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Abstract: Agriculture and silviculture offer interesting opportunities for food, energy,
and construction sectors, but to transform such raw materials into valuable products,
multiple engineering works must be carried out within R&D, innovation projects, and
programs. The classical official decision to promote or supervise such projects involves
many agents and criteria but rarely considers engineering quality, reusability, or other
valuable and measurable attributes considered in ISO 25.000 or in value engineering
guidelines. Missing them would increase technological, business, and programmatic risks,
potentially wasting public money or credibility. Large projects are not free from these risks,
and it is not a kind of madness to derive R&D and innovation funds to enable access to such
valuable knowledge comprehensively, with models. In this context, communications and
services, construction, and renewables play a crucial role in smart rural environments.
Model-Based Systems Engineering (MBSE) and generative Artificial Intelligence (Al),
combined with Natural Language Processing (NLP), are expected to help Knowledge
Management (KM) in engineering and governance to supervise value engineering and
their relationship with other metrics. Starting with a motivational and multidisciplinary
framework for a smart rural transformation for System of Systems (SoS), the authors
conduct specific bibliographic research on MBSE-NLP-AI use for automatizing systems
engineering supervision at program governance levels.

Keywords: smart rural; system of systems; program governance; communications and ser-
vices; construction; solar energy; MBSE; AL; NLP; systems engineering; value engineering

1. Introduction

Europe is immersed in an energy and ecological transition and faces important de-
mographic, defense, and citizen security challenges [1]. The fundamental assumption for
contextualizing this research is that rural populations, also in transition, because they are
producers of ecosystem and food services, can be a priority for engineering professionals
due to their evident vulnerability. To empirically verify this assumption, the opportu-
nity should be provided and monitored. One way in which the related professionals can
contribute to this transition is through their work on innovative projects, for which they
can use new technologies, specifically the so-called Key Enabling Technologies (KETs) [2].
Many of them are still lacking regulations for use (AI, UAVs-RPAS, BIM, additive man-
ufacturing, IoT, 5G, satellites, biotechnologies). These technologies can be assessed and
utilized responsibly, necessitating governance for procurement or funding to complement
existing regulations.
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The ISO/IEC 25000 [3] family of standards offers a comprehensive framework for
assessing and managing the quality of systems, which encompasses products and services.
This framework aids in defining and evaluating quality characteristics throughout the
development life cycle, ensuring that engineering projects contribute effectively to quality
outcomes. Value engineering ASTM guidelines [4] define principles and steps to system-
atically improve the value of systems engineering by analyzing their functions and cost
(as the main value variables). Nevertheless, employability and sustainability perspectives
add value. Every added value evaluated by the project sponsors brings the public an
especially important one. Figure 1 illustrates the potential connections between various
value engineering and ISO 25000 metrics in relation to sustainability [5].
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Figure 1. Potential metrics for program governance and the possible relationships among them.
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To effectively oversee multiple engineering projects simultaneously, Program Gover-
nance (PG) must navigate the complexities associated with various interrelated metrics.
This complexity can render control more expensive than engineering works. How can PG
govern small engineering projects to give engineers attractive opportunities for innovation
in rural areas? An intuitive answer is by automatizing data processing and using accurate
definitions for engineering work products.

1.1. Purpose

The following question immediately arises: how can a region like Extremadura,
located in the south-west of Spain, support innovative engineering projects capable of
contributing significantly to the transition of rural areas and their respective regions? In
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this study, the authors propose a conceptual framework for the transformation to take
advantage of the potential of engineering collectives that attempt to answer this question,
particularly, and as a test case, for a region like Extremadura with approximately one million
people living mostly in 10 cities (45%) and 378 villages (55%). In this region, livestock
and agricultural activities play a crucial role in the economy, complemented by tourism
that thrives on its rich biodiversity and historical significance. A set of European regions
is listed in Table 1, with Extremadura being considered similar from both economic and
biodiversity perspectives.

Table 1. A set of European regions. (A) identifies the minimum deviation from average. Source:

EUROSTAT.

. Population .P.O pu'l atufrt Po.p 1.11at{on Deviation from Deviation from Deviation from

Region (Column Living in Cities Living in
g e of the o, . i1 the Average of  the Average of  the Average of
Identification) Region (1) Within the Villages Within (1) @ 3)
& Region (2) the Region (3)

Extremadura o o o o o
(Spain) 1,060,000 45% 55% —43% (A) 6% (A) 5% (A)
Alentejo (Portugal) 730,000 40% 60% —61% —11% 10%
Peloponnese 577,000 45% 60% —69% —6% (A) 10%
(Greece)
Brittany (France) 3,300,000 60% 40% 76% 9% —10%
Wallonia (Belgium) 3,700,000 65% 35% 98% 14% —15%
Average 653,500 51% 50% - - -

The previous set of five regions that depend on biodiversity and tourism may account
for 36% of another set, which includes nine similar regions: Andalucfa, Algarve, Valencia,
Toscana, Sardinia, Sicilia, East Poland, South Ireland, and Occitanie. Therefore, collabo-
ration within the SAVE framework involving at least three different regions, including
Extremadura, is essential to achieve statistical representativeness of the conclusions, exceed-
ing 10% across Europe, in line with the standard practices of HORIZON EUROPE projects.

This framework considers job creation as a starting requirement, which can be verified
through a sustainability assessment together with any environmental benefit that these
engineering projects seek (e.g., GHG emission savings, water savings, improved air quality,
protecting forests). Consequently, comprehensive social and environmental assessments
are carried out concurrently with engineering projects. It is essential to emphasize the
responsibility of large corporations towards all stakeholders in their value and supply
chains. This responsibility can be effectively addressed by certifying the sustainability of
the value chain [6], which is aimed at enhancing local employment opportunities. However,
these large corporations, making use of the natural resources in rural areas, could finance
new rural business activities or acquire their services or products to compensate for their
footprints. Both employability and sustainability are regulated at a supra-regional and
regional level. To complete, and improve, such governance to make it permeable to
new engineering projects, the current frameworks shall adopt specific concepts or better
models like the one presented here, the SAVE (Smart Agri-region Value Engineering)
conceptual model.

This model consists of four themes (or paradigms) that correspond to classic agroindus-
try, mobility, fire prevention, and tourism, tailored to the contemporary social environment,
which emphasizes ecology, safety, natural capital, and energy.
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1.2. SAVE’s Themes and High-Level Relationships

Table 2 summarizes examples of high-level relationships between such themes in the
SAVE model. It provides a first set of high-level requirements or goals for the engineering
projects to be aligned to, based on the authors” experience in Extremadura.

Table 2. High-level relationships, goals, and requirements of SAVE. Paradigms as objects in the
sentences are typed in cursive.

Paradigms as a Subject

Paradigms as an Object

Ecologic Agroindustry

Mobility and Safety

Forest Fire Prevention

Energy and Tourism

Ecologic agroindustry (or
eco-friendly agroindustry)

Shall be a local
agriculture using
sustainable processes.

Shall use safe and affordable
logistics for local businesses.

Shall avoid unnecessary
deforestation or
pollination depletion.

Shall use the same energies
used in an
exemplarity attitude.

Mobility and safety

Shall procure safe and
optimal routes for
local businesses.

Shall reduce accidents in
a demographic-affected
and sparse population.

Shall procure safe evacuation
routes and solutions in case

of forest fire.

Shall reduce accidents in a
region whose economy
depends on tourism.

Forest fire prevention

Shall prevent forest fire

Shall clean forest invasion

Shall start seeing the
forest as natural capital to

Shall contribute to renewable

Energy and tourism

from affecting business. of routes. energies based on biomass.
preserve.
Shall promote energy
Shall promote the use of Shall promote saving and increase Shall make renewables,

local products.

responsible mobility.

environmental safety,
avoiding unnecessary use

no matter the size or kind,
and attraction.

of private transport.

