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TEMA - Centre for Mechanical Technology and Automation

Pursuing excellence, cutting-edge and impact Research & Innovation since 1996

Drawing upon its wealth of human capital and robust capabilities, the Centre for Mechanical Technology and
Automation (TEMA) is steadfastly dedicated to fostering sustainable industry practices and enhancing societal
well-being. This commitment is underpinned by a relentless pursuit of excellence, characterized by pioneering
research and innovation in engineering and technology. TEMA's researchers, in conjunction with the strategic
mobilization of projects, play a crucial role in achieving this vision.

Our mission is to develop and provide research competencies that can be applied to the technological needs
of society.

TEMA focuses its efforts on three primary mobilization projects (MPs) that are aligned with current societal
needs and future global demands. These projects are carried out by a single multidisciplinary research group:
MP 1 — Sustainable Manufacturing Solutions: This initiative centers on advancing manufacturing engineering
and technologies to drive industrial innovation. Its objectives include bolstering productivity, elevating
product quality, and minimizing waste in production processes.

MP 2 - Technologies for Wellbeing: With a focus on human-centric engineering systems, MP 2 endeavors to
enhance societal quality of life by addressing pressing needs and challenges.

MP 3 - Research Infrastructure Services: This project is dedicated to the efficient management and utilization
of TEMA's extensive material and human resources, including its 19 laboratories and diverse scientific
equipment. The aim is to transform the research infrastructure into an inclusive "open facility" accessible to
various stakeholders, including academia, research, and industry.

TEMA's impactful contributions to addressing societal challenges are underscored by its research and
development endeavors, which encompass:

Pioneering new products utilizing both traditional and nanoengineering methodologies.

Developing computational and experimental tools to optimize quality, minimize costs, and preserve resources.
Spearheading the development and optimization of technologies to enhance energy efficiency and production
scheduling.

Comprising a cohesive unit of researchers with expertise spanning applied mechanics, modelling and
simulation, nanoengineering, biomechanics, transportation technologies, applied energy and transdisciplinary
domains, TEMA is attuned to global priorities such as equality, gender balance, diversity, and scientific and
technological excellence.

Over the past six years, TEMA researchers have made substantial contributions, evidenced by the publication
of 1327 papers in internationally peer-reviewed journals indexed by Scopus. Moreover, TEMA has played a
pivotal role in training over 600 Master's and supervising 80 PhD students, and its researchers have delivered
more than 100 keynote lectures at national and international forums.
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Due to its vast knowledge and cooperative culture TEMA is equipped to tackle scientific and technological
projects of medium to high complexity, characterized by multidisciplinary attributes. Collaboration with
national and international industrial partners accounts for nearly 50% of TEMA's research activities.
Furthermore, TEMA is an integral part of the National Roadmap of Research Infrastructures of Strategic
Relevance and the European Union Map of Institutions strategic for the development of Key Enabling
Technologies.

TEMA's governance structure comprises the Board of Directors, the Scientific Council, the External Scientific
and Industrial Advisory Board, and the General Assembly. The Scientific Council, comprising all integrated PhD
members, plays a pivotal role in decision-making, while the External Scientific and Industrial Advisory Board
comprises three distinguished external academic and industrial figures responsible for providing real-time
assessment, guidance, and ensuring alignment with TEMA's overarching mission.

Aveiro, May 14th, 2024
The Director,
Antdnio Bastos Pereira
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Experimental analysis of heterogeneous mechanical
tests for sheet metals

Mafalda Gongalves @, Sandrine Thuillier © and Anténio Andrade-Campos @
(a) — Department of Mechanical Engineering, Centre for Mechanical Technology and Automation (TEMA),
LASI, University of Aveiro; (b) — Univ. Bretagne Sud, UMR CNRS, IRDL;
(a) Campus Universitario de Santiago, 3810-193 Aveiro, Portugal; (b) — F-56100 Lorient, France
(a) — mafalda.goncalves@ua.pt, (b) — sandrine.thuillier@univ-ubs.ft, (c) — gilac@ua.pt

Abstract— The virtual analysis of sheet metal forming
processes requires a numerical model that accurately describes the
material behavior. For its characterization, several alternatives to
the quasi-h g h 1 tests are under study. Unlike
these tests, which typically focus on a single strain state,
heterogeneous tests offer a wider range of strain states within a
single experiment. A larger quantity and quality of mechanical
information can be extracted and, therefore, their potential needs
to be investigated. This work aims to analyze experimentally the
ability of heterogeneous mechanical tests to provide crucial
information for sheet metal behavior characterization. Three
advanced mechanical tests, named Notched [1], D [2] and TopOpt
[3], are submitted to uniaxial loading using advanced high-strength
steels. The full-field information is extracted from the specimens’
surface using Digital Image Correlation (DIC). The TopOpt
specimen has the particularity of having an out-of-plane behavior
during the test. Therefore, two stereo DIC systems are used to
extract the information from both surfaces. For each test, the
complexity of the experimental procedure is analyzed as well as the
richness of the mechanical fields using a strain-based mechanical
indicator. The results demonstrate that a single heterogeneous test
yields a greater quantity and quality of mechanical information
compared to multiple quasi-homogeneous tests. The use of multi-
DIC systems to measure the out-of-plane displacement of the
TopOpt specimen increases the information provided by the test.
Heterogeneous tests have the potential to be valuable tools for
characterizing sheet metal behavior. Their ability to provide a
wealth of mechanical information within a single experiment holds
the premise for advancing the accuracy and efficiency of model
calibration procedures and consequently of process digitalization.

Keywords— Heterogeneous tests; Experimental analysis;
Digital Image Correlation; Sheet metal.
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Design meets complex engineering systems

Focusing on the development of power substations

Gabriela Madureira Y, Sérgio Tavares ® | Silvia Soares (| Jodo Dias-de-Oliveira®

(a) - ID+— DeCA; (b) - TEMA — DEM; University of Aveiro, Portugal
(a) gabrielamadureira@ua.pt

Abstract — This communication explores the role of holistic
design in the development of products and complex engineering
systems, with a particular emphasis on enhancing the efficiency
and sustainability of electrical substations, an essential part of the
power grid. Within the current global landscape there is an urge
for a sustainable energy tranmsition [1], characterized by the
expansion and interconnection of renewable energy networks on
an international scale [2]. Consequently, the need arises to not only
expand existing infrastructures but also to rehabilitate and
innovate by establishing new substations [3]. To achieve this, it is
necessary to consider various limitations to these implementations,
such as ecological sustainability [4], social acceptance [5], and
wellbeing issues [6]. The primary objective of this research is
twofold: firstly, to conduct a comprehensive literature review
encompassing the realms of engineering and design as applied to
electrical substations; and, secondly, to compile insights from
projects across diverse disciplines, all of which are intertwined with
the development of complex engineering systems. These projects,
irrespective of their origin, have integrated fundamental principles
of product design, such as human-centered and nature-centered
design philosophies. This state-of-the-art analysis produced
detailed graphs that offer a thorough examination of the current
state of electrical substations, considering natural, artificial, and
human factors. The findings indicate that although current
engineering designs for substations show some environmental
awareness, they are still mainly focused on artificial elements, with
even less attention to human experience and well-being. This leads
to the conclusion that renewable energy substation’s design is not
fully sustainable. These concl were drawn through both
quantitative and qualitative analysis of project methodologies.
Data analysis and visualization tools were used to create visual
summaries, highlighting trends and gaps. This research targets the
engineering and product design community, particularly those
involved in developing complex systems within varied social and
environmental settings. The goal is to enhance the integration of
design in electrical substations, leading to more efficient and truly
sustainable solutions, and advancing the field of engineering design
and energy systems.

Keywords —  Product design; Engineering design;
Interdisciplinarity; Electrical substations; Complex systems;
Sustainability
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Abstract— Product architecture can be defined as a
schematic representation of the connections between functions
and physical chunks of a product, through a form of interface [1].
It has emerged as a pivotal aspect of product development across
various engineering disciplines since the 1960s [2]. Product
architecture can be divided into two variants: modular and
integral architecture, where modular architecture divides a
system into standardized modules that can be joined with a
common interface [1]. The use of modular architecture brings
several benefits to product development, such as a high level of
customization, upgradeability, swapability and standartization
[1]. It also facilitates collaborative work between interdisciplinary
teams. With the increasing complexity of products, and the
introduction of more sensors, electronics and the digitalization
with the Internet of Things (IoT), new methodologies are needed
to assist in defining product architectures [3]. Traditional
methods used in Engineering, such as the Design Structure Matrix
(DSM), were complemented with new methodologies, such as
Field Effects and Module Interface Graph (MIG) [3,4]. Therefore,
new research must be thought of to define new methodologies to
address the systems’ complexity and multidisciplinarity in the
development of product architectures. For this objective,
modularity was investigated in different disciplinary areas where
it is applied, such as Biology, Design and Architecture [S]. This
research focus is on understanding how insights from nature and
diverse scientific domains can inform advancements in
engineering product development. Through a comprehensive
review and analysis, it is investigated the similarities and
differences in the modular and integral architectures found in
Engineering, Design, and Biology. Notably, it explores the
historical evolution and current applications of modularity in
each discipline, highlighting key methodologies and case studies.
The conducted research will assist in the definition of a symbiosis
between modular and integral architecture for the definition of
complex energy distribution systems, such as power transformers.
Taking into account a more efficient product lifecycle approach.
By elucidating the principles and applications of modular
architectures across diverse scientific domains, this research aims
to catalyze interdisciplinary collaborations through a common
simplified language and foster innovation in product development
methodologies.
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Abstract— According to the literature, Phase Change
Materials (PCM) have proven to significantly impact the energy
efficiency of multiple thermal systems [1], making them an
enticing research topic for many academics. Through the vast
quantities of latent energy they require to transition from one
physical state to another, they can be used as thermal batteries,
releasing or absorbing energy to maintain the surrounding
temperature constant for longer periods of time. However, it is
noticeable in the literature a lack of solutions to incorporate these
materials into both academic research solutions and real-world
applications [2,3]. Most of the studies that resort to
macroencapsulation use manual methods to produce costume
PCM macrocapsules, resulting in unreliable and often defective
systems. These methods are not adaptable or ergonomic, with
limitations on the filling process being troublesome, repetitive,
thus increasing human error. This makes them unusable for
large-scale production [4]. Furthermore, these errors culminate
in unreliable gathered scientific data, but also makes consumer
market penetration very scarce, as it is not economically viable to
produce these capsules. Recent advancements in the additive
manufacturing industry show that it can be a possible solution to
overcome major problems in this ineffectiveness in
macroencapsulating PCM. In studies such as in Pandis et al. [5],
researchers tried to make 3D printed capsules viable to hold
PCM. Other studies such as Yang et al. [6] tried a different
approach, where PCM directly 3D printing. This work
demonstrates an iteration in the development of an innovative
process for the macroencapsulation of PCM resorting to additive
manufacturing. The aim of this work is to develop processes and
systems that enable users to efficiently and repeatably produce an
objective design of macroencapsulated PCM, according to the
application. The presented developments in the PCM
macroencapsulation processes are backed by an experimental
campaign and design of experiments (DoE)). Leakage results of
the PCM macrocapsules from the experimental trials is shown,
using multiple PCM (Chrodatherm53 and Rubitherm SP21KE)
and polymers (PETG and TPU).
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Abstract— The study of new tailored temperature control
systems (TCS) still lacks new and broader design rules with a
compromise between thermal and structural constraints.
Consequently, understanding thermal, fluidic and mechanical
processes, may lead to the development of new rules for the TCS
design. This work intends to establish routes towards this end by
studying the TCS thermal design. With this purpose, the different
heat exchanges, the overall heat balance and the fluid dynamics
involved in the process, were studied to establish the key
parameters of the thermal and fluid processes and determine the
correlations between them. The thermal design of the TCS is a 3D
transient problem, so some simplifications were made to allow a
more comprehensive understanding. Firstly, having established
that the total heat exchange with the mould boundary is less than
5% of the heat introduced into the mould by the polymer [1], the
model considered an adiabatic frontier with its surroundings. The
model also considered the mould as a semi-infinite medium; the
semi-infinite medium assumes that the solid extends to infinity in
all directions but one and that the temperatures inside the
medium are unaffected by the changes in the surface conditions.
In fact, when considering an injection moulding (IM) tool, it can
be concluded that after a few cycles, in zones well-spaced from the
parting plane, the mould temperature is stable and is essentially
unaffected by the variations in the part temperature. Apart from
these assumptions, the heat introduced into the mould by the
polymer was calculated according to the sensible heat equation
(Q=m.cp.AT). As the heat of the polymer is attained through the
sensible heat and the mould temperature after a few cycles is
considered constant, a steady state condition is assumed. From the
analysis of the heat balance it was concluded that two different
heat transfer mechanisms, convection (Qconv) and conduction
(Qcond), affect the IM process, having a direct impact on cycle
time, and in part quality. Hence, to gain a better understanding of
the impact of Qconv and Qcond, and to determine the most
dominant parameters, a parametric case study was performed,
and they were assessed separately. Regarding the heat transfer by
convection, it was concluded that an increase in the convective
heat transfer coefficient leads to a reduction in the cooling time.
As the convective heat transfer coefficient is influenced by the
coolant flow rate and the channel diameter, hence, a parametric
study was performed to assess the relative impact of these
parameters. Overall, it was concluded that smaller diameters
improve the convective heat transfer coefficient, as do higher
coolant flow rates, but it is relevant to note that increasing the
coolant flow rate or reducing the channel diameter will increase
the required pumping power and the pressure exerted by the fluid

in the channel. In terms of the heat transfer by conduction, it was
found that a higher thermal conductivity of the mould material
reduces the cooling time, as it increases Qcond. In addition, the
channel position (distance between channel centreline and mould
wall and distance between each channel) was found to be a key
factor as it affects not only Qcond, but also the temperature
distribution of the part. Proximity between the channels and
between channel and the part, lead to lower cooling times, a fact
that has a direct impact on part quality. Moreover, the relation
between the distance between channel and part and the distance
between channels may lead to non-uniform temperature
distributions, to a great extent responsible to part distortion and
lack of quality. Furthermore, when comparing Qconv and Qcond,
this study has shown that Qconv has a higher impact on the final
cooling time. Therefore, when design a TCS special attention must
be paid to the coolant flow rate and channel diameter proper
selection if cycle time minimization and productivity
improvement is being envisioned. Having identified the key
parameters for the TCS thermal design, it is now essential to
investigate the TCS structural analysis to establish the proper
trade-off between part quality, productivity and mould life.

Keywords— injection moulding; temperature control system;
thermal analytical model, key parameters, heat extraction.
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Abstract— Bicycle rear hubs are essential components for the
transmission of movement from the pedal to the wheel. Gears are
one of the main components of bicycle hubs which experience
fatigue and wear during service life. Typically, carburized, and
hardened steels with or without a coating are used in gears for
wear and fatigue resistance [1]. The carburized and hardened
steels are used in gears when high case hardness and strength,
compressive residual stresses and a tough core are required [2].
Some distortion can occur during carburizing and hardening for
complex gear shapes or thin sections which may require a
finishing step that can present manufacturing problems. To avoid
distortion, nitriding is used in gears when geometry and
tolerances cannot be maintained with other thermochemical
surface treatments. Typically, nitride hard layers achieve lower
depth compared to the hardened layers obtained by carburizing
which is disadvantageous to withstand loads for some applications
[2]. The electrodeposition of a hard and corrosion resistant
chromium coating on gears surface is used to decrease the friction
coefficient and enhance corrosion resistance. There are
indications that hard chromium coatings decrease the fatigue
properties [1,3] and, for this reason, shot peening and the
deposition of interlayers has been studied to mitigate the
detrimental effect of chromium plating on fatigue properties [4].
Another problem associated to hard chromium coatings is that
they are frequently deposited from solutions containing
hexavalent chromium (Cr VI) which present environmental issues
[5]. The purpose of this study is to compare a benchmark
chromium coated steel gear of bicycle rear hubs with a more
environmentally friendly alternative steel gears with different
nitriding  thermochemical surface treatments. Vickers
microhardness, microstructural analysis by optical and scanning
electron microscopy and X-ray diffraction were used to study the
nitride compound layers and chromium coating of the steel gears.
After nitriding, the steel presented a compound layer consisting of
a porous £ — Fe2-3N top layer and a y* - FedN inner layer with a
lower hardness compared to the chromium coating layer of the
coated steel. Additionally, the Vickers microhardness variation
across the steels gears cross-sections showed a higher hardness of
the benchmark chromium coated steel gear compared to the steel
gears with a nitriding layer used in this study, which suggests that
specific nitriding steels with more nitride forming elements should
be studied for this application.
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Abstract— Cellular materials have been widely used in
various technical applications due to their exceptional properties,
including reduced density, non-toxicity, low heat conductivity,
permeability, high crashworthiness, and fire resistance. This work
attempts to determine the relationship between material density
and stress relaxation behaviour by modelling the dynamic
compressive behaviour of agglomerated cork using finite element
analysis. The entire rebound phase and subsequent second impact
were further analysed and simulated by incorporating the Mullins
effect into the constitutive modelling of impact testing. The
mechanical characteristics of three different agglomerated cork
composite samples were assessed using quasi-static and dynamic
compression tests, which were used to input the numerical model.
The findings indicate that agglomerated cork exhibits considerable
potential for elastic rebound, particularly at dynamic strain rates
when permanent deformation is minimal. For example, the most
significant permanent plastic deformation is less than 10%, and the
lowest bounce-back energy is 11.8% of the initial kinetic energy.
Additionally, by faithfully simulating the material's dynamic
compressive behaviour, the material model simulation sufficiently
captures the agglomerated cork's reaction to the initial and
subsequent hits.

