasks and provide feedback on their
experiences. Key aspects evaluated included ease of navigation, comfort, accessibility,
and overall satisfaction with the design.

4. Detailed feedback was collected through surveys, interviews, and observation. The
data gathered from these interactions were analyzed to identify common issues,
preferences, and areas for improvement.

5. The feedback from user acceptance testing was used to make final adjustments to the
design and operational systems. This iterative process ensured that the final design
not only met technical specifications but also provided a satisfactory user experience.

6. After incorporating the feedback, a final round of user acceptance testing was con-
ducted to validate the effectiveness of the changes. This ensured that all identified
issues were addressed and that the design met the needs and expectations of the
end-users.

Through this detailed and iterative validation and verification process, the project
ensured the accuracy, reliability, and success of the BIM model and Generative Design solu-
tions. This comprehensive approach was instrumental in the successful realization of the
project, showcasing the potential of advanced digital technologies in heritage conservation
and building management.

3.4. Limitations and Benefits of the Software

While Autodesk Revit and Dynamo were instrumental in the success of the project,
certain limitations were encountered. Revit’s complexity can present a steep learning
curve for new users, which was mitigated through comprehensive training sessions for the
project team. Additionally, Dynamo’s performance can be limited by the computational
power available, especially when dealing with large and complex datasets. This issue
was addressed by utilizing cloud computing resources to enhance processing capabilities.
Despite these limitations, the integration of Revit and Dynamo provided significant benefits.
Revit’s ability to handle detailed and multi-disciplinary modeling facilitated seamless
collaboration among stakeholders, while Dynamo’s visual scripting capabilities allowed for
the rapid iteration and optimization of design solutions. These features were particularly
beneficial in managing the complexities of heritage conservation and integrating modern
functionalities into the historical structure.

3.5. Building Management

The study implemented advanced automated management systems to optimize com-
fort, energy efficiency, and overall building performance. These systems included HVAC
(heating, ventilation, and air conditioning), lighting, and shading mechanisms, all inte-
grated into the BIM model. Sensors were strategically placed throughout the building
to monitor parameters such as temperature, humidity, and occupancy. These real-time
data were processed using automation scripts developed in Dynamo, enabling responsive
adjustments to maintain optimal comfort levels.
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Automated HVAC systems were programmed to adjust heating and cooling based
on occupancy patterns and external weather conditions. This approach enhanced comfort
and improved energy efficiency by reducing unnecessary heating or cooling. The lighting
system was automated to adjust based on natural light availability and occupancy. Sensors
detected daylight levels and occupancy, dynamically dimming or brightening artificial
lighting to maintain ideal illumination while conserving energy. Automated shading
systems controlled the amount of natural light entering the building, adjusting window
shades based on the position of the sun, external temperature, and internal light levels,
contributing to both comfort and energy savings. To ensure the effectiveness of these
automated systems, comprehensive simulations were conducted. Dynamo scripts were
used to model various scenarios, analyzing the performance of the HVAC, lighting, and
shading systems under different conditions. The simulations provided valuable insights,
allowing for the fine-tuning of the systems to achieve the best balance between comfort
and energy efficiency.

A digital twin was developed as part of the BIM model, allowing for the real-time mon-
itoring and management of the building systems. This digital replica provided a dynamic
platform where changes in the physical environment were reflected in the digital model,
facilitating proactive maintenance and management. Internet of Things (IoT) sensors were
integrated into the building management system to collect data on various environmen-
tal parameters, including temperature, humidity, occupancy, and air quality. The data
collected from IoT sensors were fed into the BIM model, where they were processed and
analyzed. Dynamo scripts played a crucial role in this process, automating data analysis
and triggering system adjustments as needed. This continuous feedback loop ensured that
the building systems operated efficiently and effectively.

The integration of the digital twin and IoT sensors facilitated real-time monitoring of
the building’s performance. Facility managers could access up-to-date information on the
status of various systems, enabling them to make informed decisions and quickly address
any issues that arose. Additionally, the data collected supported predictive maintenance
strategies. By analyzing trends and patterns in the sensor data, potential issues could
be identified before they became critical, allowing for timely maintenance and reducing
downtime.

The implementation of advanced building management systems, supported by BIM,
IoT integration, and Generative Design principles, transforms buildings into highly efficient
and responsive facilities. These innovations not only enhance comfort and energy efficiency
but also ensure a sustainable and resilient infrastructure capable of adapting to future
needs.