Figure 2 shows possible relationships between a first set of value engineering and ISO
25000 metrics and sustainability affecting the above-mentioned paradigms in the design
stage just for the diagonally aligned sentences in Table 2. As can be seen, the potential
relationships between metrics are propagated potentially to the paradigm definitions, and
also related between them.
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Figure 2. Possible metrics for SAVE program governance and possible relationships between them.
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1.3. Key Enabling Technologies (KETs) for SAVE

Above all this, we can consider an agri-region to be smart if it adopts the methodology
and tools early on and makes this an opportunity to provide valuable feedback to other
regions. This can be complemented, why not, when the region’s cities are on the road to
becoming smart cities. In this sense, it should be noted that cities can also be spaces of
creativity for engineers (e.g., in the field of rehabilitation) and that, within the city, there are
vulnerabilities and common risks that need attention. It can also be assumed that the city
systems are interdependent since they are driven by different organizations in charge using
the same KETs and, therefore, share the need to train people and solve regulatory gaps.
Here is where models and some KETS, such as Model-Based Systems Engineering (MBSE),
Natural Language Processing (NLP), and Artificial intelligence (AI), can play an important
role if those models can be generated quickly. Efficient communication and dissemination
can be achieved by refining and validating information, ultimately saving time for those
involved. Conversely, transforming models into natural language caters to individuals
seeking information in text form. In this regard, initiatives such as the Immersive Realities
Incubator of Almendralejo (IRIA, “Incubadora de Realidades Inmersivas de Almendralejo”)
[https:/ /iriavr.es/ (accessed on 30 May 2025)] are particularly relevant. IRIA acts as a
regional innovation hub that fosters the development of immersive and digital technologies,
providing a valuable testing ground for KETs and visualization tools that can support both
urban and rural systems under the SAVE framework. It exemplifies how a city-level
infrastructure can contribute to regional digital transformation, training, and knowledge
transfer by bridging engineering innovation with practical user-centered applications.

1.4. Engineering Disciplines for SAVE

To start aligning the engineering projects to such high-level requirements, the concep-
tual model introduces five engineering disciplines: communications, construction, solar
energy, aeronautics, and circular economy. In this work, the authors concentrate on con-
struction and solar energy, aiming to expand their collaboration into communications,
aeronautics, and the circular economy after enhancing the methodology outlined herein.
The selection of these two disciplines is based on the need for a rural area to refurbish exist-
ing constructions in compliance with construction standards and safety, the opportunity
to use new and local materials, and the need to process those materials, with minimum
footprints using renewables. These activities will not only be difficult to explain to decision
takers for funding or permits but also to the same engineers involved, and, for this reason,
the capability of transforming models (including the BIM ones) into text and text into
models seems attractive and motivates this research work to find similar cases from recent
research and development projects.

Regarding construction, the reuse of existing constructions [7], the validation of tradi-
tional techniques [8], the use of novel solutions in construction systems in rural areas [9],
and the rehabilitation of these systems to address energy efficiency improvements entail
a series of important risks that are not negligible (Eurocode 8: Design of structures for
earthquake resistance; Part 3: Assessment and retrofitting of buildings). These affect both
the safety of the people who inhabit them and the workers who carry out these activities
during the construction phase [10]. As they are existing constructions, the structures and
materials that make up these homes and guarantee their solidity are not included in the
design regulations [11], as these are focused on the construction of new buildings [12]. This
means that, although they are minor constructions, the technical difficulty of analyzing their
safety is complex [13]. It seems that it is necessary to resort to disused standards that were
the basis of their design, in addition to the fact that, given their age of construction, they
may present damage or deterioration that reduce their initial conditions. If they require
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consolidations or reinforcements, it means resorting to technical documents of specialized
solutions [13], whose technical specifications must be clearly reflected in the project. If
the consolidation solutions used are innovative, involving materials such as vegetable
fiber reinforcement [14], cork residues, and straw [15], which would favor the circular
economy of rural areas, a new obstacle arises [16]. These issues also pose risks for the
construction phase, which must be known and assessed by the company when undertaking
the work. However, this requires in-depth knowledge of solutions, materials, etc., which
is generally not given in the companies that undertake these jobs, which can make them
incur significant risks. In addition to the above, during the construction phase, the risks
associated with workers are added. As they are unusual typologies, the worker does not
know their behavior; in addition, due to time degradation, they may present damage that
affects the safety of the element [17]. As an example, wooden roofs [18] may cause injuries
to the people who work on them. As a solution, new technologies associate ontologies,
safety, and health [19]. Technologies such as BIM applied to historic buildings (HBIM) help
to manage these risks associated with materials [20,21] and occupational risks [22]. Thus, it
is necessary to reduce risks and add value to the design; for this, it is essential to unite the
physical components (BIM) with the processes associated with construction and their risks
(MBSE) [23]. This requires specific ontologies and semantics in each aspect such as health
and safety [24-26]. A further step is the integration of NLP, with important applications
in project management, safety, and risk management [27], and for the improvement of
knowledge [28] and safety inspections on site [29].

Regarding renewables, solar energy is the most ubiquitous and easy-to-integrate
source in sunny regions. There are different types of energy systems that use solar energy
on an industrial scale, but we can simply differentiate between solar thermal and electrical
systems, and, among the latter, photovoltaic systems. Regarding industrial processes that
may be related to the processing of construction materials from agriculture or forestry,
wood drying is well known, along with solar thermal use (e.g., [30,31]) and cork blending
with solar steam [32]. For both drying and steam production, medium-temperature solar
thermal systems can provide a solution to reduce the carbon footprint of the processes.
Solar energy systems have, like other installations, a design process that uses geometries
and thermal and fluid modeling for the sizing of the collector elements and heat distribution
networks and the control to supply the heat in the quality and quantity demanded. The
design of the system may also eventually involve the sizing of support structures or
structural reinforcements. Subsequently, like any thermal system, it must be installed,
commissioned, and maintained correctly during its useful life. All these activities are, for
the moment, dependent on suppliers and installers, with no standard yet existing, which
puts the continuity of use of the installation at risk if these companies stop operating in the
market. For these purposes, good practices can be applied to the procurement of goods and
services by public administrations [33], such as the obligation to provide the BIM model
required for construction works, but also the models and configuration of controls in the
case of public funding.

Systems engineering is a young discipline that combines with different engineering dis-
ciplines and System of Systems (SoS) approaches. In this regard, digital solutions are being
used for configuration management, a process shared by both systems engineering and as-
set management disciplines [34,35], among others, whose respective processes are described
in ISO 15288 [36] and ISO 55000 [37], respectively. Implementing systems engineering
practices [38] is feasible and is currently under consideration for power systems [39]. Con-
figuration management can be enhanced to encompass systems integration that involves
multiple verification and validation actions [40]. This is essential as the solar heat genera-
tion system must be integrated with autoclaves, ovens, or dryers, and with backup heating
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systems such as combustion chambers or boilers. Another system engineering practice,
Model-Based Systems Engineering (MBSE), uses models to support the entire life cycle of a
system, including requirements management, verification, validation, and other processes,
enhancing communication and collaboration, but also assessing the impact of the designs
before building them, promoting early integration and sustainability in general [41].

1.5. Research Objectives (KETs) for SAVE

This work has high-level objectives related to detecting R&D and innovation experi-
ence on solar energy and construction, and advances in MBSE-AI-NLP for smart governance
to be used in regions like Extremadura.