Keywords—  Finite element analysis (FEA);
agglomerates; Mechanical behaviour; Mullins effect.
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Abstract— The increasing utilization of heat pumps across
industrial and residential heating and cooling highlights a notable
industry trend, driven by continuous technological advancements.
In the manufacturing process of heat pumps, metal pipes such as
copper, stainless steel, and aluminum are commonly used.
Nevertheless, the joining techniques employed in the
manufacturing process pose challenges that can lead to defects
within the heat pump system. Despite the widespread integration
of heat pumps, traditional torch brazing remains the predominant
method for joining components in heat pump manufacturing.
However, the conventional approach often leads to vulnerable
defects, impacting the overall product quality [1]. In response,
induction welding has emerged as a promising alternative,
particularly lauded for its capacity to facilitate mass production
and efficient brazing processes. The process of induction welding
has gained popularity among manufacturers due to its numerous
advantages over traditional welding methods. Induction heating is
a highly efficient method that results in minimal heat-affected
zones, lower thermal distortion, and reduced energy consumption
[2]. Additionally, itis a clean process that does not produce harmful
fumes or gases. Notwithstanding, challenges persist within the
induction brazing process, wherein factors such as thermal
distortion-induced cracks and inadequate filler metal penetration
can impact joint integrity, compromising system durability and
sustainability. This reaffirms the need for more research in this
area. Some studies have focused on optimizing parameters like heat
input and filler metal composition, but there is a lack of
comprehensive research on the interaction of multiple parameters
and their combined effect on weld quality [3]. Furthermore, a
compressive understanding on thermal distortion influenced by
various factors such as localized heating, large thermal gradients,
cooling rates and process parameter could not be found in
literatures, representing a major scientific gap. Understanding the
impact of these factors on the material properties and thermal
behavior is crucial for predicting and controlling the distortion.
Researchers have identified that a critical issue in induction
welding is the creation of a homogenous temperature gradient
along the component. When the temperature distribution is
h I , the tendencies for distortion and crack formation
are reduced. Therefore, maintaining a uniform temperature
distribution or allowing for slow heating is crucial strategies to
mitigate these problems. One of the challenges in induction brazing
of copper pipes, associated with temperature distribution is the
occurrence of heterogeneous temperature, which can lead to issues
such as the flow of filler material out of the gap between the pipes.
In cases where the surface temperature is higher, the filler material
tends to flow towards the hotter regions, resulting in incomplete
capillary formation or porosity. This incomplete filling can lead to

leakages in the welded joint. To address this issue, it is essential to
maintain a homogeneous temperature distribution during the
welding process. In order to address these challenges and optimize
the key parameters, numerical modeling will be employed to
predict the temperature distribution of the workpiece and
validated by experimental analysis. Furthermore, the quality of the
welded joints will be evaluated through macro-and
microstructural analyses.

Keywords— Induction brazing; copper pipe welding;; welding
parameters; welding joint quality; heat pumps.
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Abstract — In 2021, households in the European Union (EU)
represented 27% of the final energy consumption, with a
substantial portion (64.4%) dedicated to residential heating [1].
The use of heat pumps is a promising and safe measure to mitigate
climate changes, while providing comfort and wellbeing
worldwide. Thus, it is expected a significant increase in the
production of heat pumps for heating and cooling applications. The
manufacturing process of heat pumps and refrigerators involves
numerous amounts of welding to connect its components using
copper pipes. Nowadays, the welding of these components and
copper pipes is mostly carried out through brazing processes.
However, conventional brazing methods used in heat pump
manufacturing present challenges related to production efficiency,
reliability, worker safety, and environmental implications,
including energy consumption and greenhouse gas emissions. In
heat pump manufacturing, the brazing of pipes can be done in an
oven for small, isolated parts, but it is mostly done manually,
especially for joining the pipes to the heat exchangers, compressors,
and valves, which is prone to the appearance of defects in the joints,
consequently leading to product failure.Heat pump systems are
subjected to inherent strong vibrations caused by the compressor,
as well as temperature shocks that occur whenever the
thermodynamic cycle is inverted. These harmful conditions
contribute to intensifying any weaknesses or defects in brazed
joints, which compromise heat pumps’ structural integrity, leading
to refrigerant fluid leaks that culminate in system failure.
Moreover, these refrigerant fluids are hazardous to the
environment and highly flammable, emphasizing the importance
of implementing rigorous quality control measures in brazing
processes to avoid any possible leaks over time. Electron-beam
welding (EBW) is a high-energy density fusion process in which a
joint is bombarded with a strongly focused beam of electrons. EBW
provides accurate heat input control and avoids undesired
microstructures and defects [2]. Further research is required to
investigate the potential of EBW for joining copper and dissimilar
materials for heat-pump manufacturing. Previous studies
primarily examined the microstructures, mechanical properties,
and welding techniques of different materials using EBW.
However, there has been limited exploration of fusion zone
microstructures, defects, and mechanical properties of joints
welded using EBW. Understanding how the process parameters
affect the quality of these joints is critical for investigate the
suitable of EBW technologies in heat pump manufacturing,
improving the reliability of heat pump systems’ production.
Despite of EBW potential, further studies are needed to investigate
the effect of several process parameters in the welding joints,
particularly heat control, in order to overcome the current
limitations and enhance the quality and reliability of the heat pump

systems. This study aims to improve the welding quality of copper
pipes connections by implementing an EBW process. Several EBW
process parameters, including welding speed, beam defocus, beam
current, and oscillation are studied and calibrated to obtain strong
and leak proof connections with excellent penetration and
compactness, thereby contributing to the improvement of heat
pumps manufacturing processes.

Keywords: electron beam welding; copper pipes; welding joints;
ing par 's; heat pumps; failure analysis.
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In recent years, the development of lightweight and high-
performance materials for impact mitigation has garnered
significant attention across various industries, ranging from
aerospace to sports equipment [1-3]. Research has focused on
developing innovative composite materials that offer lightweight
and flexible features while enhancing impact resistance.
Sustainability is also vital, as is shifting from a linear to a circular
economy. Natural, lightweight, recyclable, and renewable cork has
been used for various things, such as stoppers, flooring, and
building insulation [4]. Due to the unusual combination of
mechanical, acoustic, and thermal properties found in cork, it has
most recently been researched for its possible use in composites for
demanding applications. Cork composite structures reinforced
with shear thickening fluids (STFs) at the interface have already
been studied [5-8]. Although the STF interface positively influences
the external force mitigation, this gain is usually marginal.
Furthermore, these materials have gained significant attention for
their distinctive properties and versatile applications, including
defense [9-11]. This work presents a novel concept of cork-STF
composite structures, exploring STF containers by varying their
depth, area, and shape. Impact tests were performed with a
hemispherical impactor reaching an energy of 10 J. These new
configurations significantly mitigate the impact force compared
with neat samples of agglomerated cork.

Keywords— Cork; STF; Composite; Impact
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Abstract—This work was dedicated to the study of finite element
modelling and simulation of heat transfer of steel billets in the
context of the continuous casting process. This project had the
support of SN Maia-Siderurgia Nacional, S.A., a company
belonging to the Megasa group. This project involved an analysis
of work carried out in the area of modelling and simulation of steel
billets, when subjected to heat transfer processes by external means
in the mold and spray chamber, with the aim of promoting an
understanding and analysis of the process, thus providing concrete
information regarding the temperature distribution and solid shell
thickness created throughout the entire process, something which
is not possible to obtain and observe at an industrial level. This
project aimed to improve the perception of the company SN. Maia
of the heat transfer events that occur throughout the entire process,
the main objective of which is to avoid possible problems in the
production of steel billets, avoiding possible cracks and breaks in
the billet structure, something that cannot be predicted or avoided
at an industrial level. For a more theoretical perception of the
continuous casting process, an analysis of in this area was carried
out, which made it possible to understand the impact of
surrounding factors such as cooling of the billet in the ingot mold
and in the spray zone and even the contact of the billet with the
surrounding environment (air), which directly affect the cooling of
the billet and how these factors accelerate its solidification [1-7].
This project began by defining some critical aspects of the model,
such as the boundary conditions, the water heat transfer processes
in the ingot mold and in the sprays and the variables to be taken
into consideration, which led to a precise and justified selection of
the use of the Ansys Fluent Finite Element software [1, 2, 6]. In
relation to the results obtained, some parametric studies were
carried out, varying some important parameters in the project,
such as pouring speed, flow rates and spray pressures for a billet
with dimensions 120x120 mm. The objective of all these variations
was to obtain a detailed understanding of the process,
understanding how the variation in these external conditions also
altered the solidification process, with the main objective being to
find a balance so that there were no sharp variations in the
temperature distribution on the surface and in the core of the billet,
promoting the most uniform solidification possible and
considerably reducing the possibility of cracks inside the billet.
Taking this into account, it was possible to demonstrate that the
sprays play a fundamental role in the billet solidification process,
ensuring that the temperature inside and outside the billet does not
improve and guaranteeing solidification without cracks or
ruptures. The project also highlights that the casting speed has
fundamental role in the process, so the lower the speed, the faster
the billet will be the solidification in the process.

All results presented in the project aim to promote a better
understanding of the ph of the conti casting process,

such as cooling in the ingot mold, spray impact and even casting
speed, promoting a broader and more accurate understanding of
the heat transfer process in the scope of the continuous casting
area.

Keywords— Continuous Casting; Steel Billets; Heat Transfer;
Spray Chamber; Modelling and Simulation; Finite El ts.
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Abstract— The convergence of additive manufacturing (AM) and
metamaterials can revolutionize various engineering fields due to
their unique properties and design flexibility. This review aims to
elucidate the role of AM in developing metamaterials, detailing the
manipulation of their microstructures and properties.

The term metamaterial is a composite of 'meta', signifying
'beyond’, and 'materials', and these are materials engineered to
exhibit properties not found in nature. Metamaterials are created
from assemblies of multiple elements made from composite
materials, such as metals and polymers. The structural elements of
these materials can be arranged in both repeating and non-
repeating patterns. Their unique properties come from both their
base material's chemical composition and their designed
structures. Their precise shape, g try, size, arra t, and
orientation endow them with advanced properties, enabling them
to manipulate, absorb, enhance, and bend waves, ranging from
acoustics to electromagnetic waves. This allows them to achieve
functionalities that exceed those of conventional materials [1].
AM, also known as 3D printing, enhances the development of
metamaterials by enabling the construction of complex geometries,
which are otherwise difficult or impossible to fabricate using
traditional methods [2, 3]. Advances in AM have facilitated the
creation of high-performance metallic alloys and polymers
specifically tailored for metamaterials, ensuring their robustness
under extreme conditions while preserving structural integrity [4].
However, the AM process also faces challenges, including surface
roughness, dimensional accuracy, and the need for optimized
support structures [5, 6, 7]. These issues can affect the performance
and scalability of 3D-printed metamaterials. Addressing these
limitations through interdisciplinary research is essential for
further advancements.

This review underscores the transformative potential of additive
manufacturing for metamaterials, aiming to advance
manufacturing capabilities and develop materials with novel
properties.

Keywords—  Additive ~ Manufacturing, 3D  Printing,
Metamaterials, Meta-Structures Design, High- Perfomance
Polymers, Metal Alloys.
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Abstract— Laser metal deposition (LMD) is an advanced
manufacturing technique that utilizes a high-power laser to melt
and deposit metallic powders or wires onto a substrate, creating
complex three-dimensional structures or adding material to
existing components[1-2]. LMD finds applications in various
industries, including aerospace[3], automotive [4], and
medical[5], for prototyping, repair[6], and production of high-
performance components. Its versatility, efficiency, and ability to
work with a wide range of materials make it a promising
technology in modern manufacturing[7]. Effectively control
mechanical and microstructural properties, predicting hardness,
cooling rate, and phase transformation is crucial in this process.

In this study, Finite Element Simulation is employed to
investigate phase transformation, hardness, and cooling rate, with
a focus on varying laser power and scanning speed two pivotal
processing parameters. Initially, simulations were conducted
using Msc Simufact Welding to validate findings against
previously implemented research[8] Subsequently, a new series of
simulations incorporating materials with distinct phase
transformation properties was carried out. The substrate utilized
was SS316H, while the part comprised Press Hardening Steel-
Welding (22MnB5-JMP-MPM). The results indicate that
hardness values near the substrate exceed those in other sections
of the sample. Additionally, the temperature gradient and cooling
rate are notably higher near the substrate, owing to its role as a
heat sink for temperature distribution.

Laser Metal Deposition. Phase transformation, Hardness,
Cooling rate, Simuafct
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Scrap rate reduction in crankcase manufacturing
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Abstract— This study aims to refine the production efficiency
by identifying key factors that contribute to scrap generation and
impl ting robust strategies to minimize waste.

This work is supported by HORSE Aveiro, a company that
produces Gearboxes, lower crankcases, and further motoring
components.

Several case studies have been used as references and as
guides to kickstart and to continue the study, as well as to provide
the theoretical foundation to the methodologies used [1] [2] [3] [4].

The component present in this study is the lower crankcase
and the processes involved are the machining and component
assembly.

The research utilizes a comprehensive approach combining
several Lean Manufacturing techniques. The Plan-Do-Check-Act
(PDCA) cycle is central to the methodology, enabling continuous
process evaluation and improvement. In-depth root cause analysis
is conducted using Ishikawa diagrams, which helps in pinpointing
specific production flaws. Additionally, the 5 Whys technique is
employed to systematically trace and address the origins of
efficiency lapses, while Pareto charts are used to prioritize the
causes of scrap that significantly impact production lines.

Data collected from the production floors indicated various
systemic issues leading to scrap, including equipment
malfunctions, operator errors, and suboptimal process
parameters. By applying targeted interventions based on the
findings from these Lean tools, the study reports a marked
reduction in scrap rates, highlighting a decrease in material waste
and an improvement in overall manufacturing efficiency.

Additionally, the implementation of refined operational
protocols and regular monitoring has led to sustained
improvements, contributing to better resource utilization and cost-
efficiency. The present work not only provides insights into
practical strategies for waste reduction in crankcase
manufacturing but also contributes to broader discussions on
sustainable practices in industrial production settings.

This work provides insight into simple and effective measures
that can be implemented in every manufacturing industry as well
as industry 4.0 solutions such as sensing devices and their purpose,
and how they can fit into different situations to make the most out
of them.

This study underscores the importance of continuous
improvement and waste minimization in manufacturing,
suggesting that such efforts are essential for enhancing
productivity and environmental sustainability. The findings are
expected to serve as a valuable resource for similar industries
aiming to optimize production processes and reduce environmental
footprints.

Keywords Lean Manufacturing; PDCA; Ishikawa
Diagrams; Pareto Analysis; Root Cause Analysis; Scrap Reduction;
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Abstract — Lightweighting remains a key focus in the
transportation sector, driving continuous advancements in
advanced materials to enhance the strength, work-hardening
capacity, formability, and energy absorption of structural
components for vehicles. Research in metal forming aims to
optimize material microstructures to increase ductility and
energy absorption during crash loading, while simultaneously
reducing energy consumption during forming operations.
Alongside the develop t of new alloys, innovative forming
processes are being explored to meet these demands.

One such innovative process is continuous bending under
tension (CBT), which leverages the benefits of incremental
forming. In CBT, a bending moment is applied to sheet metal
under uniaxial tension. As a result, the localised deformation
compensates for the necking that would normally occur under
pure tension. Recent studies by Knezevic et al. and Korkolis et al.
[1,2] have demonstrated that CBT can achieve superior plastic
strains compared to traditional forming processes.

The objective of this study is to numerically analyse the loads
within the structure and their evolution with varying process
parameters, providing insights for the design and construction of
a CBT device at the University of Aveiro. Utilizing Abaqus 2017
commercial software, parameters such as depth setting, distance
between bending rolls, thickness, and rolls' diameter, along with
simulation-specific variables like the number of passages and
friction coefficient, were investigated.

Kgywords_cnuﬁu s-bendi; g der-te i 'high strength
steel, numerical simulation
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Abstract— State-of-the-art manufacturing technologies such
as additive manufacturing, coating and nanotechnology for
advanced applications in modern transportation and engineering
systems require an in-depth knowledge of mechanical properties
and long-term stability of the resulting materials. The performance
of modern materials has to be evaluated using environmental
conditions relevant for the desired application. As the additive
manufacturing is often still not able to produce materials of
superior quality and mechanical properties to their conventionally
manufactured variants, it is especially important to identify and
know the limits of the technology and its applicability. This holds
true even more for critical parts of constructions that are subjected
to dynamic or fatigue loading. Often, standard methods of
mechanical analysis are not sufficient to properly characterize
behavior of materials, particularly in very complex modes of
deformation such as penetration, localized bending, stability
collapse, etc.

