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SCOPE  OF  TH IS  PAPER

This paper builds on ICSI’s position paper Understanding 
the landscape of the global engineering capacity and 
capability, and is informed by a seven-part virtual learning 
series hosted in late 2025 as part of the Infrastructure 
Sustainability Learning (ISLe) Initiative. This series brought 
together over 40 stakeholders from academia, industry 
and the public sector around the topic of Transforming 
Engineering Education. Key learnings from the series 
are presented below. In this report, ‘engineering’ refers 
primarily to civil engineering – the planning, design, 
delivery, and management of infrastructure systems 
across sectors. Where relevant, complementary case 
studies are referenced throughout the text in boxes.

ABOUT ICS I

The International Coalition for Sustainable Infrastructure 
(ICSI) is the global movement for engineering action 
on infrastructure sustainability, resilience, and climate 
change. Founded in 2019, ICSI brings together change 
agents from across the engineering, finance, academic, 
policy, and philanthropic communities to solve the 
systemic problems that exist at the intersection of climate 
change, ecosystem degradation, ageing infrastructure, 
and underinvestment. 

ICSI works to accelerate the innovation, adoption, and 
scaling of people-centred, nature-positive infrastructure 
solutions that support sustainable development. By 
placing engineers at the forefront of climate action, ICSI 
connects practical expertise with urgent global needs, 
developing and scaling solutions that deliver real-world 
impact where it matters most.
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PREAMBLE

Engineers plan, design, deliver, and manage infrastructure systems 
such as transport networks, energy systems, water services, and digital 
connectivity, and fundamentally shape the built environment upon 
which communities depend. Their decisions influence how people 
connect and interact, how economies function, and how societies 
respond to environmental pressures.  However, infrastructure 
development has historically been delivered at significant 
environmental and social cost. Conventional approaches have driven 
ecosystem degradation, contributing to the triple planetary crisis of 
climate change, biodiversity loss, and pollution,1 and pushing planetary 
boundaries2 to their limits. As investment in infrastructure accelerates 
to meet the needs of growing populations and economies, continuing 
along this path is neither sustainable nor desirable, underscoring the 
urgent need to rethink how infrastructure is planned, delivered, and 
managed. Engineers must be equipped to meet these demands head-
on, combining technical expertise with the ability to adapt creatively to 
rapid change and understand the broader social and environmental 
context in which engineering takes place.

Building on ICSI’s position paper Understanding the landscape of the 
global engineering capacity and capability, this report explores the role 
of academia in preparing future engineers with the knowledge, skills 
and mindsets required for addressing today’s pressing climate and 
sustainability challenges. While some engineering schools are taking 
steps to adopt such changes, current efforts are not at the speed, 
scope, or scale required. To explore the forefront of this transition, 
ICSI established the Transforming Engineering Education Learning 
Hub, a virtual learning hub designed to catalyse the inclusion of these 
topics in engineering higher education. Over three months, the Hub 
convened fortnightly sessions that fostered discussion and shared 
learnings about effective approaches to equipping graduate engineers 
for their careers in the 21st Century.  

(1) United Nations Framework Convention on 
Climate Change. What is the triple planetary 
crisis? (Link) 

(2) Planetary boundaries include nine 
boundaries, such as climate change, biosphere 
integrity, land system change, freshwater use, 
ocean acidification and ozone depletion. The 
framework of planetary boundaries highlights 
that a global focus on climate change alone is 
not sufficient for increased sustainability. Instead, 
understanding the interplay of boundaries, 
especially climate change and biodiversity 
loss, is key in science and practice. Crossing 
boundaries increases the risk of generating 
large-scale abrupt or irreversible environmental 
changes. Recent extensions of the framework also 
introduce safe and just Earth system boundaries, 
which incorporate justice by defining limits that 
minimise significant harm to people and ensure 
equitable access to resources, recognising that 
vulnerable communities can be affected well 
before tipping points are reached. Because of 
their complex and interconnected nature, staying 
within the planetary boundaries is the ‘wicked 
problem’ that engineers need to understand and 
build the knowledge and skills to tackle, working 
closely with other practitioners, scientists, and 
policymakers. Source: Stockholm Resilience 
Centre (2023). Planetary Boundaries. 
Stockholm University. (Link)
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Figure 1: 
Pathway for transforming engineering education (see full pathway in Section 4).

This series was part of the Infrastructure Sustainability Learning 
(ISLe) Initiative, a capacity-building model co-founded by the Nicholas 
Institute for Policy and Energy at Duke University, UN Environment 
Programme (UNEP), Project Echo, and ICSI. The ISLe model uses 
short, high-frequency convenings to cultivate knowledge exchange, 
problem-solving and community among participants. Experts from 
academia, industry, and the public sector shared real-world examples, 
complemented by interactive group discussions that examined the 
challenges of traditional engineering curricula and identified possible 
approaches for their evolution. 

The recommendations in this report are informed by the most 
salient findings from the series and supported by research from the 
position paper. They serve as an actionable pathway for academic 
institutions to begin transforming their curricula, from establishing 
the foundations for transformation and building faculty capacity, 
to embedding new learning approaches and curriculum redesign, 
strengthening partnerships with industry, communities and policy 
actors, and creating structures for continuous improvement and 
institutionalisation. Through these changes, engineering faculties can 
help bridge the industry talent gap, reduce the mismatch between 
graduate competencies and workforce needs, and reposition 
engineering from a purely technical discipline to a mission-oriented 
profession capable of responding to global challenges.
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1. THE NEED FOR TRANSFORMATION  
IN ENGINEERING EDUCATION

The need for transformation in engineering education is emerging 
from multiple, intersecting forces. Rapidly intensifying societal and 
environmental challenges are reshaping livelihoods, infrastructure 
systems, and economies, requiring the engineering profession to respond 
with new forms of knowledge and practice. At the same time, these 
pressures are redefining the profession itself, expanding graduate career 
pathways into sustainability-related fields while reshaping traditional 
engineering roles. Future engineering professionals are increasingly eager 
to broaden their skillsets and gain stronger foundations in sustainability 
principles and practice, yet a comprehensive, codified curriculum that 
integrates sustainability with real-world, practical applications does not 
yet exist. Meanwhile, industry expectations are evolving, with growing 
demand for engineers who can navigate complex social, environmental, 
and technical systems, meet regulatory and market pressures, deliver 
resilient infrastructure, and maintain competitiveness in a rapidly changing 
global context. 
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EVO L V ING  SOC IETAL  AND ENVIRONMENTAL  
CH AL L ENGES

As the impacts of climate change intensify, extreme 
weather events are placing mounting pressure on 
infrastructure systems that were often not designed 
to withstand and operate in such conditions. 
At the same time, accelerating nature loss and 
ecosystem degradation are undermining the natural 
systems that support and protect infrastructure 
and communities. Developing infrastructure that 
is safe, just, resilient, and sustainable therefore 
requires an engineering workforce that is both 
equipped with the right skills and sufficient in scale. 
This is particularly critical in developing economies, 
where the most significant infrastructure growth 
is projected to occur in the coming decades and 
where climate risks and environmental pressures 
are often most acute.3 

CH ANGING  P ROF ESSIONAL  ROLES

Engineering career pathways increasingly 
intersect with sustainability and related fields 
that are inherently mission-oriented, centred on 
protecting communities, restoring ecosystems, and 
strengthening infrastructure. Engineers are well 
suited to this shift: they are trained to anticipate 
risks, iterate on designs, learn from past failures, 
and balance competing priorities while delivering 
solutions that perform under real-world conditions. 
These competencies position them well for roles 
that require an understanding of the interplay 
between social, ecological, and technical systems. 
The foundational elements for this shift are in play, 
but they have not yet converged and have not been 
adopted into engineering cultures in a way that can 
deliver true transformation. Across the profession, 
engineers are applying their capabilities beyond 
traditional technical roles, moving into climate 
risk analysis, resilience and adaptation planning, 
sustainable finance, policy advisory work, and life-
centred design.4 These developments represent an 
evolution of engineering practice itself, requiring 
new competencies to be embedded both within 
traditional engineering roles and in emerging 
interdisciplinary pathways. The advent of AI will also 
contribute to changes in the engineering profession 
in ways we may not fully anticipate.  

Box 1
Integrating Sustainability into Engineering Education in 
El Salvador

An initiative implemented in El Salvador is 
exploring how sustainability and resilience can 
be more effectively integrated into engineering 
and architecture education. The initiative forms 
part of a broader project led by UNEP and 
funded by the UN Peace and Development Fund, 
which aims to strengthen the country’s capacity 
to plan and finance sustainable and resilient 
infrastructure. The project examines key elements 
of the enabling environment for sustainable 
infrastructure development, including infrastructure 
planning systems, public finance frameworks, 
and professional skills. Within this context, higher 
education is identified as a critical entry point for 
addressing capacity gaps among infrastructure 
professionals.

As part of this effort, Grupo de Financiamiento 
Climático para Latinoamérica y el Caribe (GFLAC), in 
collaboration with the Government of El Salvador 
and national academic institutions, conducted 
an assessment of engineering and architecture 
curricula. The study reviewed publicly available 
information from 42 higher education institutions 
to evaluate how sustainability and resilience 
competencies are incorporated into programmes 
that train future infrastructure professionals. 
Using a framework of ten analytical dimensions, 
including curriculum objectives, course content, 
graduate profiles, research capacity, and 
postgraduate offerings, the assessment found that 
sustainability is present but often integrated in a 
fragmented manner. The analysis also benchmarked 
international experiences, particularly the Tec21 (see 
Box 13) educational model. The findings highlight 
the need for deeper and more systemic curricular 
reform to align engineering education with 
sustainable infrastructure priorities.

