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Abstract: The decarbonization of cities is a priority for the European Union (EU). Fossil fuel and gas
supplies need to be replaced with local renewable energy sources with a relevant increase in efficiency
within 20 years in order to cap environmental, social, and economic negative impacts, and this cannot
do significant harm. In this context, smart city development frameworks focused on mitigation,
adaptation, and measurement not only collaborate in providing governance for sustainability but
also facilitate the materialization of such sustainability along lifecycle engineering processes for
decarbonization solutions. To achieve these goals, we must face the interoperability challenge and
make information accessible for engineering and sustainability governance systematically. A starting
point is to validate the models, data, and harmonized metadata. In this paper, the authors provide
results that validate the utility of a conceptual model for interoperable smart and sustainable urban
energy systems (ISSUESs). The validation is carried out for an urban energy system with a high
potential for decarbonizing southern European smart cities and integrating several commercial solar
technologies using academic bibliography and natural language processing (NLP) techniques.

Keywords: systems engineering (SE); interoperability; sustainability; urban energy model; smart city;
urban energy systems

1. Introduction
1.1. Social and Economic Context

Large and even medium cities in Europe (>20,000 inhabitants) have a problem with
air pollution, and this may cause diseases in the inhabitants [1]. Even though pollution has
been declining during the last decade due to the use of more efficient cars, fuels, public
transport, and other new policies after COVID-19, the air quality goal of the Zero Pollution
Action Plan by 2030 [2] is not guaranteed. Health experts and governments have recently
reviewed safety thresholds for air pollution [3]. The war in Ukraine and the International
Energy Agency’s (IEA) forecast for fossil fuels peaks [4] by 2030, including natural gas,
define the urgent need for decarbonizing transport and building acclimatization that now
represent more than 50% of greenhouse gas emissions in EU27, with 80% of the 50% coming
from cities, according to the European Environment Agency (EEA).

The EU aims to reduce greenhouse emissions to at least 55% [5] of the 1990 levels by
2030. This target aims to stimulate green job creation, resilience, and a new economic model
based on clean energy technologies. This is an essential challenge for the education system,
industrial enterprises, and service providers, but it must also represent an opportunity for
rural communities worldwide.

Regarding industrial enterprises, certain solar technologies use recyclable raw materi-
als, like polymers [6], or give a second life to existing products, parts, or subproducts, thus
promoting a real circular economy. Those products can be manufactured and used in rural
areas to create quality jobs as long the energy market traction sales is the case of new urban
energy systems. The same manufacturing facilities can then address rural buildings and
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the needs of people in poor countries by manufacturing solar thermal water heaters and
solar photovoltaic cookers [7], respectively.

However, decarbonization is also a big challenge because it requires strong alignment
between concerned agents at different responsibility levels, and each decision must cope
with the risk and opportunities, as mentioned in the example. Furthermore, the vast
amount of data requires digital tools as well as proper and inclusive governance and policy
for effective climate action [8].

1.2. Smart City Development Frameworks

Smart city frameworks like the Centre for Innovation in Technologies for Human
Development of UPM University of Madrid (ItdUMP) focus on three main themes: “mit-
igation, adaptation, and climate change measurement” [9], and the European Institute
of Innovation and Technology (EIT) Climate—KIC initiative focuses on innovation for a
“prosperous, inclusive, climate-resilient society with a circular, zero-carbon economy” [10].
These frameworks promote collaboration between cities to enable learning and maximize
success. Innovation is always risky so it is necessary to use public resources for designing
new services for the cities, such as those the NetZeroCities EU project will provide [11].