In this contribution, a novel experimental techniques
combining dynamic loading at intermediate and high strain rates
with high-speed in-situ X-ray radiography are presented as an
approach for advanced characterization of complex materials
where conventional methods are not sufficient. Potential of this
technology for industrial applications in manufacturing, product
inspection and testing are demonstrated. Two systems are
presented. The first system is designed for intermediate strain rate
testing and consists of conventional high power X-ray tube (HP-
225, Comet X-ray, Switzerland), in-house developed X-ray camera
with Cesium-lodine scintillation panel (Kiralux 135, Thorlabs,
USA + Hamamatsu, Japan) and in-house developed dynamic
testing actuator LIMA (LInear Motor dynamic Actuator) based on
linear motors. This system is capable of testing at quasi-static and
intermediate strain rates with impact velocities of up to 8 m/s and
continuous X-ray imaging with typical frame rate of a few hundred
frames per second. The second system is designed for high strain
rate testing with impact velocities of up to several dozen meters per
second. It consists of an in-house developed gas-gun with an
instrumented projectile and split Hopkinson bar, flash X-ray
system (SCF300, Scandiflash, Sweden), optical mirror, Cesium-
Todine scintillation panel and a high-speed camera (SA-Z, Photron,
Japan). X-ray imaging using this system can provide four X-ray
projections with a constant exposure time of 20 ns.

In the presentation, representative results revealing
performance, advantages and limitations of the individual systems
in dynamic testing of complex materials and potential of their use
in a variety of industrial applications is discussed. Possibilities of
incorporating the systems in modern manufacturing processes of
sustainable materials as well as an advanced diagnostic method in
smart cities transportation systems are also discussed.

Keywords— intermediate and high strain rates; split
Hopkinson bar; complex mode of deformation; impact dynamics; X-
ray radiography; flash X-ray;
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Abstract— The exploitation of naturally occurring body
phenomenon holds great promise for the development of novel
constructs for its support or regeneration. Amongst these, the
integration of piezoelectric actuation as a regulator for the native
electro-mechanical cardiac tissue might be advantageous for tissue
engineering [1]. Nonetheless, research in this field is still in a very
early stage with piezoelectric fibrous platforms being engineered
by the well-known electrospinning technique, characterized by 2D
randomly oriented nonwoven fiber mats. While the technique
offers scalability, it lacks precise 3D control, thus not offering
personalized architectural cues for cardiac tissue construction.

Herein, we investigated the application of
electrohydrodynamic (EHD) jet printing for the fabrication of
diverse 3D platforms with exceptional precision and resolution
(fiber diameter < 30 pm) using poly-L-lactic acid (PLLA). EHD
utilizes an electric field to eject ink from a conductive nozzle onto a
substrate [2]. Unlike traditional melt-electrowriting, EHD does not
rely on polymer fusion, leveraging polymer solution optimization
and allowing the use of a wider variety of material choices. To
produce PLLA microfibers (1) intrinsic properties related to ink
formulation and (2) extrinsic ones related to operating parameters
were thoroughly investigated. Solvent selection took into
consideration several premises: i) should dissolve PLLA with
reasonable viscosity, ii) exhibit an evaporation rate facilitating
fiber solidification without clogging the printing needle; iii)
conduct applied electric field. Additionally, voltage, needle-to-
substrate distance, reduce charge-charge repulsion and restorative
viscoelastic forces were also evaluated. Slight changes on these led
to different jetting regimes within single architectural drawing.
These included fiber coiling, near-field electrospinning, or complex
EHD jetting regimes observed particularly when high voltages and
feed rates were employed. Nonetheless, structural observation
yielded stable PLLA microfiber deposition and stacking in diverse
3D architectures. With this study we established manufacturing
principles for EHD jet printing, opening the exploration of diverse
polymer options to produce single microfibers layered into precise
3D architectures.

Keywords— Cardiac Tissue Engineering, Piezoelectricity,
Electrohydrodynamic Printing
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Abstract— Over the last decades, plastic usage has grown
exponentially, and the management of plastic waste turned into a
global crisis. The need for new recycling strategies and
implementation of a circular plastics economy, has brought
attention to this topic, in an attempt to maximize the value and
lifespan of everyday use plastics.[1] The main objective of this
study is to investigate the properties of high-density polyethylene
(HDPE) during successive closed-loop mechanical recycling via
multiple mixture and extrusion cycles. Additionally, the successful
incorporation of carbon dots (CDs) into the polymeric matrix, as
means to achieve a better performing recycled composite, is also
reported. The aim is also to determine if it is possible to use the
obtained recycled composites in additive manufacturing, namely
3D printing. The samples were subjected to a detailed structural
characterization, differential scanning calorimetry analysis (DSC),
X-Ray diffraction analysis (XRD) and photoluminescence analysis.
The XRD and DSC characterization revealed that no significant
changes in the crystallographic structure or physical properties of
the polymer occurred. However, for the composite samples a shift
in the position of the main peaks after the first recycling step is
visible but no additional effect with the increase of the CDs
concentration (up to 1%). Through mechanical testing it was
possible to verify for a 0.5% CDs concentration an increase in
tensile strength of 17%, with a strain at maximum load of 11%.
Furthermore, a distinct optical signature was also observed due to
the luminescent nature of CDs, and a clear influence in the optical
properties of the polymer was confirmed.[2] A set of 3D printed
specimens is also reported, confirming the possibility of the use of
recycled HDPE:CDs composites in additive manufacturing. These
preliminary results are highly relevant as they have the potential
to substantially enhance the life-cycle of HDPE, and to possibly
overcome barriers in optical traceability.

Keywords— HDPE; Carbon dots; Nanocomposites; Recycled
polymers; Sustainability.
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Abstract—Tightness tests for domestic water heating equipment
have become increasingly stringent, prioritizing equipment
performance and user safety. In industrial water heating
equipments production, using water to detect leaks is widespread
but comes with various drawbacks. The major issue is the reliance
on scarce natural resources like water, which also includes
additional costs due to the need for drying before packaging. The
inability to locate the leakage source has significant
environmental and economic consequences, as it leads to the waste
of the equipment produced. This happens because conducting
individual and meticulous inspections is not commercially
feasible.

To address these challenges, a dry method utilizing aerosolized
luminescent nanoparticles as optical probes, to detect and
precisely pinpoint the leak site, is being developed. This approach
offers several advantages, including being non-toxic, eco and
biocompatible, cost-effective, and scalable for industrial use.

The testing platform under development comprises 3 main units
responsible for (i) controlling the dispersion of nanoparticles
powder in gases, (ii) simulating leaks in pipes, and (iii) detecting
and identifying the leak location. Simultaneously, research efforts
are directed towards functionalizing sub-20 silica (SiO2)
nanoparticles with fluorescein to produce a highly luminescent
dry powder [1-3].

The system is composed of a Venturi eductor coupled with a
vacuum pump, where the nanoparticles are accelerated and
aerosolized through the perforated testing tube. On the outside,
the powder is excited by a UV LED, its luminescence is recorded
by a camera and the images are computationally analyzed and
treated. A variety of test conditions are being investigated with the
functionalized nanoparticles, including different pressure values,
diverse carrier gases, and various configurations of the system
components. The use of a pressurized chamber filled with the
nanoparticles dispersed in gas, to enhance the aerosolization of the
nanoparticles through the testing tube, is also under
consideration. These preliminary tests show promising results,
confirming the feasibility of the different approaches intended to
be investigated.

Keywords—  Optical leakage detection; Luminescent
nanoparticles; Gas dispersion; Image processing; Sustainable and
biocompatible nanoparticles.
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Abstract— Periodontal disease affects 50% of the global
population and is the sixth most common pathology in the world.
In Portugal, 3 out of 4 adults are affected by periodontal disease,
including gingivitis. Current treatment strategies focus on the
mechanical removal of bacterial biofilms, with systemic
antibiotics having associated challenges such as drug resistance
and adverse effects [1], [2].

Transdermal microneedles applied for gingival healing can
be an excellent solution acting locally at marginal and attached
gingiva areas; therefore, more precise, and targeted therapies
may enhance treatment effectiveness while minimizing side effects
131, [4].

This work focuses on the development of hydroxyapatite
(HA) microneedles (MNs) using 3D printing technology, digital
light processing (DLP), an anchor shape, and an acemannan
coating.

Initially, conical MNs were produced to control the precision,
resolution, and dimensions. This design provides a basic structure
to evaluate the printing capability and characteristics obtained by
DLP technology.

Subsequently, a new design of microneedles with an
anchored structure was implemented for better fixation and
retention at the gingival site. Anchor shape modification aims to
improve the effectiveness of MN adhesion.

Therefore, the results will be based on the dimensional
control of the CAD model to the printing part, the sintering
shrinkage analysis, and relative density and porosity via Micro-
CT. Acemannan extraction was performed and subsequently
purified and characterized.

The main conclusions suggest that DLP is a proper 3D
printing technique to obtain MNs below 700 pm height without
cracks or structural defects. Also, it was possible to manufacture
an anchored MNs shape of HA with 2 mm of retraction in x and y
orientation and 0.8 mm in z orientation. The samples showed high
relative density.

Keywords— Microneedles; Digital light processing; 3D-
printing, dimensional control.
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Abstract— The recycling of plastic materials has become
increasingly vital in the global effort to reduce environmental
pollution and conserve natural resources. However, the process of
recycling plastic presents various challenges, including the
complexity of the recycling process itself. Understanding and
determining the complexity of recycling plastic materials is
essential for optimizing efficiency, reducing costs, and improving
sustainability efforts.

The complexity of recycling plastic materials is influenced by
several factors [1], including the diversity of plastic types,
contamination levels, and variability in input materials. Plastic
materials come in a wide range of types, each with its own
properties and characteristics, which can complicate the sorting
and processing stages of recycling. Moreover, contamination from
foreign materials or other types of plastics can further increase
the complexity of the recycling process, requiring additional
sorting and cleaning steps to ensure the quality of recycled
materials. Variability in input materials, such as fluctuations in
plastic composition or size, can also pose challenges for recycling
facilities in maintaining consistent processing conditions.

To assess the complexity of recycling plastic materials,
various methods for complexity measurement can be employed.
These methods often involve analyzing factors such as the number
of processing steps, the diversity of input materials, and the level
of automation in recycling facilities. One approach to measuring
complexity is through process mapping, which involves visually
representing the sequence of steps involved in recycling plastic
materials and identifying potential bottlenecks or inefficiencies.
Another method is the use of complexity metrics, such as the
number of material types processed, the variety of equipment
used, or the level of manual intervention required in recycling
operations.

In optimizing recycling processes, it is essential to conduct
process assessments to identify areas of improvement and
implement strategies for line balancing [2,3]. Line balancing
involves optimizing the distribution of tasks and resources across
processing lines to minimize idle time, reduce bottlenecks, and
improve overall efficiency. By analyzing the flow of materials and
tasks within recycling facilities, line balancing techniques can help
streamline operations and maximize throughput. Additionally,
process assessments allow for the identification of opportunities

for automation, standardization, and quality control measures to
enhance the reliability and effectiveness of recycling processes.

In conclusion, the determination of complexity in recycling
plastic materials is crucial for optimizing recycling processes and
improving sustainability efforts. Factors such as the diversity of
plastic types, contamination levels, and variability in input
materials contribute to the complexity of recycling operations.
Methods for measuring complexity, such as process mapping and
complexity metrics, can help assess the level of complexity and
identify areas for improvement. Through process assessments and
line balancing techniques, recycling facilities can optimize
efficiency, reduce costs, and enhance the quality of recycled
materials, contributing to a more sustainable future.

Keywords— process complexity, complexity measurement,

recycling  process, line balancing, process assessment
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Abstract — Cork is a natural cellular material with
exceptional energy absorption capacities [1]. Combined with shear
thickening fluids (STFs), which exhibit non-Newtonian behavior
characterized by an increase in viscosity under external loads [2],
these materials offer novel solutions for impact mitigation.
Previous investigations have provided foundational knowledge in
this field, exploring the synthesis and properties of cork-STF
composites and structures [3, 4, 5]. Building upon those
investigations, this research evaluates how these composites and
structures endure UV ageing conditions and their subsequent effect
on impact resistance. Understanding the performance of cork-STF
composites under ageing tests is crucial for assessing their
durability and practicality in real-world scenarios. UV exposure
and humidity can influence the mechanical properties and
structural integrity of these materials over time. Therefore, it is
imperative to investigate how these materials evolve and whether
they maintain their desired characteristics post-exposure.
Moreover, the impact resistance of these composites is of extreme
importance in many applications, including head protection gear.
In this study, cork-STF composites amd structures were subjected
to UV accelerated ageing tests and then subjected to impact tests.
Reference samples were submitted to ageing under the same
conditions, and their impact performance was also assessed. The
findings contribute to the broader understanding of the behavior
of cork-STF composites under real-world conditions and the
development of more sustainable solutions for future engineering
applications due to cork's renewable nature. [6]

Keywords— Cork, Shear Thickening Fluids (STFs), Impact
resistance, Ageing tests
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Abstract— Natural fiber composites (NFC) are eco-friendly both 30% rh and op composites ruptured in bending, highlighting
alternatives to synthetic polymers, gaining popularity in various their fragility after hydrolytic ageing. The results suggest a slight
industries. These composites offer unique benefits such as low cost improvement in rice husk and olive pit composites' stiffness due
and high mechanical strength. Agro-waste residuals as a source for swelling of the fibres, however, making them more susceptible to
natural fibre reinforcement have gained an increased interest in brittle failure under tension and bending.
industry and academia over recent years, focusing on the Keywords— Natural fibre-reinforced composites; Water
sustainability aspect of NFC production by incorporating the absorption; polypropylene.
locally produced agro-waste as reinforcement. Every year,
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term exposure to water (232 days) affects the mechanical and

morphological properties and dimensional stability of the NF TOPIC

polypropylene  (PP)-based injection moulded composites

reinforced with rice husk (rh) and olive pits (op) of 20 wt.% and 1) Sustainable Manufacturing Solutions

30% wt.%. The water absorption results showed an almost linear c. Manufacturing for Circular Economy.

increase with the immersion time until reaching the saturation
limit, where water absorption became lower than 0.02%. The PPrh
composites had a higher saturation water content of 1.42% (20
wt.% rh) and 2.29(30 wt.% rh) in comparison to PPop composites [
with absorption of 1.08% (20 wt.% op) and 1.52% (30 wt.% op). A
larger interface area of the rice husk particles with the PP matrix
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increased (up to 13%) in composites with 30% rh and op fibre
content while marginally decreasing (down to 8%) in PP30%op
compared to unsaturated counterparts. A similar trend was
observed for the flexural modulus enhanced up to 18%. The (Basel). 17 (2024) 696.
increased saturated composites' rigidity was confirmed by their
higher ultimate tensile strength (up to 17%) and a significant
decrease in a rupture strain reaching 39% for PP30%rh. Flexural
strength was improved at different levels for all the composites,
showing a maximum improvement of 11% in PP20%hr; however,

Polypropylene-Based Composites with Agro-Waste Fillers: Thermal,
Morphological, Mechanical Properties and Dimensional Stability, Materials
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Abstract— When aiming for a more circular economy of plastics,
one of the main technical challenges that needs to be tackled is
material degradation suffered throughout the material’s
lifecycle [1]. One way to mitigate the effects of degradation on
material and part properties is to use a chain extender, an additive
that can attach to one or more ends of the polymer’s molecular
chains [2]. This can be a route to increase the life of a polymer
deemed as too degraded for processing or to meet product-specific
technical specifications such as mechanical performance [3].

In this study, poly(lactic acid) (PLA) was (re)processed for up
to three cycles, through extrusion and fused filament fabrication
(FFF), starting with virgin pellets at the first cycle. To reprocess
the plastic, printed parts were ground in a granulator. Before the
last cycle prior to testing, 1,3-bis(4,5-dihydro-2-oxazolyl)benzene
(PBO), a chain extender understudied in PLA, was mixed with the
plastic in an internal mixer at 0.5, 1.0, and 2.0 wt% concentrations.

Both the effects of reprocessing and those of PBO’s
concentration were investigated. Fourier-transform infrared
(FTIR) spectroscopy did not show detectable differences between
formulations or in degraded material, and near infrared (NIR)
spectroscopy only revealed a small difference in the virgin polymer.
In contrast, differential scanning calorimetry (DSC), double
capillary rheology, and tensile tests revealed changes in properties
for the reprocessed PLA and their recovery or even improvement
relative to the virgin polymer’s. Thus, this work shows a pathway
for recycling PLA multiple times without sacrificing its
performance, further closing the loop on PLA recycling.

Keywords— Closed-loop manufacturing; additive

manufacturing; polymer degradation; quality assessment; chain
extender.
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Abstract— Neutron capture therapy (NCT) defines the
combined action of stable isotopes (usually '°B) that can be
accumulated in cancer cells and a beam of low-energy neutrons
that is captured by the isotope, releasing short-range radiation with
an effective cancer cell rate [1]. The '°B isotope has shown great
efficacy for NCT [2,3]. However, a lack of effectiveness has led to
the research of other agents, namely lithium, as a possible
alternative [4,5]. Additionally, as an alternative to the traditional
B-containing drugs, which lack the needed biocompatibility for
biomedical applications, carbon dots (CDs) have been used, having
shown biocompatibility and optical properties that can be useful
for bioimaging. However, the use of these ultrasmall (<10 nm)
nanoparticles (NPs) as carriers may come with the trade-off of low
efficacy due to renal clearance reducing the circulation time [6].
This work aimed to develop °Li-containing CDs encapsulated by
core-shell NPs. These carriers optimize delivery by providing size
control, as drug delivery systems [7]. This precise nanofabrication
can be achieved through microfluidics (MFs), a technology that has
been shown to be efficient in controlling the size and upscaling
fabrication of NPs [8]. The fabricated nanocomposites were
characterized in terms of chemical composition and structural
features and compared to their non-MF counterparts. The MF-
based NPs showed a notably lower and narrower size distribution
in comparison to the non-MF NPs, showing that MF is able to
provide the needed precision for an optimal targeting.