4. Case Study: Ex Cinema Santa Barbara
4.1. Historical Background

The “Ex Cinema Santa Barbara” in Paternò holds a significant place in the town’s
cultural and social history. Established in the early 20th century, this cinema was more
than just a venue for film screenings; it was a vibrant hub of social interaction and cultural
expression. The architectural style of the building, reflecting the design trends of its
time, added to its prominence as a local landmark. Throughout the decades, “Ex Cinema
Santa Barbara” hosted numerous events, including theatrical performances, community
gatherings, and cultural festivities. It was a place where residents of Paternò came together
to share experiences, celebrate milestones, and enjoy the arts. The cinema’s rich history is
intertwined with the memories and traditions of the local community, making it an integral
part of Paternò’s cultural heritage.

However, like many historic cinemas, “Ex Cinema Santa Barbara” faced a decline
in the latter half of the 20th century. The advent of modern entertainment options, such
as television and multiplex cinemas, coupled with changing social dynamics, led to a
decrease in patronage. Over time, the building fell into disrepair and was eventually
abandoned, becoming a symbol of the town’s changing cultural landscape. Recognizing its
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historical and cultural value, the municipality of Paternò initiated a project to revitalize
the “Ex Cinema Santa Barbara”. The goal was to preserve the building’s historical essence
while adapting it to contemporary uses. The project aimed to transform the cinema into a
multifunctional cultural center that could once again serve as a focal point for community
activities and cultural events. This revitalization effort sought to honor the cinema’s past
while providing a space that meets the needs and interests of today’s residents.

The significance of the “Ex Cinema Santa Barbara” project lies within the broader
scope of heritage conservation projects, as it exemplifies the challenges and opportunities
inherent in such endeavors. Similar projects, such as the renovation of the Elbphilharmonie
in Hamburg and the Rijksmuseum in Amsterdam, also grappled with preserving historical
integrity while integrating modern functionalities. The unique challenge of the “Ex Cinema
Santa Barbara” project was to balance the cultural and historical value of a community
landmark with the practical need for modern amenities and energy-efficient systems. The
solutions implemented in this project, particularly the integration of advanced digital
technologies like BIM and Generative Design, set a precedent for similar future initiatives
in heritage conservation.

4.2. Current State Assessment

Before the commencement of the revitalization project, a thorough assessment of the
current state of the “Ex Cinema Santa Barbara” was conducted (Figure 2). This evaluation
was crucial in identifying the specific needs and challenges associated with restoring the
building while preserving its historical integrity. The assessment revealed significant
structural and aesthetic deterioration resulting from years of neglect. The exterior of the
building showed visible signs of wear, including cracked and peeling paint, damaged
masonry, and corrosion of metal elements. The roof was found to be in poor condition,
with leaks and water damage evident in several areas. These issues not only compromised
the building’s appearance but also posed serious risks to its structural stability.

Inside the cinema, the condition was similarly dire. The interior spaces, once vibrant
and full of life, had become dilapidated. The seating areas were damaged, with many
seats broken or missing. The decorative elements, such as moldings and wall coverings,
had deteriorated significantly. Water damage had led to mold growth in several areas,
contributing to the overall sense of decay. The MEP systems were outdated and largely non-
functional. The original HVAC system, designed for a much earlier era, was inadequate
for modern comfort standards. Electrical wiring was found to be unsafe and in need of a
complete overhaul. Plumbing fixtures were corroded and leaking, requiring comprehensive
replacement.

Furthermore, the building did not comply with contemporary accessibility standards.
The entrances, exits, and internal pathways were not designed to accommodate individuals
with disabilities, necessitating significant modifications to ensure compliance with modern
accessibility regulations.

The assessment also highlighted the potential for adaptive reuse of the space. Despite
its dilapidated state, the “Ex Cinema Santa Barbara” retained its architectural charm and
historical significance. The structural framework, though in need of repair, was largely
intact and provided a solid foundation for the planned revitalization efforts. The current
state assessment underscored the urgency and importance of the revitalization project.
It provided a detailed understanding of the building’s existing conditions, guiding the
development of a comprehensive restoration plan that would address structural, aesthetic,
and functional deficiencies while preserving the historical essence of the cinema. This
assessment was instrumental in laying the groundwork for transforming the “Ex Cinema
Santa Barbara” into a modern, multifunctional cultural center that honors its storied past
and serves the needs of the contemporary community.
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4.3. Project Objectives

The revitalization of the “Ex Cinema Santa Barbara” is driven by a comprehensive set
of project objectives that aim to transform the abandoned cinema into a multifunctional
cultural center. These objectives are designed to address the various challenges identified
in the current state assessment while honoring the building’s historical and cultural sig-
nificance. One of the primary objectives is to preserve the historical essence of the “Ex
Cinema Santa Barbara”. This involves restoring the architectural features and decorative
elements that characterize the building, ensuring that its historical charm is maintained.
The project aims to respect and celebrate the cinema’s rich history while adapting it to
contemporary uses. Addressing the structural deficiencies identified in the assessment
is critical, including comprehensive structural repairs to ensure the building’s stability
and safety. This involves reinforcing the foundation, repairing damaged masonry, and
addressing issues with the roof and other structural elements.