Regarding governance for sustainability, enterprises are already progressing thanks
to standards and guidelines covering different organizational and structural levels, and
new obligations regarding subcontracting potential negative impacts [12]. For example, at
a corporate level, a growing legal framework is applied to governance risk and compliance
reports (GRC) and the voluntary Sustainable Development Goals (SDGs), and at a system
level, by the EU Green New Deal’s taxonomy for sustainable activities for public (and
private) funding. At a product level, enterprises comply with the EU regulations for
eco-design and voluntary lifecycle footprint assessments. It seems rational to transfer
good practices for sustainability to smart cities in a broader context than the sustainable
public purchase of products and services already allows. This requires consultants with
environmental safety (prevention of environmental damages) and social development skills
because, as already mentioned, decarbonization can also be promoted due to air quality
actions, and there is a real expectation for creating green jobs. An example of this transfer
is to tailor the U4SSCC guidelines for investment-grade projects [13] with experts in order
to plan better investments.

Currently, smart cities promote public- and private-owned district heating in Europe,
and there will be a need to refurbish more than 20 million homes [14]. The EU Green New
Deal considers district heating and cooling networks, and Spain is no exception. We can
imagine the public barriers to those agents promoting a private-owned district heating
design (able to provide opportunities to use sustainable solar goods) when the replacement
of a large water network was planned years ago and was ready to build, when the district
heating design involved the same streets. Collaboration would result in economic savings
and a potential contribution to urban resilience. In order to obtain that level of economic
efficiency, accurate data and knowledge generation capacity will be required in order to
detect these outcomes and the other emerging situations that a smart city will face that are
not included in the urban plans.

1.3. The Interoperability Challenge

In terms of data and knowledge, it is mandatory to discuss the diverse types and
levels of interoperability (i.e., the ability of a system to work with other systems by ex-
changing information). The recently updated European Interoperability proposal [15] is a
common model to facilitate the delivery of services to smart cities and communities. There,
interoperability governance is key for managing complexity, and this is materialized in
the information technology (IT) sector. We cannot leave aside other systems like water,
sanitation, transport, and energy supply that engineers design in Spain, including indus-
trial and civil engineers as well as telecommunication ones. Engineering systems demand
specific and normalized practices and tools, including interoperability management, along
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the systems engineering lifecycle that is described according to ISO 15288. It seems rational
to transfer such good practices in systems engineering to the development of smart cities,
starting by from transferring the sustainability requirements, measurements, and verifi-
cation of such requirements at any organizational or structural level, and this is also the
intention of the INCOSE Smart City Initiative [16] supporting municipalities and public
agencies in adopting smart technologies. Such requirements need to be reused, adopting
new viewpoints [17] and essential activities [18] that are assisted by experts.

2. Materials and Methods
2.1. An Interoperable Smart Sustainable Urban Energy System (ISSUES)

At this point, due to the apparent complexity of joining systematic interoperability
with sustainability governance for smart cities, the authors introduce here a conceptual
model and provide proof of its utility called the Interoperable Smart and Sustainable Urban
Energy System model in order to contribute to SDG 7, 9, 11, 13, and 16 in cities. A concise
explanation of the model is as follows:

e Itisinteroperable, as the model uses the information model RSHP [19], a model able
to manage engineering and not-engineering knowledge, which can be exported to
several ontology formalization languages (SKOS-RDF, OWL2) and altogether enable
interoperability in the smart city at engineering or organizational levels.

e Itis “smart”, as the model will smartly provide alerts about risk and opportunity
events, regulatory or standards changes, and more to the smart city without missing
the connection to rural areas and developing countries proactively like other models
for sustainability [20].

e Itis sustainable, as each knowledge contribution to the model, mostly coming from
academia and other knowledge centers but not limited to them, can be traced and
recognized, contributing over time to the city’s sustainability (fulfilling the needs of
current generations without compromising the needs of future generations).

e  Urban Energy Systems (UES) are systems that use energy to satisfy the demands
in urban areas, like heating, cooling, or transport. Those systems can be private
and public but characterized by a public-private collaboration [21] and the potential
of using renewable energy directly or indirectly, leveraging green and digital jobs
and resilience.

In the following diagram, the authors introduce a generic but simplified representation
of the ISSUES model containing concepts (professional skills, tools, processes, assets)
and relationships (enabling, use, communication, source of requirement) for three main
disciplines: engineering, systems engineering, and sustainability management (Figure 1).

