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Motivation

Engneering graduates must be able to
integrate sustainability into engineering
designand decision-making. However,
sustainability is often taught separately
from engineering practice.

This work proposes and evaluates a
Sustainability-Oriented Project-Based
Learning (PBL) Framework that
combines authentic engineering
challenges, interdisciplinary
collaboration, and sustainability
metodologies.

Pedagogical Framework

Figure 1 presents the proposed
Sustainability-Oriented Project-Based
Learning Framew ork, structured around
five interconnected pedagogicd pilars.

Students address authentic engineering
problems using sustainability-oriented
metodologies withininterdisciplinary
teams. Continuous formative
assessment supports iterative learning,
while Sustainable Productand Process
Redesign promotes systems thinking
and evidence-based engineering
decisions.

Methodolo gy

A mixed-methods approach was
adopted to evaluate the framework.
Quantitative data included student
grades andinstitutiona surveys, while
quditative evidence was obtained from
project reports, quality assurance
reports, and an end-of-semester
discussion session.

These complementary data sources
were integrated through methodologica
triangulation.

Results

The implementation of the proposed
pedagogical framework demonstrated
positive outcomes across mulfple
dimensions. Evidence obtained through
academic performance, project
evaluation, institutional surveys, and
quditative feedback consistently
indicated highlevels of student
engagement, successful application of
sustainability methodologes, and the
developmentof both technical and
transversal competencies.
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ENGINEERING PROBLEMS

+ Real products and industrial contexts
+ Open-ended engineering challenges
+ Industrial constraints.

« Life cycle perspecﬁv.
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SUSTAINABLE PRODUCT
AAND PROCESS REDESIGN

+ Product redesign
* Manufacturing process
optimisation
* Renewable energy integration
* Resource efficiency
+ Evidence-based engineering
isions
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* Peer assessment

+ Self-assessment
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1. REAL PRODUCT

2. MANUFACTURING
ANALYSIS ANALYSIS

FROM PRODUCT TO SYSTEM: A SYSTEMS THINKING
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Integrating authentic engineering challenges,
sustainability methodologies, and systems-
level redesign into engineering education.

Developing technical expertise

and transversal competencies
for a sustainable future.

SUSTAINABILITY-ORIENTED
METHODOLOGIES
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’ « Life Cycle Assessment (LCA)
+ Eco-design
+ Renewable Energy Integration
* Product development methods
* Openl.CA + Ecoinvent

3. MATERIAL & ENERGY

AND PROCESS REDESIGN PERFORMANCE
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* Decision-Making

Fig1 Sustain ability-Oriened Project-Based L earning Framework, illustrating th e pe dagogical pillars, learing process, and intended elucational outcomes

Academic Performance

Students achieved consistently high
academic performance, with an average
final grade of 16.2/20 and nofailures
among students completing the course,
indicating successful achievementof the
intended leaming outcomes.

Project Outcomes

Students successfully applied
sustainability-oriented methodologies
andyze and redesignrea engineering
products. Beyond productredesign,
marny projects proposed improvements
to manufacturing processes, renewable
energy integration, resource efficiency,
and circular economy strateges,

demonstrating a systems-thinking
approach b sustainable engineering.

Student Perceptions

Students reported high levels of
mofivation and recognized the value of
authentic engineering projects,
interdisciplinary ttamwork, and
milestone-based assessment.

Intermediate presentations were
perceived as important for mairtaining
project progression, while OpenLCA was
recognized as a valuable (although
challenging) tool for sustainability
assessment.

Key Qualitative Findings

» Authentic engineering problems
increased student engagement;

» Interdisciplinary teams promoted
systems thirking and collaboration;

> Continuous formative assessment
supported iterative leaming;

» Sustainability methodologies were
successfully integrated into
engineering design;

» Students progressed fom product
andysis to system-level redesign,
developing evidence-based decision-
making skills.
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