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Abstract: In the current climate emergency context, many national and international organizations
have adopted measures to integrate sustainability and Sustainable Development Goals (SDGs) in
all their fields of action. Within education, steps have been taken to incorporate the perspective of
sustainability at all levels. This process has also started at the university since it plays a fundamental
role in the strategy for the implementation of specific policies to promote sustainability. However,
sometimes it is difficult to include this type of knowledge in the curriculum, due to the lack of
flexibility of the university structure or the lack of time to cover the syllabus. In this scenario, civil
engineering plays a main role as a fundamental activity in the creation of services and infrastructures
with a high environmental impact. The objective of this study is to show a multidisciplinary approach
to working on sustainability in a transversal way in the civil engineering degree and to analyze
the impact that this type of initiative can have from the learning point of view. The study shows a
curricular trajectory supported by problem-based learning and project-based learning designed to
promote sustainability in the practice of civil engineering. The good results obtained in the evaluation
of the project and the growing incorporation of the SDGs in the final degree projects suggest that this
methodology can be implemented by other university degrees.

Keywords: civil engineering; university; project-based learning (PBL); Sustainable Development
Goals (SDGs)

1. Introduction

Since the beginning of the 21st century, the increasingly pressing climatic and environ-
mental emergency in which we live has conditioned the agenda of the different national and
international organizations, making the challenge of a more sustainable society the center
of all development strategies. After having established the Millennium Goals in 2000, at the
United Nations Conference on Sustainable Development held in Rio de Janeiro in 2012, the
development of the road map to face the environmental, economic, and political challenge
began, through the establishment of the Sustainable Development Goals (SDG) [1]. These
were the bases for the subsequent adoption of the 2030 Agenda for Sustainable Develop-
ment, approved in September 2015 by the General Assembly of the United Nations [2],
which was implemented as a reference guide for the work of the international community
until 2030. The SDGs coincided with another historic agreement reached in 2015, the Paris
Agreement, approved at the Conference on Climate Change, with the aim of limiting global
warming to below 2 ◦C per year, preferably 1.5 ◦C, compared to pre-industrial levels [3].
All these agreements confirm the pillars on which the work of the current scientific and
educational community is based.
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The 2030 Agenda establishes 17 goals to be achieved by the year 2030. Within these
SDGs, specific goals are established in the face of global challenges such as the climate
emergency and environmental degradation, the elimination of poverty and inequality
(which are growing), and social and environmental justice.

After five years of validity, and despite the progress made, the objectives are still
far from being achieved [4]. Ten years before the deadline, the outbreak of the pandemic
caused by COVID-19 has had a strong impact on the agenda and the achievement of the
objectives. If, in the short term, the priority of the states is to control the spread of the virus,
in the medium and long term, the Agenda can provide an adequate framework to guide
the recovery from the crisis caused by the pandemic. Therefore, far from abandoning the
road map, it is more urgent than ever to accelerate its achievement. In this sense, education
in general, and higher education in particular, can serve as a vehicle to train the society
that will have to face these global challenges and investigate the tools that will be needed
to accomplish the targets.

1.1. A New Agenda for Higher Education: 2030 Goals

Facing all these challenges requires the involvement of the entire society, and, hence,
it is necessary to provide knowledge, skills, and values to society as a whole, for which
education is essential [5]. In this sense, universities, with their role of teaching, research,
and knowledge transfer, are essential actors to address the challenges posed by the agenda
and achieve the SDGs, even affirming that “it is probable that none of the SDGs can be
fulfilled without the implication of this sector” [6]. It is, therefore, an opportunity for
universities to establish a new strategy for higher education and try to incorporate certain
values and practices related to sustainability in their mission and fundamental values [7].

National and international organizations have promoted the inclusion of Education
for Sustainable Development in educational programs, and many universities have begun
to integrate sustainability into their studies, but this integration is still far from being an
obligation, so the systematic application from a global approach and the evaluation of
progress and results remains a challenge [8]. The organizational and managerial structure
of the university and the national accreditation processes make the implementation of
new content a difficult or at least slow task. For this reason, the inclusion of concepts and
activities related to sustainability within the curriculum depends, in many cases, on the
involvement of the teaching staff, who, mostly, have not received specific training either.