In Figure 1, concepts are colored circles according to disciplines (green for sustainabil-
ity, blue for modern engineering, and yellow for systems engineering), and relationships
are colored arrows (to be explained later in Sections 2.4 and 2.7).

The ISSUES model can also be understood as a concept of a new enabling system for
smart city planners when generic but capable organizations like universities and other
knowledge centers, IT developers, and consultants collaborate in the mission to procure a
professional service for the following reasons:

e  Avoid the consequences of focusing only a limited range of renewable energy solutions
(urban energy systems based on technologies) to start the city decarbonization process
planning, missing other positive contributions to resilience for the city, the rural areas,
and the developing countries, too.

e  Reduce the risk of not transferring the sustainability targets to organizations, systems,
products, and services because of a lack of dialogue during the lifecycle of urban
energy systems engineering.

e  Minimize the risk of opportunism, monopoly, and inefficiency by the early promotion
of interoperability and sustainability management.
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e  Promote good practices in systems engineering to reduce, at an early stage, the risk that
can be generated by the different works, and, at the same time, to make opportunities
profitable and facilitate decision-making.
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Figure 1. Representation of the ISSUES model.

2.2. Purposes of Use of the Model
ISSUES model can be used for different purposes (example of use cases):

Detect how interoperable a smart city can be.

Detect how sustainable an urban energy system can be.

Detect trends for smart city design.

The previous use cases involve public planners, technical advisors, developers, and
engineering firms so that any of them can benefit from the model.

2.3. Innovation

e  The ISSUES model is new, and this corresponds to the result of the initialization of an
interdisciplinary research study. The preliminary bibliographic search provided no
evidence of the existence of such a model for smart cities combining the main concepts.

2.4. Need for Validation of the Model

Despite the model being based on the authors’ experience with explicit data, starting
to provide validation is mandatory in order to transfer it to the smart city planners. The
model also needs adaptation to the UES for every use case to be performed well.

At this point, it is necessary to mention that some relationships of the model (green
arrows in Figure 1) are already covered by the Spanish industrial safety and security
innovation framework (PESI), which connects risks and technological solutions [22], and by
the Spanish INCOSE’s Systems Engineering ecosystem, such as the one between “reliability,
maintainability”, and “environmental safety,” which uses predictive solutions based on IoT
devices to extend the life and to detect any potential harm to the environment. “Education
and training” and “environmental safety” are also relevant because innovating in the field
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of hazard prevention at work awakens sensitivity to environmental impacts like noise or
objects falls.

2.5. Urban Energy Systems for Validation

The first demonstration of validation is being carried out in this publication for a
mature UES and the use of detecting trends for smart city design. The selected UES is an
urban renewable energy-powered district heating. This system has a high potential for
decarbonizing southern smart cities because Spain is a natural oil and natural gas importer,
and removing pollutants emitted by private buildings’ boilers is possible by replacing the
heating fuels with local energy sources, such as biomass (saving forests from fires) and solar
energy, and the fact that the average home thermal energy consumption is more significant
than the electric one, as IDAE [23] and Eurostat [24] show, and will still be this way despite
the increase in the energy efficiency of the envelopes.

A district heating system consists of clean heat generators from biomass, biogas, solar
thermal, solar photovoltaic, and geothermal, and it uses water networks, energy storage
subsystems, and heat exchange substations in each private building or group of facilities,
including public and industrial ones, as well as offering the possibility of recovering waste
heat and/or also surplus industrial solar energy (including the solar thermal type).

2.6. Research Methodology for Validation of the ISSUES Model

The authors use a process for searching for information from metadata-indexed docu-
ments in science portals (ScienceDirect) and subprocesses in order to use Natural Language
Processing (NLP) like text mining, which is described in [25]. Text mining for text extraction
saves time so that the number of documents is the maximum that the portal can provide
with a low risk of loss [26]. Figure 2 represents the methodology graphically.
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Figure 2. Methodology representation.

Notice that some risk has been identified in the process map with exclamation marks,
and the information inputs and outputs are mentioned. The relationship between activities
implies a temporal constraint and information exchange, but other information exchanges
are also represented.