Keywords — Oncology; drug delivery; microfluidics.
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Abstract — The development of high-performance ceramic
electrolytes for proton conduction faces challenges such as
achieving high densification and maintaining chemical stability in
carbonaceous and humidified atmospheres. Barium stannates are
recognized for their distinctive structural and chemical properties,
making them highly promising as ceramic electrolytes for proton
conduction. The incorporation of tin (Sn) offers numerous benefits,
including  enhanced  sinterability and resistance to
carbonaceous/humidified atmospheres. This study aims to enhance
the electrochemical performance of BaZr0.8-xSnxY0.203-8 (x= 0-
0.8) by optimizing their composition and structure. These
compositions were synthesized via a solid-state approach and
confirmed to exhibit pure phase formation across the entire
compositional range through X-ray diffraction (XRD) analysis.
The introduction of Sn doping resulted in increased sample density
and facilitated grain growth, as evidenced by scanning electron
microscopy (SEM) investigations. Densification in air at 1600 °C
was enhanced with higher Sn content, achieving >90%
densification for x >0.6. Electrochemical impedance spectroscopy
(EIS) was utilized to measure electrical conductivity under
nominally dry (pH20 ~10-7 atm) and wet (pH20 ~10-2 atm)
conditions (550 °C — 850 °C). Protonic, oxygen-ion, and electronic
hole partial conductivities were determined using a defect-
chemistry model. Samples with higher Sn content exhibited lower
protonic transference numbers, aligning with expected behavior
based on the acidity scale (i.e., lower hydration enthalpy). This
research highlights the need to balance densification and
conductivity while preserving enhanced chemical stability. The
proposed materials offer enhanced sinterability, resistance to
carbonaceous/humidified atmospheres, and improved sample
density, making them highly suitable for electrochemical
applications such as fuel cells and electrolyzers.

Keywords— Barium stannates, proton ceramic fuel cells,
electrolytes, transport properties
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Abstract—  Tissue engineering uses scaffolds as a
microenvironment able to guide their intrinsic ability to synthesize
tissue. Within this microenvironment, electrical signaling has
revealed a crucial biophysical cue for both tissue development and
regeneration regulation [1]. Since the 50’s, specific
electromechanical couplings were identified in bone tissue, such as
flexo- and piezoelectricity, both pointed out as potential
contributors in bone remodeling [2-4]. Particularly, bone responds
to bending by producing an electromechanical response about 0.2
to 2.3 nC.m™! [3], wherein this response has the capacity to induce
an electrical polarization, which — if large enough - can elicit bone
cells to mineralize [4]. Symmetry considerations ensure that any
material can polarize in response to an inhomogeneous
deformation, but not how large or even significant it will be [5], so-
that careful quantification of this electromechanical coupling is
critical prior envisaging the design of electromechanical
transducers based on this effect. So far, research has been
conducted mostly on elastomers and solid electrolytes for energy
harvesting devices and sensors [6,7]. The experimental evaluation
of this electromechanical coupling in biocompatible materials is an
unexplored field. In this work, biodegradable thermoplastics
commonly exploited for bone tissue engineering, specifically
poly(L-lactic acid) and polycaprolactone, as well as their
copolymers, were characterized in terms of how large is the
electrical polarization in response to strain gradients. While these
degradable polymers are the material of choice for some regulated
biomedical devices, their relative inertness towards bone tissue
calls for adding inductive comp ts. Therefore, composites
were prepared by incorporating up to 50 wt% of hydroxyapatite
nanoparticles and their electrical response to bending was
systematically evaluated. Finally, the implication of this effect for
scaffolding design is discussed.

Keywords— strain gradients; electrical polarization, bone
tissue engineering, biocompatible composites.
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Abstract— In recent years, there has been a growing interest para a Ciéncia e a Tecnologia (FCT), and CENTRO-01-0145-
in transition metal oxynitrides (TMNs) due to their attractive FEDER-022083 from Centro Portugal Regional Operational
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Ammonolysis stands out as a promising method for
synthesizing these materials. However, the final composition
heavily relies on the specific experimental conditions, a factor that TOPIC
remains insufficiently explored in existing literature. Hence, in this 2) Technologies for the Wellbeing
work, we investigate how varying ammonolysis conditions affect a Multiscale Technologies and Devices for
the crystalline phase formation of niobium oxynitride compounds. M dici Envi t&E

A range of techniques, including XRD, SEM-EDS, TGA/DSC, edicing, Lnvironmen nergy
XPS, and chemical analysis, were employed to characterize the
materials thoroughly. Depending on the temperature and duration REFERENCES
of ammonolysis, distinct changes in crystallographic structure
were observed, transitioning from 3-NbNxOy (cubic) to Nb4(N,O)s
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Abstract Industrial enterprises such as Bosch
Thermotechnology perform an end-of-line functionality test on
their products prior to packaging, leading to the waste of natural
resources [1]. Indeed, Bosch’s final test requires combustion of
gases, mainly natural gas and/or hydrogen, and the waste of water
to confirm the tightness and safety of its circuits. In this regard,
Bosch’s is currently implementing a “dry” final test, that uses
compressed air instead of these natural resources to reduce the
overall ic and envir tal impact of the process. While
this dry test is highly promising for the detection of leaks in the
air/water circuits, it is unable to locate them. In this instance, when
a leak is detected, it is necessary to remove the product from the
production line and perform a time-consuming manual inspection
to accurately determine the leak’s location. This invariably leads to
significant delays in the production line, and an overall reduction
in the enterprise’s productivity. In this context, it is crucial to
investigate suitable methodologies that can automatically and
intuitively localize air leaks and be implemented in an industrial
environment to optimize the existing dry test.

Infrared imaging has long been used for gas leak detection in
natural gas pipelines [2] and in compressed air systems [3]. Its
detection principle is based on temperature differences between the
leaked air and the environmental air, allowing the visualization of
the leaked gas using thermal cameras. In this regard, infrared
thermography was employed, in this work, for air leak detection in
a hydraulic circuit from a Bosch’s boiler, to assess its potential for
leak localization.

So, first, a new leak system was designed with interchangeable
leak spots with varying diameters to generate several controlled
leak and no-leak scenarios (Figure 1(a)). This leak system was then
incorporated within the hydraulic circuit supplied by Bosch to be
tested using both the leak quantification device and the infrared
thermographic camera. For the visualization experiments, the
camera was placed at two detection distances from the circuit, and
the detection was performed during an air-tightness test performed
by the leak quantification device.

The infrared camera was able to detect air leaking from holes
up to 0.25 mm in diameter (corresponding to a leak rate of 2.16
Pa-m?/s) within distances up to 1 m, given that the leaked air was
colder than the environmental air and the material of the leak
system. In most cases, the camera itself was able to automatically
show the location of the leak as well as its temperature in a small
timeframe (4 to 16 sec), as depicted in Figure 1(b). All in all, the
results demonstrated the potential of infrared imaging for
automatic and intuitive air leak localization in combustion devices
during dry test.

Keywords— Infrared imaging; compressed air, leak, dry test,
camera, combustion devices.

‘ a).b)

Figure 1. Leak system (a) and its thermal images (b) during
test with an exposed leak of 1 mm diameter at 1 m of distance. The
camera was able to locate the leak and measure the temperature of
the leaked air (18.32 °C).
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Abstract—  Hydrogen zirconium phosphate (HZP),
characterized by the formula HZr2(PO4)3, has the potential to
provide anhydrous protonic conductivity and stability of intrinsic
protons up to 650 °C, along with strong chemical resilience in
aqueous environments and acid gases [1,2].

Despite these interesting properties for electrolyte
applications such as gas separation, fuel cells, and electrolysers,
research on HZP is still in its early stage due to challenges in
obtaining the material in a pure phase.

To address this limitation, this study focuses on a novel
hydrothermal synthesis method to produce the phase-pure
ammonium precursor, NH4Zr2(PO4)3, aiming to establish a
refined pathway for synthesizing HZP. The synthesis process
emphasizes the critical importance of precisely controlled reaction
conditions to achieve pure NH4Zr2(PO4)3 in its cubic and
hexagonal structural polymorphs Specifically, a hydrothermal
temperature of 150 °C with 2.1 mL of aqueous ammonia yields the
cubic phase after a 10-hour reaction, while a temperature of 200 °C
with an ammonia volume ranging from 2.3 to 2.4 mL favors the
formation of the hexagonal phase.

Additionally, further investigations focus on determining the
optimal conditions for converting hexagonal NH4Zr2(PO4)3 into
hexagonal HZr2(PO4)3 through thermal treatment at 600 °C for 5
hours, utilizing X-ray diffraction and infrared spectroscopy for
assessment. The primary objective of this research is to facilitate
broader exploration and utilization of HZP by establishing a robust
and reliable synthesis route.

Keywords— NZP; HZP; NASICON; protonic conductor;
electrolyte; hydrothermal synthesis; fuel cell; green energy; ceramic
material.
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Abstract— The development of electrolyte materials for fuel
cells and electrolyzers is a key part of the "Strategic Research and
Innovation Agenda 2021-2027," which aims to tackle climate
change by the adoption of new and efficient processes for energy
conversion [1]. With that in mind, our goal is to design protonic
ceramic conductors to be used as electrolyte membranes that can
operate in the intermediate temperature range (e.g., 500 — 800 °C);
a range desirable for stationary energy conversion devices
integrated in industrial processes.

In this work, we aim to synthesize zinc-doped barium
zirconium yttrium stannates, with the chemical composition
BaZrosxSnxYo.16Zn0.04035, 0 < x < 0.8. For that, we modify the route
developed in our research group for the synthesis of yttrium doped
barium zirconate (BZY) [2]. In the current work, we also utilize
ZnO to reduce the sintering temperature from the usual 1600°C to
that of 1300°C, while also promoting grain growth. Upon
characterization of the obtained pellets, we compare them with
those of the equivalent composition, without ZnO, annealed at
1600°C. We perform this characterization using X-ray
diffractometry (XRD), scanning electron microscopy (SEM),
Archimedes density measurement, and electrochemical impedance
spectroscopy (EIS) in wet and dry conditions.

The results show that the compositions synthesized, with x =
0; 0.2; 0.4; 0.6, and 0.8, are phase pure. The pellets annealed at
1300°C (with ZnO as a sintering aid), show a high level of
densification, which is higher than the one of the equivalent ZnO-
free compositions annealed at 1600°C (e.g., for x = 0.4 we obtained
98% densification versus 87%), with larger grain sizes. EIS
measurements reflect this altered microstructure, with a higher
total conductivity noted for the ZnO-containing samples.

Keywords — Solid Oxide Fuel Cell (SOFC); Yttrium doped
Barium Zirconate (BZY); Zinc sintering aids, doped Barium
Stannate; electrolyte; electrochemical cell.
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Abstract— This article describes the characterization of a
biomass natural convection steam boiler operating with wood
chips, [1], wood pellets and the efforts conducted to improve the
boiler thermal efficiency and the steam production capacity. The
objective of this work is to characterize and improve the
production of steam and the thermal efficiency of the boiler. The
boiler in analyses was developed based on empirical knowledge.
Due to the growing environmental concerns, it was necessary to
characterize and improve this equipment, making it more
sustainable.

The boiler under analysis consists of a combustion chamber at
the bottom, a heat exchanger in the middle of the boiler and a water
preheater in the boiler chimney. Inside the boiler there is a water
jacket that contributes to the heat exchange.

Boiler characterization was achieved by an experimental
procedure, [1], [2], during which led to the calculation of boiler
capacity, efficiency and thermal losses. In the experimental
procedure temperatures, flow rates and combustion gases
composition were measured in several points of the boiler. These
testes were initiated with the biomass combustion, then the data
acquisition equipment was turned on. During these testes the
anomalies to the normal operation of the boiler were noted and in
the end of the testes the obtained data was transferred to the
computer, for later treatment.

While operating with pine chips the boiler had an overall
efficiency of around 50%. The most significant energy loss
occurred through the flue gas exiting through the chimney, [3],
which amounted to 70 kW.

After changing to wood pellets the overall efficiency was
improved to 68%. Nevertheless, the main thermal losses occurred
through the exiting flue gases, [3].

In order to improve the efficiency, the boiler tubular heat
exchanger was redesigned and manufactured. The main
modifications comprised the increase in the number of tubular
pipes, the reduction of their diameter and the increase of the heat
exchange area. The design of the new tubular heat exchanger was
based upon a simplified model for heat conduction, [4].

The new heat exch design ¢ in a multitube heat
exchanger with an area of 7,17 m2 for heat exchange. This heat
exchanger was tested with wood pellets and the results showed an
improvement of 34% on the steam production capacity and an
increase of the useful power from 140 kW to 200 kW, as predicted
by the theoretical model. In the refurbished boiler the flue gas
losses amounted to 40 kW [3].

Keywords— Natural convection steam boiler; energy losses;
improvments of boiler performance, experimental testing
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Abstract— As concern about climate change rises worldwide,
the need for sustainable alternatives becomes imperative.
Producing and using green, energy-dense fuels from biomass seems
to be a promising route to decarbonization and the reduction of
environmental damage caused due to the use of fossil fuels. This
study explores the integrated impacts associated with liquid green
fuels made through the electrochemical conversion of biogas while
trying to bridge gaps in the literature and promote sustainable
transport systems.

The key areas of this research are:

1. To understand the technical aspects of using liquid green
fuels;

2. To quantify the envir tal impacts iated with
producing and using these fuels in hard-to-electrify transport
modes such as maritime sector;

3. To compare the environmental feasibility of these fuels with
conventional and other alternative fuels;

4. To analyze the existing policies on these fuels and
identifying the best ones for the implementation of these fuels.

A review of biomass conversion technologies, such as anaerobic
digestion followed by electrolysis and the Fischer-Tropsch (FT)
synthesis shows that, despite their potential to reduce greenhouse
gas emissions, there exist some significant contradictions as to their
sustainability. Okeke et al. [1] shows a significant reduction in
environmental impacts while Navas-Anguita et al. [2] shows an
increase in emissions using these fuels. This study aims to clear up
the aforementioned discrepancies and provide a comprehensive
understanding of the environmental impacts associated with these
fuels.

The Lifecycle assessment (LCA) approach using the ReCiPe
2016 methodology (the most commonly used methodology for the
LCA of alternate fuels [3]), will be used to assess the complete
lifecycle of these fuels, with the system boundary including biomass
collection, anaerobic digestion, electrochemical conversion, FT
process, refining, transport, and use of these fuels. The functional
unit of the study is 1 MJ of energy produced, while impact
allocation will be done based on the energy content of final
products. The LCA will be conducted on the SimaPro platform.

Preliminary results show that the major global warming
potential hotspots in the production process of these fuels are,
electricity used from the grid (0.148 kg CO2 eq) and platinum
catalyst used in the FT refining process (0.041 kg CO2 eq), while
the process with the best environmental results is the anaerobic

digestion process due to municipal solid waste reuse (-0.107 kg CO2
eq) per MJ of liquid green fuel produced.

By addressing the inconsistencies [3] existing in the literature
and advocating for a standardized approach to LCAs of alternative
fuels, this research aims to provide a better understanding of the
production and use of these fuels as well as future research
directions in LCAs of these fuels. The findings of this study are
expected to be used by policymakers and industry stakeholders to
make informed decisions about the integration of these fuels into
sustainable transport systems.

Keywords— Liquid green fuels, Life cycle assessment,
Electrochemical biogas conversion.
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Abstract—Technological advancements have propelled the
use of additive manufacturing for bone tissue regeneration,
particularly towards the biofabrication of complex 3D scaffolds [1].
Despite the extensive development of osteoregenerative
biomaterials, significant deficiencies remain in the current
products. These encompass challenges in achieving rapid and
reproducible replacement of new bone, allied with manufacturing
limitations. In fact, alternatives to traditional additive
manufacturing techniques (like fused deposition modelling (FDM)
or selective laser sintering (SLS)), which can attain suitable
microscopic and macroscopic features, are practically non-
existent. Although SLS allows the creation of complex geometries
with high resolution, its high cost and limited control over porosity
and mechanical properties potentially leading to unwanted
porosity, limits its applicability [2]. Comparatively, due to its lower
cost, FDM has been much more exploited in the last decades.
However, the arduous process to produce medical-grade filaments,
the necessity of specific pieces of equipment such as an extruder
and elevated temperatures involved in melt/extrusion process
restricts its applicability and preclude the use of temperature-
sensitive components [3].

Herein, a novel and cheap solvent-based approach was used
for the production of scaffolds with varying designs and
compositions. Highly viscous solutions composed of poly-L-lactic
acid and polycaprolactone copolymers (poly(lactide-co-
caprolactone)) and hydroxyapatite nanoparticles were printed
using simple pneumatic extrusion. This approach allowed to print
structures with a high loading of nanoparticles and in a faster
manner compared to FDM. Additionally, polymer monomer ratio
was also varied (85PLLA/15PCL and 70PLLA/30PCL) to assess
possible compositional implications in scaffold physical-chemical
and cellular properties. Two main architectures were tested,
namely an alternated strut design (ALT) with uniform pore size
(600 pm) and high porosity and a graded design presenting a pore
size gradient (800 — 250 pm, GRAD). Dimensional analysis (via
scanning electron microscopy and micro-CT) confirmed printing
fidelity and reliability, with strut diameter and interstrut distance
matching modeled values. Additionally, composition played a deep
role in the mechanical performance of the scaffolds. Scaffold
biological performance was further evaluated through cell
viability, calcium and collagen production assays, with all
developed scaffolds demonstrating qualified cytocompatibility,
making them suitable for load-bearing applications and promising
for further bone tissue engineering research.