2. Materials and Methods

Figure 3 illustrates the research workflow, where the milestones signify the achieve-
ment of partial results (primarily presented as tables). The rectangles denote various
sections, while the circles represent the starting and ending milestones, respectively. An
explanation follows.

Section
262

Key Concepts in Systems R&D Project Analysis
Engineering

Section
21

Recent Horizon Projects
(Table 4 and Table 5)

Table 5 "
Key Concepts of Smart Valuable Engineering Definition Summary and Reseach Conclusions and Next]
Governance Questions Steps

Bibliography Search Criteria,
Section and Cluster for Textual

Section Section
22 24 25

Alerts (Table 7 and Table 8) Section 4

|

Engineering Disciplines, Systems Table 10
and KETs for SAVE Results Summary and Discussion

Section
23 Section 3

Figure 3. Research workflow.

In Section 2.1, the authors introduce and substantiate key concepts of systems en-
gineering. After this, Section 2.2 provides definitions and trends in smart governance.
In Section 2.3, the authors introduce the engineering disciplines and systems, focusing
on a rural and agri-region like Extremadura. This section also introduces the use of key
technologies by such systems and the possible relationships between them, defining the
resulting SAVE as a System of Interest (Sol). After that, Section 2.4 introduces a definition
of smart agri-region value engineering, including definitions for measuring and verify-
ing the contribution of new engineering projects during the current ecological transition.
In Section 2.5, the authors provide a summary and research questions in line with the
high-level objectives.

Section 2.6 discusses European R&D and innovation programs, highlighting results
and findings from specific projects focused on solar energy and construction. To this
end, there have been recent calls from the Horizon Europe Program. Section 2.7 provides
evidence from research works that have been sufficiently assessed and describes textual
evidence extraction and validation methodology. An attempt is made to answer specific
research questions (about MBSE-NLP-AI and data quality in smart governance), using
databases of recent publications from the ScienceDirect repository, whose results and
findings are within this subsection. The tables that define the search process are arranged
as complementary information to the publication so as not to divert the reader’s attention
from what is relevant, which is referenced in a key diagram of the related process.
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This paper concludes in Section 3 with a subsection on the summary of results and
discussion, and in the final Section 4 with conclusions and next steps.

2.1. Key Concepts of Systems Engineering

In this section, the systems engineering methodology [38] is introduced as an enabler
of quality engineering; that is, it is traceable and verifiable, which ideally avoids avoidable
errors. It is an engineering technology that covers the entire life cycle, from the concept
to the dismantling of the system, understanding that any product or service that is born
in the rural area requires systems to produce it. In real environments, systems are often
exposed to common risks or may induce risks against one another. Conversely, they can
also serve as solutions to mitigate those risks. Given the intricacies involved, there emerges
a pressing necessity to embrace a System of Systems (50S) approach, wherein each system
will possess its own life cycle [42]. However, there are common elements and relationships
whose life cycles must be managed in parallel. This approach requires considering a specific
System of Interest (Sol) and being able to accurately communicate between the different
engineering organizations and disciplines. For this, it would be helpful to use Model-Based
Systems Engineering (MBSE) and to generate models with Artificial Intelligence from
natural language anytime, on demand.

2.2. Key Concepts of Program Governance

Theoretical governance must effectively align engineering actions with regional, na-
tional, or European development objectives as appropriate. It should facilitate dialogue
between all stakeholders, enable informed decision making, and ensure accurate mea-
surement and verification. Consequently, it necessitates the availability of open data for
the System of Interest (Sol). In this context, the governance model outlined appears to
align closely with the practices already employed by smart cities. The aforementioned
statement suggests that it is feasible to establish metrics for assessing and verifying the role
of engineering in the transition of agricultural regions. Additionally, it raises the important
issue of data quality management within the governance frameworks of smart cities. No-
tably, INCOSE’s Working Group on Smart Cities [43] has already provided definitions and
initial insights regarding the integration of artificial intelligence in this domain. It seems
illogical to apply different methodologies for governing a city, a region, or an innovation
program. Instead, it is essential to utilize appropriate metrics tailored to each purpose and
to automate processes wherever possible.

2.3. Engineering Disciplines, Systems, and KETs for SAVE

In this section, the authors, who are experts in their fields, offer detailed descriptions
of the previously mentioned disciplines as they pertain to the region of Extremadura in
Spain. These insights are also largely applicable to other rural areas. Each description is
thoroughly analyzed in Section 2.3.4, culminating in the definition of the SAVE model.

2.3.1. Communications and Services

Digital communications play a crucial role in shaping the future of rural areas by
fostering economic growth, driving innovation, promoting social inclusion, and mitigating
the challenges of remoteness.

Nowadays, due to digital technology divides between urban and rural regions, ad-
vanced connectivity solutions have become essential for fostering smart rural environments,
ensuring equitable access to information, services, and opportunities. The integration of
Key Enabling Technologies (KETs), such as Artificial Intelligence (AI), the Internet of Things
(IoT), digital twins, blockchain, and cybersecurity [44—46], is transforming rural ecosys-
tems by enhancing productivity, governance, and resilience. One of the most impactful
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applications of digital communications in rural areas is innovation in social ecosystems.
High-speed networks and edge computing allow real-time remote collaboration, e-learning,
and telemedicine, which are crucial for improving healthcare and education in isolated and
remote regions. Al-driven predictive analytics further support rural policymaking, enabling
data-driven decision making to optimize resource allocation and infrastructure planning.

From an industrial and agricultural perspective, IoT, digital twins, and remote sensing
are redefining precision farming, environmental monitoring, and supply chain manage-
ment. Remote sensing, in particular, plays a crucial role in rural development by enabling
real-time data acquisition through satellite imagery, instrumented drones, and ground
sensors, allowing for optimized resource allocation, early detection of crop diseases, and
efficient water management [47-49]. Furthermore, robust digital communications infras-
tructure is essential to ensure seamless data transmission and service accessibility, fostering
economic growth and preventing rural depopulation by creating new opportunities for
smart agriculture, sustainable land management, and rural entrepreneurship. Sensors de-
ployed in rural landscapes collect real-time data on soil conditions, crop health, and weather
patterns, feeding Artificial Intelligence (AI) models that optimize agricultural outputs while
minimizing environmental impact. Blockchain technology, in turn, ensures transparent
and secure transactions, enabling decentralized traceability of food production and dis-
tribution while strengthening trust among stakeholders. However, the adoption of these
disruptive technologies also brings challenges, particularly regarding cybersecurity. Rural
infrastructures are increasingly vulnerable to cyber threats due to their growing reliance on
digital services. The integration of Al-powered security frameworks and blockchain-based
authentication mechanisms can mitigate these risks, safeguarding critical infrastructures,
agricultural supply chains, and rural e-governance systems. In this context, KETs serve
as the backbone for an intelligent, secure, and sustainable transformation of rural areas.
The convergence of next-generation communication networks with Al, IoT, digital twins,
cybersecurity, and blockchain represents a strategic opportunity to develop resilient rural
economies and smart social ecosystems, ensuring that rural populations benefit from the
same technological advancements as their urban counterparts.