(3) PwC. (2014). Capital project and infrastructure spending: Outlook to 
2025. (Link) 

(4) Life-centred design provides a more holistic perspective by balancing 
human-centred considerations with environmental and ethical concerns. 
Source: Borthwick, M., Tomitsch, M., & Gaughwin, M. (2022). From 
human-centred to life-centred design: Considering environmental 
and ethical concerns in the design of interactive products. Journal of 
Responsible Technology, 10, 100032. (Link)
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With AI enabling the rapid modelling of many more 
scenarios than before, engineers may spend less 
time on iterative design. Instead, their role could 
shift toward applying judgement in new areas, such 
as evaluating trade-offs, advocating for nature-
based solutions (NbS),5 verifying AI-generated 
outputs, and asking critical, systems-level questions. 
Yet, without broader changes to engineering 
culture, curriculum, discipline and practice, access 
to these expanded capabilities remains uneven 
and largely dependent on individual initiative or 
specialised programmes.

ADDRESSING  MARKET  DEMANDS  AND WORKFORCE  
S H ORTAGES

As engineering solutions respond to increasingly 
urgent and intersecting climate and social issues, 
there is increasing industry demand for greater 
capacity of engineers (i.e. the number of engineers 
in the workforce) and non-technical capabilities 
such as critical analysis, systems thinking and ethical 
judgement to inform engineering decisions.  
Yet these capacities are unevenly developed across 
the world, and capabilities are inconsistently 
embedded across engineering programmes. 
The result is a widening disconnect between the 
evolving expectations of the profession and the 
attributes many graduates possess, compounded 
by a global shortage of engineering graduates. This 
reinforces concerns about workforce preparedness 
and the capability of engineers to respond 
effectively to rapidly changing global conditions 
(see Boxes 1 and 2). Moreover, students themselves 
have expressed strong interest in sustainability-
related topics, highlighting the need for engineering 
programmes to recognise their potential as agents 
of change in this transition.6

Box 2
The Engineers4Europe Erasmus+ Project 

The Engineers for Europe (E4E) project highlights 
the urgent need to modernise engineering 
education across Europe by addressing persistent 
skills shortages, emerging competency gaps, 
and the evolving expectations placed on the 
profession. The initiative seeks to ‘put engineers 
on the map’ by clarifying the profession’s societal 
contribution and strengthening alignment between 
engineering education, industry needs, and 
Europe’s green and digital transitions. Through 
extensive collaboration among universities, industry 
partners, and professional associations, E4E has 
produced a European Engineering Skills Strategy 
and a learning platform covering green skills, digital 
literacy, entrepreneurship, and transversal life 
competencies. These resources reflect the project’s 
aim to equip future engineers with broader, future-
ready capabilities. 

(5) Nature-based Solutions are actions to protect, conserve, restore, 
sustainably use and manage natural or modified terrestrial, freshwater, 
coastal and marine ecosystems which address social, economic and 
environmental challenges effectively and adaptively, while simultaneously 
providing human wellbeing, ecosystem services, resilience and biodiversity 
benefits. Source: United Nations Environment Assembly (2022). Nature-
Based Solutions to Address Social, Economic and Environmental 
Challenges. UNEA Resolution 5/1. (Link)

(6) Griesinger, T., Reid, K., Knight, D., Katz, A., & Somers, J. (2024). 
Inspiring Sustainability in Undergraduate Engineering Programs. 
Sustainability, 16 (12), 5026. (Link)
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2. CHALLENGES TO TRANSFORMATION

Engineering programmes are inherently disciplinary and, in many 
respects, are designed to maintain coherence and rigour, which can make 
them resistant to rapid change. At the same time, history shows that 
these programmes can adapt quickly when clear industry demand, well-
defined applications, and codified teaching materials emerge, for example, 
through the swift integration of computer-aided design (CAD), simulation 
and modelling tools, and material composites into core curricula. The 
inclusion of sustainability, however, presents a different kind of challenge. 
Unlike discrete technical tools or materials, sustainability is a broader, 
cross-cutting concept that is less easily codified into specific techniques or 
standalone modules, and therefore often requires curricular change at a 
more foundational level (see Box 3).

The transformation of engineering education, both in structure and 
content, faces a set of four interconnected challenges that together form a 
self-reinforcing system of resistance. 

•	 Institutional inertia and rigid organisational structures

•	 Cultural resistance and mindset barriers

•	 Faculty capacity and resource constraints

•	 The gap between theory and practice

These challenges highlight the tension between disciplinary stability and 
responsiveness to new societal demands and an evolving risk landscape.
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Institutional inertia and rigid 
organisational structures

Overloaded curricula and rigid degree structures 
leave little room for innovation, alongside slow 
and bureaucratic curriculum approval processes 
that discourage experimentation. Faculty who 
do want to experiment with curriculum reform, 
co-teaching and innovation face a lack of formal 
incentives, recognition, or resource allocation, as 
further elaborated below. This is compounded 
by requirements for accreditation, which often 
follow a siloed approach and offer limited flexibility 
to incorporate interdisciplinary content such as 
behavioural and social sciences.

Additionally, departmental silos create walls 
between faculties, making integrated teaching 
difficult to achieve in practice. The fragmentation 
extends to governance itself, where responsibility 

Box 3
The Engineering for One Planet (EOP) Framework

The Engineering for One Planet (EOP) Framework 
provides a structured way to integrate sustainability 
and resilience into engineering curricula by defining 
a clear set of essential sustainability-focused 
learning outcomes for all engineering students. 
Developed through a global, multi-year consultative 
process with educators, industry professionals, 
and sustainability experts, the framework identifies 
the core knowledge, skills, and mindsets engineers 
need to protect and improve planetary and human 
well-being. It spans nine interconnected topic areas 
covering technical competencies, professional skills, 
leadership attributes, and environmental literacy, 
and maps directly to ABET student outcomes, the 
UN Sustainable Development Goals (SDGs), and 
Bloom’s Taxonomy. Designed to be flexible and 
non-prescriptive, the EOP Framework enables 
institutions to embed sustainability within existing 
courses or use it as a basis for programme-wide 
redesign. By offering faculty-friendly tools, teaching 
guides, and multiple pathways for adoption, it 
lowers barriers to curricular change and supports 
a system-level shift toward making sustainability a 
foundational element of engineering education.

for sustainability integration gets dispersed across 
multiple units – often without clear executive 
authority – leading to inconsistent implementation. 
Sustainability offices in universities are increasingly 
a standard practice,7 though adoption varies 
by region and type of institution. They serve as 
centralised hubs to coordinate sustainability 
initiatives across teaching, research, operations, and 
community engagement, and when supported by 
clear institutional mandates and empowered with 
stronger executive decision-making authority, can 
play a key advisory role in integrating sustainability 
issues into curricula.

EOP has recently released a new teaching resource: 
‘The EOP Framework: Vetted Teaching Activities for a 
Thriving Future in a Changing Climate’, which serves 
as a practical companion to the EOP Framework. 
It provides a ‘menu’ of flexible, vetted teaching 
activities designed to integrate seamlessly into 
existing courses. It can be adapted to introductory, 
advanced, required, or elective engineering 
classes, and provides the modular tools needed 
to equip students with essential climate-related 
competencies.

Bachelor of Architecture, Urbanism and Building 
Sciences at the Delft University of Technology (TU 
Delft)

TU Delft has begun applying the EOP Framework 
as part of its wider effort to embed sustainability 
across its engineering curriculum. In renewing the 
Bachelor’s programme in Architecture, Urbanism 
and Building Sciences, the faculty used the EOP 
Framework as the foundation for developing a 
preliminary sustainability framework tailored to 
their institutional context. This adaptation now 
guides curriculum redesign, helping ensure that 
sustainability competencies are systematically 
integrated into course structures, learning 
outcomes, and programme-wide educational goals.

(7) Association for the Advancement of Sustainability in Higher 
Education. (2023). Salaries & status of sustainability professionals 
in higher education: Results of AASHE’s 2023 Higher Education 
Sustainability Staffing Survey. (Link)
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Cultural resistance and mindset 
barriers

The beliefs, attitudes, and professional identities 
that shape how people think about engineering 
itself can also result in resistance to change. At the 
heart of this resistance is a failure to recognise the 
growing demand for technically adept and formally 
accredited engineers who are also skilled in social, 
ecological, and ethical dimensions. Employers and 
students alike are increasingly looking for graduates 
and programmes that integrate these broader topic 
areas and equip students with the competencies 
needed in today’s engineering landscape. The 
academic perception of engineering as a purely 
technical discipline slows acceptance of these other 
aspects and risks leaving industry and market needs 
unmet. This manifests in mixed attitudes toward 
transdisciplinary content, which many still view as 
secondary to ‘core’ engineering knowledge. Legacy 
professional norms and outdated notions of best 
practice continue to reinforce carbon-intensive or 
risk-blind models, even when evidence suggests 
better approaches exist. Additionally, a longstanding 
academic bias toward new design undervalues 
critical activities such as maintenance, retrofitting, 
and systems optimisation.

