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Abstract

Integrating sustainability into engineering education is an essential step in preparing future engineers to
guide us towards a more sustainable world. By integrating these principles into their educational years,
students are empowered to innovate and create sustainability at the forefront, ensuring that tomorrow's
engineering feats are built on a foundation of ecological and social responsibility.

We present the EESF (Engineering Education for a Sustainable Future) project, which aims to develop
educational resources for engineering students and assess them to acquire the necessary skills and
competencies, responding to SDG 4.7 and the call of the European Green Deal to equip students with
sustainable development skills by 2030.

This approach is the aim of the EESF (Engineering Education for a Sustainable Future) project, an
international collaboration, funded by the European Union, Erasmus+, which seeks to improve engineering
training, specifically by improving ecological skills and developing sensitivity towards sustainability.

The overall objective of the project is to develop and implement innovative learning and teaching
practices in engineering education in four higher education institutions aligned with the SDG 2030
framework. To carry it out, 40 faculty members and 200 students will test Open Educational Resources
(OER) prepared as part of the project tasks.

The first steps in establishing criteria for the development of educational resources consist of conducting
research and interviewing relevant stakeholders on the current state of sustainability implementation in
HEIs and discovering the key elements to be considered when defining sustainability competencies and
other learning outcomes. The result of this research materialized in two documents with
recommendations to consider when developing OER that are discussed in this document.

Keywords: ESD, SDGs, OERs, Sustainability, Engineering Education, Sustainable future, Sustainable
mindset.

1 INTRODUCTION

As the world grapples with an increasingly complex set of environmental, social, and economic
challenges, the demand for engineers who can think critically about sustainability has never been
greater. From developing renewable energy technologies to designing efficient and sustainable cities,
engineers are at the forefront of creating solutions that will shape the future. However, to address the
pressing issues outlined in the United Nations’ Sustainable Development Goals (SDGs) [1], it is essential
that future engineers are equipped with the right set of sustainability competences.

1.1 The Growing Need for Sustainability Competences in Engineering

Sustainability competences encompass the knowledge, skills, and values needed to make responsible
decisions that benefit both the environment and society. For engineers, these competences are
fundamental to ensuring that the systems they design, and implement are not only technically effective
but also environmentally sustainable and socially just.
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Sustainability is a core competency that every engineer must master, regardless of specialization.
Today’s engineers must be equipped to address global challenges such as climate change, resource
depletion, and social inequality.

By integrating sustainable principles into their education and training, engineering students are
empowered only to innovate but also embed sustainability at the heart of their designs, ensuring that
tomorrow's engineering achievements are built on a foundation of ecological integrity and social
responsibility.

1.2 The EESF project

Engineering Education for a Sustainable Future (EESF) [2] is a project that aims to highlight the urgency
of embedding sustainability skilling into engineering curricula in order to meet the increasing business
demand for sustainability skilled graduates. EESF respond to SDG 4.7 and the EU Green Deal's [3] call
to equip learners with sustainable development competences by 2030 and providing educational
resources tailored for engineering students.

EESF is an international collaboration, co-funded by the European Union. It involves seven partners
(Atlantic Technological University (ATU), the Universidad Politécnica de Madrid (UPM), Politécnico do
Porto (P. Porto), Institut Mines-Télécom Business School (IMTBS), the European E-Learning Institute,
Momentum, and Wind Energy Ireland).

The project objective is to ensure engineering education remains relevant and produces graduates
ready to contribute to the global sustainability effort, aligning academic outcomes with industry needs
and societal expectations in a more compact and concise manner.

EESF develops and implements innovative learning and teaching practices in engineering education in
four HEIs linked to the 2030 SDG framework [1]. Its goal is to ensure undergraduates (EQF 5-6) are better
equipped to use their engineering knowledge to tackle societal challenges and make a lasting contribution
to the achievement of the SDG’s. Furthermore, EESF addresses concerns about the preparedness of
lecturers and the current lack of sustainable -focused learning content in engineering curricula.

The project's core focuses on stimulating innovative teaching methods, promoting an environment-
centric approach, tacking climate change and enhancing students' civic engagement with sustainability.

To this end, EESF have developed and implemented innovative learning and practice-oriented learning
strategiesin engineering education in four higher education institutions (HEIs) linked to the 2030 SDG
framework. By embedding sustainability into engineering education, the project ensures that graduates
are prepared to align their skills with global sustainability priorities, combining technical expertise with
environmental responsibility and civic commitment.

2 METHODOLOGY

The overall objective of the project is to develop and implement innovative learning and teaching
practices in engineering education in four higher education institutions fully aligned with the SDG 2030
framework.