In Spain, and particularly in the region of Extremadura, digital connectivity is be-
coming a cornerstone for rural development. With over 60% of the population living in
rural areas, ensuring high-speed internet access is crucial for fostering economic growth,
digital inclusion, and social cohesion. In recent years, the fiber-optic infrastructure has
expanded significantly, reaching more than 90% of the rural population, enabling citizens
and businesses to access high-speed broadband services. This progress lays the founda-
tion for the next wave of connectivity: 5G and future 6G networks, which will further
revolutionize economic activities, smart agriculture, and digital public services. The de-
ployment of 5G and 6G technologies will have transformative effects on rural economies by
enabling Ultra-Reliable Low-Latency Communication (URLLC) and massive IoT connec-
tivity. These advancements will allow rural businesses to integrate Al-driven automation,
smart logistics, and real-time data analytics, fostering Industry 4.0 applications in agri-tech,
renewable energy, and eco-tourism. Moreover, these networks will be key to prevent-
ing and reverting rural depopulation, offering young professionals and entrepreneurs
the opportunity to develop digitally driven businesses without the need to migrate to
urban areas. The convergence of fiber-optic broadband, 5G, and emerging 6G technologies
will enhance remote working conditions, digital education, and e-governance, this way
making rural environments more attractive for future generations. By integrating Key
Enabling Technologies (KETs)—including Artificial Intelligence (Al), blockchain, digital
twins, IoT, and cybersecurity—rural Spain is positioning itself at the forefront of digital
transformation. These advancements will not only boost local economies and modernize
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agriculture but also establish sustainable intelligent rural environments that are resilient
to economic and demographic challenges. The expansion of next-generation networks in
Extremadura and other rural regions is therefore not just an infrastructure upgrade, it also
represents a fundamental shift towards a more connected, innovative, and competitive ru-
ral ecosystem. The deployment of LoRaWAN (Long-Range Wide Area Network) antennas
in rural areas represents a game-changer for IoT connectivity in agriculture and livestock
management. Unlike traditional cellular networks, LoRaWAN operates on unlicensed
frequency bands, making it a cost-effective and scalable solution for enabling long-range
low-power communication across vast rural landscapes. By installing non-licensed Lo-
RaWAN antennas, rural communities can establish autonomous IoT networks, fostering
digital transformation without depending on expensive infrastructure investments from
major telecom operators. In agriculture, LoRaWAN technology enables real-time monitor-
ing of soil moisture, weather conditions, irrigation systems, and crop health, not neglecting
alarms for meteorological menaces. This will allow farmers to make data-driven decisions
that optimize water usage, increase productivity, and reduce environmental impact. Smart
farming applications using LoRaWAN also include autonomous pest detection, predictive
disease modeling, and automated machinery tracking, enhancing operational efficiency
and sustainability. For livestock management, LoORaWAN provides real-time geolocation
tracking, health monitoring, and environmental control for farm animals. IoT-enabled
wearable sensors can detect temperature fluctuations, movement patterns, and feeding
behaviors, helping farmers prevent diseases and improve livestock welfare. The wide
coverage and low energy consumption of LoRaWAN technology makes it ideal for remote
pastures, where cellular connectivity is often limited or nonexistent. Integrating LoRaWAN
with Al blockchain, digital twins, and cybersecurity further enhances precision agriculture,
smart irrigation, and automated livestock monitoring, reducing operational costs and
increasing rural sustainability. By fostering an ecosystem of IoT-enabled rural connectivity,
LoRaWAN networks will play a crucial role in the evolution of rural areas, ensuring that
agriculture and livestock industries remain competitive in the digital era while supporting
the long-term viability of rural communities.

2.3.2. Construction

In the application area, herewith the region of Extremadura, construction systems
based on stone, wood, and adobe are expected. Geometrically, they present irregularities
that sometimes make their analysis complex, along with interrelationships with the neigh-
boring ones. The application of BIM technology to create models from point clouds [50,51]
allows improving context analysis and neighboring risks. These risks are widely known
and cataloged by extensive experience, so their connection with NLP would provide an
important advantage in their analysis. The vertical structural elements are usually masonry
or adobe walls on the ground floor, while, on the following floors, there are wooden frames
with adobe filling. These materials provide structural solidity and good thermal insulation
and inertia, but they are solutions that are not within those recognized by current regu-
lations. The horizontal and covering elements are generally half-timbered with wooden
decking. The roofs are inclined with a certain slope as they are areas with significant snow
loads depending on the altitude. Structurally, the roofs are made of round wood, supported
by the walls and beams on the ridge. Technologies such as BIM and HBIM [20,52,53] pro-
vide great value in the structural analysis of horizontal and vertical elements by being able
to incorporate information on the state of conservation of the elements. This can enrich anal-
ysis with information on damage ontology and occupational risks, which, through Natural
Language Processing (NLP), improves decision making. For analysis of energy efficiency,
the creation of reliable envelopes of reality and their simulations in BIM [54,55] provides
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added value in decision making, where it is possible to integrate, in addition to the energy
behavior, the constructive solutions and the occupational risks associated with them. This
also considers the state of conservation of the elements, and the creation of HBIM models
that collect damages, known and cataloged, which would improve decision making.
From the reliable integration of the built reality in HBIM [56], it is possible to carry
out the most precise numerical simulations required by the introduction of innovative
solutions for structural or energy rehabilitation [54]. Once the different risks are known
and analyzed, integration into the BIM Al and NLP models would allow the generation of
documentation, requirements, and contracts consistent with the built reality.

2.3.3. Solar Energy

Extremadura owns a large annual solar resource of 5.7 kWh per day [57]. Solar Photo-
voltaics (PV) is a very flexible and modular renewable energy electrical power supply that
can be distributed with various topologies. It can be individual, community concentrated,
and even from a regional power station. This way, PV is very appropriate for a mostly
agricultural region like Extremadura, where the electrical grid is not in any measure dense,
except in the main cities. In Extremadura, there are 14 regional PV powerplants connected
to the national grid, amounting to almost 3 GW, including Europe’s biggest one. They
are capable of supplying the average consumption of homes of their entire population by
production alone. Some of them already incorporate a small amount of backup batteries
for several hours of nominal power storage. But fully supporting the development of
sustainable sparse communities is not possible nowadays because of the large dispersion
of their low-density population of 25 inhabitants/km?. Moreover, there are some areas of
much lower density, such as the Siberia Extremefia with 9 inhabitants/km?. They include
wild, wooded, and humid landscapes, also hosting the largest areas of inland lakes in the
region. Agriculture is difficult because of poor soil, thus the deployment of extensive land
use of solar energy is promising. Thermal wild biomass is abundant, but its exploitation is
mostly restricted to individual house heating and some minor additional applications [58].

Nowadays, photovoltaics can drive affordable heat pumps to supply heat at moderate
temperatures, called low-to-medium temperature industrial heat <150 °C, and to supply
cold for acclimatization or perishable crop storage. This includes dwelling and hostel
acclimatization, crop air drying, and mineral preparation, among others. Higher temper-
atures are only reachable using thermo-solar technologies using solar concentration [59].
Both heat pumps and solar thermal technologies are appealing options for water heating.
However, solar thermal systems have the advantage of operating independently of electric
connections, thereby reducing the risk of fire in natural habitats or forested areas. They
provide hot sanitary water and can also be utilized for indoor space heating.

In any of these technologies, energy storage is relevant. Long-lasting batteries are
required when electrical storage is preferred. As an alternative, Thermal Energy Storage
(TES) is demanded. This resource is typically characterized by a lesser impact on natural
resources compared with batteries, and reduced end-of-use residues. This is largely due to
the use of recyclable materials, such as iron, aluminum, and similar substances; actually,
they can be part of the circular economy. The intelligent management of a hybrid energy
system, probably including intelligent smart micro-grids, TES, and energy backups, would
be another client for the development of advanced digital networks, as described above.
Green solar hydrogen can replace batteries, offering longer storage life, and is inter-seasonal
and can boost portability.

Regarding KETs, BIM is already being used in the building sector [60] and is expected
to be used for industrial solar since the large concentrating solar plants are already progress-
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ing in dynamic modeling for systems integration [61], and LoRa networks are increasingly
in use for energy too.