Meaningful transformation requires an emotional 
and cultural journey at both individual and 
institutional levels.8 Shifting values, relationships, 
and ways of knowing, and reconnecting technical 
learning with human insight and purpose, is 
often more challenging than revising curricula. 
Without attention to these human dimensions of 
change, reform efforts risk remaining superficial or 
compliance-driven rather than achieving genuine 
transformation. A persistent cultural resistance to 
uncertainty and ambiguity, which are inherent to 
sustainability and systems-level problem-solving, 
further reinforces inertia (see Box 4).

Box 4
The Reimagined Degree Map

The Reimagined Degree Map, developed 
by Engineers Without Borders UK, supports 
engineering departments in making the strategic 
decisions needed to prepare students for tackling 
complex real-world challenges. Created in response 
to academic needs, the Reimagined Degree Map 
equips engineering programme leaders and 
educators with practical tools to drive meaningful 
change. The resource strengthens understanding 
of why sustainability, ethics, and inclusion should 
be embedded throughout engineering programmes 
and offers guidance on how to integrate these 
principles effectively.

At Sheffield Hallam University, the Reimagined 
Degree Map has been used to drive a curriculum 
overhaul within the School of Engineering and the 
Built Environment. Confronted with high student 
withdrawal rates and low first-time exam pass 
rates, the university engaged staff in workshops on 
inclusive assessment, equity, diversity and inclusion 
(EDI), and project-based learning, supported by 
facilitated sessions with Engineers Without Borders 
UK. As a result, Sheffield Hallam introduced a new 
module structure (40/20 credits), reduced reliance 
on traditional exams, and diversified assessment 
formats to include oral examinations and 
presentations. These changes aim to better support 
students in tackling real-world problems and equip 
staff with tools to bridge academic learning and 
industry needs, enhancing both engagement and 
learning outcomes.

(8) Goldberg, D. and Somerville, M. A Field Manual for a Whole New 
Education: Rebooting Education for Human Connection and Insight in a 
Digital World. ThreeJoy Associates, Michigan (2023).
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Faculty capacity and resource 
constraints

Even when faculty want to transform their teaching, 
they often lack the means to do so. Limited 
confidence or training in sustainability, systems 
thinking, or transdisciplinary education creates a 
knowledge gap that takes time and other resources 
to address. Resource allocation for curriculum 
renewal and cross-departmental co-teaching 
remains scarce in most institutions, creating 
dependence on a small number of motivated 
faculty members. These individuals, while often 
highly committed, cannot carry the responsibility 
and workload alone, which makes innovations 
fragile, difficult to sustain, and vulnerable to 
disruption if key champions leave or priorities shift. 
Institutional incentive structures can further limit 
curriculum redesign. Promotion and tenure criteria 
often prioritise research outputs over teaching 
innovation, reducing the incentives for faculty to 
invest time in developing interdisciplinary courses.

The limited availability of accessible and adaptable 
ready-to-use teaching resources means faculty 
often need to develop materials themselves. Access 
to international networks, emerging pedagogical 
practices, and shared teaching resources varies 
widely across institutions. Faculty in some contexts 
may have fewer opportunities to learn from 
peer experiences or adapt existing educational 
innovations. Furthermore, limited exposure to 
pedagogical innovation, particularly experiential, 
challenge-based or community-engaged 
approaches, leaves many educators uncertain 
about how to teach differently, even when they 
recognise the need. As a result, uncertainty about 
how to implement new methods, combined with 
institutional constraints, can prevent meaningful 
change.
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The gap between theory and 
practice

There exists a persistent gap between academic 
preparation and industry needs, and a lack of 
coordinated action to build and sustain engineering 
capability through education and professional 
development. While many institutions offer 
internships, industry projects, and challenge-based 
learning opportunities (see Box 5), these experiences 
often vary in quality, are optional rather than 
embedded, or are insufficiently integrated into 
core curricula. As a result, students may graduate 
without a deep, system-level understanding of how 
engineering decisions interact with infrastructure 
finance, governance systems, operations, 
maintenance, regulatory frameworks, and social 
dynamics. Insufficient integration of these aspects 
reflects how curricula focus on technical design 
without the space for the broader context in which 
infrastructure functions. Short-term or informal 
industry partnerships may provide occasional 
exposure but do not translate into sustained 
curricular integration.

This creates a fundamental mismatch between 
academic training and industry needs, leaving 
graduates unprepared for the complexity they 
will encounter in professional practice. This gap 
is particularly problematic for the sustainability 
transition, where engineers must navigate long-
term system performance, lifecycle impacts, 
regulatory complexity, and socio-environmental 
trade-offs that cannot be understood through 
technical design alone.

Box 5
The TU/e Innovation Space

The TU/e Innovation Space is a university hub where 
students from all disciplines come together to tackle 
real-world challenges and develop entrepreneurial 
skills. As part of this hub, TU/e offers the Innovation 
Space Bachelor End Project (ISBEP), which gives 
undergraduates the chance to complete their 
end project in a team with students from other 
programmes. Together, the teams receive coaching 
from programme representatives and work to 
tackle real-world, open-ended challenges presented 
by companies, student teams, or the university 
itself. They collaborate with real organisations, 
meeting them regularly to align on progress, and 
present regular updates to their peers and coaches, 
emulating a professional environment. Working 
in interdisciplinary teams, students learn how to 
communicate, divide responsibilities, and organise 
themselves professionally to deliver results. The 
programme contributes to credits towards the ISBEP 
learning outcomes, reflecting the added value of 
working in a diverse team, engaging with real-world 
challenges, and developing professional skills like 
leadership and communication.

The TU/e Contest is another initiative of TU/e 
Innovation Space that helps turn innovative ideas 
that address societal issues into viable concepts, 
serving as a launchpad for social start-ups. The five-
month competition and learning platform challenges 
students to develop themselves as engineers of 
the future and discover their path to impact. In co-
creation with experts across educational, business 
and societal fields, participating teams work towards 
a prototype and build entrepreneurial competencies 
through workshops, networking events, and 
brainstorming sessions with peers. 
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3. TOPICS AND APPROACHES FOR 
TRANSFORMING ENGINEERING 
EDUCATION

In response to the outlined challenges, this section highlights 
both the key topic areas that should increasingly be reflected 
in engineering curricula and the educational approaches that 
can help embed them effectively. The approaches focus on how 
engineering education can evolve structurally and pedagogically to 
integrate these topics in a meaningful and sustained way. The key 
topic areas outline the knowledge domains and perspectives that 
enable engineers to address complex sustainability and resilience 
challenges. 

Identified enablers and levers support the integration of these 
approaches and topic areas by aligning educational intent, 
curriculum design, pedagogical delivery, and institutional support. 
The following diagram shows how these enablers and levers 
work together to address the main challenges to transforming 
engineering education as outlined in the previous section.  
It highlights the relationship between pedagogical approaches and 
curriculum design as core levers of change, and the enabling role 
of faculty mindset, culture and capability, institutional mechanisms, 
integration across systems, and assessment and feedback loops in 
supporting sustained transformation.
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LEVERS

ENABLERS

Pedagogical
Approaches

Curriculum
Design

Integration
Across Systems

Faculty Mindset, 
Culture and Capability

Institutional
Mechanisms

CHALLENGES TO BE ADDRESSED

Institutional 
inertia and rigid 
organisational 
structures

Cultural 
resistance and 
mindset 
barriers

Faculty capacity 
and resource 
constraints

The gap 
between theory 
and practice

Assessment & Feedback Loops

Faculty mindset, culture 
and capability ensure the 
academic leadership and staff 
(or educators) delivering change 
have the skills, confidence, and 
motivation to do so. 

Assessment & feedback loops 
track whether outcomes are 
being achieved and inform 
iterative improvements

Institutional mechanisms 
provide the enabling conditions, 
such as policies, partnerships, 
platforms, and organisational 
arrangements, that allow 
curricula and pedagogy to 
be implemented at scale and 
sustained over time.

Pedagogical approaches 
specify how learning is delivered, 
emphasising active and applied 
methods, such as project-, case-, 
challenge-, and experiential 
learning. 

Integration across systems 
aligns curriculum, pedagogy, and 
institutional mechanisms so that 
they continually reinforce each 
other, creating collaborative and 
symbiotic relationships across 
systems.

Curriculum design builds 
coherent learning pathways by 
structuring content, sequencing 
learning across the programme, 
and embedding real-world 
challenges.

Figure 2: 
Aligning educational intent, design, delivery, and institutional support for effectively addressing challenges  

to transforming engineering education
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Approaches for transforming 
engineering education

Systems thinking has emerged as a key approach 
to developing the fundamental knowledge, 
competencies, skills, and mindsets required to 
enable the transformation of engineering education. 
It offers a way for engineering education to prepare 
students for challenges that cannot be identified, 
understood or solved through technical analysis of 
individual components alone. It encourages learners 
to adopt a mindset that considers the wider system, 
its history, purpose, boundaries, interdependencies, 
and vulnerabilities (see Box 6). By learning to frame 
problems holistically, question assumptions, and 
explore how social, ecological, economic, and 
technical elements interact, students gain the 
capacity to understand why systems function as 
they do and where effective interventions may 
lie. Using conceptual system models to examine 
flows, dependencies, and stakeholder perspectives 
can help learners see complexity as something to 
engage with constructively rather than avoid. 