The project seeks to replace the outdated MEP systems with modern, energy-efficient
alternatives. Upgrading the HVAC system, electrical wiring, and plumbing fixtures is
essential to meet contemporary standards for safety, comfort, and functionality. Ensuring
that the cultural center is accessible to all individuals is a key objective. The project plans to
modify entrances, exits, and internal pathways to comply with modern accessibility stan-
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dards, including installing ramps, elevators, and other necessary features to accommodate
individuals with disabilities.

The revitalized cinema will feature a variety of multifunctional spaces designed to
host different types of events and activities, including areas for exhibitions, performances,
community gatherings, and educational programs. The goal is to create a versatile cultural
center that can serve a wide range of community needs and interests. To enhance visitor
engagement, the project aims to incorporate interactive and immersive spaces, including
areas for virtual reality experiences, interactive learning modules, and spaces inspired by
successful models like the “Stanza Ulisse” and “Stanza Nirvana” at the TOG Center in
Milan. These features are designed to provide unique and enriching experiences for visitors
of all ages.

Sustainability is a core objective of the project. The revitalization plans include the
implementation of energy-efficient systems and sustainable building practices. This in-
volves optimizing the use of natural light, incorporating renewable energy sources, and
using eco-friendly materials wherever possible. The project aims to integrate advanced
automated management systems for HVAC, lighting, and shading to optimize comfort and
energy efficiency. These systems will be controlled through IoT sensors and automation
scripts, ensuring real-time adjustments based on environmental conditions and occupancy.

Ultimately, the project seeks to create a cultural center that fosters community engage-
ment and cultural enrichment. By providing a space for cultural activities, educational
programs, and community events, the revitalized “Ex Cinema Santa Barbara” will serve as
a hub for social interaction and cultural exchange.

4.4. Design Interventions

The design interventions for the “Ex Cinema Santa Barbara” revitalization project are
carefully crafted to address the building’s deficiencies while enhancing its functionality and
aesthetic appeal. These interventions are guided by the project objectives and are aimed
at creating a vibrant, multifunctional cultural center that honors the cinema’s historical
significance and meets contemporary needs.

The first major intervention involves the structural restoration of the building. This
includes reinforcing the foundation, repairing damaged masonry, and addressing issues
with the roof and other structural elements. The goal is to ensure the building’s stability
and safety while preserving its historical architectural features. These repairs are crucial
for maintaining the integrity of the cinema and providing a solid foundation for further
enhancements. A significant focus is placed on modernizing the MEP systems. The
outdated HVAC system is replaced with a modern, energy-efficient alternative that provides
optimal climate control for the various spaces within the cultural center. The electrical
wiring is overhauled to meet contemporary safety standards and to support advanced
lighting and audiovisual systems. The plumbing fixtures are updated to ensure reliable
and efficient water supply and drainage throughout the building.

Accessibility is a key consideration in the design interventions. Entrances, exits, and
internal pathways are modified to comply with modern accessibility standards, ensuring
that the cultural center is welcoming and inclusive for all individuals. This includes the
installation of ramps, elevators, and accessible restrooms, as well as the design of clear and
navigable routes throughout the building. The creation of multifunctional spaces is central
to the design interventions (Figure 3). The main auditorium is restored and upgraded to
accommodate a variety of events, including film screenings, theatrical performances, and
community gatherings. Flexible seating arrangements and advanced audiovisual systems
are incorporated to enhance the functionality of the space. Additionally, smaller rooms are
designed to host exhibitions, workshops, and educational programs, providing versatile
spaces that can adapt to different types of activities.
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Several specific criteria were considered during the design of these multifunctional
spaces to ensure their versatility and functionality. Firstly, flexibility and adaptability were
paramount; spaces had to be easily reconfigurable to host different types of events and
activities. This was achieved by using modular furniture, movable partitions, and adaptable
lighting and sound systems, allowing for quick changes between setups. Technological
integration was another critical criterion. The spaces needed to incorporate advanced
technologies to support a wide range of activities, from live performances to interactive
exhibits. To this end, state-of-the-art audiovisual equipment, VR systems, and interactive
displays were installed, designed to be easily adjusted or upgraded as needed.

User comfort and accessibility were also key considerations. All spaces were designed
to be comfortable and accessible to a diverse range of users, including those with disabilities.
This involved the design of ergonomic seating, appropriate acoustics, climate control, and
compliance with accessibility standards such as ramps and elevators. Sustainability and
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energy efficiency were integral to the design. Spaces were designed to be environmentally
sustainable and energy-efficient, with natural lighting maximized through strategically
placed windows and skylights, integration of renewable energy sources like solar panels,
and the selection of eco-friendly building materials.