The important fact is that the region of Extremadura has plenty of space for the
deployment of solar energy, either clustered or distributed. Wind energy can plug into
the system, when available, and solar greenhouses can convert any rural region into a
competitive agri-region too.

2.3.4. Aeronautics and Air Transport

The availability of a regional airport facilitates aero works, but investment and current
costs are large, only justified by a circumstantial effect, such as substantial tourism or
industry activity. In particular, wide natural resources, such as the ones in Extremadura,
and similar regions abroad, can drive ecological and nature-oriented tourism coming from
out of the country. The massive amount of traffic that can be involved cannot happen or can
be determined as non-desirable for its expected impact on nature. In contrast, sustainable
hunting/nature observation and similar tourism are of high value, incorporating much less
traffic and are coincidental with environmental care. It can be embraced by less impacting
air transport, even large electrical drones, which are actually non-human-piloted small
aircraft, and robots, still to come but with promising examples. Sharing an advanced
digital communication network, such as the one described above, is essential for such an air
system. Pilot experiences will orient future appropriate technologies to apply. Such a low-
investment air transport architecture is multipurpose, as it can support sanitary assistance
and low-weight merchandise delivery, thus serving the population in rural Extremadura as
it does not need a fixed infrastructure other than some air bases. Last but not least, such an
aerial remotely piloted squadron will boost control for fire menaces, detection, and fight.
People’s safety and security will also be reinforced because the adaptation requires more
policymaking addressing concerns about privacy, noise, and other societal impacts [62].

The use of battery-propelled small-size aircraft coincides with terrestrial and even
river transport using electric vehicles as they can be supplied with shared photovoltaic
and battery infrastructures [63]. This infrastructure smoothly integrates with the systems
described herewith.

2.3.5. Circular Economy

The circular economy is a relatively modern discipline. This economy is based on the
classic sector-agnostic four Rs hierarchy: reduce, reuse, recycle, and recover. By reducing,
in the context of this work, we mean avoiding consuming what is not essential and being
able to reuse what others do not use, for which communications are currently essential in
both rural and urban areas, although, in rural areas, it is possible to facilitate the exchange
of goods in public square markets. By recycling, we mean our ability to recover certain
parts of a product and give them another use, which is not always possible without creative
spaces, but, fortunately, the rural area usually attracts capable artists and craftsmen in
addition to attracting tourism that is more sensitive to these issues. By recovering, we refer
to raw materials and the energy (as fuels) of some materials, and this is where industrial
processes can eventually generate employment. It is also possible to talk about the nine
sector agnostic hierarchy [64].

The industrial processes related to the circular economy can be more ecological if
they use renewable energy, such as solar energy, lower emissions logistics, or even an
optimal combination. It can be also considered that harvesting forest biomass is a type of
circular economy by which the collected biomass can be converted into energy to provide
heat to homes and industries, such as agribusiness, while protecting the forest mass from
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fires [65]. Forest firewood cropping could eventually benefit both homes, industries, and
communication routes, creating jobs [66].

Examples of industrial processes for the use of this biomass energy are cleaning with
hot water, torrefaction, drying, and pellet manufacturing, Another type of circular economy
typical of rural areas is that of postharvest food preservation. For example, crops dried on
time reduce losses. These drying processes are part of the agribusiness value chain, ideally
using solar solutions as mentioned above. For example, correct drying allows industrial
hemp fibers to be valid for composites pieces (furniture, shells) [67].

2.3.6. SAVE as a System of Systems (SoS)

In relation to KETs, from the point of view of the aforementioned authors, there are
BIM, IoT, Al and drones, in approximately 83% of the mentioned systems. In the published
statistics, the use of technologies such as digital twin, resulting from the composition of
other KETs, has also been considered. Regarding alignment with the objectives indicated in
Table 1, 69% of them seem to be shared by several disciplines, while the other 31% seem to
be specific to one discipline, according to the authors. These quick statistics, along with
the relationships illustrated in Table 3, reinforce the notion of approaching the transition of
rural areas through a System of Systems (SoS) framework [42]. Consequently, it is logical
to also map the SoS characteristics in Table 4 to support this assumption, at least on a
preliminary basis.

Table 3. Discipline and paradigm relationships summary after experts” description of disciplines.

Paradigms

Disciplines

Communications Building/
and Services

Solar Energy Aeronautics Circular Economy

Construction

The circular economy
can be more ecological

Ecologic agroindustry (or
eco-friendly

Wood, stone, and

They can be part of

if they use renewable
energy, such as solar

. adobe use. the circular economy.
agroindustry) energy, a lower
emissions logistics, or
even an optimal one.
Smart logistics: digital It can be embraced by
communication network, less impactful air
Mobility and safety such as the one described transport; people’s

above, is essential for such
an air system.

safety and security will
be also reinforced.

Environmental

Forest fire prevention L
monitoring

Remotely piloted
squadrons will boost
fire menace and
detection.

Energy and tourism

Good thermal
insulation

Heat pumps for
dwelling and hostel
acclimatization

Harvesting forests and
protecting the forest
mass from fires could
also reduce tourism
that seeks to enjoy the

green areqs.

A System of Systems (SoS) comprises systems with at least two conditions: operational
independence, managerial independence, geographical distribution, emergent behaviour,
or evolutionary development processes, according to SoS definitions.

Figure 4 illustrates the themes and framework outlined in the preceding sections.
Notice that the dashed lines correspond to the high-level requirements explained previously
and that the continuous arrows are just a set of relationships from Table 2, representing
also other potential relationships (conflicts, synergies) between the paradigms given by the
objectives of Table 1. It is important to note that there are two “use” relationships that have
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yet to be verified by the authors (presumably experts) and necessitate further collaborative
research in Section 2.6.

Table 4. System and SoS characteristic mapping.

Emergent Behavior or

o
] |

3 ) - uses g A
: ¥ :
! Solar Energy

==

Operational . Geographical .
System Independence Managerial Independence Distribution Evolutionary Development
Processes
Massive IoT use may require
Communications Yes reinforcing communications
Use different communication and Al capabilities.
solutions in general UAVs may find limits of
Aeronautics Yes memory in long periods
without civil communications.
In general, the related
systems are operated by BIM driven by NLP instances,
Construction different businesses Absolutely independent Yes manufacturing order driven
by BIM models.
High demand for biomaterials
Circular Economy Solar energy installers are Yes may require adapting more
normally hired by crops with enough time.
industrial activities
Solar Energy Yes Epergy storage could make
using bioenergy unnecessary.
GOVERNANCE
: Communications
) ‘ — I - \ ¥ |
i «---
' MOBILITY AND . FOREST FIRE
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SYSTEMS ENGINEERING

Figure 4. SAVE conceptual model. The arrows represent relationships, and the rectangles
represent concepts.

The framework defines the type of objectives (employability or educational, environ-
mental, economic, and societal), but other objectives could be related to the new systems
(such as common KETs). It is important to note that governance is positioned at the top of
the framework, responsible for ensuring alignment with regional paradigms. This means
that regional employment plans, developed in accordance with regional procedures, along
with compliance on sustainability—whether voluntary or mandatory—must be reported to
a designated supervisory entity to secure funding or obtain necessary permits [68]. The
SAVE model states that the engineering work products (of high-impacting systems) shall
be reported too, and for this, systems engineering [38] is presented as an enabling method-
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ology allowing such reporting by using systems engineering ITs [69], motivating research
to detect possible trends regarding MBSE-NLP-AI in Section 2.7 for smart governance.