In this framework, in which it is difficult to modify the content of the subjects, the
activities focused on the acquisition of transversal competences are a good way to work on
the strategy of introducing sustainability in the different university degrees. Other more
global changes in the educational process have to be borne in mind, taking into account
aspects such as:

• replacing the static and fragmented vision of reality with a complex and dynamic
vision;

• reinforcing interdisciplinarity to promote holistic and relational thinking; and
• improving the functionality and contextualization of teaching, incorporating the study

and treatment of local and global problems.

For the establishment of training activities, it is important, therefore, to have multidis-
ciplinary teams, since they increase the capacity to understand the complex challenges that
the world currently faces [9]. Therefore, in this work, a set of training activities has been
created in different subjects of the same grade, aimed at integrating sustainability into the
curriculum while improving the understanding of problems from different approaches
and, therefore, the application of solutions to current challenges from different disciplines
is encouraged.

1.2. Sustainability in Civil Engineering Degrees

Civil engineering is the branch of engineering in charge of the design, building,
and maintenance of all infrastructures related to transport, water, and energy supply
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systems. It is a strategic sector when it comes to facing the challenges that have arisen so
far. Transport infrastructures and the construction of buildings have a great impact on
the environment, require a high consumption of energy and raw materials, and produce
a large volume of waste [10]. For example, according to the European Commission, in
recent years, the transport sector has represented around a quarter (25%) of Europe’s
greenhouse gas emissions and is one of the main sectors responsible of the air pollution in
cities [11–13], especially due to the predominance of road transport in people and freight
transport [14,15]. Therefore, the sustainability of this sector would be crucial to achieve the
goal of reducing greenhouse gas emissions, reaching a reduction of approximately 40 or
50% in 2030 [16]. Hence, it is essential to train the professionals who will work in this sector
in topics such as the reuse of materials, the manufacture of new materials, sustainable
mobility, and the reduction of the environmental impact of the infrastructures that are built,
promoting the reuse and global analysis of projects from the economic, environmental,
and social sustainability point of view [17]. Different entities related to civil engineering
(such as professional organizations and associations) have carried out different types of
initiatives to incorporate this perspective in a practical way [18]. However, the lack of
specific training in issues related to sustainability among future professionals in the sector
is still an obstacle [10].

1.3. Research Background

The University of the Basque Country, similarly to other universities, has aligned the
work of the university with the great challenges of the planet and the 2030 Agenda [7,19],
adapting its strategy to be able to (1) involve the entire university community in the
achievement of the SDGs, (2) include teaching-learning strategies to achieve the objectives,
(3) create its own table of indicators of Sustainable Development so that development could
be measured, and finally (4) intensify collaboration with local environmental entities to
increase joint responsibility with respect to the SDGs.

In this global strategy, the UPV/EHU has also modified its educational model to be
able to integrate sustainability in a transverse manner. This model has been materialized
in the IKD i3 Project, which is an educational model in which teaching, research, and
sustainability are combined [20] with the aim of matching learning and facing the common
challenges.

In this project, a group of professors and lecturers who teach in the Degree in Civil
Engineering proposed to design training activities to implement this educational model
among students who in a short period of time will develop their professional role in
activities with a high environmental impact.

The civil engineering degree offered by the UPV/EHU is a four-year degree taught
in two different schools (in the Faculty of Engineering of Bilbao and in the Faculty of
Engineering of Gipuzkoa). In the supporting report of the civil engineering degree of
this university, it is said that “the main objective of the degree is to train civil engineering
professionals capable to work in the different stages of the projects [ . . . ] under scientific-
technical criteria and social responsibility, making a rational, efficient and sustainable use
of resources” [21]. It is, therefore, a degree that, since it was implemented, has one of its
basic pillars in sustainability. However, the specific training in these subjects is limited to a
subject taught in the last year of the degree. For this reason, the need to incorporate training
activities aimed at applying the IKD i3 educational model to this degree was foreseen.

2. Methodology

Based on the need to work on the implementation of a global and practical approach
of sustainability in civil engineering degrees, a project has been carried out that is part of
a broader project led by the University of the Basque Country (UPV/EHU). This project
(Figure 1), called ‘Towards a Sustainable Civil Sector’, has been carried out at the Bilbao
School of Engineering. First, a group of subjects who have an important weight in the
degree and whose competence has a high impact on the development of the Final Degree
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Project, have been selected. Subsequently, the activities have been designed and all of them
were conducted.
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Figure 1. Flowchart of the methodology used in the project.