Community engagement and cultural enrichment were fundamental goals. The spaces
were created to foster community interaction and cultural engagement. This included
areas for social interaction such as a coffee bar, interactive learning modules, and spaces
inspired by successful models like the “Stanza Ulisse” and “Stanza Nirvana” at the TOG
Center in Milan. These areas include interactive pediatric and therapeutic spaces, motor
and cognitive rehabilitation spaces, and an interactive music wall similar to the one in
Cabot Circle, Bristol. To enhance visitor engagement, the project aimed to provide unique,
immersive experiences. This was achieved by developing VR spaces and interactive
learning modules, drawing inspiration from institutions such as the Faurschou Foundation
in Beijing and educational centers in Blue Island and Iceland.

Finally, the design interventions include the development of communal and recre-
ational areas to foster social interaction and community engagement. An accessible terrace,
a light path, and a musical staircase are designed to create inviting and interactive outdoor
spaces. These features are inspired by similar successful installations, such as the Play
Metro in Rome, and are aimed at enhancing the visitor experience and promoting inclu-
sivity. The design interventions for the “Ex Cinema Santa Barbara” revitalization project
are comprehensive and innovative. They address the building’s structural and functional
deficiencies while enhancing its historical charm and creating a modern, multifunctional
cultural center that serves the needs of the contemporary community.

4.5. Automated Management Systems

The implementation of advanced automated management systems is a cornerstone
of the “Ex Cinema Santa Barbara” revitalization project, aimed at optimizing comfort,
energy efficiency, and overall building performance. These systems integrate cutting-edge
technologies to create a responsive and sustainable environment within the cultural center.
The primary components of the automated management systems include HVAC, lighting,
and shading mechanisms. These systems are designed to work in harmony, ensuring
optimal environmental conditions while minimizing energy consumption. The integration
of these systems into the BIM model allows for seamless control and monitoring.

The HVAC system is upgraded to a modern, energy-efficient solution that adjusts
heating and cooling based on real-time data from IoT sensors. These sensors monitor
parameters such as temperature, humidity, and occupancy levels, providing continuous
feedback to the system. Automation scripts developed in Dynamo process these data,
enabling the HVAC system to make precise adjustments to maintain optimal comfort levels
while reducing unnecessary energy usage. For instance, the system can reduce heating or
cooling in unoccupied areas, thereby conserving energy. Lighting automation is another
critical aspect of the management systems. Sensors detect natural light availability and
occupancy, dynamically adjusting artificial lighting to ensure ideal illumination levels.
During the daytime, when sufficient natural light is available, the system dims or turns off
artificial lights to save energy. Conversely, in the evenings or in spaces with inadequate
natural light, the system enhances artificial lighting to maintain a comfortable environment.
This not only improves energy efficiency but also enhances the visitor experience by
providing consistent and appropriate lighting conditions.

Shading systems are automated to control the amount of natural light entering the
building, contributing to both comfort and energy efficiency. These systems adjust window
shades based on the position of the sun, external temperature, and internal light levels. By
reducing heat gain during hot periods and maximizing natural light during cooler periods,
the shading system helps maintain a comfortable indoor environment and reduces the load
on the HVAC system. A digital twin of the “Ex Cinema Santa Barbara” is developed as part
of the BIM model, enabling real-time monitoring and management of the building systems.
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The digital twin acts as a dynamic virtual replica of the physical building, reflecting changes
and conditions in real-time. This allows facility managers to monitor the performance of the
automated systems, identify issues promptly, and make data-driven decisions. The digital
twin provides a comprehensive overview of the building’s status, from environmental
conditions to energy usage, facilitating proactive maintenance and optimization.

The integration of IoT sensors throughout the building enhances the functionality of
the automated management systems. These sensors collect data on various environmental
parameters, feeding them into the BIM model where they are processed and analyzed.
The use of automation scripts in Dynamo ensures that the data are effectively utilized to
control the building systems. For example, occupancy sensors can trigger the HVAC and
lighting systems to adjust settings based on the presence of people, ensuring comfort while
conserving energy when areas are unoccupied.

Predictive maintenance is another significant benefit of automated management sys-
tems. By analyzing trends and patterns in the sensor data, potential issues can be identified
before they become critical. This allows for timely maintenance and repairs, reducing
downtime and extending the lifespan of the building systems. Predictive maintenance
helps maintain the efficiency and reliability of the systems, ensuring that the cultural center
operates smoothly and sustainably.