Keywords— Bone Tissue Engineering; Scaffolds; 3D Printing;
Poly(lactide-co-caprolactone); Nano-Hydroxyapatite
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Abstract— 1In this work, we provide a computational
simulation framework to clarify the spatiotemporal dynamics of
electroporation in a tumor-on-a-chip (ToC) platform. We use the
finite element approach implemented in COMSOL Multiphysics to
describe the transient electric field distribution, transmembrane
voltage, and pore dynamics in response to electrical pulses. This
study provides understanding on the kinetics of pore creation and
pore radius evolution, as well as their overall impact on
electroporation dynamics.

Electroporation has emerged as a promising approach for
improving cellular uptake of therapeutic drugs by temporarily
increasing cell membrane permeability using short, high-voltage
electrical pulses [1]. However, the intricate relationship between
electrical factors and cellular biology remains a challenge. To
address this, we put together a computational model that
incorporates the geometry of our ToC, biophysical factors such as
extracellular medium, cell membrane, and cytoplasmatic
conductivity and permittivity, and ordinary differential equations
that govern the pore formation dynamics, as well as the evolution
of pore radius [2]. As anticipated, our model showed that when
electrical pulses ranging from 0,8 to 1 kV/em are applied,
transmembrane voltage increases quickly and reaches high enough
values to induce pore creation in the cell membrane. The pore
creation kinetics displayed a transient and reversible process with
an initial surge and a steady decline. Moreover, the pore radius
evolution presented an early phase of expansion followed by
stabilization, indicating a dynamic equilibrium between resealing
mechanisms and pore formation. Our computational framework
provides insights into the fundamental mechanisms of
electroporation-mediated drug uptake by predicting spatial and
temporal fluctuations in transmembrane voltage and pore
dynamics. It is possible to clarify the effects of pulse amplitude,
duration, and frequency on pore Kkinetics and subsequently
membrane permeability by modeling various electrical pulse
parameters and cellular circumstances. Creating tailored
treatment techniques and improving electroporation protocols are
possible when computational models and experimental validation
are combined. Subsequent endeavors will be centered on
enhancing the model to incorporate supplementary elements
including  multi-cellular ~ dynamics, extracellular  matrix
interactions, and cell heterogeneity. Moreover, the platform's
capacity for scalability and its compatibility with high-throughput
screening methods offer prospects for expediting the advancement
of customized cancer treatments. To sum up, our computational
simulation approach offers a useful instrument for clarifying the
electroporation dynamics in microfluidic tumor models.
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Abstract— Refrigeration was born out of a need to preserve
food. It is the only method that allows food to be preserved in its
original fresh state. Owing to new regulations restricting the types
of refrigerants that can be used, it is imperative to optimize/change
them. One of the possible refrigerants to be used in the future is
R744 (carbon dioxide), a natural refrigerant that does not
aggressively destroy the ozone layer, with a lower direct
greenhouse effect, which is widely available [1]. However, the use
of this substance in refrigeration systems presents many technical
challenges because its properties differ greatly from those of a
synthetic refrigerant: its triple point is high, and its critical point is
low. Because the critical temperature of R744 is very low
(approximately 31 °C), it is difficult for the critical temperature to
surpass the ambient temperature. This is a problem because, for
heat to be transferred to the environment, to cool the fluid, the
condensation temperature must be higher than the ambient
temperature, which in many environments is practically
unthinkable.

Various design and control alternatives to conventional cycles
have emerged to improve the efficiency of this type of system,
making it technically reliable. Many systems running on R744
operate in a transcritical regime (above the critical point), such that
the condensing temperature can be higher than the ambient
temperature. Recent modifications include the addition of parallel
compressors, liquid or vapor injectors, mechanical subcooling
(after the gas cooler), and internal heat exchangers [2], [3], [4], [S].

The company Centauro is making such a transition. Centauro
Internacional — Trocadores de Calor Lda. is a company in Castelo
Branco, a specialist in the fabrication of components for
refrigeration and the AVAC industry [6]. To demystify the
market’s ideas regarding which solution or equipment is ideal for
improving the performance of R744 systems, Centauro designed a
small-scale supermarket in its Gutlab laboratory.

The aim of this study is to identify and validate which
solutions are the best for maximizing energy savings in this
supermarket to be installed in the company’s laboratory using the
simulation software Pack calculation Pro. A booster system (with
two evaporation stages) with parallel compression was the
reference system and was compared with a system with heat
recovery in the compressor discharge, a multi-injector system, and
a typical booster system without parallel compression. In addition
to a technical analysis (with COP measurement and energy
efficiency), economic and environmental analyses will also be
conducted.

The results show that a transcritical booster system with
parallel compression and heat recovery is the most viable solution,
technically, e ically, and envir tally. The integration of
a multi-injetor is not an attractive investment because the

equipment cost does not justify the small improvements in the
energy performance. Bases on the analysis, heat recovery is a
measure that significantly improves the energy efficiency of
installations. Overall, this study has allowed to establish the cost-
benefit relationship of each technology.

Keywords — Refrigeration; R744; Supermaket; Energy
efficiency; Transcritical system
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Abstract— Hydrogen is an essential player for securing the
future climate-neutral economy envisioned by the European
Commission's net zero emissions scenarios for 2050. Indeed,
prominent decarbonization strategies are relying on renewable
hydrogen to replace common fossil fuels in industrial, transport,
building, and energy sectors [1]. However, the risk of ignitions and
expl due to undetected leaks hampers the implementation of
hydrogen-based technologies.

Taking this into account, hydrogen sensors are indispensable
tools to warn users/personal about dangerous atmospheres, ideally
guaranteeing real-time monitorization and effective prevention of
accidents. The current interest in eye-readable sensors (ERSs) is
related to the inherent safety and easy interpretation of their
intuitive readouts (e.g., perceptible color changes, reflective-
transparent transitions) [2]. Herein, the potential of ERSs to detect
hydrogen is overviewed with the purpose of identifying (1) key
sensing mechanisms, (2) relevant operational goals, and (3)
innovative user-friendly concepts suitable for enclosed spaces and
open-air scenarios. Then, a new ERS is presented, highlighting a
dual-role design able to combine reversible monitorization with
irreversible recording of hydrogen leaks. Such ERS could provide
valuable guidelines toward safe and universal access to the green
hydrogen economy.

Keywords— Hydrogen; Eye-readable sensors
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Abstract— The current investigation deals with the development of
advanced electrode materials to enhance the specific capacity and
overall performance of lithium-ion batteries (LIBs). Efforts to
improve energy storage capacity and cycle sustainability in LIBs
led to focused investigations on anode materials. The theoretical
capacity of natural graphite employed as active anode material in
commercial Li-ion batteries is 372 mAh/g, whereas only 60 to 80%
of the total theoretical capacity of this can be reversibly delivered.
Nonetheless, recently several carbonaceous active anode materials
were developed, proving that the capacity can be doubled. In
particular, reduced graphene oxide (rGO) has shown the potential
to replace graphite as ideal base material for the anode of LIBs due
to its high electrical and thermal conductivities [1], [2].
Recently, another promising high surface area porous
nanomaterial, metal-organic frameworks (MOFs) have also grown
interest as Li+ insertion materials, on the anode side of Li-ion
batteries [3]. Considering these, in the current study, we tested
using a composite anode made up of reduced graphene oxide (rGO)
modified with a metal-organic framework component, MIL-
101(Cr), by constructing Li-ion half-cell batteries. In this structure,
nitrogen was incorporated as a dopant in the honey-comb graphitic
lattice through NH3 treatment to form rGO, following a technique
elucidated by Sandoval et al. [4] We have discovered that by
conducting NH3 treatment with the presence of MIL-101(Cr) along
with GO, the derived structure is Cr decorated - N doped rGO,
leading to a resulting structure characterized by a honey-comb
lattice. This material was synthesized for the first time, as
successfully revealed by the X-ray diffraction (XRD) technique.
The capacity observed by using N-rGO and Cr decorated N-rGO
as anodes in Li-ion batteries (CR2032 coin cells) with half-cell
configuration is, 425 mAh/g and 537 mAh/g, respectively, at the
charge/discharge rate of 100 mA/g. Subsequently, various
electrochemical investigations, such as electrochemical impedance
spectroscopy (EIS), and cyclic voltammetry (CV) were employed,
and it is possible to explore exciting details regarding the Li
insertion reaction phenomena in these structures. Our results
demonstrate the feasibility of developing novel advanced Li-ion
batteries using new anode composites, underscoring their potential
for energy storage applications.

Keywords— Li-ion battery; energy storage; metal-organic
frameworks; electrochemical performance.
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Abstract — Global energy and climate change are among the
world's main problems today, due to an extensive dependence on
fossil fuels [1]. In response, the European Union (EU) has
organized policies to foster the adoption of efficient and sustainable
renewable energy sources, to alleviate the dominance of fossil fuel
usage. This massive endeavor finds its foundation in the European
Green Deal (EGD), a comprehensive framework designed to propel
Europe towards carbon neutrality by 2050 while ensuring the
provision of clean, affordable, and secure energy across the EU.
Central to this transition is the growing role of biogas in the global
energy landscape, as underscored by the International Energy
Agency (IEA) [1,2]. Leveraging biogas, particularly through
reforming processes, offers a compelling avenue to generate H2-
rich gas—a versatile fuel or feedstock pivotal for sustainable
chemical production and energy provisioning [3]. Significant
advances have been made in developing electrochemical devices to
address this goal, by their ability to facilitate a paradigm shift in
the clean conversion of chemical energy into electrical energy and
vice versa.

The current work aims to study an electrochemical device to form
green syngas (a mixture of CO and H2) from a biogas precursor
(CO2 + CH4), by direct electrochemically driven process using a
proton-conducting ceramic membrane. A major challenge of this
process is to find a suitable electrolyte with a suitable tolerance to
the biogas composition (CO2, CH4, and H2S) since current
materials suffer from poor chemical stability in these atmospheres.
Therefore, this study aims to develop a new electrolyte material
that can offer increased chemical resistance. For this purpose,
chalcogenide perovskite proton-conducting ceramics made of
BaZrS3 (BZS) were successfully synthesized by preparation of the
parent oxide BaZrO3 phase using a mechanochemical activation
route (under dry milling at 650 rpm for 7 h), followed by
calcination in air at 1200 °C for 10 h. Sulfurization was performed
at 1050 °C for 24 h, by exposing the oxide powders to a carbon
disulfide atmosphere, which was introduced through a bubbler
filled with liquid CS2 (99.9%, Sigma-Aldrich), using Ar as the
carrier gas (S mL min-1).

The obtained oxide powders were characterized by X-ray
diffraction (XRD), showing pure phase BaZrS3 formation in the
orthorhombic system (Pnma space group). Afterward, BZS
powders were subjected to a series of stability tests using different
atmospheres (CO2 and CH4, 50 mL min-1) at 800 °C for 8 h. Phase
integrity was confirmed by performing XRD measurements after
each test, revealing no phase decomposition under the testing
conditions. The obtained materials can, thus, offer increased
tolerance in the presence of carbonaceous atmospheres, being
ready for subsequent electrochemical characterization. Their
prospective integration in electrochemical devices may offer a new

green pathway for syngas production with important applications
in both the energy and chemical industry sectors.
Keywords — Ceramic electrolyzer; biogas; syngas; electrolyte.
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Abstract — Traumatic Brain Injury represents a significant public
health concern due to its role in traumatic death and disability,
often caused by head impacts or rapid accelerations [1].

Despite progress in Finite Element Head Models, research on the
field has predominantly focused on males, leading to gaps in
understanding gender-related differences [2-4].

Recent studies indicate that women, particularly young women,
may be more vulnerable to Traumatic Brain Injury related
mortality in sports injuries and intimate partner violence [3,5].
Moreover, the mechanical functions of certain intracranial tissues,
such as the dura mater, have traditionally been overlooked [6].

To better understand the mechanical behaviour of the brain and
its injured regions in the context of Traumatic Brain Injury,
including the dura mater, this study prop the develoy tofa
Finite Element Head Model specific to females.

This model, designed to represent a middle-aged female individual,
was developed using medical image-derived geometry and finite
element modelling techniques. Validation findings demonstrate a
similarity between the numerical displacement curves and
experimental observations. Notably, in the model incorporating the
dura mater, the numerical results show analogous behaviour to the
experimental results, despite minimal variations in the amplitude
of the curves.

These advancements highlight the significance of including the
dura mater in biomechanical brain modelling and the importance
of realistic mechanical properties. This emphasizes the importance
of enhancing biomechanical models to better represent anatomical
complexity.

Keywords—Finite Element Model; Ttraumatic Brain Injury;
Finite Element Technology; Female Head Model; Dura Mater.
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Abstract— Recently, laser surface texturing (LST) has been
introduced as an eco-substitute for commercial zirconia surface
treatment procedures, such as sandblasting and acid-etching,
enabling the creation of designed textures, with potential to
improve osseointegration [1], [2].

This study employed three different textures, following the
LST parameters obtained in the previous study [3]: i) deep cross-
linked grooves, forming squared ridges; ii) superficial micropits ;
iii) overlap of the previous textures, resulting in six micro pits per
squared ridge.

Then, the samples were coated with S53P4 Bioactive Glass
and submitted to two different thermal treatments: conventional
treatment (CT) and laser treatment (LT), that generated two
different coating crystalline states: CT - partially crystalline; LT -
amorphous. The extent of apatite-like deposition after 28 days of
immersion in SBF and the viability and adhesion of pre-
osteoblastic MC3T3-E1 cells after 48 hours of culture in a-MEM
medium were characterized using SEM, XRD, FTIR, and WST.

Although partially crystalline CT coatings showed higher
apatite-like deposition, the cell culture tests suggest the
combination of micropits texture and amorphous LT coating as the
ideal condition for the initial stages of osseointegration, promoting
further extracellular matrix deposition, essential for subsequent
mineralisation and bone formation.

Keywords— Zirconia, Dental Implants, Laser texturing,
Bioactive  coating, Thermal tr t, i
Mineralization behaviour, Cell viability.
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Abstract— Due to its greater abundance, enhanced safety, and
cost advantages, sodium garners increased attention as a potential
alternative to lithium for rechargeable batteries. However, sodium-
ion batteries (NIBs) have not achieved the same commercial success
as lithium-ion batteries (LIBs), primarily because of their slower
charge/discharge rates. The ionic size of Na is bigger than that of
Li (Na': 1.02 A and Li*: 0.76 A), which causes transport issues in
several layered structures reported in the literature [1]. Studies
suggest that by engineering appropriate
intercalation/deintercalation structures, this issue can be addressed
[2]. In this context, some researchers propose that hybrid
nanostructures composed of reduced graphene oxide (rGO)
coupled with metals, metal oxides, or halides demonstrate
enhanced electrode performance in sodium-ion batteries (NIBs).

In our laboratory recently we have developed a MgO pillared
reduced graphene oxide nanostructure through a simple mecano-
thermo-chemical treatment using MgH: as a reducing agent [3]. A
graphene oxide + 10 wt.% MgH: mixture was initially ball milled
for 10h and then heated under 1 bar hydrogen atmosphere at 310
°C for the reaction time of Sh. X-ray diffraction (XRD), Fourier
transform infrared spectroscopy (FT-IR), Raman spectroscopy,
and Transmission Electron Microscopy (TEM) techniques confirm
that GO to rGO transformation occurred due to the interaction of
GO with MgHz, which also makes Mg get pillared in the form of
MgO. The anode was prepared by making a mixture of the active
material (MgO pillared rGO), a binder (PVDF) and the current
collector (Cu) in 8:1:1 weight ratio. A slurry was made from this
mixture by adding pyrrolidine and the slurry was then painted on
Cu foil (current collector). Half cell batteries using this anode were
constructed in CR2032 coin cell configuration and Li/Na metal was
used as counter electrode (electrolytes: NaPFg in 1M EC/PC for Na
ion battery and LiPFs in 1M EC/DMC). The battery testing was
performed by using a Neware galvanostatic electrochemical testing
facility. The MgO pillared rGO was employed as active anode
material in both Li-ion and Na ion batteries and it is found that 425
mAh/g and 275 mAh/g capacity, respectively, can be observed at
the current density of 100 mAh/g. Excellent cyclic stability with
over 90% capacity retention has been achieved in both the cases.
Especially, exceptional cycle consistency is observed in the case of
Na ion battery.

Keywords— Rechargeable Batteries; Pillared nanostructures;
Metal oxides; reducing agents.
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Abstract— Heat pumps are more environmentally friendly
heating solutions when compared to alternatives like gas boilers
and electric water heaters. This aligns with goal 12 of the United
Nations' 2030 Agenda for Sustainable Development, which aims
to promote responsible consumption and production [1].
Therefore, it is of utmost importance to find solutions that
improve their operational performance.