At the end of each activity, students have completed a broad-spectrum evaluation
questionnaire. The questionnaire has been designed to cover the peculiarities of each of
the subjects analyzed (between 10 and 13 items). The questions try to assess the degree of
satisfaction of the students with the contributions of the evaluated activities. Some of the
issues are linked to different aspects of learning in general, others refer to specific technical
aspects of the contents of each subject, and finally, others try to evaluate the incorporation
of concepts related to sustainability in the activities of each subject.

The civil engineering degree has, according to the policy of the University of the
Basque Country, a moderate number of students, so it has not been deemed appropriate
to apply a statistical analysis method. Instead, a quantitative analysis of the results of the
questionnaires has been carried out. Thus, the mean value of the level of satisfaction shown
by the students for each item has been calculated on a scale from 1 (fully disagree) to 5
(fully agree).

This type of analysis has been used in the evaluation of similar projects in the edu-
cational field, for example, the application of Building Information Systems in university
education [22] and teaching–learning techniques such as the flipped classroom [23].

Finally, the impact of the project has been assessed by analyzing the incorporation of
aspects linked to sustainability in the latest Final Degree Projects.

2.1. Implementation

Four subjects have been selected in order to design the curricular trajectory in which
sustainability is going to be implemented in the civil engineering degree: one subject
corresponds to the third academic year and the rest to the fourth academic year. Two of
them are compulsory subjects (Transport Infrastructure and Engineering Projects) and the
other two are optional (Geographic Information Systems and BIM Applications in Civil
Engineering), see Figure 2. In all these subjects, the problem-based learning (PBL) and the
project-based learning methodologies have been already used, and real case studies can be
applied to analyze the problem of sustainability from multiple points of view.

The main objective of the project “Towards a Sustainable Civil Sector” is to launch
training actions aligned with the European Environmental Strategy and the SDGs, promot-
ing sustainability in the training of future professionals of the sector. The areas in which
this work will be developed are the following:

• Urban habitat: sustainable construction (energy efficiency), resilience to the challenges
of climate change, smart cities, sustainable infrastructure, and sustainable mobility.

• Project life cycle analysis: projects in the field of sustainable civil engineering must
be designed and planned focusing on their usefulness, but also on their possible
changes in use or the possible end of their useful life. The sustainable perspective
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must, therefore, be established from a global and integrating approach in all the design
stages of a project.

• Global assessment of projects: when deciding among different alternatives, civil
engineering professionals must assess not only the economic impact of their proposals
but also their social and environmental impact.
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The project integrates 10 of the 17 SDGs proposed by the 2030 Agenda:

1. It ensures an inclusive and equitable quality education (SDG 4).
2. It enables to achieve gender equality and empowers women and girls (SDG 5).
3. It ensures the availability and sustainable management of water and sanitation

(SDG 6).
4. It ensures access to affordable, reliable, and sustainable energy (SDG 7).
5. It promotes a sustainable economic growth (SDG8).
6. It develops resilient infrastructures (SDG 9).
7. It promotes inclusive, safe, resilient, and sustainable cities (SDG 11).
8. It ensures sustainable consumption and production patterns (SDG 12).
9. It combats climate change and its effects (SDG 13).
10. It protects, restores, and promotes the sustainable use of terrestrial ecosystems

(SDG 15).

The teaching–learning activities have been designed considering the current edu-
cational model of the university [24]. Therefore, activities that seek the involvement
of students in their own learning process are proposed, through training that requires
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autonomous learning. With this target, an analysis of case studies, teamwork, and project-
based learning will be developed [25–27]. Additionally, different applications that combine
different subjects will be developed to promote a global and integrative view of the prob-
lems. In this sense, links between subjects will be found so that students can create
connections and interrelate concepts that are studied separately.

2.1.1. Engineering Projects

The subject called “Engineering Projects” is a compulsory fourth year subject in which
the methodology to construct projects is studied in all its phases: from the initial design to
the detailed construction project. In this subject, students apply all the knowledge acquired
during the degree in the development of a project, and it is the prelude to the Final Degree
Project. Learning is carried out through bi-weekly assignments, a preliminary project, and
a final exam. Within the proposed project, a case study of a complex and actual problem
has been included: the detailed analysis of a real informative study in which different
alternatives for drawing a rail freight transport line were defined, evaluated, and compared,
taking into account different criteria such as sustainability, economy, and society. The case
study has been presented to all the students of the subject (35 students), of which 88%
have completed it (31 students in total). The objective of the study has been to understand
the complexity of multi-criteria evaluation in large transport infrastructure projects. In
addition, emphasis was placed on decision-making in a social–political sphere that includes
numerous public and private agents and other organizations, which often have opposing
points of view.