As part of systems thinking, engineering education 
should also adopt a lifecycle approach to projects, 
emphasising the full lifecycle of infrastructure, 
from policy, planning and design to operation, 
maintenance, and end-of-life decisions.9 Lifecycle 
thinking enables engineers to account for long-term 
costs, impacts, and performance implications and is 
key to maximising the value, safety, and resilience 
of existing infrastructure.

Systems and lifecycle approaches reinforce 
critical thinking10 as a cornerstone of engineering 
competence. They encourage students not only to 
analyse technical components, but also to question 
the broader role of engineering in society, its 
relationship with humanity, and its influence on 
both past and future trajectories. By engaging with 
ethical dimensions, social sciences perspectives, and 
the interconnections between engineering, people 
and the planet, engineering students develop the 
capacity to critically examine assumptions, evaluate 
trade-offs, and make informed, responsible 
judgements. In doing so, engineering education 
moves beyond problem-solving in isolation toward 
cultivating reflective practitioners equipped to 
navigate complexity with ethical awareness and 
societal insight.

Box 6
Transition Engineering

Transition Engineering is the work of delivering the 
systems change needed to achieve international 
agreements on global sustainability. It is a 
transdisciplinary approach that focuses on changing 
existing unsustainable systems by understanding 
how those systems actually work, recognising the 
risks and pressures they create, and identifying 
actions that shift them toward safer and more 
resilient futures. It convenes professionals from 
across disciplines, such as engineering, law, 
architecture, economics, and social sciences, 
to work on real problems with real constraints. 
Using practical knowledge of how things currently 
function, transition engineering identifies where 
change is both possible and effective. This approach 
addresses the drivers of unsustainability, works 
with the needs and expectations of stakeholders, 
and concentrates on actions that reduce exposure 
to high-risk energy and resource practices while still 
meeting the essential needs of society. 

Example: Renewable and Sustainable Energy 
Transition MSc at the Heriot-Watt University

The MSc Renewable and Sustainable Energy 
Transition at Heriot-Watt University demonstrates 
how transition engineering principles can be 
embedded in higher education. The programme 
combines renewable energy technologies with 
policy, economics, environmental assessment, 
and systems analysis, and includes a dedicated 
Transition Engineering course and project course. 
The programme equips students to understand 
how current energy systems operate, the sources 
of unsustainability, and the practical steps needed 
to shift those systems to lower-risk, low-carbon 
futures. As a transdisciplinary programme open to 
students from varied professional backgrounds, it 
illustrates how engineering education can prepare 
graduates to design feasible, context-sensitive 
transition actions.

(9) International Coalition for Sustainable Infrastructure. (2025). 
Infrastructure Pathways. (Link)

(10) Critical thinking is defined as the ability to question assumptions, 
analyse information and arguments, evaluate evidence, and reflect on 
alternative perspectives in order to make informed judgements, particularly 
when addressing complex sustainability challenges. Source: Bianchi, 
G., Pisiotis, U., & Cabrera, M. (2022). GreenComp: The European 
sustainability competence framework (EUR 30955 EN). Publications 
Office of the European Union. (Link)
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Embedding a transdisciplinary approach into 
engineering education – such as integrating 
ecological considerations and socio-cultural 
understanding into technical analyses – involves 
not only broadening the factors considered, but 
also bringing together knowledge, methods, 
and perspectives from multiple disciplines and 
stakeholders to address complex challenges 
collaboratively. Rather than learning within 
narrowly defined subject areas, students benefit 
from working alongside peers and experts from 
diverse fields such as ecology, social sciences, 
economics and policy, allowing them to draw on 
multiple ways of problem-solving (see Boxes 6, 7 and 
8). Breaking silos within programmes – which can 
be accomplished through co-designed modules, 
cross-faculty teaching and shared projects – helps 
students practise collaboration across boundaries, 
develop a shared language, and understand 
how different disciplines contribute to collective 
outcomes.

T R ANSF ORMING  HOW ENGINEERING  IS  TAUGHT 
AN D L E ARNED

Experiential learning offers engineering students 
structured opportunities to ‘learn by doing’, 
applying knowledge to real-world challenges in 
ways that traditional lectures cannot. Through 
project-based work, challenge-based learning, 
live industry or community challenges, use cases, 
and collaborative problem-solving environments, 
students develop practical skills in teamwork, 
creativity, communication, and decision-making 
under real-world constraints. Research shows that 
such experiences strengthen workplace readiness 
and wellbeing by helping learners connect theory 
to practice and build confidence in navigating 
complex situations.11 Challenge-based learning, 
in particular, encourages students to engage with 
open-ended, systems-level problems that mirror 
the complexity of contemporary infrastructure and 
sustainability transitions. These approaches can 
enable diverse cohorts of students to engage with 
authentic, socially relevant challenges that prepare 
them for the realities of contemporary engineering 
practice (see Boxes 9, 10, and 11).

Box 7
Seismic Risk Programme at the University of Chile

The Seismic Risk Programme at the University of 
Chile illustrates how engineering education can 
break disciplinary silos and adopt a transdisciplinary 
approach to solving complex societal challenges. 
Created as part of a restructuring of the Department 
of Geophysics, the programme brings together 
students and professionals from civil engineering, 
geophysics, geology, data science, law, sociology, 
and public policy to address earthquake and 
tsunami risk through integrated, real-world research 
and practice. By combining technical seismic 
analysis with social, institutional, and community 
perspectives, the programme enables learners 
to understand disaster risk both as a physical 
phenomenon and as a multidimensional system 
shaped by governance, social vulnerability, and 
infrastructure resilience.

Box 8
Bass Connections at the Duke University

Bass Connections is a university-wide, 
transdisciplinary programme that brings together 
students and faculty from across disciplines to 
tackle complex, real-world societal challenges. 
Organised around themes such as energy and 
the environment, global health, and information 
futures, the programme forms diverse teams that 
include undergraduate students, graduate students, 
faculty, and external partners. These teams co-
investigate open-ended problems, conduct applied 
research, and develop solutions with direct societal 
relevance. By working collaboratively across fields, 
students gain experience in integrative problem-
solving, stakeholder engagement, and navigating the 
uncertainties of real-world contexts.

Engineering students have contributed to 
transdisciplinary teams addressing real-world 
challenges such as improving sanitation access in 
Lowndes County, Alabama, analysing ecological 
and social time scales in hurricane response and 
recovery, and developing shelter, water, and 
sanitary solutions in response to the humanitarian 
impacts of the war in Gaza.

(11) Seymour, S., & Lopez, S. (2015, April 7). “Big Six” college experiences 
linked to life preparedness. Gallup. (Link)
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Box 9
Challenge-based Learning at the Eindhoven University of 
Technology (TU/e)

Challenge-based learning at TU/e places real-
world societal challenges at the centre of the 
educational experience, enabling students to work 
in multidisciplinary teams on open-ended problems 
that demand creativity, collaboration, and systems-
level thinking. TU/e’s innovation ecosystem supports 
a wide range of student teams that function like 
start-ups, giving students the autonomy to design, 
prototype, and test solutions that contribute to 
areas such as energy transition, circularity, mobility, 
and sustainable built environments. Team CASA is 
one such group, bringing together students from 
engineering, architecture, and other disciplines to 
design and build affordable, energy-positive homes 
that meet real housing and sustainability needs.

Box 10
Engineering for People Design Challenge

The Engineering for People Design Challenge is a 
flagship initiative by Engineers Without Borders UK 
that provides university students with real-world 
challenges, encouraging them to develop solutions 
grounded in real sociocultural, environmental, 
and economic contexts and equipping them 
with the competencies to be globally responsible 
engineers. Every year, the Engineering for People 
Design Challenge is developed in collaboration 
with a community partner to produce a design 
brief that is shaped by local community insights. 
In collaboration with universities, the challenge is 
run as part of the curriculum for first and second 
year undergraduates, making it a mandatory part 
of the degree course. Since its inception in 2011, 
the Design Challenge has reached over 110,000 
students across 47 universities in six countries. 
Final student project examples from recent years 
include the ‘Health Pod’, a dual-purpose space that 
utilises shipping containers to tackle food insecurity 
and inaccessibility to healthcare in Govan, Scotland 
and a rainwater-harvesting and filtration system for 
households in Johannesburg’s Makers Valley.

https://www.tue.nl/en/education/why-study-at-tue/challenge-based-learning
https://www.tue.nl/en/our-university/community/team-casa
https://www.ewb-uk.org/upskill/design-challenges/engineering-for-people-design-challenge/
https://www.ewb-uk.org/wp-content/uploads/2024/11/Design-Challenge-Impact-Report-EWB-UK-2024.pdf
https://www.dmu.ac.uk/about-dmu/news/2020/july/engineering-students-secure-top-prize-out-of-uk-universities-for-sustainable-water-system-design.aspx


Box 11
Engineering for People Design Challenge

The Tec21 Educational Model, developed by 
Tecnológico de Monterrey, is an educational 
framework designed to prepare students to address 
complex societal and professional challenges. The 
model focuses on developing both disciplinary 
competences - knowledge and skills required for 
professional practice - and transversal competences, 
such as communication, ethical responsibility, 
innovation, and collaboration.  