2.7. Questions Using the Model

The 6-step process has the purpose of helping to answer some questions for the ISSUES
model in order to demonstrate utility (see the red arrows in Figure 1):

e (Q1) Do Environmental Safety and Circular Economy relate to the Smart City and
the Urban Energy System design? (This is by looking for if Environmental Safety is
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treated as a requirement of a Circular Economy to be more sustainable as required by
the EU Taxonomy [27].).

e  (Q2) Are Sustainability Advisors following or promoting Systems Engineering prac-
tices in the Smart City? (This is by looking for Systems Engineering tools related to
the need to trace goals to establish correspondence while using different Sustainability
frameworks like SDG and GRC.).

e (Q3) Have Systems Engineering practices potential for District Heating? (This is
by looking for popular digitalization paradigms supported by systems engineering
practices like digital twins that depend on technical interoperability involving asset
management tools.).

e  The selected questions are good examples of interdisciplinary research. They represent
the use of 3 of the 15 ISSUES of model discipline interface relationships (in orange), so
20% of the relationships could be enough for a first validation.

2.8. Population of the Ontology

Let us assume that the number of documents is representative and that the answers
to the questions are affirmative. In that case, we can presume that it is worth investing in
more research and adding more bibliographic sources. Still, if there is not enough evidence,
it is necessary to improve the information elements (keywords, textual alerts, etc.) in order
to iterate.

2.8.1. Search Engine

As represented in the first task in Figure 2, a set of keywords is defined in the formed
team based on the ISSUES model elements (concept or relationship) at two levels: the
elements’ level and the three disciplines containing those elements.

e Keywords are used in the search portal as metadata, and for this demonstration,
“smart city” and /not “district heating” were selected, since there is a lot of content
about this topic in the search portal. The relationships chosen for the demonstration
were just three of the ten represented in the ISSUES model.

e  Other keywords content combined with the Boolean operators or not, as defined by
the ISSUES model elements. The search portal imposes restrictions, so iteration is
necessary to define simple but relevant words.

e  Alist of words corresponding to the internal domain of each ISSUES model element is
generated for the further composition of textual alerts (or semantic alerts) in order to
analyze the documents internally. These words are grouped in clusters.

2.8.2. Alerts” Composition

After searching for documents in the search portal and composing a repository with
non-repeated documents with interest, it is time to use a tool for analyzing documents
internally and providing reports with the findings systematically, if there are any.

e  The alerts are work products (and assets) designed to provide relevant information to
answer the questions. A role that only suggests and asks for validation is called the
knowledge manager, which is responsible for configuring the alerts.

e  The default composition of an alert is a filtering cluster (group of keywords) corre-
sponding to the subject of the questions and a closing cluster corresponding to the
second subject or the object of the same question, considering that only questions
about “smart city” and/or “district heating” are allowed.

e  The advanced composition of an alert is the same filtering cluster and a textual pattern.
This is a sequence of linked terms with syntactic and/or semantic meaning and the
reverse pattern to create a pattern group. When the text activates patterns, the closing
cluster’s result is unnecessary. For example, the pattern for Q1 will match with “safety
measures have been considered for recycling heat pumps” or the reverse, “recycling
processes consider safety measures to protect the environment”.
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The terms, the relationships (including clusters), and the textual patterns are three
levels of ontology, which can be published in a formal specification like OWL or RDF-SKOS,
and which can be shared to promote interoperability between those interested in replicating
and improving the model as well as looking for correspondence with other ontologies like
the smart city’s ISO 21972.

2.9. The Expert Analysis

The expert analysis takes as input the alert reports and the documents, and with this
information and their expertise, it can establish better answers to the common questions.

e  To distribute the analysis, a summary with data about the potential of each document
is given.

e As mentioned, there should be potential textual evidence. The knowledge manager
must suggest changes and ask for validation from the experts, and this is also compat-
ible with the use of systems engineering good practices like validation, verification,
and risk management, as described in ISO 15288, but also with top-level ontologies
described in ISO 21838 [28].