The automation scripts developed using Dynamo, as shown in Figure 4, were crucial
for integrating and managing these advanced systems within the overall BIM model. These
scripts allowed for real-time adjustments to environmental conditions, ensuring that the
building’s systems operated efficiently and effectively. The main challenges in developing
and implementing these scripts included ensuring compatibility with existing building
systems, maintaining the accuracy of real-time data, and fine-tuning the scripts to respond
appropriately to varying environmental conditions. Additionally, ensuring that the scripts
did not compromise the historical integrity of the building required meticulous planning
and execution.
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Despite these challenges, the benefits of the automation scripts were significant. They
enabled dynamic control of environmental conditions, leading to enhanced comfort for oc-
cupants and improved energy efficiency. The scripts also facilitated proactive maintenance,
reducing downtime and extending the lifespan of building systems. Overall, the integration
of Dynamo scripts with the BIM model provided a robust framework for managing the
building’s performance, demonstrating the potential of advanced digital technologies in
heritage conservation and building management.
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The implementation and testing phase of the “Ex Cinema Santa Barbara” revitaliza-
tion project was critical to ensuring the effectiveness and efficiency of the various design
interventions and automated management systems. This phase involved a detailed and
methodical approach to installing, configuring, and validating the integrated systems, with
a focus on achieving the project’s objectives of comfort, energy efficiency, and functional
adaptability.

The first step in the implementation process was the installation of the updated MEP
systems. Skilled technicians and engineers installed the modern HVAC system, advanced
lighting solutions, and new plumbing fixtures. Each system was carefully integrated into
the existing structure, respecting the historical integrity of the building while ensuring
modern functionality. The HVAC system, in particular, required precise installation to
ensure optimal climate control throughout the diverse spaces within the cultural center.
Once the MEP systems were in place, the focus shifted to the integration of IoT sensors and
the development of automation scripts using Dynamo. The sensors, strategically placed
throughout the building, were calibrated to monitor various environmental parameters
such as temperature, humidity, light levels, and occupancy. The data collected by these
sensors were fed into the BIM model, where Dynamo scripts processed the information to
control the HVAC, lighting, and shading systems dynamically. This integration ensured
that the building’s environment could respond in real-time to changes in occupancy and
external conditions, maintaining optimal comfort levels and energy efficiency.

Following the installation and integration, a comprehensive testing phase was con-
ducted. The primary objective of this phase was to validate the performance of the au-
tomated systems and ensure they met the project’s design criteria. The testing process
involved several key steps: Each automated system (HVAC, lighting, shading) was tested
individually to verify its functionality. Sensors were triggered to simulate various en-
vironmental conditions, and the responses of the systems were observed and recorded.
This step ensured that each system operated correctly and responded appropriately to
sensor inputs. After functional testing, the systems were tested together to ensure seamless
integration. This involved scenarios where multiple systems needed to work in harmony,
such as adjusting lighting and HVAC settings based on occupancy and natural light levels.
Integration testing confirmed that the systems communicated effectively and coordinated
their actions to maintain optimal environmental conditions.

The performance of the automated systems was evaluated under different conditions
to assess their efficiency and effectiveness. This included testing the systems during
peak occupancy periods, varying weather conditions, and different times of the day. The
goal was to ensure that the systems maintained comfort and energy efficiency across a
range of scenarios. Stakeholders, including facility managers and selected members of the
community, were involved in user acceptance testing. This phase aimed to gather feedback
on the usability and effectiveness of the automated systems from those who would interact
with them regularly. Adjustments were made based on this feedback to improve user
experience and system performance. Data collected during the testing phase were analyzed
to identify any areas for improvement. Performance metrics such as energy consumption,
system responsiveness, and comfort levels were reviewed. Based on the analysis, the
Dynamo scripts and system configurations were refined to optimize performance further.

A pilot testing phase was conducted in which the automated systems were monitored
over an extended period under real-world conditions. This long-term testing provided
valuable insights into the systems’ reliability and efficiency, ensuring that any issues
were addressed before full-scale implementation. The iterative process of testing and
optimization was crucial in achieving the desired outcomes of the project. By rigorously
validating the automated systems, the project team ensured that the “Ex Cinema Santa
Barbara” cultural center would operate efficiently, provide a comfortable environment
for visitors, and maintain sustainability goals. The implementation and testing phase
demonstrated the effectiveness of combining advanced digital technologies with careful
planning and execution. The successful integration of automated management systems into
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the historical structure of the cinema showcased the potential of modern methodologies in
heritage conservation and building management, setting a precedent for future projects in
the field.

4.6. Unexpected Challenges and Solutions

Throughout the project, several unexpected challenges were encountered. One signifi-
cant issue was the integration of modern technologies within the constraints of the historic
building. Ensuring that the installation of new systems did not compromise the building’s
structural integrity or historical features required meticulous planning and execution. This
challenge was addressed by developing custom solutions that respected the original archi-
tecture while incorporating modern functionalities. Another unexpected challenge was the
presence of previously unknown structural weaknesses discovered during the renovation.
These were addressed by reinforcing the affected areas and updating the restoration plans
accordingly. The project also faced budget constraints, which were managed by prioritizing
essential elements and seeking additional funding sources.