Students have organized in small groups, and they have analyzed the supplied
documentation within two weeks, presenting a brief report in which they have answered
various questions (some of them were closed questions, others were open) and, finally,
they have carried out a presentation and a roundtable in class. Once they have finished the
task, the students (25 out of the 31) have answered an evaluation questionnaire on the case
study.

Regarding the subject “Engineering Projects”, 92% of the students consider that the
methodology of the case study has clearly helped them to understand the reality of large
civil engineering projects. In addition, it has been helpful to have a better understanding
of how decision-making is carried out in complex environments, the usefulness of multi-
criteria evaluation, and the need to consider sustainability criteria in this type of large-scale
work. Consequently, this type of work seems to be useful for civil engineering students to
take into consideration other criteria (sustainability, society, and economy) in projects that
belong to their own field, beyond the pure application of technical and functional criteria.

2.1.2. Geographic Information Systems

The subject Geographic Information Systems (GIS) is an optional subject of the fourth
year. In this subject, students learn how to use GIS technology through its application
in studies and projects related to civil engineering. GIS and spatial information play a
fundamental role in studies related to environmental management, infrastructure design,
and urban planning [28]. The increasing availability of georeferenced data and the com-
plexity of the territories make this technology an essential element of any comprehensive
approach to a smart territory [29] and even to the achievement of the SDGs [30]. The need
to integrate data sources of different types and analyze them spatially places geospatial
technology at the center of the necessary tools for sustainability. Its ability to store data
and relate them spatially makes it useful in a wide variety of applications, and thanks to
their functionality, they are essential for making decisions related to the territory.

Within the framework of this project and within the Geographic Information Systems
subject, a teaching–learning activity based on the application of multi-criteria techniques
in several real cases has been designed. Multicriteria evaluation is a set of techniques
aimed at assisting in decision-making processes mainly oriented to the territory [31]. In
the first place, some explanations related to sustainability in the sector have been added,
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and applications have been shown in class in which GIS has been the support tool that has
made it possible to search for the most sustainable alternatives in various cases related to
professional competencies of the students. Finally, a small questionnaire, designed with
multiple-choice and short-answer questions, has been carried out in order to measure the
suitability of the actions.

Several practical exercises have been conducted in which the following training
activities were proposed:

• Find the best location for the creation of a new landfill in the Basque Country: the
problem has been contextualized by showing news related to the collapse of a landfill
in the Basque Country and the need for new landfills in the region. This is a basic
multicriteria analysis task to which sustainability criteria have been added, such as
the search for sites with minimal visual impact.

• Find the best location for the installation of a solar garden: the province of Gipuzkoa
was used as a case study. Also in this case, in addition to the basic technical criteria
for this type of facility, sustainability criteria were added, such as finding the location
with the most daylight hours to increase the efficiency of the facility.

• Find the best location for a wastewater treatment plant. As in the two previous cases,
looking for areas with a lower impact that could serve as many people as possible has
been set as a priority.

• An exercise in which students had to analyze the impact of the sea level rise, due to
climate change in the city of Bilbao, was developed. Specifically, students analyzed
the buildings that would be damaged. The task has been contextualized with maps
shown by different international organizations [32,33] in relation to the sea level rise.

• Mobility studies have been carried out, and the environmental impact of different
alternatives has been analyzed. Different trajectories were analyzed for the transport
of hazardous goods, and students were asked to find the most sustainable and safest
route.

Twenty-one students participated in the activities organized in this subject. In the final
questionnaire, they were asked both about the methodology used and the tool itself. They
were asked about sustainability and the SDGs in general, the importance of sustainability
in the field of civil engineering, the multi-criteria methodology used in the case studies,
the suitability of the selected case studies, and the GIS technology itself. In all the cases,
they positively valued the introduction of sustainability criteria in the different tasks to
be carried out. A total of 85% of the students considered the use of specific and definite
study cases to have helped them to better understand the multidisciplinary approach of
sustainability, where they have also been able to incorporate knowledge from other subjects.
Therefore, the application of case studies and project-based learning helped in the task of
assimilating sustainability as a transversal view in all projects related to civil engineering.