2.10. Publishing Results

Publishing results is the last step. Sharing results with the technical and scientific
community allows for the validation of the results with more experts and more points of
view. Sustainability must be based on good science, even though tailoring the ISSUES
model to a specific site requires more context and resources. Investing too much in refining
the model may be unnecessary, but in case it is, knowledge reuse due to the described
digitalization process allows us to do it quickly and affordably.

In some way or other, we are just helping the practitioners in the disciplines to join
efforts to avoid the white sheet syndrome, as we all need to progress quickly due to the
global challenges that we all face.

3. Results

The main results of this interdisciplinary study are the ontology (in the form of tables
after conduction iteration), the bibliographic references (where textual evidence is found),
and the statistics regarding the effectiveness of the search according to the opinions of
the experts.

Tables 1 and 2 summarize the ontology elements that are used for the demonstration af-
ter one iteration for the metadata, the minor changes of the clusters derived from the model
concepts, and the textual alerts. Table 3 summarizes the bibliographic references found and
an expert judgement about each reference in order to help to answer the questions given in
Section 2.7.

Note that the “Type of Element” column in Table 1 refers to the ISSUES model element
(concept or relationship), and that the “Filter”, “Context,” and “Patterns” columns in Table 2
refer to the model relationships.

Note that for the patterns, the symbols “+” and “|” are the AND and the OR semantic
conditions, respectively, and that the terms are shown in a normalized form of almost any
morphological variation that is supported by the Natural Language Processing tool.

Note, too, that not all of the relationships or the elements have been included in the
ontology, as only a useful selection are included to answer the questions.

Using ScienceDirect as the search portal, 121 technical articles were found. After
removing the repeated results, 24 results were found, and 23 of them were accessible. For
this, one minor and quick iteration of the metadata and the keywords was necessary.

With a previous ontology that included the alerts, it was necessary to iterate on the
alerts once for the Q1 and Q2 alerts in order to obtain at least one result per document and
at least 5% of the total possible samples per question (two results).
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The results after the expert analysis of the work contributed to answering Q3 and Q2
affirmatively, but not Q1, just by counting only the “Rs” for each question. In the case of

Q2, the effectiveness of the whole process was 50%, and it was 28% for Q3.

Table 1. ISSUES model (ontology elements according to RSHP).

Type of Metadata and Keywords (for
Model Element M Operators (for the <Cluster> (for Alerts)
Element the Search Portal)
Search Portal)
Education and training concept education training, skills, engineering
Reliability and maintainability concept reliability maintenance, reliability, maintainability
. reuse | reduce | reuse, reduce, recover, recycle,
Circular economy concept )
recover | recycle circular economy
Systems engineering systems lifecycle/life cycle/ life-cycle, management
lifecycle processes concept engineering process, technical process,
validation, verification
Interoperability tools concept smart city AND data exchange guldehnes,. standard, c.h.g1tal, data,
district heating exchange, interoperability
Systems engineering tools concept systems tool, information
y & 8 P engineering | tools  technology/IT/ICT, engineering
Asset management concept asset management too'l, information technology/IT/ICT,
maintenance, value, investment, asset
. . . . sustainability, consulting, assessment,
Sustainability advisors concept consulting P . o
certification, advisory, responsibility
. environmental fault, danger, affection, impact, barrier, risk,
Environmental safety concept -
safety pollution, waste
Systems Engineering Information
. . . systems I
Technologies and relationship . . sustainability
O . engineering
Sustainability advisory
0 smart city NOT
Interoperability and . . I . . s
relationship district heating interoperability asset management
Asset management
Circular economy and relationship circular economy  environmental safety

environmental safety

Table 2. Questions and alerts (ontology knowledge assets according to RSHP).