The frost formation in evaporators has a major impact on the
heat pumps performance. The layer of frost acts like a thermal
insulation, with a strongly negative effect when and where heat
transfer must be maintained as high as possible. Additionally, the
frost layer reduces the space between evaporator’s fins available
to air flow, what reduces its operational heat transfer
effectiveness. This work prop the impl tation and
adjustment of numerical models to simulate frosting and
defrosting in heat pump evaporators. Such numerical models aim
to predict the thickness and density of the frost layer over time,
depending on the atmospheric air conditions and the location
where the heat pump outdoor unit is operating. The main
objective is to predict when it is necessary to activate the
defrosting cycle, reversing the cycle (from the heating cycle to the
defrosting cycle) to release the thermal energy required to melt
the frost layer. During the defrosting cycle, the heat pump works
oppositely to its purpose, thus disabling the system from fulfilling
its requirements during that period. Therefore, it is essential that
defrosting is only activated when necessary, that is, when the heat
transfer between the atmospheric air and the refrigerant is
reduced below a given limit. The goal is to adjust (reduce) the
frequency of the defrosting cycles without compromising the heat
pump performance. However, solving this problem is not easy, as
if the frost is not completely melted during the defrost cycle, the
remaining liquid water that was not drained from the evaporator
can freeze again, forming a solid ice layer that hinders airflow and
acts like a thermal insulation layer. This solid ice layer can cause
a more severe impact on the heat exchange than the original frost
itself. Therefore, the implemented numerical model needs to be
calibrated and validated, to be able to accurately model the
frosting process on heat pump evaporators. Pursuing this
objective, this work implements a defrosting model for the
evaporator used in Bosch Thermotechnology’s small chassis heat
pumps, calibrating and adjusting its parameters relative to the
frost model previously implemented by the company. The
numerical model analyzes the variation of frost layer thickness
and porosity based on heat and mass transfer balance equations,
considering variables such as air and refrigerant temperatures,
pressures, ambient air humidity, airflow velocity, refrigerant
velocity, among others [2]. This work aims to contribute to the

increased heat pumps performance, making them a yet more
interesting and competitive heating technology. In addition, it is
expected that the implemented numerical model will be able to
accurately predict the formation of frost in heat pump
evaporators, allowing for better planning and control of the
defrosting cycle.

Keywords— Heat pumps; evaporator; frosting; defrosting;
numerical models; frost growth prediction.
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Abstract— Food waste has emerged as a pressing global
concern with significant envir tal, ec ic, and social
implications [1]. Approximately one-third of all food produced
each year is lost or wasted [2], representing not only a substantial
economic loss amounting to billions of dollars [3] but also a severe
environmental impact due to greenhouse gas emissions associated
with the production and disposal of unconsumed food [4].
Household food waste stands out as a critical area, contributing to
54 % of the total, amounting to 70 kg per inhabitant [S]. The
remaining 46 % of waste stemmed from various stages of the food
supply chain. These figures underscore the urgent need for
effective solutions to reduce food waste, especially at the household
level, where a significant proportion of this waste occurs due to
improper storage practices [6], lack of awareness of expiration
dates [7], and inefficient inventory management [8].

In response to this challenge, innovative technologies,
especially those based on the Internet of Things (IoT), have been
emerged to monitor and manage food storage, aiming to reduce
waste and promote more sustainable consumption practices. These
solutions range from intelligent monitoring systems to mobile
applications and connected devices, providing consumers with
tools to optimize their food usage and decrease the amount of
products discarded prematurely. For example, real-time
monitoring systems allow consumers to track food inventory in
their kitchens, facilitating management and efficient use of
available food. Additionally, expiration date alerts help prevent
unnecessary food disposal by notifying users about items nearing
expiration. Additionally, per lized recipe rec dations
encourage the creative use of existing ingredients, further reducing
waste. Research shows that consumers are increasingly interested
in acquiring smarter equipment due to its greater convenience and
efficiency in various tasks.

This communication presents an analysis of existing solutions
for food monitoring and storage, with a particular focus on
technologies that mitigate household food waste. The analysis of
scientific literature, market trends and patent databases show that
solutions that improve management and storage practices are
effective and can reduce food waste by 5 to 7%. However, research
gaps remain, particularly in consideration of user’s accessibility
and usability needs in the design and development of these
solutions. This research aligns with international initiatives such as
the 2030 Agenda for Sustainable Development, which includes
specific targets (Sustainable Development Goal 12.3) aiming to
halve per capita global food waste at the retail and consumer levels
and reduce food losses along production and supply chains by 2030.

Keywords— Sustainable C ption; Household Food
Waste; Smart Kitchen Appliances; Smart Food Storage; IoT.
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Abstract— Energy efficiency has been getting more and more
attention and spotlight in companies and political agendas,
especially in the European Union, as a means for a sustainable
energy transition. The EU's energy transition is an attempt to
protect the environment and mitigate climate change caused by
human impact by increasing energy efficiency, improving the role
of renewables in energy production, and fostering the efficiency of
equipment and buildings. Under Directive (EU) 2023/1791, the EU
aims to have a maximum limit of 763 Mtoe for final energy
consumption and 993 Mtoe for primary consumption by 2030 [1].
This directive also establishes that EU member states must present
annual targets for final energy consumption, as well as national
goals for energy efficiency. In Portugal, the topic of energy
efficiency appears in the PNEC (National Energy and Climate
Plan) targets, reflecting the importance of its contribution to the
energy transition. With a growing concern about the efficient use
of energy in order to reduce costs and the environmental impact of
human activity, companies are increasing the implementation of
energy monitoring and management systems as a way of
measuring, storing, and analyzing consumption information. In
turn, this data will be used to define strategies to increase energy
efficiency and reduce emissions.

This work derives from an internship at the company
Ecoinside, focused on the design of solutions that contribute to the
decarbonization of companies and cities, enforcing the
achievement of the goals set in the PNEC and the EU targets for
2030 and 2050 [2]. The focus of the work is on the development of
a tool that can receive data from an energy monitoring system, and
automatically inform the user of energy and other resources
utilization (natural gas, water, gasoline, compressed air), provide
automatic notifications for abnormal behaviors or consumptions
and help in decision making for energy rationalization measures.
As additional functions, a simplified calculator for the sizing of a
photo-voltaic panel unit for self-consumption will be included, as
well as a compressed air and water leaks detector. This
complementary tool will allow for estimates for initial investment,
payback period and annual energy savings by introducing data
from a single electricity bill, working as a sort of ‘pre-budget’. The
tool includes several tabs according to what is being analyzed:
equipment only analysis, general consumption, compressed air and
water consumption, and provides several visual elements like
charts of energy consumption by equipment, abnormal behavior
detection, as well as filtering by data periods and analysis of the
deviation from the reference behavior of the equipment. This tool
is meant to be used by Ecoinside and by their clients, that are
usually energy-intensive installations, but can also be used and

applied to any company that has a monitoring system able to collect
data to be processed by Excel. Tests with real customer data were
carried out with the tool and it was possible to verify that the panel
calculator does in fact show results with a maximum deviation of
20% compared to complete sizing done by the company, and that
the tool, as a whole, allows for correct detection of anomalous
behavior and informs the user in accordance with what was
expected. With this tool, data can be more easily interpreted and
help in early detection of equipment issues, that otherwise would
most likely only be detected at the time of an energy audit.

Keywords— energy efficiency, energy management systems,
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Abstract—The integration of technology into kitchen spaces
has catalyzed innovation and development, marking a significant
transformation in human interaction and meal experiences [3, 4].
This communication aims to understand the evolution of kitchen
spaces in tandem with technological advancements and examines
their impact on human interactions and dining rituals.
Additionally, it seeks to delineate the role of designers amidst an
industry increasingly prioritizing technological processes over
societal well-being. For that, a comprehensive review of existing
literature coupled with a PESTEL analysis was conducted to
identify the intersection of technology and kitchen dynamics. A
graphical chronogram was created to illustrate the evolution of
kitchen domains intertwined with technological progress over the
last decades. The results show that technology has significantly
impacted people's interaction with food and each other in the
kitchen space, leading to a gradual disappearance of traditional
dining rituals. People are spending less time cooking and eating
together at home. However, well-designed technology, particularly
Human-Computer Interaction (HCI), can positively influence
behaviors, promoting sustainability and a better daily relationship
with food. Although the advent of Industry 4.0 technologies has
fostered connectivity among kitchen products and processes,
enabling circular production and fostering sustainability [5, 6], one
can also conclude that the pursuit of innovation over the years has
sometimes overlooked environmental and social considerations,
risking great adverse impacts on human experiences and society
[7]. Technology is not merely a collection of gadgets but
encompasses how individuals utilize these tools to fulfill their
immediate needs, exerting a profound influence on their
surroundings [1, 2]. Designers play a pivotal role in shaping user’s
behaviors and surroundings, thus, they could present innovative
opportunities to create future environmentally responsible kitchen
ecosystems. Ones that enhance rather than detract from human
connections and cultural experiences [8]. Addressing the challenges
posed by technological advancement requires a reevaluation of
societal values and a shift towards a more human-centric approach
to design and technology integration.

Keywords— Technology; Kitchen design; Human Interaction;
Sustainability; Systems Thinking
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Abstract— Fruit and vegetables are recognized for their high
nutrient content and are fundamental to a healthy and balanced
diet. Eating fruit and vegetables every day prevents illnesses such
as depression and anxiety and reduces the risk of various chronic
diseases such as heart disease, type 2 diabetes, and certain types of
cancer [1] [2]. The demand for these foods is increasing due to
growing awareness of nutrition and healthy lifestyles. However,
due to their seasonal and perishable nature, they pose challenges to
storage and preservation. It is estimated that 30 % of the global
production of fruit and vegetables is lost during various stages of
the value chain [3]. In Europe, the end consumer is responsible for
15 % of this waste [4]. Inadequate storage is identified as one of the
main determinants, often resulting from consumers' lack of
knowledge about the ideal storage conditions for these crops, which
results in early ripening and subsequent waste [5].

In recent years, smart technologies have received increasing
attention as potential solutions to mitigate food waste. These
technologies offer innovative approaches to monitoring,
preserving, and reducing fruit and vegetable waste in domestic
environments. This research presents a comprehensive analysis of
existing smart technologies and systems to prevent household fruit
and vegetable waste. By analyzing scientific literature, market
trends, and database patents, this c the
effectiveness and feasibility of various technological solutions. The
research shows that smart appliances have the potential to make a
significant contribution to preventing fruit and vegetable waste.
These systems integrate sensors with Internet of Things (IoT)
technology to monitor real-time parameters such as temperature,
humidity, gases content. By collecting and analyzing this data, they
autonomously optimize storage conditions to ensure the freshness
and quality of fruits and vegetables. Furthermore, these systems
have the potential to promote positive behavioral changes among
consumers. Through intuitive interfaces and personalized
recommendations, they can educate users about optimal storage
practices, encourage the consumption of fresh locally sourced
foods, and foster sustainable dietary habits. By taking advantage of
smart solutions, households can reduce their environmental
footprint, save resources, and promote more sustainable
consumption practices.

ication
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Abstract—Driving behavior significantly impacts safety and
emissions, generally categorized as normal or aggressive based on
vehicle kinematics and real-world emissions data [1]. Volatility in
driving decisions reflects vehicle motion variability, aiding in
characterizing behavior and predicting crash propensity [2, 3].
Although past studies have developed integrated indicators for
characterizing behavior using several parameters, few have been
applied in urban areas. Thus, this study aims to develop an
Integrated Driving Indicator (iDI) incorporating safety, volatility,
and emissions for urban contexts.

The iDI was developed through urban simulations in VISSIM
microscopic traffic model, generating second-by-second data for
each trip. To correlate traffic conflicts with driving failures
detected by the iDI, the trajectory files were analyzed in the
Surrogate Safety Assessment Model (SSAM). An optimization
problem established iDI scores based on safety (defined through
time headway and stopping distance), volatility (defined by
acceleration and vehicular jerk - the first derivative of
acceleration), and emissions parameters (carbon dioxide and
nitrogen oxides obtained through Vehicle Specific Power
methodology), in which all components where weighted. Then a
sensitivity analysis was performed to validate the proposed model.
Subsequently, simulations were performed in an urban case study
consisting of one signalized intersection, two stop-controlled
intersections, and two roundabouts where driving failures were
evaluated in three demand periods. Thresholds for failures were
based on literature applicable to urban environments [4]. The
results were statistically analyzed. The solution with the lowest
percentile distribution was selected. SSAM was used to compare
results and further evaluate conflicts, indicating that volatility and
emissions failures are relevant factors of the iDi.

The proposed iDI offers a comprehensive approach,
potentially enhancing driving support systems and addressing
safety, emissions, and urban driving challenges.

Keywords— Integrated driving indicator; Driving behaviour;
Volatility; Emissions; Sustainable mobility
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Abstract— Light pollution, defined as the negative effects
attributable to the use of excessive or inappropriate artificial light,
has risen in the last decades due to the expansion of illuminated
urban areas and the switch to LED technology in streetlighting [1].
With the opportunity and demand unfolding for more efficient and
sustainable luminaires due to the certification of areas for their
pristine night-sky observation conditions, such as in the Alqueva
region, Aldeias do Xisto and Parque do Vale do TUA, in
Portugal [2], the interdisciplinary integration of design and
engineering solutions for the development of lighting systems gains
relevance.

For the prevention of light pollution, the luminaire must be
designed accounting for its light distribution, preventing emission
of light directly upwards, focusing on the area to be illuminated,
performed effectively through the integration of lens that allow for
the correct light distribution appropriated to the context [3]. Thus,
the ability for the luminaire to be adapted to the different
contextual needs is important for light pollution prevention.

Defining product architecture as the assignment of functional
elements of a product to its physical building blocks, it serves the
purpose of defining the product’s basic building chunks’ function
and interface with the rest of the product [4]. By focusing on the
architecture’s modularity, it is possible to create a system where its
different chunks can be interchangeable to respond to different
lighting needs. This allows for a wide variation in configurations
with the different functional blocks that offer different light or
sensory characteristics.

The goal of this work is to explore how the development of a
product architecture focused on modularity can contribute to light
pollution mitigation and benefit the luminaire’s production and
assembly. By following a structured four-step method [4], the
product’s architecture was defined, creating a schematic of the
functional elements, organizing the different clusters, creating the
rough geometric layout to analyze the product’s feasibility, and
identifying the fundamental and incidental interactions, with the
variability and adaptation of the luminaire to different contexts
then being explored. Through this, it is concluded that that a
modular architecture brings benefits to the project’s development,
namely through the parallel development of components, while
allowing for better light pollution prevention by preparing the
lighting product for different anticipated contexts.

Keywords— light pollution; streetlight; smart lighting; product
architecture
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Abstract— The Digital Twin, first introduced by [1], is a novel
technological tool that emulates the behavior of a real-world
system. It is composed by a physical entity, its virtual counterpart,
and communication channels. By leveraging real-time information
exchange, the digital model can be continuously updated to closely
mirror reality, achieving high fidelity in its representations.

With the popularization of Industry 4.0, Digital Twins gained
traction in several industrial sectors and the water sector. Digital
Twins have shown promise in leveraging real-time communication
and accurate hydraulic models for the effective operation of Water
Supply Systems (WSSs), as discussed in [2]. Some architectures
have been proposed (e.g., [3]) that focus on the management of data
streams coming from the sensors, and their subsequent use for
control and analytical purposes. The effectiveness of this tool can
incentivize the upgrade of sensory infrastructure. As the
complexity and volume of data generated continues to escalate, the
need for more sophisticated analytical and decision-making tools
becomes even more apparent. This has led to the development of
Smart Predictive Digital Twins. This new paradigm focuses on
integrating/improving the predictive capabilities, and operational
control and isi king pr This technological
progression was incentivized by the popularization of Machine
Learning, and Control and Decision Support Systems. Ideally, a
Smart Predictive Digital Twin applied to a Water Supply System
would be capable to anticipate issues, such as pipe or pump breaks,
optimize operations for the purpose of minimization of costs or
pressure control, detect and locate water leaks, predictive
rehabilitation, optimize design of District Metered Areas (DMA),
among other tasks.

Currently, the literature review of Smart Predictive Digital
Twins (or Digital Twins) applied to water drinking networks is
scarce. As such, to understand future directions of this technology,
this work proposes three individual literature reviews on the
following topics, applied to drinking water networks: Digital
Twins, Machine Learning, and real-time Control & Decision
Support Systems. By encompassing the technologies integrated in
Smart Predictive Digital Twin, they can be used to assess overall
technological implementations and serve to indirectly analyze
trends and research gaps. This literature review approach provides
a comprehensive overview of the various sub-areas where these
technologies are applied in drinking water networks. Among many
observations, most notably it was highlighted a significant

d
daec

underutilization of Digital Twins for economically -efficient
operation of pumps. Furthermore, several emerging trends have
been identified and suggest potential synergies in the future
application of these technologies. This paper not only presents
empirical findings but also showcases how predictive and decision-
making capabilities are enhanced by leveraging these emerging
tools.

Keywords— Digital Twins; Control; Decision Support Systems;
Water Supply Systems
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Abstract — Ensuring urban mobility means providing greater
fluidity to urban space. In this sense, micro mobility has emerged
in recent years and refers to personal transport that involve small,
light duty vehicles, which are mainly designed for short, urban
trips. This mobility trend aims to fill gaps in the transport system
and offer more efficient and sustainable alternatives for urban
travel, especially in congested urban areas [1].

In recent years, road accident safety has been a major
concern, with the World Health Organization’s Global Status
Report on Road Safety 2018 showing that around 1.35 million
people die in road accidents each year [2]. Of particular concern is
the fact that about 23 percent of all road traffic deaths are related
to two-wheeler (TW) accidents [2]. As personal mobility devices
(PMDs) have been widely adopted, the accident rate also increased
[3]. Especially electric scooters that have greater speed can be
affected by a greater number of accidents, compared to
conventional PMDs [4].

Because the movements are often not restricted by lanes,
the two-wheeler uses lateral road space more freely and shows
obvious multilateral interactions (multi-interaction) with others,
bringing issues that endanger traffic safety. Also, the speed of the
PMDs should be controlled by recognizing the condition of the road
surface [5]. A precise estimation of its impacts on traffic operation
and safety is necessary [6].