 
The Tec21 model is built around four main components 
that guide the teaching and learning process: 

1.	 Challenge-based learning, where students engage 
with real-life problems and apply their knowledge, 
skills, attitudes, and values to develop solutions 
individually and collaboratively.

2.	 Flexibility, which allows students to personalise 
their educational paths. Instead of following a 
rigid curriculum, students can explore different 
disciplinary areas before selecting their specialisation 
and can adapt their learning experiences according to 
their interests and career goals.

3.	 A memorable university experience, supported by 
co-curricular activities, international opportunities, 
and entrepreneurial initiatives that foster personal 
and professional development. 

4.	 Inspiring professors, who act as mentors, design 
challenges, and facilitate the learning process.

ST RENGTHENING  COLL ABOR ATION  BETWEEN 
ACA DEMIA  AND  EXTERNAL  PARTNER S

Industry-academia collaboration is increasingly 
recognised as essential for ensuring engineering 
education keeps pace with rapidly evolving skill 
demands. Partnerships between universities and 
industry can provide learners with pathways to 
develop practical, job-relevant competencies, while 
also helping employers access a broader and more 
diverse talent pool. These collaborations often 
include co-developed curricula, digital credentials, 
and applied learning opportunities that bridge the 
gap between academic preparation and real-world 
expectations. By aligning training with emerging 
technologies, sustainability needs, and workforce 
requirements, industry-academia partnerships 
create more flexible routes into engineering 
professions (see Box 12 and 13).

However, collaboration should extend beyond 
industry alone to include engagement with 
communities, public institutions, civil society, 
and policy actors, ensuring that sustainability 
is addressed not only through optimisation but 
also through social, ecological, and governance 
perspectives. Broadening partnerships in this way 
strengthens engineering education’s capacity to 
respond to complex societal challenges.

Box 12
Examples of industry-academia collaborations

Recent collaborations illustrate how industry and 
universities are working together to modernise 
engineering learning pathways. IBM and 
Northeastern University have developed a model 
in which stackable digital badges in areas such as 
cybersecurity and data science can be counted 
toward university credentials, enabling learners 
to progressively build skills and translate proven 
competencies into academic credit. Siemens and the 
University of Colorado Boulder have partnered to 
create a sustainability-focused micro-credential that 
equips learners with tools for integrating sustainable 
practices into engineering workflows. This credential 
is available globally through online platforms and 
can be stacked toward a master’s degree. These 
examples demonstrate how industry-aligned, 
flexible credentialling pathways can expand access 
to engineering education and ensure that learning 
remains relevant to emerging professional needs.
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Box 13
How to Change the World

How to Change the World offers a scalable model 
of experiential, challenge-based learning in 
engineering education by immersing large, diverse 
groups of students in real societal problems and 
guiding them through intensive, team-based 
project work. Rather than receiving information 
passively, students engage directly with open-ended 
challenges sourced from industry, communities, 
and global partners, supported by mentors from 
multiple sectors. Over a short, focused period, 
learners analyse context, develop ideas, test 
solutions, and communicate outcomes, mirroring 
the pressures and uncertainties of real professional 
practice. Evidence from the programme shows 
that this approach strengthens problem-solving, 
collaboration, creativity, and the ability to integrate 
technical and non-technical considerations. It also 
demonstrates that experiential formats can be 
delivered at scale, online or in person, making this 
model an effective way to complement traditional 
engineering curricula with applied, socially grounded 
learning experiences.

Global Sustainability Project Bootcamps

In the three-day Global Sustainability Bootcamps, 
run by How to Change the World, students work 
in diverse, interdisciplinary teams to address 
real-world sustainability challenges under time 
pressure, supported by mentors and near-peer 
coaches. The experience pushes participants beyond 
their comfort zones, requiring them to adapt to 
shifting team dynamics, make rapid decisions, 
and collaborate across cultures. This environment 
cultivates crucial competencies, such as resilience, 
empathy, leadership, and creative problem-solving, 
within a low-risk, high-support setting where 
experimentation is encouraged. By engaging 
directly in collective problem-solving and navigating 
authentic challenges, participants develop the 
mindsets and skills needed for purposeful, globally 
oriented engineering careers.

https://home.how-to-change-the-world.org/
https://home.how-to-change-the-world.org/post/how-one-team-leveraged-global-collaboration-under-pressure-to-drive-their-own-learning


S UPP ORTING  F L EXIBLE  AND  L IFELONG  
LE ARNING  PATHWAYS

Micro-credentials complement academic 
engineering programmes by giving students  
targeted, practical skills that extend beyond 
traditional curricula. Short, intensive summer and 
winter schools (typically 1-2 week programmes 
delivered outside the academic term) or graduate/
undergraduate-level certificates are key examples, 
offering intensive training that combines lectures, 
workshops, and hands-on projects to bridge 
theory and real-world application (see Boxes 14 
and 15). These programmes are designed to be 
easily transferable to the workforce, often focusing 
on emerging fields such as climate-resilient 
infrastructure, NbS, transition engineering, or 
sustainable engineering, and provide formal 
recognition through certificates or credits. Digital 
and data-focused micro-credentials, including AI for 
engineering, data analytics, and Building Information 
Modelling (BIM), further equip students with in-
demand technical skills. By integrating these short, 
verifiable courses, students enhance employability, 
interdisciplinary understanding, and readiness to 
tackle complex global challenges. Lifelong learning 
pathways must also be sustained beyond academic 
life. Flexible micro-credentials and continued 
education are critical in keeping the engineering 
workforce up to speed with the latest thinking, 
expertise and innovations in the sector (see Box 16).

Box 14
Graduate Certificate in Natural Infrastructure by the  
University of Georgia

The Graduate Certificate in Natural Infrastructure at 
the University of Georgia is a specialised academic 
programme launched in 2024 to prepare graduate 
students to address complex infrastructure 
challenges using NbS and Engineering With Nature 
principles. The curriculum combines core courses, 
field experience, collaborative research training, 
electives from engineering, ecology, landscape, and 
social sciences, and an internship where students 
gain hands-on experience integrating natural and 
conventional infrastructure systems. It emphasises 
interdisciplinary problem solving, systems thinking, 
and real-world project engagement and equips 
students with skills relevant for resilient, sustainable 
infrastructure careers.

Box 15
Complementary Certification in Interdisciplinarity and 
Transdisciplinarity for Sustainability at the University of Chile

The Complementary Certification in 
Interdisciplinarity and Transdisciplinarity for 
Sustainability (CITS) at the University of Chile is 
an undergraduate complementary certification 
designed to equip students from any faculty with the 
ability to address complex sustainability challenges. 
Through a core interdisciplinary course, elective 
modules, and cross-faculty learning pathways, the 
programme develops competencies in systems 
thinking, collaborative problem-solving, and social 
and environmental innovation, aligning student 
learning with the SDGs.

Box 16
The Technical Assistance Program from the Institute for 
Sustainable Infrastructure

The Technical Assistance Program (TAP) from 
the Institute for Sustainable Infrastructure (ISI) 
provides infrastructure owners from small and/or 
economically distressed communities with better 
access to resources for guiding more sustainable 
projects.

Through this programme, participants 
collaboratively engage in evaluating practical 
solutions to complex issues related to sustainability, 
resilience, and equity using ISI’s Envision Sustainable 
Infrastructure Framework. The Envision Framework 
is a decision-making tool that allows infrastructure 
stakeholders to evaluate projects across a broad 
range of sustainability indicators that address 
environmental, social, and economic dimensions of 
sustainability to encourage systemic change. 

Selected participants gain access to ISI’s own 
education and training resources, as well as its 
network of academic subject matter experts who 
provide expertise and mentorship to TAP project 
teams, while simultaneously incorporating the goals 
and objectives of TAP into learning outcomes for 
their students.
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SD GS  AND OTHER  SUSTAINABLE  DEVELOPMENT-REL ATED  
FR A MEWORKS:  

Understanding key sustainable development frameworks, and the 
interdependencies of their targets, equips engineers to align their 
work with global sustainability ambition. Beyond awareness, engineers 
should recognise their active role in delivering sustainability outcomes, 
understanding how engineering decisions directly influence progress 
across social, economic, and environmental goals. This includes 
identifying climate-related vulnerabilities and aligning engineering 
practices with internationally agreed targets for sustainability, equity, 
and development. The following frameworks provide structured 
approaches that help translate these broad sustainability ambitions 
into practical principles and tools for engineering analysis, design, and 
decision-making:

	• UN SDGs: A global framework of 17 interlinked goals guiding 
sustainable, equitable, and inclusive development.12

	• Doughnut Economics: A model that frames development within 
a ‘safe and just space’ bound by social foundations and ecological 
ceilings.13,14   

	• Planetary Boundaries framework: Identifies critical biophysical 
thresholds within which humanity can safely operate.15 

(12) United Nations. (n.d.). Sustainable 
Development Goals. (Link) 

(13) Raworth, K. (2017). Doughnut economics: 
Seven ways to think like a 21st-century 
economist. Chelsea Green Publishing.

