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Engineering Education
for a Sustainable Future

01 | M4 Make your project sustainable

Extra resources for module 4

C01 ENERGY SOURCES MINIMIZING THE CARBON FOOTPRINT. Ability to qualitatively analyze the carbon footprint
associated with different energy sources. Energy principles, comparison variables.

1. Report chapter: |PCC Sixth Assessment Report, Chapter 6: Enerqy Systems. Provides the scientific basis for

analyzing and comparing the carbon footprints of different energy sources.

2. Practical guide: Carbon Trust Guide to carbon footprinting for business. Introductory guide designed to help

businesses understand organisational and product carbon footprinting.

3. Data dashboard on low-carbon energy transition: /RENA Energy Transition Tracker. An open database and

platform providing vital energy data for different zones around the world.

4. Report: |[EA Net Zero by 2050: A Roadmap for the Global Energy Sector. |IEA Report presenting a detailed global
roadmap for achieving a net zero energy system by 2050.

14S: PROBLEM SOLVING. Complex problem-solving skills.

1. Journal article: Project-Based Problem Learning: Improving Problem-Solving Skills in Higher Education

Engineering Students Paper discusses the essential problem-solving skills in engineering education,

encompassing analytical thinking, creativity, and decision-making.

2. Journal article: Developing Complex Problem-Solving Skills: An Engineering Perspective Presents a blended-

learning course design that includes didactic methods for teaching complex problem-solving, integrated with
software integration topics.

3. Journal article: Problem-Based Learning and Engineering Education for Sustainability: Where we are and where

could we go? Discusses how problem-based learning (PBL) can be effectively used to teach sustainability in
engineering education, highlighting current practices and future directions.

15S: CRITICAL. Critical thinking skills

1. Review article: Critical thinking to embed sustainability in engineering courses activities: A systematic

Literature Review Explores the current trend in engineering studies to include sustainability through critical

thinking.

2. Tool: Kialo A free platform that facilitates structured debates, allowing students to engage in reasoned

discussions on complex topics.

3. Toolkit: Sustainability Toolkit: Teaching tools Toolkit from the Engineering Professors Council that includes

learning activities that incorporate critical thinking skills.

4. Policy paper: OECD Report on Decarbonising Maritime Transport. Report examines what would be needed to

achieve zero CO2 emissions from international maritime transport by 2035.
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https://www.ipcc.ch/report/ar6/wg3/chapter/chapter-6/
https://www.carbontrust.com/our-work-and-impact/guides-reports-and-tools/a-guide-to-carbon-footprinting-for-businesses
https://global-energy-transition.org/
https://www.iea.org/reports/net-zero-by-2050
https://hipatiapress.com/hpjournals/index.php/rise/article/view/15125/4945
https://hipatiapress.com/hpjournals/index.php/rise/article/view/15125/4945
https://online-journals.org/index.php/i-jac/article/view/11067
https://www.researchgate.net/publication/382019594_Problem-Based_Learning_and_Engineering_Education_for_Sustainability_Where_we_are_and_where_could_we_go
https://www.researchgate.net/publication/382019594_Problem-Based_Learning_and_Engineering_Education_for_Sustainability_Where_we_are_and_where_could_we_go
https://end-educationconference.org/wp-content/uploads/2023/06/04_OP_235.pdf
https://end-educationconference.org/wp-content/uploads/2023/06/04_OP_235.pdf
https://www.kialo-edu.com/
https://epc.ac.uk/resources/toolkit/sustainability-toolkit/sustainability-toolkit-teaching-tools/
https://www.oecd.org/en/publications/decarbonising-maritime-transport_b1a7632c-en.html#:~:text=This%20report%20examines%20what%20would,different%20combinations%20of%20these%20measures.

C02. ENVIRONMENTAL EFFECTS OF TRANSPORTATION. Ability to apply engineering knowledge, experience, and
innovation to transport, logistics, freight transport, passenger transport, and tourism.

Policy paper: OECD Report on Decarbonising Maritime Transport. Report examines what would be needed to

achieve zero CO2 emissions from international maritime transport by 2035.

EEA Resources: Transport and mobility. Various resources from the EEA on European initiatives to decarbonise

the transport sector.

14S: PROBLEM SOLVING. Complex problem-solving skills.

Journal article: Project-Based Problem Learning: Improving Problem-Solving Skills in Higher Education

Engineering Students Paper discusses the essential problem-solving skills in engineering education,

encompassing analytical thinking, creativity, and decision-making.

Journal article: Developing Complex Problem-Solving Skills: An Engineering Perspective Presents a blended-

learning course design that includes didactic methods for teaching complex problem-solving, integrated with
software integration topics.

Journal article: Problem-Based Learning and Engineering Education for Sustainability: Where we are and where
could we go? Discusses how problem-based learning (PBL) can be effectively used to teach sustainability in
engineering education, highlighting current practices and future directions.