This work is part of a doctoral research and explored the
different factors that cause accidents involving vulnerable road
users, namely users of e-scooters, through a literature review on the
Scopus database. In this sense, around 50 articles published in the
last 10 years were analyzed and all factors were crossed, which
were organized into four groups: Driving Behaviors,
Infrastructure, Vehicle and Weather Conditions. Furthermore,
Artificial Intelligence (AI) techniques that are being used to help in
understanding accident factor (such as, characterizing road
surfaces) and predicting road safety indicators and trends were
also revised. Some concluding remarks are that since the factors
that can lead to accidents involving PMD’s are numerous and
variable, it is essential that the databases all over the world be
improved with qualitative information about the accidents.

Keywords— Safety of Vulnerable Road Users;
Accidents; Micromobility; E-Scooters; Artificial Intelligence
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Abstract— Autonomous vehicles are widely recognized as an
innovative solution with the potential to transform urban mobility,
reducing congestion and improving traffic efficiency in
metropolitan areas. However, there is a significant gap in current
knowledge about the potential of these vehicles to improve
accessibility in rural and less densely populated areas, which are
often neglected in disc about auti mobility (1).

The objective of this study aims to fill this gap by exploring
the technical and economic feasibility of impl ting aut
vehicles on a suburban bus line.

For this study, bus line 4 was chosen, which connects the
center of Aveiro to Carregal, a village far from the center (15 km)
with a low population density. The analysis considers several
factors, including the operating costs associated with maintaining
a fleet of autonomous vehicles, the expected passenger demand,
and the infrastructure needed to support this new form of
transportation.

The entry and destination data of each passenger on the bus
was collected in detail. After collecting the data, an entry and
destination matrix was created to enable energy and emissions
impact-based analysis. Based on this data, it will be possible to
conduct a study on the adoption of autonomous vehicles. The
subsequent analysis will evaluate various scenarios involving the
integration of autonomous vehicles in the reallocation of public
transport passengers.
It will include an assessment of the energy consumption by electric
autonomous vehicles, comparing it to the energy consumption of
buses. The best way to make the trip will be analyzed, considering
passenger density, energy consumption, and emissions. It will be
considered whether the best solution is to use only autonomous
vehicles to transport people, to use autonomous cars only on the
last mile, or to divide the bus route so that it only goes to the point
on the route where there is the greatest influx of people, and from
then on, the passengers are moved using autonomous vehicles.

Preliminary analysis of the baseline conditions shows that
there are problems associated with moving the bus in the more
rural areas belonging to the city of Aveiro. The narrow roads, poor
maintenance, and sharp bends are examples of factors that make it
very time-c ing for p s to reach their destination, as
the bus has to travel at a fairly moderate speed. It is therefore
believed that the introduction of autonomous vehicles could offer

promising solutions for improving the efficiency and accessibility
of public transport in this rural area.

The subsequent analysis will involve a detailed assessment of
various scenarios involving autonomous vehicles, including
simulations to test different deployment strategies. This will
provide insights into the best practices for integrating autonomous
vehicles into the existing transportation infrastructure, ensuring
that they can effectively address the unique challenges of rural and
suburban mobility.

Keywords—  Autonomous  vehicles;  Urban  mobility;
Accessibility in suburban areas; Public transportation; User
acceptance; Environmental impacts.
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Abstract— Efficiently managing the transport and storage of
goods is a significant challenge for the logistics industry due to the
exponential growth of global trade. Logistics is a crucial aspect of
the supply chain, covering transport, warehouse management,
order processing, and distribution. To increase efficiency,
organisations must enhance their logistics processes by reducing
delivery times, cutting costs, and optimizing packaging. Reference
[1] outlines key considerations for packaging design: protecting the
product, minimizing waste and facilitating recycling. The
packaging must be designed to ensure the product reaches the
consumer in optimal condition.

Packaging testing methods includes simulating physical
events that occur during transportation, such as vibrations,
impacts, and temperature variations, using various modes of
transport. Reference [2] introduced a method for generating
vibration simulation schedules for road transport vehicles using
pavement profile data, which significantly enhances packaging
performance evaluation. The limitations of this method are due to
the stationarity of the process and the invariability of vehicle speed.
Reference [3] addressed the lack of data on physical events during
transport in small carriers such as vans. Data on vibration levels
was collected using four data loggers and it was found that the
highest acceleration values were recorded vertically in the lower
boxes and laterally in the third layer. Although there are still
limitations, such as the influence of product mass on vibration and
impact intensity, as well as external study characteristics, these
advances have greatly improved the field. Efficient design of
packaging systems relies on systematically collecting data on
physical variables that affect product integrity. The use of data
loggers is essential to prevent over-sizing and maintain product
protection throughout the supply chain. Recording vibration data
is also a crucial step in ensuring the safety and integrity of products
during transportation. Vibration tests simulate transportation
conditions and identify critical frequencies that could cause
damage if not addressed. These tests, which use standards such as
ASTM D4169 [4], involve inputting power spectral density (PSD)
to visualize critical frequencies, aiding in the prevention of product
damage.

This project aims to propose and assess the viability of a
portable monitoring device for tracking various parameters during
product transportation. The device will monitor temperature,
humidity, pressure, impacts location, and vibrations along the
transport route. Additionally, a web-based platform will be
developed to display real-time data.

It is anticipated that with this device will enable the collection
of parameters along the route, allowing a full understanding of the
load conditions in which it has been operated. Using the vibrations
measurements as example, a power spectral density can be derived
from the recorded data, which improves vibration machine
simulation processes and moves away from the use of generic
standards. This approach aims to provide a more accurate and
relevant simulation environment, thereby improving the design of
packaging.

Keywords—Transportation logistics; Vibration monitoring
device; Data acquisition; Power Spectral Density.
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Abstract— Every year, the number of deaths resulting from
traffic accidents exceeds 1.35 million people worldwide [1]. The
losses generated by these accidents are significant and can be
around 3 to 5% of the world's Gross Domestic Product (GDP) [2].
In Europe, the costs of traffic accidents are estimated at 300 billion
dollars per year, which represents more than 2% of European
GDP [3]. In Portugal, in 2019, these costs exceeded US$6.86 million,
representing about 3.03% of GDP [4]. Although the majority of
traffic accidents involve cars, in recent years, there has been a
significant increase in accidents involving electric scooters[S].
Studies show that 79 to 90% of accidents involving electric scooters
are caused by falls[6-9]. Other studies show that this problem can
be even greater, exceeding 90% of cases [10-12]. Most of these
scooter crashes are caused by poor road infrastructure conditions
[13]. In Portugal, about 500 accidents were registered in the period
from 2019 to 2021, with 395 cases with minor injuries and 13 cases
with serious injuries Although there are no official data, it is
estimated that this scenario is also similar to other countries,
showing that the poor state of conservation of the streets plays a
fundamental role in the occurrence of accidents with electric
scooters. Therefore, the objective of this work is to propose a
solution using computer vision resources to identify potholes in the
streets, which can cause the fall of electric scooter drivers. To do
this, an object detection system was used with a previously trained
neural network, on a set of images of streets with or without holes.
The system has been trained to identify the presence of potholes
near or very close to the scooters and warn the driver. In the event
of a pothole nearby, the system should inform the driver to reduce
speed. In case of a pothole too close, the system will inform the
driver to break the scooter. A 3-minute video was recorded through
a mobile phone on a scooter. The recording was made of a street in
the city of Aveiro, containing potholes. Next, video was used as the
input variable in the detection system, which was implemented on
an Intel Corel7 1.80GHz notebook. The results obtained made it
possible to identify whether or not there were potholes in the
selected route. The system detected the sections with punctures
close to or very close to the scooter and informed the driver to slow
down or break the scooter. It is hoped in the future that this system
can be used via a mobile phone app, built into scooters, and that
scooter riders will be able to use it in real time to avoid potholes,
reduce speed or change routes to avoid accidents.

Keywords — object detection system; street hole detection
system; traffic accident prevention system; accident prevention
system for scooter users.
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Abstract — The industrial competitiveness has increased
exponentially in recent years, resulting in a search for faster and
more precise processes. The implementation of automatic systems
is a key to improve the quality and decrease the production time.

The product quality control is a pivotal section of a production
line. It requires a rigorous verification of the products and the
exclusion of any type of defect, achieving the highest possible
degree of customer satisfaction. Currently in most factories, this
work is performed manually by specialized workers, which implies
the possibility of errors of human nature.

In this case, the defect detection of the painting process of
combustion devices covers plays an extremely important role.
Several types of defects appear: e.g. scratches, dents, lack or excess
of paint, etc. Workers responsible for the inspection of these parts
have the responsibility to decide whether the part is acceptable or
not based on pre-defined acceptance parameters. They often place
themselves in unergonomic and uncomfortable positions for long
periods of time, affecting the quality of the inspection.

In this paper, an automatic system for detecting defects in the
painting process of combustion device covers was proposed. This
system was based on the image acquisition and image processing in
real time, using cameras, and must be effective taking into account
the lighting conditions and positioning of each component. At the
end of the inspection of a single part, the system sent a message
whether the part is acceptable or not based on the acceptance
parameters.

At the inspection zone, the deflectometry inspection method
was employed [1]. This is a method widely applied in defect
detection systems, due to its success. It is based on the projection of
a pattern, usually a fringe pattern, onto the inspection surface
which becomes deformed at the location of the defect, making it
more evident. Each type of defect has its unique geometry when
detected with this method, making them easily distinguishable
from each other. For the algorithms, object detection algorithms
were used, namely the YOLO model [2, 3].

The work showed some advances in terms of laboratory
deflectometry tests which were carried out with a TV or a projector
and various components in order to find the best configuration. It
shows advances in the detection algorithms too, where a model to
detect only crater-type defect was developed using the YOLOvVS
algorithm. It obtained a precision, recall and mAPS50 of 94,6%,
86,7% and 91,6%, respectively. The mAP50-95 obtained was

42,8%, meaning that this is the value of the average of the mAP
(mean average precision) calculated at varying IoU thresholds,
ranging from 0.50 to 0.95. This can be improved by employing
various bounding box techniques.

Keywords — Quality Control; Deflectometry; Computer
Vision; Machine Learning; Defect Detection; Object detection
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Abstract— Heat pumps are a pivotal technology for the
worldwide transition towards sustainable heating solutions. Their
performance and potential for substantial reductions in
greenhouse gases emissions make them crucial to mitigate the
climate changes impacts [1].

The development and optimization of the heat pump systems
heavily depend on the detailed analysis and understanding of their
heat exchangers performance. This work presents the development
of a software application conceived, designed, and implemented to
significantly enhance the evaluation and post-analysis processes of
the heat pumps heat exchangers. This software application was
conceived and implemented at the heat pumps experimental testing
facilities of Bosch Thermotechnology in Aveiro. Bosch is a leading
company in the heat pumps development, design, and
manufacture, as part of its relevant role in the development, design,
and manufacture of thermal engineering sustainable solutions.

The primary objective of the software application is to address
and mitigate the challenges associated to the manual methods of
heat pumps testing data handling and analysis. The previous
approach often involved time-consuming exporting and analyzing
test data processes, prone to errors, a hurdle that significantly
delays the heat pumps systems development time-cycle. By
automating the calculation of key performance parameters and
facilitating visualization of data immediately after the test
conclusion, the developed software application markedly reduces
the time needed for data handling and analysis, thereby shortening
the innovation time-cycle and avoiding error occurrence.

Moreover, the software application offers a comprehensive
analysis toolkit beyond the basic heat transfer calculations. With
the values of pressure and temperature measured in several points
at the heat pumps, it can calculate the effectiveness, number of
transfer units (NTU), and thermal conductance of the heat
exchangers, focusing particularly on two-phase, superheated, and
subcooled refrigerant fluid regions. Such detailed insights are
crucial for the design and optimization of fin and tube and brazed
plate heat exchangers, which are commonly used in air-water heat
pump systems. The data used for the calculations are sourced from
experimental tests on air-water heat pumps, according to the
European norm 14511:2022 [2].

The software application additionally includes a user-friendly
graphical interface that is accessible to the company lab users. It
simplifies the process of transferring and exploring data, as well as
evaluating and displaying the relevant performance indicators,
extracting valuable information on the heat pumps heat
exchangers performance.

It is important to note that the scope of this work is limited to
the development of the software application itself and does not

include modifications to the instrumentation hardware or the
communications to data logger devices.

In conclusion, the conceived, developed and implemented
software application offers valuable tools for the analysis of heat
pumps heat exchangers performance, simplifying the complex and
time consuming processes of data transfer and analysis, making
them accessible for practical industry applications. It also prevents
the appearance of errors associated with manual methods of data
handling, while reducing the duration and difficulty of the
evaluation process.

Keywords—  heat pumps; heat exchangers; software
application; heat exchangers performance; data transfer; data
analysis and display.
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Abstract— Wastewater treatment plants (WWTPs) are
essential infrastructures for managing sewage, although they face
significant obstacles such as high energy usage, undue discharges,
and the need to comply with stringent environmental standards.
Studies have shown that these facilities contribute to 1% to 3% of
the world's total energy use, consuming between 20 to 45 kWh per
connected population equivalent (PE). More than half of this
energy is used in the aerobic activated sludge process, especially in
aeration, underscoring the process's intense energy demand [1].

These challenges have been intensified with the progression of
climate change, leading to potential public health risks due to
inadequate sewage treatment, environmental concerns from high
energy use, and the need for efficient operations to avoid undue
discharges [2,3]. Therefore, it's increasingly urgent to improve
wastewater treatment plants' efficiency. To boost both efficiency
and sustainability, monitoring of these facilities is essential.

Leveraging sophisticated data analytics and predictive
modeling, a digital twin facilitates improved decision-making,
supports sustainability, and supports meeting environmental
standards [4]. While numerous studies have effectively employed
deep learning methods, there's still a largely untapped potential in
integrating real-time data and using Internet of Things (IoT)
technology for dynamic optimization. Typically, WWTPs rely on
intermittent manual assessments of operational metrics, a method
with limitations. This periodic approach might miss essential
indicators due to timing and human mistakes, leading to results
that diverge significantly from the true average and are inefficient
in terms of time, especially regarding outcome delivery. IoT sensors
can address these challenges by enabling continuous monitoring at
specific points in the process, thereby identifying areas for potential
efficiency improvements to lower wastewater management costs.
Furthermore, these sensors can promptly alert management to
issues as they arise, and not only during scheduled assessments,
enhancing cost predictability and compliance assurance.

This work aims to significantly enhance the operational
efficiency of WWTPs by integrating accurate digital twins with
advanced data analytics. At the core of this work is the
development of a digital twin that reflects the complete process of
wastewater treatment, as well as its distinct stages, using real-time
data from sensors across the facility.

Since the influent flow of a wastewater plant can be
intermittent in time, Machine Learning (ML) algorithms like
RNNs are chosen for their ability to handle time series information,
enabling accurate predictions of the future states of the WWTP
and allowing tactical adjustments to the operation.

Keywords— Wastewater; Digital Twin; Machine Learning;
Cost reduction.
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Abstract— As the electric vehicle industry becomes a crucial player
in combating environmental pollution, effective energy
management systems are essential to ensure battery safety,
optimize energy utilization, and prolong vehicle lifespan [1]. With
the increasing popularity of electric bicycles (e-bikes) as a
sustainable mode of transportation, the d d for efficient
energy management systems tailored to their specific needs has
risen.

The European e-bike market has seen significant growth in recent
years, with projections indicating this trend will continue. In 2023,
approximately 6.7 million e-bikes were sold in Europe, marking a
considerable increase from previous years. This number is
expected to continue rising, with forecasts suggesting that annual
sales could reach around 13.5 million units by 2030 [2].

Safety has become a significant concern due to several lithium
battery fires, thus urging ongoing security initiatives. At this
moment, the systems available in the market are essentially black
box closed systems, not open to implement different and innovative
monitoring and control strategies and solutions. Some authors
have focused on developing active cooling systems for electric
motors and batteries [3][4]. This research work aims to develop an
open smart energy management system integrated into a
microcontroller for e-bikes, acting on the root of the problem by
minimizing the heat generation through electrical current
limitation.

The primary challenge addressed by this research work is the
optimization of power consumption and battery temperature
monitoring and control, to enhance the e-bike's autonomy while
extending the battery's longevity. This problem is of high
importance due to its direct impact on the usability and efficiency
of e-bikes in real-world scenarios. Improving autonomy and
battery lifespan not only enhances the user experience but also
contributes to the overall sustainability of e-bikes transportation
solutions.

The proposed solution entails the development of a novel electric
motor controller leveraging a microcontroller architecture, tightly
integrated with the e-bike's battery management system (BMS).
This innovative approach allows seamless communication between
the electric motor controller and the BMS, enabling real-time
exchange of crucial data such as battery state of charge (SoC),
temperature, voltage, and single battery cell information. By
harnessing this bidirectional communication, the system can
accurately regulate the electric motor power output based on
instantaneous energy requirements and battery health metrics,
including detecting any malfunction battery cells’ degradation.
Additionally, the microcontroller's computational capabilities
allow the implementation of electrical current control algorithms
for optimal energy use, thermal management, and predictive
maintenance, ensuring both extended autonomy and prolonged
battery lifespan while minimizing the risk of unexpected failures
and risks.

The expected results of this research work include a significant
improvement in e-bike autonomy and battery lifespan when
comparing to conventional systems. Furthermore, this research
lays the foundation for future advancements in smart energy
management systems for e-bikes, contributing to the ongoing
evolution of sustainable transportation technologies.