(14) An example of its application to a technical 
domain is the Doughnut Economics Action Lab’s 
Doughnut for Urban Development: Manual 
and Tools, which provides practical guidance 
for applying the framework in urban planning 
and infrastructure development. Source: Hill-
Hansen, D., & Guldager Jensen, K. (2023). 
Doughnut for urban development: A manual. 
Danish Architectural Press. (Link)

(15) Stockholm Resilience Centre. (n.d.). Planetary 
boundaries. Stockholm University. (Link)

Topics to be embedded in engineering curricula

Below are key topic areas that can be integrated into curricula to 
strengthen engineers’ ability to work in transdisciplinary teams and 
address pressing climate and sustainability challenges.
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S USTAINABIL ITY :  

Engineers need the ability to evaluate long-term environmental, social, 
and economic impacts, anticipate how systems behave under stress, 
and design infrastructure that supports both present and future 
generations. This includes understanding planetary boundaries and 
ensuring that infrastructure contributes positively to community 
wellbeing and function without threatening natural systems (see Box 
17).

ECO LOGY  AND THE  NATUR AL  ENVIRONMENT:  

A strong ecological understanding allows engineers to work with, 
rather than against, natural systems, applying the principles of nature-
positive engineering (NPE).16 NPE refers to engineering practices that 
protect, restore, and enhance natural systems, delivering measurable 
gains for nature alongside societal wellbeing and need. NPE reframes 
nature as a critical ally and an integral part of achieving human and 
planetary wellbeing. It is a systems-based practice that aims to deliver 
measurable gains for nature – protecting and restoring habitats, 
enhancing biodiversity, and strengthening ecosystem services.  
This includes approaches such as NbS and green17 or green-grey18 
infrastructure, which integrate natural processes into engineered 
systems, while forming part of the broader ambition of NPE to 
transform practice at a systemic level. This approach recognises nature 
as infrastructure in its own right that provides essential functions 
such as water filtration, climate regulation, and coastal protection. 
Building on this, regenerative design goes further than sustainable 
or restorative approaches by aiming for infrastructure systems that 
enable humans and living systems to survive, thrive, and co-evolve 
over time, actively contributing to the health and resilience of socio-
ecological systems.19 Embedding nature positivity as a core engineering 
design objective, alongside safety, efficiency, and functionality, is key to 
‘bending the curve’ of biodiversity loss (see Box 18).

CLI MATE  CHANGE:  

Engineers should understand the drivers and consequences of climate 
change and the role of mitigation and adaptation in combating climate 
impacts. Acknowledging that their work is deeply connected to the 
climate crisis, they should integrate this knowledge into their practice 
and plan for future climate scenarios accordingly. 

RES IL IENCE:  

Resilience forms a foundational lens through which engineering 
decisions are made so that systems, technologies, and communities 
are prepared for an uncertain future and can maintain essential 
functions during disruptions

(16) Lloyd’s Register Foundation. (2025). 
Foresight review of nature-positive 
engineering. (Link) 

(17) Green Infrastructure is a strategically 
planned network of natural and semi-natural 
areas with other environmental features 
designed and managed to deliver a wide range of 
ecosystem services. It incorporates green spaces 
(or blue, if aquatic ecosystems are concerned) 
and other physical features in terrestrial 
(including coastal) and marine areas. On land, 
green infrastructure is present in rural and 
urban settings. Source: European Commission. 
(2013). Green infrastructure (GI): Enhancing 
Europe’s natural capital. Publications Office of 
the European Union. (Link)

(18) Green-Grey Infrastructure mixes the 
conservation and restoration of nature 
(including natural coastal buffers, such as 
mangroves and seagrasses) with conventional 
approaches (such as concrete dams and 
seawalls). Source: Conservation International. 
(n.d.). Green-gray infrastructure. (Link)

(19) Broadbent, O., & Norman, J. (2024). 
The regenerative structural engineer. 
Constructivist. (Link)
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RI S K  ASSESSMENT:  

Risk assessment involves evaluating hazards, vulnerabilities, 
uncertainties, and potential impacts across environmental, technical, 
social, and financial dimensions. Engineers should be able to 
understand risk assessment methodologies, interpret data, and 
propose measures for climate mitigation and adaptation. This should 
be complemented by assessment tools that support informed 
decision-making, such as lifecycle assessment, cost-benefit analysis, 
and multi-criteria decision analysis, which help evaluate trade-
offs across environmental, social, and economic dimensions. This 
competency is crucial for designing infrastructure that can withstand 
unpredictable conditions and reduce long-term exposure  
to risk.

GOVERNANCE  AND POL ICY:  

Engineering solutions sit within wider governance, regulatory, and 
institutional frameworks. Engineers should have an understanding of 
how policies are created, how regulations are applied, and the role 
that the profession can play in influencing change at the policy level. 

I N FR ASTRUC TU RE  F INANCE:  

Understanding infrastructure finance equips engineers to appreciate 
the economic realities behind project delivery. This includes knowledge 
of budgeting, cost-benefit analyses, funding mechanisms, insurance, 
public-private partnerships, and the financial implications of 
sustainability and resilience. 

ET H ICS  AND  C U LTUR AL  COMPETENCY:  

Ethical awareness equips engineers to understand how infrastructure 
shapes societies, affects equity, and influences human behaviour. 
Engineers should be able to recognise power dynamics, cultural 
contexts, and social and environmental impacts, engage with 
communities, and evaluate who benefits and who bears risks. Ethics is 
also key to how data is managed, stored, and used for digital solutions.

DI G ITAL  SK IL LS ,  EMERGING  TECHNOLOGIES  AND  A I :  

The digital transformation in engineering practice requires familiarity 
with data analytics, digital twins, automation, modelling tools (e.g. 
digital twins), and the responsible use of AI. Engineers should 
understand the capabilities and limits of emerging digital technologies 
and use digital tools to enhance design quality, efficiency, and 
decision-making. The ethical application of AI tools is a key skill that all 
future engineering graduates will need to acquire.
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Box 18
WWF ALIGN project: Natural Resource Safeguarding Curricula at 
Tribhuvan University in Nepal, Sushant University in India and the 
National University of Mongolia.

The ALIGN project was a WWF-led, USAID-funded 
initiative that concluded in early 2025, aimed at 
safeguarding biodiversity and human livelihoods 
amid Asia’s rapidly expanding linear infrastructure 
development. The project focused on integrating 
high-quality natural resource safeguards into the 
planning, design, and implementation of roads, 
railways, power lines, canals, and other forms of linear 
infrastructure across the region. Recognising that 
mitigation alone is insufficient, ALIGN addressed a 
critical gap in professional capacity by preparing the 
next generation of engineers and planners to integrate 
ecological systems and biodiversity considerations 
into infrastructure design from the outset. To do so, 
WWF partnered with universities in Mongolia, India, 
and Nepal to embed safeguard concepts directly into 
formal academic curricula, with each country adopting 
a model tailored to its institutional context.

In Nepal, WWF collaborated with both the Institute 
of Engineering and the Institute of Forestry at 
Tribhuvan University. At the Institute of Engineering, 
a dedicated elective course on natural resource 
safeguards was introduced for undergraduate and 
master’s-level civil engineering students, combining 
classroom instruction with tutorials and field-based 
projects at real infrastructure sites. At the Institute of 
Forestry, safeguard concepts were integrated into a 
master’s-level course, while foundational instruction 
on transportation ecology and infrastructure impacts 
reached more than 100 undergraduate students 
annually. 

In India, WWF partnered with Sushant University to 
embed natural resource safeguards into a studio-
based planning curriculum rather than a standalone 
lecture course. Safeguard concepts were integrated 
directly into a real-world infrastructure planning 
studio, where undergraduate and master’s students 
worked together on corridor-scale planning exercises. 
Students applied GIS, remote sensing, and cumulative 
impact assessment tools to identify wildlife movement 
areas, ecological conflict hotspots, and hydrological 
constraints, translating these analyses into nature-
sensitive design proposals through maps, drawings, 
and physical models. This interdisciplinary studio 
environment mirrors professional practice and has 
supported students in securing employment upon 
graduation.

In Mongolia, WWF collaborated with the National 
University of Mongolia to take a distributed curriculum 
approach. Rather than creating a single course, 
safeguard content was integrated across ten existing 
undergraduate courses within the School of Ecology. 
These short, focused modules introduced students 
incrementally to the impacts of linear infrastructure 
on ecosystems, wildlife movement, and biodiversity, 
building a comprehensive understanding by 
graduation. This approach has already influenced 
student research, with multiple students choosing 
thesis topics related to infrastructure impacts such as 
wildlife movement near rail corridors and mortality 
along highways. The collaboration has also catalysed 
new discussions between ecology and engineering 
faculties, including emerging partnerships with the 
Mongolian University of Science and Technology to 
integrate transportation ecology into engineering 
programmes.

Box 17
GreenComp: The European sustainability competence framework

The GreenComp framework, developed by the 
European Commission’s Joint Research Centre, 
provides a shared reference for sustainability 
competences in education and training. It identifies the 
knowledge, skills and attitudes needed for individuals 
to think, plan and act sustainably, supporting learners 
in becoming agents of change for a more sustainable 
society. GreenComp organises sustainability 
competences into four interconnected areas:

1.	 Embodying sustainability values: reflecting on 
values and promoting fairness and respect for 
nature.

2.	 Embracing complexity in sustainability: applying 
systems thinking, critical thinking and problem 
framing to understand complex socio-ecological 
challenges.

3.	 Envisioning sustainable futures: imagining and 
developing alternative sustainable futures through 
creativity, adaptability and futures literacy.