15S: CRITICAL. Critical thinking skills

Review article: Critical thinking to embed sustainability in engineering courses activities: A systematic

Literature Review Explores the current trend in engineering studies to include sustainability through critical

thinking.
Tool: Kialo A free platform that facilitates structured debates, allowing students to engage in reasoned
discussions on complex topics.

Toolkit: Sustainability Toolkit: Teaching tools Toolkit from the Engineering Professors Council that includes learning

activities that incorporate critical thinking skills.

C03: SUSTAINABLE AND RESILIENT INFRASTRUCTURES AND CITIES. Ability to develop sustainable and resilient
infrastructure and city models, identifying and understanding the risks posed by climate change, implementing

sustainable mobility strategies; distributed renewable energy generation; circular supply chains; and nature-based

solutions and forward-thinking scenarios.

1.

UN Report: World Cities Report 2024: Cities and Climate Action. Report provides an analysis of the current and

expected climate impacts on different regions and cities.

Case studies: C40 Knowledge Hub. Various practical resources to help cities act on climate change.

Guidance on the implementation of local and regional circular economy initiatives: Circular Cities and regions

initiative.

Guidance and practical tools: /CLEI Resilience and Climate Adaptation resources.

OERs: SDG Academy. Free educational resources, including a course on sustainable cities

03S: MATERIALS. Skills for selecting sustainable materials.

Report/case studies: Sustainable Materials Selection in Manufactured Products A Framework for Design-

Integrated Life Cycle Thinking with Case Studies Provides case studies on sustainable material selection,

offering a framework for design-integrated life cycle thinking in manufacturing.

Journal article: Sustainable manufacturing: Effect of material selection and design on the environmental impact
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https://www.oecd.org/en/publications/decarbonising-maritime-transport_b1a7632c-en.html#:~:text=This%20report%20examines%20what%20would,different%20combinations%20of%20these%20measures.
https://www.eea.europa.eu/en/topics/in-depth/transport-and-mobility?activeTab=07e50b68-8bf2-4641-ba6b-eda1afd544be&activeAccordion=e896069e-dd4a-4ae3-8c6d-d5d47aceadde
https://hipatiapress.com/hpjournals/index.php/rise/article/view/15125/4945
https://hipatiapress.com/hpjournals/index.php/rise/article/view/15125/4945
https://online-journals.org/index.php/i-jac/article/view/11067
https://www.researchgate.net/publication/382019594_Problem-Based_Learning_and_Engineering_Education_for_Sustainability_Where_we_are_and_where_could_we_go
https://www.researchgate.net/publication/382019594_Problem-Based_Learning_and_Engineering_Education_for_Sustainability_Where_we_are_and_where_could_we_go
https://end-educationconference.org/wp-content/uploads/2023/06/04_OP_235.pdf
https://end-educationconference.org/wp-content/uploads/2023/06/04_OP_235.pdf
https://www.kialo-edu.com/
https://epc.ac.uk/resources/toolkit/sustainability-toolkit/sustainability-toolkit-teaching-tools/
https://unhabitat.org/world-cities-report-2024-cities-and-climate-action
https://www.c40knowledgehub.org/s/?language=en_US
https://research-and-innovation.ec.europa.eu/research-area/environment/circular-economy/circular-cities-and-regions-initiative_en
https://research-and-innovation.ec.europa.eu/research-area/environment/circular-economy/circular-cities-and-regions-initiative_en
https://iclei-europe.org/topics/resilience-and-climate-adaptation/#:~:text=To%20move%20towards%20resilient%20communities,cities'%20ability%20to%20safeguard%20citizens
https://sdgacademy.org/courses/
https://sdgacademy.org/courses/
https://sdgacademy.org/course/sustainable-cities/
https://www.energy.gov/eere/iedo/articles/sustainable-materials-selection-manufactured-products
https://www.energy.gov/eere/iedo/articles/sustainable-materials-selection-manufactured-products
https://www.researchgate.net/publication/261017360_Sustainable_manufacturing_Effect_of_material_selection_and_design_on_the_environmental_impact_in_the_manufacturing_process

in the manufacturing process Explores how material selection and product design influence the environmental

impact of manufacturing processes.

Book: Sustainable Materials and Manufacturing Technologies Discusses challenges in processing advanced

materials and strategies to achieve sustainability in manufacturing technologies.

Journal article: Selection of sustainable material for the manufacturing of complex automotive products using

a_new hybrid Goal Programming Model for Best Worst Method—Proximity Indexed Value method Examines

methodologies for selecting suitable sustainable materials to meet specific product requirements in
manufacturing.

Book chapter with case studies: Materials Development for Sustainable Manufacturing Analyzes case studies

demonstrating the benefits of understanding material properties for process optimization in sustainable
manufacturing.

04S: DESIGN. Skills to design with a sustainable approach.

Journal Article: Strategies for developing sustainable design practice for students and SME professionals.

Examples of teaching and learning methods to support sustainable design practices.

Conference paper: Learning resources For Sustainable Design in Engineering Education. Paper introduces an

Open Educational Resources database (http://circulardesigneurope.eu/oer/) comprised of various Circular
design resources.