Engineering Education for a Sustainable Future have implemented activities in two core areas,
Discovery and research and Teaching and learning, which lead to the production and publication of five
key project outputs:

— The Engineering and the SDGs: Discovery Report,
— a peer-reviewed paper, “Embedding Sustainability Competences in European HEIs”,
— a suite of ready to use EESF Open Educational Resources (OER’s),
— an Educator’s Guide to the OER Classroom, Online and Hybrid Delivery
— a European online conference.
To achieve these objectives, the project is structured into five interrelated Work Packages (WPs):

WP1, Project Management. Led by ATU, this package ensures effective coordination, progress
monitoring, financial oversight, and transparent reporting, guaranteeing that the project advances
according to plan.
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WP2, Discovery & Research activities. Led by IMTBS. T Led by IMTBS, this package conducts
research to identify intersections between engineering curricula and the sustainable development
agenda, with particular focus on climate neutrality and the SDGs. It also analyzes opportunities and
limitations of current sustainability teaching within partner countries’ HE systems, providing evidence-
based insights to inform the project’'s outputs. The research underpinning these outputs includes a
comprehensive literature review as well as in-person and online interviews.

WP3, Teaching & Learning. Led by UPM, this package focuses on the development of Open
Educational Resources (OERs), a central outcome of the project. The OERs provide practical materials
and guidance for embedding sustainability competences across engineering curricula. They cover a
wide range of themes, from green technologies to sustainable design principles, and are designed to
help educators integrate SDGs into teaching in a hands-on and practice-oriented way. These are based
on the achievement of a set of sustainable competences.

WP4, Quality, Impact & Evaluation. The progress of the project according to the expected criteria was
led by Momentum. Its goal was Implement a robust quality and evaluation strategy which enables us to
proactively optimize the impact of EESF while ensuring strict quality criteria, transparency and
accountability.

WP5, Sharing & Sustaining. One of the relevant goals of the project is its dissemination. P. Porto was
to generate broad awareness and understanding of the value of the project to outside audiences through
a dedicated online platform as well as careful content marketing to databases and on digital media,
Increase awareness and encourage use of project results in target groups across Europe through the
EESF in Europe Online Conference, support the transferability and use of the project results in a wide
variety of HEIs and other organizations and contribute to the sustainability and scalability of the project
by anticipating future opportunities and planning future means for communication and cooperation
among partners.

This systematic approach ensures that the project not only develops concrete outputs but also embeds
sustainability competences into engineering education in a coherent, impactful, and transferable way.
This work package will produce:

¢ 1 work plan and 2 research methodologies

¢ 1 Engineering and the SDGs: Discovery Report published on the project website, shared with
direct target groups and promoted widely

¢ 1 Embedding Sustainability Competences Research Report published on the project website,
shared with direct target groups and promoted widely

e 1 stakeholder consultation process involving 40 contacts from engineering education
stakeholders and industry networks and 100 from associate partners

1 research process involving 40 contacts from engineering faculties in HEIs
e 1 peer review process involving 10 senior staff in associate partner engineering faculties.

Participants from relevant target group have taken an active part in the activities of work package 2:
Discovery and Research. This target group are:

e TG1. Engineering heads of department, professors, lecturers and auxiliary teaching staff: At least
25 individuals from HEIs that teach engineering in participating countries will take part in the
research stage of the work package responding to inquiries and research questionnaires
regarding the strategies currently in use to teach sustainability skills. They will have direct
experience of classroom teaching in recent years and so be attuned to both the emerging
sustainability agenda but also hybrid and digital teaching requirements of the pandemic and post-
pandemic era. A further small and more senior cohort of 10 engineering heads of department,
professors or senior lecturers will take part in the peer-review process. They will be selected for
their experience as both published authors of articles in academic journals and their experience
of peer review processes.

e TG3. Engineering education stakeholders and TG4 engineers’/ industry associations: At least 25
individuals from stakeholders and industry associations will be consulted in the development of
Discovery Report. They will be of all ages and nationalities, the bodies that they represent will be
from the public sector (European, national or regional), industry (engineering companies,
engineering membership organizations) or social impact sector (nonprofits) so that they can
speak to the real-life application of engineering to overcome sustainability challenges. A concrete
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effort will be made to include at least 5 representatives of accreditation and quality assurance
organizations as their perspective will enable the alignment of opportunities to elements in today’s
curricula.

3 RESULTS

As a first step in achieving these outcomes, the project produced into the work package 2 (WP2) two
key outputs: the Discovery and the Research Reports [4], intended to share with professors, lecturers
and teaching staff to engage them in the content and motivate them to apply it to their taught classes.

As a next step in translating the research into practical resources, the project compiled a comprehensive
Competences Framework, which reflects the findings of the Discovery and Research Reports, as well
as current Higher Education methodologies.