2.1.3. BIM Applications in Civil Engineering

The subject BIM Applications in Civil Engineering is an optional subject of the fourth
year in which BIM methodology is studied from the point of view of civil engineering.
BIM methodology, an acronym for Building Information Modeling, seeks to create a digital
representation of the physical and functional characteristics of a building or infrastructure
in a collaborative way [34]. BIM is, therefore, a set of technologies, procedures, and policies
that enable different stakeholders to collaborate in the design, construction, and operation
of a facility in a virtual space. This information model becomes a single resource for all
the people involved throughout the life cycle of the building or facility, and serves to
resolve, inform, and communicate all decisions related to the project during the design,
construction, and maintenance phases, allowing a more effective and efficient management
of the entire project.

These information models make possible to carry out energy efficiency studies, simu-
late the behavior of buildings in a specific urban environment, optimize the use of materials,
reduce waste, and, therefore, reduce project costs [35]. Thus, they are a tool that can play an
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important role in ensuring sustainable development. In addition, the methodology makes
the project itself more efficient, and information can be shared easily, which also results in
the sustainability of the project itself [36].

In this subject, students worked with the BIM methodology in the design of infrastruc-
tures and buildings in the field of civil engineering. Students had to design a leveling and
a road, and they had to install a building on this levelling. They could select the desired
location and decide on the design of the building, but only within the context of this project.
In all cases, they had to select the location and design according to criteria such as reducing
the necessary earthworks or reusing existing roads.

Twenty-three students participated in the activities of this subject. In the final ques-
tionnaire, they were asked about the methodology used and the tool. In 92% of the cases,
they positively valued the use of a specific project in which they had to select the area
for the development of the project according to the aforementioned sustainability criteria.
In addition, 80% of the students highly valued the BIM tools, giving a higher score to
the efficiency in the creation of the documentation associated with the project and the
ease of sharing and integrating the environmental data related to the construction work
throughout its lifecycle.

2.1.4. Transport Infrastructure

Transport infrastructure is a compulsory annual subject taught in the third year, with
10.5 ECTS (European Credit Transfer System). In this subject, the complete procedure
of the development of road and railway infrastructure is exposed. Thus, in the winter
semester, themes related to roads are presented, and students learn how to manage a road,
comprising all the stages: road infrastructure planning, a project of the geometric design of
the road, analysis of the materials that will be employed, characteristics of the construction
in situ, and maintenance and management of the infrastructure. Similarly, in the summer
semester, themes related to railways are shown, including the entire process, i.e., from
planning and design to construction and maintenance with the specific rail machinery [37].

Apart from the theoretical and practical lessons, the main task of the subject is the
development of an “almost” real road project, which contributes to 40% of the final mark.
The project follows the project-based learning (PBL) methodology. According to existing
literature, PBL can be defined as complex tasks, based on challenging questions or problems,
that involve students in design, problem-solving, decision-making or researching activities,
and give students the opportunity to work in a relatively autonomous way during longer
periods, so as to culminate in realistic products [38,39]. Moreover, Thomas [40] proposed a
series of criteria to help identifying PBL activities: centrality, driving question, constructive
investigation, autonomy and realism. At university level, PBL and problem-based learning
were perceived as the more effective ones in a comparison of seven learning methods in
seven engineering disciplines [41]. Similar beneficial outcomes were observed in other
disciplines in high education, such as active student participation, foster contact with
reality, an increased perception of the acquisition of generic and specific skills associated
with the subject, and confidence in problem-solving [42–44]. More specifically, a study
conducted with civil engineers 15 years after graduation revealed that PBL-related abilities
developed at the university (ability to work in groups, communication/debate skills, and
leadership) were appreciated by students who followed PBL methodology and considered
their learning to be more effective and with a better result-to-effort ratio than those who
did not [45].

In the case of the subject Transport Infrastructure, students, gathered in groups of two,
had to conduct the project of a road in a real physical area and with some determining
factors. The project was presented at the beginning of the summer semester, after a partial
exam about the first part of the subject (roads) is done. A real problem was introduced,
from a real need detected by any administration related to the construction or improvement
of the design of a highway, and students had to undertake the project. They had to find data
about traffic volume and fulfill all the regulations regarding road design and pavement
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design to project the road [37,46]. The two main parts of the project were the geometric
design of the layout of the road and the design of the pavement structure (the layers that
compose the pavement and their width), but other parts had to also be carried out: the
analysis of the earthworks, the complete definition in plans, and the calculation of the
estimate of the costs, in a similar way to projects developed for the administrations [47].