4.	 Acting for sustainability: translating knowledge 
and values into action through individual initiative, 
collective action and political engagement.
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4. A PATHWAY TO TRANSFORMING 
ENGINEERING EDUCATION 

Engineers will play a crucial role in achieving global sustainability, 
adaptation and resilience outcomes. To equip them for this role, 
the transformation of engineering education is critical. This chapter 
presents a pathway for this transformation, drawing on discussions 
with practitioners from academia, civil society, and industry. 
Indicative timeframes suggest how different actions might unfold 
and interact over time. Desired outcomes are linked to key actors 
who could help realise them, and reflect evolving societal needs, 
environmental pressures, changing professional roles, and growing 
industry demand. Together, they describe key characteristics of 
future engineering programmes and the capabilities they should 
foster in graduates, offering a vision for how engineers could be 
equipped with the knowledge, competencies, skills, and mindsets 
needed to address the complex challenges inherent in shaping and 
delivering infrastructure and the built environment.
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The suggested recommendations and actions aim to be broadly 
transferable, but the pathway is non-linear and must be adapted to 
diverse regional, cultural and institutional contexts. There is no one-
size-fits-all approach to transforming engineering education, but 
this pathway offers actionable approaches for systematic, sustained 
integration supported by institutional structures and meaningful 
partnerships between academia, industry and beyond. There is 
clear scope for progress where institutions are prepared to adopt 
collaborative, transdisciplinary approaches and develop models that 
can be scaled. Identifying specific barriers helps focus efforts where 
they can have the greatest impact.

Programmes support flexible, lifelong learning

Learning bridges theory and real-world practice

Engineering education is transdisciplinary and socially grounded

Sustainability and resilience are core to engineering education

Graduates act ethically and responsibly in complex contexts

Graduates can navigate complex socio-technical systems

The recommendations and related actions outlined 
in the following table provide practical steps 
through which institutions can work towards a set 
of six desired outcomes: 
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UNIVERSITY ACTORS

Executive leadership (E.g. President, Vice-Chancellor, Provost, governing board) responsible for institutional 
strategy, resource allocation, policy direction, and overall accountability.

Faculty and academic 
leadership

(E.g. Deans, department heads, programme directors) who translate institutional 
strategy into faculty-level priorities, curriculum design, and academic governance.

Academic staff Professors, lecturers, researchers, and teaching fellows who design and deliver 
courses, supervise students, and implement pedagogical innovation.

Institutional support 
units

Administrative and professional services (e.g. teaching and learning centres, quality 
assurance, HR, IT, sustainability offices, careers services) that enable curriculum 
reform, staff development, and operational delivery.

Students and student 
bodies

Undergraduate and postgraduate students, student representatives, student 
clubs, and unions who participate in learning, provide feedback, and contribute to 
curriculum improvement and institutional change.

 ENABLING ACTORS

Funders and financial 
actors:

Research councils, foundations, development banks, and corporate sponsors 
that provide financial resources to support curriculum innovation, research, and 
institutional transformation.

Public and policy actors: Government ministries, regulators, local authorities, and public agencies that define 
infrastructure priorities, regulatory frameworks, and funding environments.

Civil society and 
community actors

Non-governmental organisations, community groups, and local stakeholders who 
represent societal and environmental interests and contribute contextual knowledge 
to engineering practice.

International and multi-
stakeholder networks

Global partnerships, academic consortia, professional networks, and cross-sector 
initiatives that facilitate knowledge exchange, benchmarking, and collaborative 
reform.

Professional engineering 
institutions and 
accreditation bodies

National and international organisations that set professional standards, define 
competency requirements, accredit degree programmes, and regulate licensure.

INDUSTRY ACTORS

Private and public engineering firms, infrastructure operators, technology providers, and consultancies that  
shape workforce expectations, provide practical training opportunities, and co-develop curricula.

Changes to engineering education will not happen 
passively. It is time for key actors to take ownership 
of the path forward, turning ambition into tangible 
action and incremental changes into systemic 
transformation.

Lead actors include:
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ACTION ACTORS TIMEFRAME OUTCOME

Recognise engineering as a socio-
technical, value-driven profession, 
supported by global frameworks and 
industry expectations

UNIVERSITY ACTORS: 
Executive leadership, Faculty and 
academic leadership

ENABLING ACTORS: 
Professional engineering institutions 
and accreditation bodies

INDUSTRY ACTORS

 
Short  
(1-2 years)

Engineering education 
is transdisciplinary and 
socially grounded

Build institutional support, including 
explicit backing from senior university 
leadership

UNIVERSITY ACTORS:
Executive leadership, Faculty and 
academic leadership Short  

(1-2 years)

 
 
 

 

Programmes support 
flexible, lifelong learning

Sustainability and 
resilience are core to 
engineering education

Articulate a clear vision that positions 
sustainability, systems thinking, and 
societal impact as core purposes of 
engineering programmes

UNIVERSITY ACTORS:
Executive leadership, Faculty and 
academic leadership, Academic staff, 
Students and student bodies

Short  
(1-2 years)

Sustainability and 
resilience are core to 
engineering education

Align institutional strategies and 
accreditation expectations with this  
vision

UNIVERSITY ACTORS:
Faculty and academic leadership, 
Academic staff, Institutional support 
units

Medium  
(3-5 years)

Programmes support 
flexible, lifelong learning

View curricula institutionally as 
interconnected systems, encouraging 
more holistic programme-level redesign 
rather than isolated course additions

UNIVERSITY ACTORS:
Executive leadership, Faculty and 
academic leadership, Academic staff, 
Institutional support units

Medium  
(3-5 years)

Engineering education 
is transdisciplinary and 
socially grounded

Create cross-faculty governance 
structures, such as steering groups, 
committees, and working groups, that 
coordinate curriculum integration, 
improve co-creation, and break down 
silos between engineering, natural 
sciences, social sciences, policy, and 
economics faculties

UNIVERSITY ACTORS:
Executive leadership, Faculty and 
academic leadership, Institutional 
support units

Short  
(1-2 years)

Engineering education 
is transdisciplinary and 
socially grounded

Empower sustainability offices or similar 
institutional units with clear mandates 
and executive decision-making authority 
to coordinate and support the integration 
of sustainability across curricula, 
research, and institutional strategy

UNIVERSITY ACTORS:
Executive leadership, Faculty and 
academic leadership, Institutional 
support units

Short  
(1-2 years)

Programmes support 
flexible, lifelong learning

RECOMMENDATION

Establish the foundations for transformation

29



ACTION ACTORS TIMEFRAME OUTCOME

Provide training and professional 
development for faculty in sustainability 
education, systems thinking, 
transdisciplinary pedagogy, and 
community-engaged learning

UNIVERSITY ACTORS: 
Faculty and academic leadership, 
Institutional support units,  
Academic staff

ENABLING ACTORS: 
International and multi-stakeholder 
networks

 
Medium 
(3-5 years)

Sustainability and 
resilience are core to 
engineering education

Engineering education 
is transdisciplinary and 
socially grounded

Build digital and technical capacity, 
including training on emerging 
technologies and approaches

UNIVERSITY ACTORS: 
Faculty and academic leadership, 
Institutional support units

INDUSTRY ACTORS

Medium  
(3-5 years)

 
 
 

Engineering education 
is transdisciplinary and 
socially grounded

Reconsider and update job descriptions 
for new faculty hires to align with 
and prioritise the above-mentioned 
competencies

UNIVERSITY ACTORS: 
Executive leadership, Faculty and 
academic leadership, Institutional 
support units

Short  
(1-2 years)

Learning bridges theory 
and real-world practice

Recruit visiting professors who can 
complement permanent faculty in 
delivering courses that incorporate 
new learning and teaching approaches, 
such as transdisciplinarity and 
systems thinking, and micro-credential 
programmes

UNIVERSITY ACTORS: 
Faculty and academic leadership, 

ENABLING ACTORS: 
International and multi-stakeholder 
networks

INDUSTRY ACTORS

Short  
(1-2 years)

Learning bridges theory 
and real-world practice

Provide grants and recognition to support 
curriculum redesign and co-teaching 
across departments

UNIVERSITY ACTORS: 
Executive leadership, Faculty and 
academic leadership

ENABLING ACTORS: 
Funders and financial actors

Short  
(1-2 years)

Sustainability and 
resilience are core to 
engineering education

Establish peer learning networks and 
communities of practice that help staff to 
share resources, address challenges, and 
collaborate across faculties

UNIVERSITY ACTORS: 
Academic staff, Institutional  
support units

ENABLING ACTORS: 
International and multi-stakeholder 
networks

Short  
(1-2 years)

Sustainability and 
resilience are core to 
engineering education

RECOMMENDATION

Build faculty capacity
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ACTION ACTORS TIMEFRAME OUTCOME

Explicitly link content to sustainability, 
systems thinking, and societal impact 
throughout curricula

UNIVERSITY ACTORS: 
Faculty and academic leadership, 
Academic staff Medium  

(3-5 years)

Graduates can navigate 
complex socio-technical 
systems

Introduce transdisciplinary modules, 
including cross-faculty teaching and 
collaborative projects

UNIVERSITY ACTORS: 
Faculty and academic leadership, 
Academic staff, Institutional support 
units

Medium  
(3-5 years)

 
 

Engineering education 
is transdisciplinary and 
socially grounded

Move beyond traditional lecture-based 
teaching by incorporating challenge-
based, experiential, and real-world 
learning, supported by industry, 
community, and policy partners