5. Results and Discussion
5.1. Key Findings

The revitalization of the “Ex Cinema Santa Barbara” provided valuable insights into
the application of BIM and Generative Design methodologies in heritage conservation and
building management. The project demonstrated several key findings that highlight the
effectiveness and benefits of these advanced digital technologies. The use of BIM, partic-
ularly Autodesk Revit, significantly improved the efficiency and accuracy of the design
process. The parametric modeling capabilities allowed for precise and detailed architec-
tural, structural, and MEP models. This facilitated seamless coordination among various
stakeholders, reducing the risk of errors and ensuring that all design elements were accu-
rately integrated. Compared to previous studies, such as Girardet and Boton [51], which
emphasized improved collaboration, the findings further illustrate how BIM’s detailed
parametric modeling enhances accuracy and integration across various project aspects.

Implementing Generative Design principles through Dynamo enabled the exploration
of multiple design solutions based on predefined constraints and goals. This iterative
process resulted in optimized spatial layouts, structural integrity, and energy efficiency.
The ability to generate and evaluate numerous design options quickly allowed for a more
informed decision-making process, ultimately leading to a superior final design. This
finding builds on the work of Liberotti and Gusella [52], which highlighted the potential
of Generative Design in enhancing creativity and efficiency by demonstrating its practical
application in a heritage conservation context.

The incorporation of automated HVAC, lighting, and shading systems, controlled
through IoT sensors and Dynamo scripts, proved highly effective in maintaining optimal
environmental conditions. These systems are dynamically adjusted based on real-time
data, ensuring comfort and energy efficiency. The use of automation significantly reduced
manual intervention, leading to more consistent and reliable building performance. This
extends the findings of Gigliarelli et al. [53], who demonstrated energy efficiency improve-
ments through BIM and IoT integration by showing their effectiveness in a heritage building
setting.

The development of a digital twin provided a dynamic and comprehensive platform
for real-time monitoring and management of the building systems. This virtual replica
allowed for continuous data collection and analysis, enabling proactive maintenance and
a quick response to any issues. The digital twin facilitated a deeper understanding of
the building’s performance and supported data-driven decision-making. The integration
of automated systems and the focus on energy-efficient design principles resulted in
significant improvements in energy consumption. The automated management systems
optimized the use of natural light and controlled the HVAC settings based on occupancy
and external conditions, leading to reduced energy usage without compromising comfort.



Sustainability 2024, 16, 6720 19 of 24

These results align with and extend the findings of Messaoudi et al. [54], who discussed
the importance of 3D modeling and data integration in heritage conservation.

The project successfully addressed the need for accessibility and inclusivity within
the cultural center. The design interventions ensured that all areas were accessible to
individuals with disabilities, meeting modern accessibility standards. This commitment to
inclusivity enhanced the overall functionality and user experience of the cultural center.

One of the most notable achievements of the project was the ability to preserve the
historical essence of the “Ex Cinema Santa Barbara” while incorporating modern function-
alities. The careful restoration of architectural features and the respectful integration of new
elements ensured that the cultural heritage of the building was maintained. The revitalized
cultural center successfully fostered community engagement and cultural enrichment. The
creation of multifunctional spaces for exhibitions, performances, and educational programs
provided a versatile venue for a wide range of activities. The inclusion of interactive and
immersive elements further enhanced visitor engagement and provided unique cultural
experiences.

The project demonstrated the practical application and benefits of BIM and Generative
Design in heritage conservation projects. It showcased how these technologies could be
used to address complex challenges in preserving and revitalizing historic buildings, setting
a precedent for future projects in the field. The key findings from the “Ex Cinema Santa
Barbara” project highlight the transformative potential of BIM and Generative Design
in building management and heritage conservation. The successful integration of these
technologies resulted in a modern, efficient, and culturally significant space that serves the
needs of the contemporary community while honoring its historical legacy.

5.2. Quantitative Data on User Comfort: Indoor Environmental Quality and Lighting Quality

The revitalization of the “Ex Cinema Santa Barbara” cultural center incorporated
advanced technologies to enhance user comfort, particularly focusing on indoor envi-
ronmental quality and lighting quality. Real-time monitoring and automated control
systems were implemented to ensure optimal indoor environmental conditions, signifi-
cantly improving user comfort (Figure 5). The automated HVAC system maintained indoor
temperatures within the comfort range of 20–24 ◦C for 95% of the time during operational
hours. Temperature deviations from this comfort range occurred less than 5% of the time,
minimizing discomfort due to temperature fluctuations. Humidity levels were kept within
the ideal range of 30–50% relative humidity for 92% of the time, with minimal deviations,
contributing to a comfortable indoor environment and preventing issues such as mold
growth and dry air.