As a PBL project, it had multiple valid solutions, as long as the standards were fulfilled.
Nonetheless, geometric designs that minimized the earthworks were preferred and were
better evaluated, giving a better evaluation of the project if more sustainable layouts were
designed. Moreover, following the SDGs, an additional improvement was introduced in
this academic year. Apart from the standardized design of the pavement structure, some
new research about more sustainable materials or construction procedures in pavements
was presented, including the reutilization of previous pavements to manufacture some
layers in new pavements [48–53] or the introduction of waste materials in the production
of some materials [54–64]. Hence, students had to choose one of the recently investigated
materials or procedures to propose a more sustainable pavement structure. Thus, an
approach to existing cutting-edge research in the field was shown, and students understood
the need to look for alternative materials to construct and not only focus on the classic
ones.

Thirty-seven students conducted the described project of the road and 32 answered a
questionnaire about the PBL methodology and the skills they developed. A total of 81%
of the students agreed that the project-based learning methodology helped them to un-
derstand the reality of the engineering projects and developed their autonomous learning.
Similarly, in more than 90% of the cases, undergraduates affirmed that the project was
helpful for applying the standards in law in a road project. Finally, the majority of students
indicated that they learned how to improve the sustainability of road infrastructure projects.
As seen, apart from achieving the goals of the methodology of the PBL (constructive ques-
tion, autonomy, realism, etc.), it is also a useful tool to introduce sustainable criteria at a
project level in road projects in various levels such as minimization of earthworks and
employment of more sustainable materials.

3. Results and Discussion

Through the training trajectory described, 10 out of 17 SDGs proposed in the 2030
Agenda were included (see Figure 3). SDG 4 and 5 are transversal to all activities. On one
hand, the project ensures that students acquire the theoretical and practical knowledge
necessary to promote sustainable development (SDG 4) and, on the other hand, the full
and effective participation of women is ensured, as well as the use of information and
communication technologies, in order to promote the empowerment of women (SDG 5).
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The objectives related to the management of resources, water (SDG 6) and energy
(SDG 7), were developed in the subject of Geographic Information Systems and BIM
Applications. One of the specific tasks that the students had to carry out in the first subject
was finding the best location for both a treatment plant and a solar garden, having to
choose in all cases the location with the lowest environmental impact. In the second case,
students had to design buildings taking into account their energy efficiency.

SDG 8 was included in the Engineering Projects subject, in which different alternatives
to a construction project were analyzed considering criteria beyond the purely economic
ones. This subject emphasized the need to take into account the social conditions of the
projects when selecting different alternatives.

The SDGs related to the creation of more resilient and efficient urban infrastruc-
tures and environments (SDGs 9 and 11, respectively) were incorporated into the subjects
Transport Infrastructure, Geographic Information Systems, and BIM Applications in Civil
Engineering. The creation of infrastructures is the main activity of civil engineering, and
students previously carried out different activities in which they had to design roads,
structures, or facilities. In this project, the Transport Infrastructure and BIM Applications
subjects have introduced sustainability criteria to the methodology for creating such struc-
tures. It should be noted that roads are designed in both subjects and, therefore, criteria
have been agreed to be consistent in both subjects (minimization of earthworks, use of
more sustainable materials, reduction of acoustic impact, etc.).

The SDG 13 for reducing the impact of climate change was included in two subjects
(GIS and Transport infrastructure). SDG 12 deals with the sustainable management of
natural resources, including land, the main resource consumed by civil engineering. For
this reason, in the subjects of GIS and Transport Infrastructure, the criterion of designing
the works according to this criterion was introduced, seeking that the designed works make
an efficient use of the land. Finally, the objective of protecting ecosystems was included in
the GIS subject, in which natural and protected environments were used as conditioning
factors in all projects.

Climate change is a challenge for the entire society, and the SDGs have marked a
way forward. Training is a key factor, and higher education must lead the process of
introducing the required changes. The inclusion of the sustainability perspective in all
areas of knowledge and at all levels is a fundamental task. The university has undertaken
this path, but sometimes it is difficult to incorporate new subjects or contents. Therefore,
the incorporation of the SDGs and, in general, sustainability as transversal competences
and through project-based learning has turned out to be a very positive way from the point
of view of both professors and students.