This list of competences serves as the foundation for the development of the OERs (WP3). These were
sorted into four modules, one module for each of the academic year for a HEI academic degree. The
approach to develop the enclosed competences in these OERS is by achieving gradually competency
levels within a specified time. Four guides, one for each module, provide educators with the detailed
guidelines and the teaching materials, including texts, infographics and videos, directly linked to the
competences outlined in the framework. The EESF is a project designed by engineering faculties and
teaching staff, for engineering faculties and teaching staff. We recognize that there is no one size that
fits all approach to teaching sustainability and the SDG’s. For this reason, these OERs are intended to
be used either fully or partially, in existing curricula or used in alternative formats such as summer
courses. The student-centered modules, lessons, and activities will have explicit links to the SDGs and
will include guidance on their optimal use across classroom, online, and hybrid delivery modes. The
OERs were designed specifically for application within EQF levels 5.

As a result of the research process, staff from partner organizations will:

e acquire new knowledge regarding the challenges and opportunities presented by the
sustainability agenda, the route to climate neutrality and SDGs and the ways these intersect with
current engineering curricula at undergraduate level

¢ map and understand what practices are currently in use to teach sustainability skills, the strengths
and deficiencies of these practices

As a result of the publication and direct use of the results by target groups, during the project lifespan:

— 40 engineering heads of department and teaching staff

40 further contacts from engineering education stakeholders and industry networks will:

become more attuned to the urgency of sustainability skills (attitudinal change)

improve their understanding of the value/relevance of these skills for engineers in the workplace

To validate our approach, the project is going to perform a set of pilot tests within the project partner
countries HEIs. With this purpose, we will engage 200 students and 40 faculty members to validate the
proposed OERs. This will involve assessing how effectively the OERs and teaching practices are
integrated into curricula, monitoring student and staff engagement, and evaluating the impact on SDG
competences.

4 CONCLUSIONS

Engineering is one of the most important sustainability-relevant sectors, as it delivers solutions across
critical areas of infrastructure, ranging from water, energy and waste to digital infrastructure food,
healthcare and transport. Engineers are literally our future changemakers, as their decisions profoundly
shape our world and determine how resources are used. By using the EESF resources, partners and
universities from across Europe will enhance the quality of higher education by equipping students with
sustainable competences. In this way, the project contributes to environmental protection and the fight
against climate change. The resources we developed will allow students to actively test their skills in
real-life contexts exploring ethical issues, the public good and human rights thereby increasing their
common values, civic engagement and participation.

The future of engineering education lies in its ability to adapt to the changing needs of society. As global
challenges become increasingly interconnected, the role of engineers in achieving the SDGs will only grow
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more critical. The EESF project represents a major step towards transforming engineering education to
meet these challenges, ensuring that sustainability is embedded in the core of engineering curricula.

EESF pursues to encourage innovative learning practices to tackle societal challenges by enabling four
European Engineering Faculties during the lifetime of the project, and at least ten additional HEIls
thereafter, to develop, implement and thereafter mainstream a suite of practical, scientific and proven
SDG focused teaching and learning resources resulting in a catalytic increase in student and staff SDG
competencies.

At organisational level, the EESF partners acknowledge that in many engineering areas, education has
been slow to reflect societal changes, gap noted internationally by organisations such as UNESCO
International Association of Universities which repeatedly highlights the need for universities to develop
generations of new leaders and skilled professionals who will drive social and economic development.

The EESF Discovery Report, Research Paper, and Educators Guide featuring innovative HEI
pedagogies to teach engineering for a sustainable future directly address the needs of teaching staff
and provide a replicable model for higher education institutions across Europe. By engaging with the
EESF OERs, students across four partner universities will become actively engaged in practical problem
based, future literacies learning through a lens of human-centered design, innovation and self-driven
experimentation. As a result of this project, students will enhance their empathy, emotional intelligence
and their ability to understand societal challenges from different levels/perspectives- policy, community,
industry and citizen.

As a next step, the project will focus on the analysis of the implementation of these resources in the four
partner universities. The insights gained will inform further refinement of the resources and provide
evidence to support broader adoption across additional HEIs, ensuring the sustainability and scalability
of the project outcomes.

Through this transformative project, EESF is paving the way for a new era of engineering education,
one where sustainability is not just a theme, but a guiding principle in the creation of a sustainable,
equitable, and prosperous future. Our results aim to strengthen both the competencies and the
motivation of engineering educators enabling them to integrate the SDGs in a way that complements
and enriches existing curricula. They will mainstream the introduction of sustainability across our
engineering faculties by creating ready-to-use student-centred modules, lessons and activities directly
linked to the SDG’s. These resources will challenge students to embrace sustainability and apply their
knowledge to real world challenges, ultimately enhancing their them more labour market readiness.
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