UNIVERSITY ACTORS: 
Academic staff, Industry actors

ENABLING ACTORS: 
Public sector and policy actors, Civil 
society and community actors

Medium  
(3-5 years)

Learning bridges theory 
and real-world practice

Strengthen international collaboration 
and knowledge exchange to encourage 
shared learning and support engineering 
responses to global challenges

UNIVERSITY ACTORS: 
Executive leadership, Faculty and 
academic leadership

ENABLING ACTORS: 
International and multi-stakeholder 
networks 

Medium  
(3-5 years)

Learning bridges theory 
and real-world practice

Support learning modules that are 
grounded in local contexts by investing 
in community engagement and local 
engineering practices

UNIVERSITY ACTORS: 
Academic staff

ENABLING ACTORS: 
Public sector and policy actors, Civil 
society and community actors

Medium  
(3-5 years)

Graduates act ethically 
and responsibly in 
complex contexts

Adopt lifecycle thinking, so that students 
learn to address operation, maintenance, 
retrofitting, and decommissioning, not 
just new-build design

UNIVERSITY ACTORS:
Faculty and academic leadership, 
Academic staff

INDUSTRY ACTORS

Medium  
(3-5 years)

Graduates can navigate 
complex socio-technical 
systems

Integrate digital and emerging technology 
competencies, including data analytics, 
digital twins, AI literacy, and their ethical 
application

UNIVERSITY ACTORS: 
Academic staff, Institutional support 
units

INDUSTRY ACTORS 

Medium  
(3-5 years)

Graduates act ethically 
and responsibly in 
complex contexts

Go beyond technical competency to 
entrench mindsets and skills necessary 
for addressing complex societal and 
ecological challenges

UNIVERSITY ACTORS: 
Faculty and academic leadership, 
Academic staff, Students and student 
bodies

Long  
(5-10 years)

Graduates can navigate 
complex socio-technical 
systems

Embrace students as agents of change 
and engage them in informing and 
improving curricula

UNIVERSITY ACTORS: 
Faculty and academic leadership, 
Institutional support units, Students 
and student bodies

Short  
(1-2 years)

Programmes support 
flexible, lifelong learning

RECOMMENDATION

Embed new learning approaches and curriculum redesign
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ACTION ACTORS TIMEFRAME OUTCOME

Co-design curricula and learning 
modules with industry and public-sector 
practitioners

UNIVERSITY ACTORS: 
Faculty and academic leadership

ENABLING ACTORS: 
Public sector and policy actors 

INDUSTRY ACTORS

Medium  
(3-5 years)

Learning bridges theory 
and real-world practice

Involve industry, communities, and policy 
actors in designing research projects that 
address real-world needs

UNIVERSITY ACTORS: 
Academic staff

ENABLING ACTORS: 
Public sector and policy actors

INDUSTRY ACTORS

Medium  
(3-5 years)

Learning bridges theory 
and real-world practice

Develop partnerships between academia 
and local government for planning and 
policy engagement

UNIVERSITY ACTORS: 
Executive leadership, Faculty and 
academic leadership

ENABLING ACTORS: 
Public sector and policy actors

Medium  
(3-5 years)

Learning bridges theory 
and real-world practice

Provide applied learning opportunities, 
including internships, community-
engaged projects and research 
collaborations

UNIVERSITY ACTORS: 
Academic staff, Institutional support 
units

ENABLING ACTORS: 
Civil society and community actors

INDUSTRY ACTORS 

Medium  
(3-5 years)

Learning bridges theory 
and real-world practice

Collaborate with professional bodies 
and industry to develop continued 
education programmes and flexible 
micro-credentials that allow learners 
to specialise in emerging fields such as 
climate adaptation, AI in engineering, 
nature-based solutions, infrastructure 
finance, and systems modelling

UNIVERSITY ACTORS: 
Faculty and academic leadership, 
Institutional support units 

ENABLING ACTORS: 
Professional engineering institutions 
and accreditation bodies

INDUSTRY ACTORS

Medium  
(3-5 years)

Learning bridges theory 
and real-world practice

Programmes support 
flexible, lifelong learning

Support long-term collaborative 
structures, not one-off initiatives, so 
partnerships feed into teaching and 
assessment

UNIVERSITY ACTORS: 
Executive leadership

ENABLING ACTORS: 
Funders and financial actors, Public 
sector and policy actors

INDUSTRY ACTORS

Long  
(5-10 years)

Programmes support 
flexible, lifelong learning

Co-develop clear, detailed practice-based 
case studies for more engaged learning

UNIVERSITY ACTORS: 
Academic staff

ENABLING ACTORS: 
Civil society and community actors

INDUSTRY ACTORS

Short  
(1-2 years)

Learning bridges theory 
and real-world practice

RECOMMENDATION

Strengthen partnerships with industry, communities, and policy actors
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ACTION ACTORS TIMEFRAME OUTCOME

Provide incentives that support 
and reward faculty members for 
transdisciplinary teaching, sustainability 
integration, co-creation with industry and 
communities, and pedagogical innovation

UNIVERSITY ACTORS: 
Executive leadership, Faculty and 
academic leadership, Institutional 
support units

Medium  
(3-5 years)

Engineering education 
is transdisciplinary and 
socially grounded

Co-design curricula and distribute 
teaching responsibilities across faculties

UNIVERSITY ACTORS: 
Faculty and academic leadership, 
Academic staff Medium  

(3-5 years)

Engineering education 
is transdisciplinary and 
socially grounded

Sustainability and 
resilience are core to 
engineering education

Streamline curriculum approval processes 
and maintain open, adaptable curricula 
by regularly reviewing programme 
structures

UNIVERSITY ACTORS: 
Executive leadership, Faculty and 
academic leadership, Institutional 
support units

Medium  
(3-5 years)

Sustainability and 
resilience are core to 
engineering education

Secure the support of professional 
engineering institutions

UNIVERSITY ACTORS: 
Executive leadership

ENABLING ACTORS: 
Professional engineering institutions 
and accreditation bodies 

Short  
(1-2 years)

Sustainability and 
resilience are core to 
engineering education

Facilitate partnerships and mentoring 
between institutions with mature 
sustainability curricula and those 
beginning the transition

UNIVERSITY ACTORS: 
Faculty and academic leadership

ENABLING ACTORS: 
International and multi-stakeholder 
networks 

Medium  
(3-5 years)

Sustainability and 
resilience are core to 
engineering education

Increase the availability of open-access 
curriculum transformation toolkits

UNIVERSITY ACTORS: 
Academic staff

ENABLING ACTORS: 
Funders and financial actors, 
International and multi-stakeholder 
networks

Short  
(1-2 years)

Sustainability and 
resilience are core to 
engineering education

RECOMMENDATION

Create structures for continuous improvement and institutionalisation
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5. WHAT NEXT?

The ISLe Learning Hub series has demonstrated 
the value of structured peer learning in advancing 
the transformation of engineering education. By 
bringing together educators and practitioners from 
diverse disciplines, sectors, and cultural contexts, 
the series created a space to examine shared 
challenges, exchange practical examples, and 
identify approaches that can be adapted and scaled 
across institutions. These community-based formats 
illustrate how collective reflection and knowledge 
exchange can help catalyse the broader systemic 
changes required in engineering education.

Engineering education must quickly evolve to 
meet the demands of a changing world and an 
expanding professional landscape. The challenges 
are substantial: rigid structures, cultural resistance, 
resource limitations, and a persistent gap between 
theory and practice create interconnected 
barriers that cannot be solved in isolation. Yet, the 
opportunities are equally significant. 

This paper carves out an actionable path towards 
the transformation of engineering education. By 
embedding transdisciplinarity and systems thinking, 
strengthening academia-industry partnerships, and 
leveraging collaborative platforms such as ISLe, 
universities can begin to close the gap between 
what is taught and what is needed. Convening 
a working group for transforming engineering 
education can help take these ideas forward and 
provide a platform for collaboration.

Cross-sector collaboration will be crucial to 
the success and speed of this transformation. 
Engineering faculties, industry leaders, professional 
bodies, civil society organisations, and students 
who share this vision all have a role to play and are 
encouraged to work together to adopt the pathway 
within their own contexts.

Moving forward will require systems-level change 
over time, through incremental but purposeful 
action that is tailored to local contexts and 
sustained by a shared vision of what engineering 
education can become. The suggested pathway calls 
for academia to move beyond traditional silos, for 
industry to take on a more active educational role, 
and for both to work together to prepare future 
engineers not only for technical proficiency, but for 
the complex, interconnected and rapidly evolving 
challenges of our time. 

Sharing lessons learnt will be vital to help build 
the evidence base for wider adoption. Early 
adopters can provide valuable insights from pilot 
implementations, paving the way for likeminded 
actors and initiatives. In order to achieve the vision 
of broad systemic transformation, actors must value 
collaboration over competition and contribute to 
a growing community of practice that turns intent 
into action.

Advocacy efforts remain key to achieving 
the desired change. Actors must push for the 
integration of sustainability competencies into 
accreditation criteria, continuing professional 
development standards, and institutional strategy 
frameworks. The evidence and examples presented 
in this report provide a sound foundation for doing 
so. Through this coordinated and collaborative 
effort, the desired outcomes necessary for the 
transformation of engineering education can be 
achieved.
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