Learning based on problems and/or projects and case studies is a tool that has proven
to be useful for the incorporation of concepts related to sustainability that can hardly be
apprehended only theoretically. Furthermore, emphasis should be placed on the multidis-
ciplinary view of sustainability, encouraging interrelationships between different subjects.

A significant number of students participated in each activity (31, 21, 23, and 37
students in the four subjects, although there were students who participated in two or
three activities). Bearing in mind that approximately 40 students graduate each year
(41 students graduated in 2018/2019 and 48 in 2019/2020), the number of students who
participated is significant. The results obtained both in the evaluation of the activity and in
the qualification of the case studies are very satisfactory. In Appendix A, a table with all the
results is included. From the students’ point of view, in general, the developed activities
were satisfactory. As can be observed in Table A1, the majority of students value positively
the use of study cases used as an approach to the sustainability of civil engineering projects.

Moreover, as most of the students are in the final years of the degree, they can apply
the knowledge acquired in their Final Degree Project. This has been confirmed by the
significant increase in the number of projects incorporating aspects related to sustainability.
In addition, all students take at least two of the subjects and most of them take three, or
even four of them, and complete their Final Degree Project in the months following their
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participation in these activities, so that the transfer of knowledge to the Final Degree Project
and, as a consequence, to professional activity, is direct, which results in a more sustainable
civil engineering sector.

4. Conclusions

The university must face the challenges that society demands and must assume
an active role leading the changes needed to train the professionals of the future. The
University of the Basque Country (UPV/EHU) has begun this process, promoting the
incorporation of sustainability and the SDGs in the curricula of many degrees. This
work shows a project in which a training path designed for students of the Degree in
Civil Engineering has been designed, in which it is sought that students assimilate the
importance of evaluating projects from the point of view of sustainability, beyond strictly
economic criteria.

The activities are based on practical exercises about projects of the field, so these
activities can be replicated and adapted in other degrees related to civil engineering, since
they do not involve the transformation of the syllabus. In addition, the application of
this type of activity does not imply a specific training of professors beyond that related to
the SDGs and the 2030 Agenda. The SDGs cover a wide range of topics; therefore, other
subjects of other degrees of a different nature can adopt this methodology by adapting the
case studies and SDGs to be developed in each case.

The work has a multidisciplinary nature since four subjects from different areas of
knowledge participated. Each of them used case studies and specific problems related to
the subject, but in all of them, sustainability was incorporated in a transversal way. Thus,
students learned to observe reality from different points of view to incorporate the view of
sustainability in each and every task of the projects in the field of civil engineering. We
believe that a project with these characteristics is more than the sum of its parts since when
students receive the message of sustainability from different areas of knowledge and with
different perspectives, synergistic connections that favor the construction of practical and
applied knowledge are created.

In the future, we expect to continue working in this line and to incorporate more
subjects to the project in order to work on sustainability in a transversal way in all possible
subjects of the civil engineering degree. In this way, we will be contributing to turn
sustainability into one of the pillars of the university.
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Appendix A

This Appendix includes the questions asked in the final questionnaire and the answers
obtained from the students. In all cases, they are multiple choice questions in which the
students had to rate the statements from 1 to 5 (1: fully disagree; 2: somewhat agree;
3: moderately agree; 4: fairly agree; 5: fully agree; Nk/Na: does not know/does not
answer). In all the subjects, the questions are similar but adapted to the characteristics of
each subject.

Table A1. Questions asked in the final questionnaires and their results.

Engineering Projects 1 2 3 4 5 Nk/Na Mean

1 The case study was useful for me to better understand this part of the subject. 0 1 10 11 3 0 3.64

2 The case study helped me to better understand the reality of engineering
projects. 0 2 2 11 10 0 4.16

3 The case study favored my capacity for autonomous learning. 0 2 8 11 4 0 3.68

4 The case study improved my teamwork skills. 0 6 6 8 3 2 3.35

5 The case study helped me to relate different subjects of the degree. 2 6 7 6 3 1 3.08

6 The case study increased my interest in the subject. 2 4 7 9 2 0 3.21

7 The case study helped me to better understand how decision-making is carried
out in large projects. 0 3 3 11 8 0 3.96

8 The case study helped me to assess the usefulness of the informative studies. 0 1 5 15 3 1 3.86

9 The case study helped me to better understand multi-criteria assessment
techniques. 0 2 8 10 5 0 3.72

10 The case study helped me to better understand the entities and influential
groups in large public works projects 1 1 6 11 5 0 3.75