2.4. Smart Agri-Region Value Engineering Definition

Considering the aforementioned points, it is posited that a preliminary definition
of value engineering can be established as the engineering activities associated with a
system designed to foster the development of a smart agricultural or rural region. This
system aims to provide relevant reports to a specified administrative level regarding
employment, sustainability, and systems engineering initiatives. Regarding the systems
engineering plan, by providing not only documents or certifications but also other detailed
engineering work products such as requirements, models, verification actions, risks, and
opportunities to enable regional program governance to use new tools and methodologies
like Artificial Intelligence (Al) and for smart governance. A way to achieve this is to provide
MBSE-AI-NLP tools for such work products to be communicated as models, avoiding the
inconveniences and cost of performing it manually and normalizing some views that
systems engineering delivers value for non-engineers. Is this possible?

The provision of engineering information must safeguard intellectual property rights,
provided that the tools and methodologies adhere to these rights while also considering
public interest. This involves mitigating risks and leveraging emerging opportunities
associated with knowledge reuse and the timely adaptation of the educational system.

Since this kind of governance is quite new and is not extended to all engineering
disciplines, those engineering entities open to report this way may benefit from grants
for contracting systems engineering advisory services, enabling ITs, specific training, or
public recognition. For safety critical systems, it would be mandatory to demonstrate
engineering due diligence in ensuring further certification for costly and highly granted
systems, avoiding extra cost and delaying risks in general. The concept of smart agri-
region value engineering is useful also for some countries on their road to escaping from
the “middle-income trap” by adopting technologies coming from abroad to use them
domestically and invest in engineering [70]. Sharing an ontology for SAVE would facilitate
a deeper understanding of various disciplines and their interactions [71]. Additionally,
it could serve as a foundation for effective technological collaboration and further due
diligence certification by professional engineering associations.

2.5. Summary and Research Questions

This work establishes two types of research questions, the ones corresponding to
recent experience in R&D projects that are related to connected themes or disciplines, and
the ones related to current advances in MBSE-AI-NLP for smart governance. Table 5 shows
the correspondence of the questions (Q) with the conceptual model relationships, the main
assumptions, the strategy to answer the questions, and the high-level objectives.

Table 5. Question correspondence to the model’s relationships, assumptions, and objectives.

. . . Conceptual Model’s .
High-Level Objectives Question Relationships Assumption Strategy
Find examples where new UAVs and drones can be
aeronautical applications (Q1) Is aeronautics being Building requires operated in any
. o L o : s .
(UAVs, drones) are being used for building? aeronautics. agri-region with a Recent R&D and

used for building.

minimum infrastructure. . - .
innovation projects and

Find examples where solar
energy systems are being
used for circular economy.

(Q2) Is solar energy being

Solar energy systems save
GHG and provide local
heat to several industrial
processes also in use in the
circular economy.

expert analysis using

Solar energy can be used categories.

used for circular .
by circular economy.

economy?
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Table 5. Cont.

. L . Conceptual Model’s .
High-Level Objectives Question Relationships Assumption Strategy
(Q3) Is MBSE-NLP-AI
being used in open Systems engineering is MBSE is related to

Find interesting trends
in MBSE-NLP-AI for

innovation
environments?

part of the framework.

systems engineering.

(Q4) Is MBSE-NLP-AI
being used for risk

Sustainability is part of

MBSE allows mapping
risks in a more

Bibliographic research
and Natural Language
Processing (NLP), and

SAVE. management? the framework. continuous manner. expert analysis.
(Q5) Is MBSE-AI-NLP Governance is part of Governance requires
being used for program ove ce1s parto quality data from
N the framework.
governance: sparse sources.
2.6. Search for Evidence in R&D and Innovation Programs
The purpose of the search for evidence in R&D projects is to find examples of questions
Q1 and Q2 on the use of drones in construction and the use of solar energy for the circular
economy for SAVE.
2.6.1. R&D Project Search
The authors conducted a first search of European Commission-funded Research and
Development (R&D) projects to detect the current trends considering the use of drones in
building and the use of solar energy for the circular economy. The public CORDIS database
was used to search for projects from Horizon 2020 and Horizon Europe programs using the
following criteria:
e 'DRONE* AND ‘BUILDING’ (Q1)
e ’‘CIRCULAR ECONOMY’ AND ‘SOLAR ENERGY'(Q2)
Tables 6 and 7 show the results.
Table 6. R&D projects for Q1 (with literal contents).
ID Name Summary End Date
The objective of the STARDUST project is to pave the way towards
the transformation of the carbon supplied cities into Smart, highly
efficient, intelligent, and citizen citizen-oriented cities, developing
774094 STARDUST urban technical green solutions and innovative business models, 31 Mar. 2024
integrating the domains of buildings, mobility, and efficient energy
through ICT, testing and validating these solutions, and enabling
their fast roll out in the market.
Built2Spec brings together a new and breakthrough set of
technological advances for self-inspection and quality assurance
that will be put into the hands of construction stakeholders to help
meeting EU energy efficiency targets, new build standards, and
637221 Built2Spec related policy ambitions. B2S will expand upon a cloud based 31 Dec. 2018

construction support platform, conceived following the most

advanced integrated design and delivery framework for the

building sector and hosting applications that facilitate worksite

activities and quality compliance by putting knowledge in the
hands of contractors.
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Table 6. Cont.

ID

Name

Summary

End Date

665066

DigiArt

The 3D data captured by the scanners and drones, using techniques such
as laser detection and ranging (LIDAR), are processed through robust
features that cope with imperfect data. Semantic analysis by automatic
feature extraction is used to form hyper-links between artefacts.

30 Nov. 2018

644271

AEROARMS

AEROARMS proposes the development of the first aerial robotic system
with multiple arms and advanced manipulation capabilities to be applied
in industrial inspection and maintenance (I&M).

31 Aug. 2019

871479

AERIAL-CORE

The EU-funded AERIAL-CORE project is developing an integrated aerial
cognitive robotic system to assist human workers in inspection and
maintenance activities. Specifically, it will integrate aerial robots for long
range (several kilometres) and very accurate (subcentimetre) inspection of
the infrastructure capability.

30 Nov. 2023

823987

RESEARCH

The EU-funded plans to introduce a multitask platform that utilises
remote sensing technologies applied with geographic information systems
to map and monitor cultural heritage sites. To start, researchers assessed
the intensity of a threat using different types of satellite and ground data,
along with data acquired using UAVs. This These data was were then
analysed analyzed and used to map the various hazards facing an
archaeological site or feature. The project also used aerial and terrestrial
remote sensing data, including data collected via ground-penetrating
radar (GPR), to detect and map both the standing structure itself and its
subsurface archaeological features.

31 Oct. 2023

857031

5G!Drones

The 5G!Drones project will run trials on several unmanned aerial vehicles
(UAVs) to prove that 5G infrastructure can support the simultaneous
running of three types of UAV services, using network slicing.

30 Nov. 2024

Table 7. R&D projects for Q2 (with literal contents).

ID

Name

Summary

End Date

816336

SUNRISE

The Coordination and Support Action (CSA) SUNRISE is a scientific
and technological project ambitious in its goal to exploit solar energy
and atmospheric gases such as CO,, water and nitrogen to provide a
sustainable alternative to the fossil-based, energy-intensive fuels and
compound chemical synthesis process by using a Large Scale European
Research Initiative (LSERI) to secure the supply side of the circular
economy with a pipeline of disruptive technologies for manufacturing
renewable fuel, chemicals, fertilizer, and hydrogen from atmospheric
H;,0, N, and CO; at high yield with up to 2500 ton/ha.yr

CO; sequestration.

30 Abr. 2020

681292

FANOEC

The oxygen evolution reaction (OER) is the key reaction to enable the
storage of solar energy in the form of hydrogen fuel through water
splitting. Efficient, Earth-abundant, and robust OER catalysts are
required for a large-scale and cost-effective production of solar
hydrogen. FANOEC's team of researchers has been able to achieve a
deep understanding of OER on metal oxides at the molecular level,
and to develop better catalysts based on this understanding.