The integration of automated lighting systems also improved visual comfort for
occupants by optimizing both natural and artificial lighting. The automated shading
systems and smart lighting controls reduced the need for artificial lighting by 40% during
daylight hours, while maintaining visual comfort by ensuring optimal use of natural light.
The lighting system maintained consistent illumination levels of 300–500 lux in occupied
areas, adapting lighting levels based on occupancy and natural light availability. This
provided suitable illumination for various activities such as reading, exhibitions, and
performances.

The quantitative data highlight the improvements in user comfort achieved through
enhanced indoor environmental quality and lighting quality at the “Ex Cinema Santa
Barbara” cultural center. Key metrics such as temperature stability, humidity control,
reduction in artificial lighting, and consistent illumination levels demonstrate the project’s
success in creating a comfortable and pleasant environment for all users. These findings
underscore the importance of advanced environmental and lighting control systems in
heritage conservation and building management, offering valuable insights for future
projects.



Sustainability 2024, 16, 6720 20 of 24
Sustainability 2024, 16, x FOR PEER REVIEW 20 of 24 
 

 
Figure 5. Improvements in user comfort. 

5.3. Limitations and Future Research Directions 
While the “Ex Cinema Santa Barbara” project achieved significant successes, it also 

encountered several limitations and challenges that provide valuable lessons for future 
projects. One of the primary challenges was the integration of modern technologies within 
the constraints of a historic building. Ensuring that the installation of new systems did not 
compromise the building’s structural integrity or historical features required meticulous 
planning and execution. Future projects could benefit from more extensive pre-
construction testing and simulations to anticipate and mitigate such challenges. 

Another limitation was the reliance on real-time data and automated systems, which 
introduced complexities related to system interoperability and data management. The 
integration of various IoT devices and the creation of a coherent digital twin necessitated 
significant investment in both hardware and software. Addressing these complexities in 
future projects might involve the adoption of standardized protocols and more robust 
data management frameworks to streamline integration and ensure data reliability. 

The project’s emphasis on energy efficiency and sustainability, while commendable, 
faced practical challenges in balancing these goals with user comfort. For instance, the 
automated shading systems, while reducing energy consumption, occasionally resulted 
in reduced natural light, impacting the aesthetic and comfort levels for users. Future 
projects should explore more flexible and adaptive systems that can balance energy 
efficiency with user experience more effectively. Accessibility improvements, while 
successfully implemented, highlighted the need for continuous engagement with user 
groups to ensure that all modifications truly meet the needs of diverse users. Regular 

Figure 5. Improvements in user comfort.
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While the “Ex Cinema Santa Barbara” project achieved significant successes, it also
encountered several limitations and challenges that provide valuable lessons for future
projects. One of the primary challenges was the integration of modern technologies within
the constraints of a historic building. Ensuring that the installation of new systems did not
compromise the building’s structural integrity or historical features required meticulous
planning and execution. Future projects could benefit from more extensive pre-construction
testing and simulations to anticipate and mitigate such challenges.

Another limitation was the reliance on real-time data and automated systems, which
introduced complexities related to system interoperability and data management. The
integration of various IoT devices and the creation of a coherent digital twin necessitated
significant investment in both hardware and software. Addressing these complexities in
future projects might involve the adoption of standardized protocols and more robust data
management frameworks to streamline integration and ensure data reliability.

The project’s emphasis on energy efficiency and sustainability, while commendable,
faced practical challenges in balancing these goals with user comfort. For instance, the
automated shading systems, while reducing energy consumption, occasionally resulted in
reduced natural light, impacting the aesthetic and comfort levels for users. Future projects
should explore more flexible and adaptive systems that can balance energy efficiency
with user experience more effectively. Accessibility improvements, while successfully
implemented, highlighted the need for continuous engagement with user groups to ensure
that all modifications truly meet the needs of diverse users. Regular feedback loops with
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community members and stakeholders could enhance the inclusivity and functionality of
the design interventions.

The use of advanced technologies like BIM and Generative Design, although benefi-
cial, required specialized skills and knowledge. This necessitated extensive training and
coordination among the project team, which could be a barrier for smaller projects with
limited resources. Future initiatives could benefit from developing more user-friendly
tools and providing broader access to training resources to democratize the use of these
advanced technologies.