Keywords— e-bikes; energy management; energy efficiency;
embedded control system; new and inovative control strategies.
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Abstract — Monitoring gaseous effluents is important to
understand vertical concentration changes and the factors leading
to these differences [1]. This continuous air quality monitoring is
crucial for industries that produce substantial volumes of
pollutants, such as chemical plants and factories. By tracking air
quality, these sectors can verify their adherence to environmental
standards and safeguard public well-being [2].

The existing systems for monitoring gas emissions are not very
effective and are accessible only at specific industrial chimney
sites. This results in delays in the gathering of data and decision
making. Industries also face challenges in accessing real-time
data, which hinders their ability to make informed decisions and
take necessary measures to reduce their environmental impact
and comply with regulations.

This work aims to create an intelligent system for monitoring gas
emissions from industrial chimneys in real-time. A graphical user
interface is developed to enable access to emission data in real-
time without being physically present at the chimney site, making
it easier for industries to take informed actions and effective
precautions.

The proposed approach involves gathering data from emission
ip t — FID (Flame Ionization Detector) -
using a microcontroller, which then communicates via the MQTT
(Message Queuing Telemetry Transport) protocol with a
computer at the monitoring company (broker). The broker
transmits the collected data to other devices equipped with real-
time emission data visualization dashboard, and send it to a
database managed by authorized entities for comprehensive
management and analysis. It should be noted that this
measurement equipment is used to measure VOCs — Volatile
Organic Compounds, a common air pollutant emitted by several
industries. The FID requires a strong and dependable system for
converting and transmitting data due to its analog nature,
underscoring the significance of creating this new smart and
digital monitoring solution.

The implementation of this system will improve efficiency and
accessibility in gas emission monitoring, facilitating timely
decision-making and regulatory compliance. It will also reduce
the weight and amount of equipment that has to be carried to the
top of industrial chimneys 10 to 30 m above ground, preventing
accidents with people and equipment, thus contributing to
improving technicians working conditions. Furthermore, its
scalability and potential for remote access offer significant

ement eq

benefits for environmental monitoring companies as well as
industrial engineers, ultimately contributing to enhanced
environmental stewardship and operational efficiency. This
innovative approach has profound implications across various
industries related to environmental and operational standards.

Keywords — Intelligent Systems; MQTT protocol; gaseous
effluent; microcontroller; real time monitoring.
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Abstract— Nowadays, it’s important to redesign products,
technology, and processes in order to achieve greater
environmental circularity in plastic manufacture through
injection molding. Mold preparation with sensors—in-mold
technology-- allowing the technical operator to interact directly in
the process, can guarantee a greater productive performance 0.
This study is fitted in the project OLIPush to develop a data
acquisition system in which the main goal is to monitor essential
variables such as pressure, temperature, and deflections remotely
in real time from in-mold sensors and allow their storage in a
database. Moreover, it aims to enable any user to remotely control
this system via a web app.
Initially, the system architecture was conceived, the hardware
selected, its and an analysis of the system's fundamental needs
from the user's perspective was carried out0. As in-mold sensing
devices, a thermocouple was selected to detect the temperature of
the mold, a PT (pressure and temperature) sensor was selected to
register these variable at the most critical process point as
identified by reviewing the literature0 (i.e as closest as possible to
the gate) and a deflection sensor placed on the mold parting line.
Furthermore, an Advantech Data Acquisition Module (ADAM)
programmable data acquisition system was selected for data
acquisition and transmission. The software developed for the
monitoring system runs on a local personal computer (PC) and
uses the Message Queuing Telemetry Transport (MQTT) protocol
to send remote commands to ADAM, which responds with the
current status of the analog inputs. A relational database stores
the data, which is controlled by the MySQL server and uses
Structured Query Language (SQL) for interaction. Software
design tools such as use cases and mock-ups were used to define
the user experience study. The web app was developed using
specific open-source frameworks and application programming
interfaces or APIs. As far as operation is concerned, a web
interface has been developed using specific open-source
frameworks and application programming interfaces or APIs. As
it stands, the monitoring system can monitor and store all the data
(data from the sensors and data from the mold and injection
parameters entered by the user) and make queries to the
database. From the tests carried out, it was found that the data
acquisition system allows sampling periods of 50 ms

Keywords— in-mold sensors; injection molding; monitoring
and control system
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Abstract — The digitalization of engineering has attracted
huge attention in the last years due to its wide benefits in improving
systems productivity and efficiency, as a potential means to reduce
costs and time in developing new products and in enabling rapid
innovation to respond to new market opportunities [1-3].
Supporting this trend is the forecast increase of 50% in global
energy consumption by 2050 [4] and the introduction and progress
of the digital twin tool, which is defined by E. Glaessgen and D.
Stargel [5] as “an integrated multi-physics simulation of a system
that employs existing physics-based models, sensors, and fleet
history to reproduce the behaviour of its real counterpart.”. In a
more simplified description, digital twins can be defined as
representations of an object or system and how it changes over time
[6]. The evolution of this concept from an abstract theoretical idea
into a fully developed technology promoted the application of
digital twins to a vast variety of industrial sectors, including the
energy domain [1, 7]. In the energy sector specifically, this
technology empowers engineers to make data-driven system and
network-level decisions towards the realization of the true potential
of physical and digital convergence and the advancing of
sustainability goals. Although the technology has been known for a
long time in theory, its practical real-world applications have been
so far limited, nevertheless with tremendous growth projections
[8]. In this paper, we aim to better understand the role of this
technology in shaping the future of the energy sector by shedding
light on its integration within this domain, examining its
application context, while also delving into the challenges
encountered so far and the opportunities that this evolving topic
offers. This review will allow for a reflection on the future trends
of digital twins in the energy sector while also laying the
groundwork for future research that aims at applying this tool in
the energy sector field.
twin;

Keywords— engineering

digitalization

digital energy sector;
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Abstract— Water leakage is a significant challenge faced by Water
Supply Systems (WSS) companies due to its potential to remain
undetected for long periods of time. The magnitude of water loss
varies from 3% to over 50%, depending on system maintenance.
Liemberger et al. [1] highlighted that the global volume of water
loss per year is 126 billion cubic meters, equivalent to a loss of
US$39 billion. Therefore, companies are seeking accurate
approaches to detect and locate leaks quickly, reducing water
losses and minimizing energy, environmental and economic
consequences. To address this problem, some leakage
management strategies have been developed, including preventive
es, Sy ic t  protocol regulatory
frameworks, control measures, detection and localization
techniques, and prompt repair initiatives [2, 3]. It is important to
note that the detection and localization phase is crucial due to its
complexity and critical role. Various techniques, including
hardware- and software-based methods, are used. Hardware-
based methods, such as acoustic, visual/radar, magnetic solutions,
are site and knowledge dependent and can be very expensive [3].
Software-based methods can be used to detect leaks by inferring
from pipeline parameters in real time and economically using
digital twins and data analytics. However, their effectiveness
depends on software calibration and accuracy [2, 4]. Machine
learning (ML) models are valuable tools for detecting and
localizing water leaks in water supply systems (WSS). These are
particularly useful when considering physical laws and governing
equations.
This work aims to present an overview of detection and
localization techniques used for water leaks in WSS and ML
models. It includes relevant literature on physic-informed neural
networks (PINN) applied to WSS [5, 6]. Additionally, it proposes
a framework for detecting and localizing water leaks in WSS
using an ML model and a highly-calibrated hydraulic simulator.

Keywords— Water Leakage; Water Supply Systems; Detection
and Localization methods; Machine Learning; Physic Informed
Neural Networks
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Abstract— Under the framework of Industry 4.0, machine tools
should be able to perceive and make decisions independently [1].
However, the decision to replace cutting tools in machining
processes still relies on human experience. Typically, a cutting tool
is swapped out either when it reaches its predefined theoretical
useful lifetime, when it starts producing not conforming parts or
when it breaks while machining. Estimating the theoretically
useful lifetime involves considering multiple factors intrinsic to
the tool and machine characteristics, as well as the machining
conditions and parameters [2].
These replacement conditions often lead to inaccuracies in
estimating tool life, resulting in some cases in the early
replacement of a workable tool or in others in the late replacement
of a worn tool, which may cause time and/or production loss [3].
Therefore, accurately determining the optimal time to replace a
tool in machining is crucial for preventing unplanned downtime
of the machine and maximizing the cutting tool’s lifespan [2].
To address this challenge, efforts have been made to develop
cutting tool monitoring systems that provide an estimation of the
tool condition based on analytical or sensor-based models. These
systems enable corrective action to avoid cutting tool failure and
workpiece damage [4].
In this context, this work focuses on developing a cutting tool
monitoring system that analyses vibration signals, collected in
real-time, and relates them to the real tool breakage events to
predict the practical end of the tool’s life and anticipate potential
failures, enabling decisions regarding tool replacement based on
its actual wear state. The vibrational behaviour is learned and
predicted by an LSTM model. Time and frequency domain
features, representing the vibration behaviour, are extracted from
the collected signals, and predicted signals. These features then
serve as inputs to classification dels, such as Decision Tree,
SVM and Neural Networks, to define the tool’s wear state, detect
anomalies and ultimately determining its remaining useful life.
Keywords— Industry 4.0; Predictive Maitenence; Mechanical
Vibrations; Signal Processing; Reamining Useful Life
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Abstract—The Internet of Things (IoT) is a rapidly expanding IT
system approach implemented across various domains and
functions with potential to impact our lives, from smart homes to
personal healthcare and beyond [1]. The proliferation of sensors
and IoT networks has facilitated the development and
advancement of intelligent systems capable of adapting to human
needs and environmental changes [2], in general, offering
opportunities for improved longevity and quality of life [3].

In this work, we propose integrating psychophysiological human
factors into IoT networks to create a more personalised and
responsive environment. We aim to achieve this by introducing a
novel psychophysiology layer. This layer will enable the system to
adapt to each individual user, sensing, responding, reacting, and
providing recommendations based on the unique comprehensive
surroundings, history, and psychophysiological state of each user.
This aligns with the field of affective computing, which seeks to
empower computer systems to better understand and react to
human emotional status and improve the user experience, namely
through emotion modulation [4].

Our proposed system takes a human-centric approach, striving to
incorporate the psychological and emotional components of
individuals into the overall system while relying on off-the-shelf
solutions. By incorporating insights from affective computing and
quantified self-concepts, we aim to devise a meta-decision layer
that seamlessly integrates physical, environmental, traditional
IoT domain, and psychophysiological data. The proposed
approach involves creating a new level of decision-making that
combines information from an individual’s environment and
psycho-physiology information (e.g. heart rate variability). Such
integration would allow for an improved adapted experience for
each user.

We propose a proof-of-concept system in an e-bike scenario. In
the e-bike eco-commuting system, where a bike can be viewed as
an IT/embedded system integrating sensors and actuators
(namely bike status, location, and accelerator), our aim is to
extend it to accommodate individual psychophysiology extracted
markers, namely tiredness or attention levels, to customise the
overall e-bike system from simple recommendation to adaptive
reactivity to environment changes.

The concept of developing a meta-integrated layer that combines
environment and psycho-physiology status either for pure
reaction modulation of a system or for simple recommendations
can be extended to scenarios other than e-bikes and can allow a
flexible way of extending existing systems with more human-

sensitive properties. Such a solution can also be useful for
enhancing the comprehension of individual users’ state and
behavior patterns.

Keywords—IoT; Affective computing; Psychophysiological
state; Integrated meta-decision layer.
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Abstract— Accurate characterization of metal sheet plastic
behavior is essential for reliable sheet metal forming simulations.
To achieve this, certain aspects are considered, such as selecting
constitutive models to describe material hardening and
anisotropic behavior, as well as employing methods to identify
constitutive parameters. Traditional methods for identifying
constitutive parameters rely on standardized mechanical tests.
‘While these tests are fundamental, they have limitations [1]. Sheet
metal forming processes often involve complex loading conditions
and non-homogeneous strain fields. Restricting characterization
to tests with simple strain paths and uniform deformation might
not fully capture the material's behavior encountered during
manufacturing processes like sheet metal forming. This can lead
to inaccurate material models and unreliable simulations. This
necessity, coupled with advancements in computational
capabilities, has motivated a shift towards utilizing Machine
Learning (ML) and Artificial Intelligence (AI) to efficiently
provide accurate solutions [2, 3].
This work explores the construction of supervised regression
models using the XGboost algorithm [4] to predict the material
constitutive parameters that characterize the plastic behavior of
metallic sheets. These predictive models are built upon a dataset
populated with results from numerical simulations of biaxial
tensile tests. Furthermore, cross-validation and sensitivity
analyses are conducted, alongside a SHAP feature analysis.
Additionally, data manipulation techniques are utilized to
introduce noise and missing values in the dataset, aimed at
evaluating the robustness of the predictive models.

Keywords— Parameter identification; Machine learning;
Numerical simulation; Sheet metal forming
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Abstract—Recently, industry has undergone its 4th major
revolution, marked by the integration and widespread adoption of
multiple technologies, such as Machine Learning (ML), Internet of
Things (IoT), and Artificial Intelligence (Al), culminating in the
emergence of Industrial IoT (IIoT) [1, 2]. IloT is characterized by
the convergence of manufacturing processes, IoT devices, and ML
processing techniques, enabling continuous monitoring and
optimization of industrial processes. Particularly, ML data-driven
techniques pose great potential within industrial data processing,
having been successfully validated within numerous industrial
domains and applications, like fault detection, equipment
predictive maintenance, or cybersecurity [3-6]. This work discusses
the development of an ML-based processing framework, designed
for fault detection and identification, applied to a real-world
industrial use case. The case study revolves around an innovative
testing procedure, focused specifically on boiler spark ignition
testing. The goal is to determine the occurrence and especially the
quality of the spark’s electric current, with ML processing
potentially improving this detection, while also enabling the
analysis of the gathered testing data. The proposed framework
employs a dual-step classification strategy, initially determining
the test outcomes by leveraging a binary classifier, and
subsequently identifying the specific fault for unsuccessful tests,
with a multi-label classifier focused solely on the anomalous
instances. This method simplifies the overall classification task,
excluding successful tests from the multi-label classification
scenario, thereby concentrating on identifying failures.
Preliminary results are encouraging. Eight classifiers were tested
for both binary and multi-label stages. For binary classification,
seven classifiers achieved perfect F1 scores, flawlessly
distinguishing between normal and anomalous test outcomes. In
the multi-label stage, four classifiers also yielded perfect F1 scores.
Furthermore, these results proved better than a singular, multi-
label approach comprising both normal and various anomalous
fault labels. These findings underscore the efficiency and potential
of the proposed two-step ML classification framework.

Keywords— Industrial IoT, Machine Learning, Anomaly
Detection, Fault Classification
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Abstract— A digital twin is a virtual model designed to
accurately reflect a physical object or system. The concept
originated in the early 2000s, with roots in the fields of aerospace
and manufacturing. Today, it is applied in various industries,
including healthcare, urban planning, automotive, and energy. The
development of a digital twin involves several technologies: (i) IoT
(Internet of Things): sensors and IoT devices collect real-time data
from the physical world, which is essential for building and
updating digital twins; (ii) Data analytics: this involves processing
and analyzing the data collected to understand patterns and
predict outcomes; (iii) Artificial intelligence: these technologies
enable the digital twin to learn from data, predict future states, and
simulate different scenarios [1], [2]. Digital twins of power
transformers represent a significant technological advancement in
the management and operation of electrical grids. These virtual
models are digital replicas of physical transformers, designed to
simulate, predict and optimize performance while enhancing
reliability and efficiency. The primary application of digital twins
in power transformers is predictive maintenance. By analyzing the
operating conditions and predicting potential failures, this
technology prevents unexpected outages and extends the life of the
equipment [3]. Implementing machine learning in digital twins of
power transformers for fault assessment is an innovative approach
that offers several advantages such as: (i) accurate predictions; (ii)
data efficiency and (iii) reduced computational costs [4], [S]. This
conference will address the evolution and characterization of
digital twins, focusing on current practices and strategic
approaches for developing an accurate virtual model of a power
transformer. Moreover, the conference will feature a
comprehensive analysis of the current state-of-the-art in machine
learning applications within the digital twins of power
transformers, specifically for fault assessment.

Keywords— digital twin; fault assessement; machine learning;
physics-informed neural network (PINN); power transformer
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Abstract— Predictive maintenance uses sensor data and data
analysis techniques to forecast the remaining useful life (RUL) of
industrial assets and optimize maintenance actions. Accurately
forecasting the RUL is crucial for effective maintenance planning
of various equipment, with aeronautic systems being one of the
most widely studied fields. Numerous approaches in the literature,
based on machine learning and deep learning, have demonstrated
high accuracy in RUL estimation [1-2]. However, their complexity
often renders them less interpretable, leading to their
characterization as black boxes by maintenance practitioners,
which hinders practical adoption.

In this study, we report an innovative method that combines
different approaches to enhance RUL predictions while improving
model interpretability. Our method leverages a statistical
approach grounded in traditional fault tree analysis [3-5] to
facilitate qualitative analysis of failure modes and integrates a deep
learning network to accuratly estimate the RUL of turbofan
engines. By merging diverse methodologies, we aim to achieve a
balanced approach that addresses the needs of maintenance
practitioners and remains competitive in terms of accuracy when
compared to state-of-the-art RUL estimation techniques.
Experimental evaluations on benchmark datasets provided by
NASA [6], demonstrate promising results, highlighting the
potential of our method in real-world applications.

Keywords—Remaining useful life; machine learning; deep
learning; statistical methods.
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