30 Jun. 2021

679814

SOLENALGAE

The ERC-funded SOLENALGAE project probed the molecular basis
for efficient light energy conversion into chemical energy, in order to
increase the biomass production in microalgae, by investigating the
principles of light energy conversion with biotechnological
engineering of algal strains. The project applied new processes
improving photosynthesis, enabling novel food, feed, and health
products while also driving progress towards sustainable biofuels.

31 Aug. 2021
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ID Name

Summary End Date

639233 COFLeaf

The EU-funded COFLeaF project developed a single-site heterogeneous
photocatalytic system that can reliably generate solar fuels from water and
CO;. Specifically, it will integrate various subsystems required for the overall
photocatalytic process into a polymeric platform called the ‘COF leaf’.

31 Aug. 2020

2.6.2. R&D Project Analysis

Regarding Q1, projects providing evidence in the deliverables about considering use
cases in rural areas are AERIAL-CORE (power lines), RESEARCH (archeologic heritage),
and 5G!Drones (forest fire detection). Regarding Q2, projects providing evidence in the
deliverables considering industrial processes in a circular economy are SOLENALGAE
(alimentary, health, bioenergy), and COFLeaf (biopolymers, biogas). It can be concluded
that there is a potential lack of projects in rural areas dealing with drones and that solar
energy for the circular economy might also require more specific projects. After that,
further analysis about the motivation for engineering to work in such areas could be
performed to verify the main assumption contextualizing this research. Despite not being
used specifically in rural areas, the techniques can be valid for rural areas.

2.7. Search for Evidence in Recent Research Works

The purpose of the search for evidence in recent research consortiums was to find
trends regarding questions Q3, Q4, and Q5, on the use of MBSE-AI-NLP for SAVE. To
achieve this, extensive research was been conducted using a comprehensive scientific
and technological database, employing the necessary methodologies. ScienceDirect™,
Amsterdam, The Netherlands (search portal) was chosen to search for research readings.
The textual alerts were implemented using a Natural Language Processing (NLP) method
that looks for textual evidence. Acting as experts, the authors verified the degree of interest
for each work in each question to confirm the gap. Finally, the most exciting works were
analyzed to find potential improvements for the model. This method has been described
and validated in [71-75] and it is represented in Figure 5 where the following Table 8.
Tables 9-11 of this document have been allocated.

Table 8. Bibliography search criteria and cluster for textual alerts.

Concept

<Cluster> (For Textual
Alerts)

Metadata and Operators
(For the Search Portal)

Keywords
(For Textual Alerts)

OPEN INNOVATION

Collaboration, business,
market, technology, supply,
value, chain,
dynamic, model

Open innovation,

(‘Model-based’ OR innovation

RISK MANAGEMENT

‘systems engineering’)
Risk, management,
opportunity, event,
probability, impact,

exposure, model, method

(‘artificial intelligence’
AND ‘natural language
processing’

Risk management, risk

PROGRAM
GOVERNANCE

AND ‘automatic

: Program/programme,
transformation”)

public, private, data, quality,
open data, process, target,
objective, plan, policy

Governance , govern
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Research Institutions'
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Common Choose a Research Define the Readings
derstandi database Search Search Criteria for the
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: Experts'
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Disertation
and Experts' v '
Knowledge ( N i
Use the Portal Search
' Engine '
.| Define research Download interesting
7 questions readings (PDF) !
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Model textual alerts Use of the textual
for answering the » alerts within each € -------------
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Table 9 v
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—~—_
Table 10 Table 11

Ready for
conclusions

Figure 5. Research materials and methods summary. Table captions are for tables in this text.

Table 9. Textual alert composition with extended clusters.

Question Filter Cluster Context Cluster [Pattern 1] [Pattern 2]
(Q3) Is MBSE-NLP—AI k?elng . The reverse of
used in open innovation Keywords Cluster <Filter>. . .<Cluster> attern 1
environments? p

(Q4) Is MBSE-NLP-AI being

used for risk management? Keywords Cluster <Filter>. . .<Cluster>

The reverse of

pattern 1

(Q5) Is MBSE-NLP-AI being

used for governance? Keywords Cluster <Filter>. . .<Cluster>

The reverse of

pattern 1

Table 10. Question and research utility validation (R = relevant; I = interesting but not necessarily

relevant; IR = irrelevant).

Bibl hy Index (DOI) and Titl Verification
1d ibliogra ndex and Title
grapiy Q3 04 Q5
https://doi.org/10.1016 /j.compeleceng.2024.109409 A systematic review of
e 1 . O . IR R I
trustworthy artificial intelligence applications in natural disasters
https://doi.org/10.1016/j.compind.2021.103447 Data science for engineering I I R

design: State of the art and future directions
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Verification
Id Bibliography Index (DOI) and Title
Q3 Q4 Q5
https://doi.org/10.1016 /j.compind.2023.103996 Automatic definition of engineer
3 . R IR IR
archetypes: A text mining approach
https://doi.org/10.1016/j.compind.2025.104251 Automated construction contract
4 analysis for risk and responsibility assessment using natural language processing and I R IR
machine learning
https://doi.org/10.1016/j.datak.2023.102246 The power and potentials of Flexible
5 ; e . . IR IR I
Query Answering Systems: A critical and comprehensive analysis
https://doi.org/10.1016/j.jmsy.2024.10.011 Interoperable information modelling
6 leveraging asset administration shell and large language model for quality control IR IR I
toward zero defect manufacturing
7 https://doi.org/10.1016/j.autcon.2022.104391 IM-based construction safety risk I R R
library
https://doi.org/10.1016/j.autcon.2023.104951 Generating risk response measures for
8 . . . IR R IR
subway construction by fusion of knowledge and deep learning
https://doi.org/10.1016/j.cja.2021.08.016 Large-scale real-world radio signal
9 e . . IR I IR
recognition with deep learning
10 https://doi.org/10.1016/j.jnca.2021.103210 A selective ensemble model for cognitive I IR R
cybersecurity analysis
1 https://doi.org/10.1016/j.aej.2025.01.028 Applying multi-criteria decision-making to I I IR
text analysis for optimizing engineering knowledge management
https://doi.org/10.1016/j.aei.2024.102653 A platform-based Natural Language
12 processing-driven strategy for digitalising regulatory compliance processes for the R IR IR
built environment
https://doi.org/10.1016/j.aei.2024.102735 Intermediate representations to improve the
13 . ; g . I IR IR
semantic parsing of building regulations
https://doi.org/10.1016/j.inffus.2024.102795 Has multimodal learning delivered
14 : . ) . . IR I IR
universal intelligence in healthcare? A comprehensive survey
https://doi.org/10.1016/j.procir.2023.03.125 Requirements extraction from
15 . . . . . . I IR IR
engineering standards systematic evaluation of extraction techniques
16 https:/ /doi.org/10.1016/j.mfglet.2024.09.143 High-resolution time-series classification R I IR
in smart manufacturing systems
https:/ /doi.org/10.1016/j.cscm.2024.e04014 Frost durability of cementitious materials:
17 , I I IR
What's next?
18 https://doi.org/10.1016/j.jestch.2024.101675 Innovative agricultural ontology IR I IR
construction using NLP methodologies and graph neural network
https://doi.org/10.1016/]j.teler.2024.100173 Advancements in natural language
19 . S L IR I IR
processing: Implications, challenges, and future directions
20 https://doi.org/10.32604 /cmc.2022.027223 An Efficient Stacked-LSTM Based User I IR R
Clustering for 5G NOMA Systems
1 https://doi.org/10.32604/cmc.2024.041949 Software Vulnerability Mining and IR I IR