Question Filter Cluster Context Cluster [Pattern 1] [Pattern 2]
(Q1) Do Environmental Safety and safety | circular + ... +
Circular Economy relate to the environmental, circular economy, <circular econ- The reverse of
Smart City and the Urban Energy = environment safety, circular omy> | <Environmental pattern 1
System design? safety>
o . advise | provide | asset |
(Q2) Are Sustainability Advisors -
. . R goals, responsibility, study | evaluate + ... +
following or promoting Systems sustainability, 1. . . The reverse of
. > N . targets, traceability, <Systems engineering
Engineering Practices in the sustainable R pattern 1
. trace, relate. tools> | <Sustainability
Smart City? .
advisors>
. . imulation, 1
(Q3) Have Systems Engineering simulation kno.w.edge
. . . management, digital
practices potential for District systems (none) (none)

Heating Engineering?

twin, model,
engineering
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Table 3. Questions and model utility validation. Notation: R = relevant; I = interesting but not

necessarily relevant; IR = irrelevant.

Bibliography Index (DOI) Hyperlink + Title

Validation by Experts

Q1 Q2 Q3

https://doi.org/10.1016/j.cities.2022.103794 (accessed on 6 July 2023) Future smart cities: requirements, emerging

technologies, applications, challenges, and future aspects IR R IR
https://doi.org/10.1016/j.seta.2021.101170 (accessed on 6 July 2023) Development and analysis of an integrated R R
solar energy system for smart cities
https:/ /doi.org/10.1016/j.enbuild.2021.111535 (accessed on 6 July 2023) Estimation, analysis, and mapping of IR
electricity consumption of regional building stock in a temperate climate in Europe
https:/ /doi.org/10.1016/j.rser.2017.10.099 (accessed on 6 July 2023) Fuzzy rough set based energy management 1
system for self-sustainable smart city
https://doi.org/10.1016 /j.neucom.2020.01.124 (accessed on 6 July 2023) Predicting energy cost of public buildings I
by artificial neural networks, CART, and random forest
https://doi.org/10.1016/j.renene.2017.04.034 (accessed on 6 July 2023) Geothermal assessment of the Pisa plain,

. . R R
Italy: Coupled thermal and hydraulic modeling
https://doi.org/10.1016/j.envsoft.2013.12.019 (accessed on 6 July 2023) Smart sustainable cities e Exploring ICT I I R
solutions for reduced energy use in cities
https://doi.org/10.1016/j.ifacol.2022.08.054 (accessed on 6 July 2023) Using IoT for Automated Heating of a Smart IR
Home by Means of OpenHAB Software Platform
https://doi.org/10.1016/j.egyr.2022.09.208 (accessed on 6 July 2023) Sustainable cooling and heating in smart cities I I
using solar energy system planning
https://doi.org/10.1016/j.renene.2012.05.017 (accessed on 6 July 2023) Urban energy systems with smart IR I
multi-carrier energy networks and renewable energy generation
https://doi.org/10.1016/j.rser.2016.02.023 (accessed on 6 July 2023) Trends of European research and development R I
in district heating technologies
https://doi.org/10.1016/j.rser.2020.109922 (accessed on 6 July 2023) Smart energy cities in a 100% renewable I I
energy context
https://doi.org/10.1016/j.egypro.2015.07.157 (accessed on 6 July 2023) Smart District Heating: Distributed I
Generation Systems’ Effects on the Network
https://doi.org/10.1016/j.ifacol.2022.08.053 (accessed on 6 July 2023) Electrical grid flexibility via Heat Pump and R
Thermal Storage Control
https://doi.org/10.1016 /j.apenergy.2021.116640 (accessed on 6 July 2023) Smart electric vehicle charging strategies R
for sectoral coupling in a city energy system
https://doi.org/10.1016/j.egypro.2017.12.663 (accessed on 6 July 2023) The role of ICT in creating intelligent, I
energy efficient buildings
https://doi.org/10.1016/j.renene.2022.08.070 (accessed on 6 July 2023) The potential of intermediate-to-deep R I
geothermal boreholes for seasonal storage of district heat
https://doi.org/10.1016/j.est.2022.105478 (accessed on 6 July 2023) Simultaneous effect of biochar-additive and IR
lightweight heat exchanger on phase change material for low-grade thermal energy storage
https:/ /doi.org/10.1016/j.enbuild.2016.09.068 (accessed on 6 July 2023) Applied machine learning: Forecasting I
heat load in district heating system
https://doi.org/10.1016/j.applthermaleng.2021.117438 (accessed on 6 July 2023) Design of a solar district heating R
system with seasonal storage in Italy
https://doi.org/10.1016/j.egypro.2018.08.167 (accessed on 6 July 2023) Assessment methodology for urban excess R
heat recovery solutions in energy-efficiency District Heating Networks
https://doi.org/10.1016/j.egypro.2015.11.064 (accessed on 6 July 2023) Chasing Smart Communities standards: R
lesson learnt from Geothermal Communities project in Montieri (Italy)
https://doi.org/10.1016/j.segy.2021.100041 (accessed on 6 July 2023) The impact of limited electricity connection R