11 The case study helped me to better understand the need to use sustainability
criteria in large infrastructures. 0 4 4 13 3 1 3.63

Geographic Information Systems 1 2 3 4 5 Nk/Na Mean

1 The case studies were useful for me to better understand the subject. 0 3 7 8 3 0 3.52

2 The case studies helped me to better understand the projects related to GIS and
Spatial Analysis. 0 1 4 8 8 0 4.10

3 The case studies favored my capacity for autonomous learning. 0 2 6 9 3 1 3.48

4 The case studies helped me to relate different subjects of the degree. 3 4 6 5 2 1 2.81

5 The case studies increased my interest in the subject. 1 3 6 4 7 0 3.62

6 The case studies helped me to better understand multi-site assessment
techniques using GIS technology. 0 3 2 9 7 0 3.95

7 The case studies helped me to assess the usefulness of GIS tools in evaluating
sustainability in civil engineering projects. 0 2 4 10 3 2 3.38

8 The case study helped me to understand the importance of the SDGs in the
environmental assessment of projects related to civil engineering. 0 1 3 12 5 0 4.00

9 The case studies were useful to see the wide variety of problems related to
sustainability that can be solved with multi-criteria techniques. 0 0 3 12 6 0 4.14

10 The case studies helped me to better understand the need to introduce
sustainability criteria in spatial analysis projects. 1 3 2 10 4 1 3.48

BIM applications in civil engineering 1 2 3 4 5 Nk/Na Mean

1 The case study was useful for me to better understand the subject. 0 2 3 12 6 0 3.96

2 The case study helped me to better understand the complexity of projects based
on BIM methodology. 0 2 1 10 8 0 4.04

3 The case study favored my capacity for autonomous learning. 0 4 6 6 7 0 3.70



Sustainability 2021, 13, 8967 13 of 16

Table A1. Cont.

4 The case study helped me to relate different subjects of the degree. 0 4 8 9 2 0 3.39

5 The case study increased my interest in the subject. 0 3 5 10 5 0 3.74

6 The case study helped me to understand the need for a correct integration of the
information related to the project in a BIM model. 0 1 3 12 7 0 4.09

7 The case study helped me to understand the importance of collaborative work
in the BIM methodology. 0 2 5 11 4 1 3.61

8 The case study helped me to understand the need for good interoperability
between programs and formats in the BIM methodology. 1 4 7 8 3 1 3.35

9
The case study helped me to understand the BIM methodology as a tool that
allows a global vision of the project and helps in the analysis of its impact and
its efficiency.

1 1 8 8 5 0 3.65

10 The case study helped me to better understand the need to introduce
sustainability criteria in infrastructure design. 0 3 2 14 4 0 3.83

Transport Infrastructure 1 2 3 4 5 Nk/Na Mean

1
The project (the project-based learning methodology) was useful for me to better
understand this part of the subject (geometric design of roads, pavement
design).

6 3 6 11 6 0 3.25

2 The project helped me to better understand the reality of engineering projects
(how a project is carried out, see that it is an iterative process, etc.). 3 3 4 12 10 0 3.72

3 The project favored my capacity for autonomous learning (search of external
data, application of the standards, etc.). 5 1 3 11 12 0 3.75

4 The project improved my ability to work in a team. 5 3 4 9 11 0 3.56

5 The project helped me to relate different subjects of the degree 8 6 7 7 3 1 2.71

6 The project increased my interest in the subject. 6 5 10 7 3 1 2.87

7 The project helped me to understand what the iterative decision-making process
looks like on a road layout. 3 2 7 10 9 1 3.65

8 The project helped me to assess the data published by road administrations
(cartography, traffic data, etc.). 2 3 11 9 7 0 3.50

9 The project helped me to interpret and use the official regulations applicable to a
road project (layout regulations, pavement design standards, etc.). 2 1 5 15 9 0 3.88

10 The project helped me to know the parts of a project and understand the reasons
of each of them. 3 2 11 8 7 1 3.45

11 The project helped me to know how the measurements of a project are made. 4 4 8 9 6 1 3.29

12 The project helped me to better understand the need to use sustainability criteria
in large infrastructures. 5 9 6 9 2 1 2.81

13 The project helped me to know how the sustainability of the materials of a road
pavement can be increased. 3 7 11 8 2 1 2.97
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