Analysis Based on Deep Learning
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Table 11. Improvements for the model from relevant readings (with literal text).
Potential
Id Reading Title Evidence for MBSE-NLP-AI KET Improvement for the
SAVE Model
Researchers have highlighted the
[76] A systematic review of importance of optimizing EWSs using
1 trustworthy artificial intelligence Al and XAl Al-driven decision- Al Governance
applications in natural disasters,  making with human expertise can lead
to better decision-making processes.
Design tools are producing increasing
amounts of data that can be exploited
[77] Data science for engineering  to support all the different phases of
2 design: State of the art and future  ED, including its most creative Models Systems Engineering
directions, aspects that are traditionally not
supported by classical
optimization-based methodologies
[78].Automatzc definition of Engineering archetypes have been . .
3 engineer archetypes: A text : Al Systems Engineering
e defined here as clusters of competences
mining approach,
Despite the vital role of construction
[79] Automated construction cgntmcts mn de'termlnzng the risks,
. . rights, and obligations assigned to
contract analysis for risk and . . .
g . contracting parties, an exhaustive
4 responsibility assessment using . NLP Governance
. analysis of lengthy contract
natural language processing and gy o
. X documents during tight bidding
machine learning, . .
schedules remains a persistent
challenge.
A commercial digital tool (SafetiBase
in 3D Repo) that is being actively
employed by the industry on
[80] BIM-based construction BIM-enabled projects, the creation of a g1
7 safety risk library, foundational library of health and Models Building
safety knowledge that is accessible and
open to further enhancement is a
further contribution of the research.
To adapt to the complex and changing
construction environment and achieve
[81] Generating risk response sczentg&c prevent'zon u.nd pre-control
) of accidents, the intelligence level of
measures for subway construction . . . g1
8 . the decision-making practice relevant Al Building
by fusion of knowledge and deep N
learning to construction risk management . ..
! should be improved. This study
proposed a method to generate risk
response measures.
[82] Applying multi-criteria Futu're 'dzrectzon: Use Al-driven
- A . predictive models to forecast the
decision-making to text analysis . .
11 L o long-term impacts of alternative Al Governance
for optimizing engineering > ;
decisions, enabling robust
knowledge management, e .
multi-period analysis.
A platform-based approach for
digitalising regulatory requirements
[83] A platform-based Natural Processing Spaiing guthormg, .
. . designing and compliance checking
Language processing-driven was presented. The proposed approach
12 strategy for digitalising P ‘ prop PP NLP Systems Engineering

regulatory compliance processes
for the built environment,

comprises of several tools integrated
together as required with the processor
of corpus of regulatory documents
underlying the whole platform
accessed by all the various tools.
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Table 11. Cont.
Potential
Id Reading Title Evidence for MBSE-NLP-AI KET Improvement for the
SAVE Model
This paper presented the analysis of
[84] Frost durability of trends in research on the FT durability
17 cementitious materials: What's of concrete. The key innovation of this NLP Building
next?, research lies in the systematic
application of semi-automatic NLP
PRISMA guarantees a comprehensive
[85] Advancements in natural a’nd impartial .examma’tzon Of the
. L literature, while NLP identifies the
19 language processing: Implications, NLP Governance

challenges, and future directions,

most significant terms, offering
equitable and comprehensive
summaries.

3. Results Summary and Discussion

Using the ScienceDirect portal, 92 works were found. After eliminating inaccessible
or out-of-scope readings, 21 works were selected for textual processing, with alerts and
further analysis by the authors. The results are shown in Table 10. The data were stored in
Excel™ tables. Notice that 90% of the reading represented an interest in more than one of
the questions or relevant results to consider MBSE-NLP-AI, as shown in Table 11.

As can be seen, there are interesting and relevant readings for each question, but, statis-
tically, risk management and innovation (37% and 26%, respectively) are more significative
than governance (10%). Governance could be missing in engineering and research.

At this point, it is possible to say that recent research works combine AI, NLP, and
models, automatizing several supervisory tasks, thus potentially improving governance,
engineering (as in buildings), and systems engineering. There are other large research
databases to explore before labeling these results as definitive but none of the found works
covered the MBSE-NLP-AI combination, which motivated this research. Regarding the
results and despite the statistics, they might not be representative unless more research
databases are used, Al is used for governance, NLP is cross-cutting, and models are used for
engineering in general. Regarding governance, none of the references specifically focused
on program supervision.

4. Conclusions and Next Steps

The SAVE model presented in this work is a plausible framework for approaching a
transformative impact on an agri-regions or rural areas from an engineering perspective.
This approach is notably distinct from that of the social sciences, yet it remains complemen-
tary. The model can be adapted to various rural regions, regardless of the paradigms or
disciplines involved, as long as they share the common goal of achieving smart governance
in the era of information technologies. This also facilitates collaboration with other coun-
tries for diverse purposes while addressing similar needs to promote the smart agri-region
value engineering concept, ultimately aiding in the escape from the “middle-income trap”
through the adoption of foreign technologies. This initiative aims to establish a knowledge
base that facilitates international technological cooperation governance while enhancing
collaboration within the building sector, which is recognized for its exemplary practices. To
achieve this, program governance must focus on various metrics that are more cost-effective
than detailed engineering approaches.

The primary conclusion of this work is that there exists a potential deficiency in R&D
projects focused on the advanced application of drones for construction or solar energy
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within a circular economy framework. This sets the foundation for replication, as typically
funded by the European Commission. However, there is sufficient knowledge available to
begin reusing existing resources, thereby avoiding the need to reinvent the wheel.

As in this work, the academia can play an important role by improving interdisci-
plinary but independent research.

The second conclusion of this work suggests that a region or country is likely to acquire
specific tools for engineering reporting at program governance levels (MBSE-NLP-AI) to
promote the smart agri-region value engineering concept. If necessary, this could involve
activating the public procurement of innovation, as outlined in guidelines [86]. However,
the lack of emphasis on governance within the engineering research community may pose a
significant obstacle. Further steps in this research necessitate a regional intercomparison of
Al capabilities to assess whether key concepts, such as smart agri-region value engineering,
can be effectively implemented in real-world scenarios. This includes the establishment
of solar energy plants for a circular economy and the inspection of rural building rehabili-
tation, both of which are interconnected systems reliant on communications and services.
These concepts are highly replicable across various Mediterranean regions. Another way
to progress is to participate in an international R&D and innovation project but, to do so,
it would be necessary to reassess the demographic similarity assessment to the partici-
pant countries and regions, and to deeply assess the digitalization policies and economic
structures of such regions. For example, Extremadura offers digital twins and R&D grants
accessible to SMEs. The latter facilitates the engineering of SAVE agri-regional systems
and others, under European Research Area (ERA) policies [2]. Digital twins, however,
require reverse engineering and development—essentially systems engineering—which
face specific challenges such as interoperability due to neutral technology regulations.
This highlights the need for research into regulatory gaps that affect the use of systems
engineering practices for governing System of Systems (SoS). While digital twins do not
pose physical risks, they can produce relevant social, environmental, and technical KPIs
during development, much like physical systems. In this context, the region also benefits
from innovation infrastructures [87].

The engineering work products could be further processed by MBSE-NLP-AI tools to
generate a smart program governance demonstration. Additionally, they could be utilized
in a pilot program in Extremadura, which aims to verify the contextual assumption that
engineering professionals can prioritize rural areas. This would involve incorporating
a social assessment within the pilot, where mobility and aeronautics could significantly
contribute by expanding research into the application of these disciplines.
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