In summary, the “Ex Cinema Santa Barbara” project faced several limitations and
challenges, including integrating modern technologies within a historic structure, managing
real-time data, balancing energy efficiency with user comfort, ensuring accessibility, and
requiring specialized skills. Addressing these issues in future projects could involve
enhanced pre-construction testing, standardized protocols, flexible and adaptive systems,
continuous stakeholder engagement, and broader access to training resources. These
improvements can further the effective application of BIM and Generative Design in
heritage conservation and building management.

6. Conclusions

The revitalization of the “Ex Cinema Santa Barbara” in Paternò has showcased the
transformative potential of integrating BIM and Generative Design methodologies in
heritage conservation and building management. This project successfully preserved the
historical and cultural significance of the cinema while introducing modern functionalities
to meet contemporary needs. The use of advanced technologies enabled a meticulous and
innovative approach to restoring and enhancing the building, setting a benchmark for
future projects in the AEC industry.

The research question addressed by this study was: how can the integration of BIM
and Generative Design methodologies be effectively applied in heritage conservation
projects to enhance design quality, user comfort, dynamic space management, and overall
project outcomes while preserving their historical and cultural significance?

Key achievements of the project include the creation of detailed and accurate models
of the building’s architectural, structural, and MEP components, ensuring seamless coor-
dination among stakeholders and adherence to Italian BIM standards (UNI 11337). The
exploration of multiple design solutions optimized spatial layouts, structural integrity, and
energy performance through iterative processes. The project provided real-time monitoring
and control, significantly improving energy efficiency and user comfort. It facilitated real-
time, data-driven building management, supporting predictive maintenance and proactive
system optimization, and set a benchmark for future projects to prioritize universal accessi-
bility and user comfort. Combined with real-time data analysis, these systems contributed
to significant energy savings and operational efficiency.

The study makes several significant contributions to the field. The use of BIM fa-
cilitated precise modeling and effective stakeholder coordination, setting a standard for
detailed and accurate digital representations in heritage conservation projects. Generative
Design enabled the exploration of various design alternatives, optimizing spatial layouts,
structural integrity, and energy performance. The integration of a digital twin and IoT
sensors showcased the potential for real-time, data-driven building management, enhanc-
ing building performance and sustainability. The project emphasized the importance of
designing accessible and inclusive spaces, setting a benchmark for future projects. The
implementation of automated systems for HVAC, lighting, and shading, combined with
real-time data analysis, contributed to significant energy savings and operational efficiency.

Based on our findings, it is recommended that practitioners in the AEC industry prior-
itize the integration of BIM and Generative Design methodologies in heritage conservation
projects. This approach can significantly enhance design precision, stakeholder coordi-
nation, and overall project outcomes. Practitioners should also leverage IoT sensors and
digital twins for real-time building management, which can lead to improved performance
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and sustainability. Additionally, designing with accessibility and inclusivity in mind can
greatly enhance user experience and functionality, setting a standard for future projects.
The solutions presented in the “Ex Cinema Santa Barbara” project can be scaled to other
heritage conservation projects by adopting a similar methodology. This includes the use
of BIM for detailed modeling, Generative Design for optimizing various design aspects,
and integrating digital twins and IoT sensors for real-time management. To effectively
scale these solutions, it is important to develop standardized protocols and robust data
management frameworks that ensure interoperability and data reliability. Investing in
training and developing more user-friendly tools can also democratize the use of these
advanced technologies, making them accessible to a broader range of projects.

The study identifies several promising directions for future research. Further research
is needed to enhance the user interface, computational power, and algorithmic capabilities
of these tools, making them more accessible and effective for practitioners. Improving the
accuracy and reliability of digital twins through advanced sensors and improved data ana-
lytics techniques, including the application of AI and ML, can lead to more predictive and
adaptive building management systems. Developing more robust and interoperable IoT
ecosystems, standardizing communication protocols, ensuring data security, and enhancing
scalability are crucial for the broader adoption of IoT in building management. Research
into integrating renewable energy sources with BIM and automated management systems,
as well as using BIM for lifecycle assessment and the management of building materials,
can contribute to more sustainable construction practices. Studying the impact of inclusive
design on user experience and community engagement can provide valuable insights for
future projects, ensuring that built environments cater to diverse user needs. Developing
specialized BIM tools and techniques tailored for heritage conservation, improving the
accuracy of digital models of historical structures, and creating guidelines for minimally
invasive structural reinforcements can enhance the preservation and modernization of
historical buildings.

In conclusion, the “Ex Cinema Santa Barbara” project has demonstrated the signif-
icant benefits of integrating advanced digital technologies in heritage conservation. By
leveraging BIM, Generative Design, and automated management systems, the project not
only preserved a cultural landmark but also enhanced its functionality and sustainability.
The insights gained from this project contribute to the broader understanding of how these
methodologies can be applied to similar projects, offering a blueprint for future initiatives
that aim to balance historical preservation with modern needs.
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