capacity on energy transitions in cities
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4. Discussion

Regarding ISSUES model innovation, the things mentioned in Section 2.3 was verified,
since Table 1 included the search of three relationships of the ISSUES model just for smart
cities and not for district heating, and the result provided no other similar study currently,
despite the fact that interdisciplinary research is inherent to the design of smart cities.

Regarding the implications and the validity of the results obtained, this is time-
dependent given that new publications could cover some of the gaps in the future, and
there could also be more literature in non-scientific publications that should be considered.
Despite this, the results obtained define the model utility because the experts” knowledge
was used for searching “documents” and defining “ways of answering” the questions for a
specific urban energy system in smart cities.

An improvement of the alerts is needed to attend to Q1, and an increase in the
documentary sources could contribute to it, but this would be necessary in order to extend
the analysis to non-academic documents, as previously mentioned.

Regarding data issues, the more experts and dialogue there are, the more populated
the alerts related to questions will be, and, obviously, the more results will thereby be found.
There is a compromise between keeping the model visual or expanding it that the ontology
management can solve by including new relationships between the model elements and
providing new views, too.

5. Conclusions

The first conclusion of this work is that there is little evidence that environmental
safety is related to the circular economy in the smart city energy design or its energy
models according to the accessible literature. Currently, environmental safety is part of the
environmental assessments developed and maintained by sustainability advisors, and a
district heating with biomass from forest management and/or biogas or heat from urban
waste management plants or datacenters that make a city smarter are good examples of
the circular economy being applied to sustainability. The potential lack of knowledge
about this relationship should be attended in the educational system of future engineers, as
suggested by the Spanish Engineering Observatory [29].

The second conclusion is that sustainability advisors are following systems engineering
practices for smart cities, perhaps not in a standardized way but in their professional
practice. The number of sustainably standards, metrics, and goals to be verified are close
to systems engineering validation and verification (IV&V) activities for which traceability
is mandatory. This justifies the efforts to involve this important role in technical and
managerial processes, which are well described by INCOSE.

The third conclusion is that district heating, a kind of urban energy system with
the capability of decarbonizing the urban heat and cooling demand, has an important
potential to use systems engineering practices, including technical interoperability, in
their challenge for a more secure/safe, affordable, and clean system, but, nevertheless,
explicit interoperability requirements are necessary to contribute effectively to resilience at
a minimum cost, such as, to take one example, by checking if harmonized data of public
infrastructure has been used during engineering.

The ISSUES model has demonstrated utility in providing relevant information to
the experts, with 50% effectiveness in helping to answer three questions (not less than
28% per question). The model can save time for the experts, and it is ready to enroll more
interested experts and stakeholders on continuous model construction, utility validation,
and application in real projects.

Our next suggested step is to activate collaborative vocabulary enrichment and control
activities and to include quality assurance automation for some manual tasks in order to be
ready to extend the utility validation with more relationships and more document sources
that correspond to a second UES. After that, it would be possible to transfer the model to
open ontology formats in RDF-SKOS or OWL. More literature should also be reviewed
about interdisciplinary research for model construction after this initializing stage. Using
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the ISSUES model in another UES, such as photovoltaics and heat pumps in buildings, can
also be considered in the next step.
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