Case studies: Energy efficient and sustainable design solutions for the built environment.

07S: POLLUTION. Skills to use pollution prevention strategies.

EU Strategy: Zero Pollution Action Plan. EUs strategy to reduce pollution across air, water, and soil, aiming for

a cleaner, healthier environment by 2050.

Journal article: Research on strategies of air pollution prevention and control in civil Engineering projects. Paper

presents pollution prevention and control strategies for civil engineering projects.

Blog post: How air quality engineers help with air pollution control.

08S: WASTE. Skills to implement waste management for sustainability.

Case studies / resources: Zero Waste Europe Library. Guidance and case studies to support a zero waste society

and future.

Journal article: Educating Engineers for the Circular Economy. Provides examples of how the Circular Economy

is taught in selected engineering courses in the UK.

Journal article: Waste Management and Sustainability during the Design Phase of a Construction Project: A

Qualitative Review. Paper highlights the importance of integrating waste management strategies at the design

phase of construction projects.

11S: CONSTRUCTION. Skills to promote sustainable construction.

Case studies: The Alliance for Sustainable Building Products (ASBP) - Case Studies of Sustainable Buildings and
Materials. A collection of case studies from the UK Alliance for Sustainable Building Products, featuring

examples building materials and practices with high sustainability credentials.

Teaching tools: Engineering Professors Council Sustainability Toolkit. Includes Activities, Case studies, Project

materials, and Assessment and Accreditation materials.

EU Policy Brief: EU Construction & Demolition Waste Protocol. EU guidelines on Construction and Demolition

Waste Management.
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https://www.researchgate.net/publication/261017360_Sustainable_manufacturing_Effect_of_material_selection_and_design_on_the_environmental_impact_in_the_manufacturing_process
https://www.researchgate.net/publication/366943146_Sustainable_Materials_and_Manufacturing_Technologies
https://journals.sagepub.com/doi/abs/10.1177/1464420720966347?
https://journals.sagepub.com/doi/abs/10.1177/1464420720966347?
https://www.sciencedirect.com/science/article/abs/pii/B9780323999908000114?
https://www.researchgate.net/publication/245494343_Strategies_for_developing_sustainable_design_practice_for_students_and_SME_professionals
https://www.researchgate.net/publication/349395625_Learning_resources_For_Sustainable_Design_in_Engineering_Education
https://www.greenengineer.com/case-studies
https://environment.ec.europa.eu/strategy/zero-pollution-action-plan_en
https://iopscience.iop.org/article/10.1088/1742-6596/2798/1/012008/meta
https://engineeringonline.ucr.edu/blog/air-quality-engineer/
https://zerowasteeurope.eu/resources/library/
https://www.researchgate.net/profile/Veronica-Sanchez-Romaguera-2/publication/309194142_Educating_Engineers_for_the_Circular_Economy/links/589d972892851c599c9bb08e/Educating-Engineers-for-the-Circular-Economy.pdf
https://researchrepository.ul.ie/articles/journal_contribution/Waste_management_and_sustainability_during_the_design_phase_of_a_construction_project_A_qualitative_review/22787690/1/files/40496384.pdf
https://researchrepository.ul.ie/articles/journal_contribution/Waste_management_and_sustainability_during_the_design_phase_of_a_construction_project_A_qualitative_review/22787690/1/files/40496384.pdf
https://globalabc.org/sustainable-materials-hub/resources/case-studies-sustainable-buildings-and-materials-asbp
https://globalabc.org/sustainable-materials-hub/resources/case-studies-sustainable-buildings-and-materials-asbp
https://epc.ac.uk/resources/toolkit/sustainability-toolkit/sustainability-toolkit-teaching-tools/
https://www.europeandemolition.org/communication/news/building-a-greener-future-eu-updates-construction-waste-protocol-for-2024

bl

12S: RISK ASSESSMENT. Skills to give importance to risk assessment for sustainability (06K)

Conference paper: Sustainability Risk Management: The Case for Using Interactive Methodologies for

Teaching, Training and Practice in Environmental Engineering and Other Fields. Paper highlights the need for

sustainability risk management (SRM) as a critical skill for engineers and promotes interactive techniques to
build risk assessment capabilities.

Journal article: Sustainability risk assessment in mega construction projects. Paper presents a novel risk

assessment method for mega construction projects.

Masters thesis: Risk Management in Sustainable Projects in the Construction Industry. Case studies of Swedish

companies experience of assessing and managing risks faced in green building construction.

14S: PROBLEM SOLVING. Complex problem-solving skills.

Journal article: Project-Based Problem Learning: Improving Problem-Solving Skills in Higher Education

Engineering Students Paper discusses the essential problem-solving skills in engineering education,

encompassing analytical thinking, creativity, and decision-making.

Journal article: Developing Complex Problem-Solving Skills: An Engineering Perspective Presents a blended-

learning course design that includes didactic methods for teaching complex problem-solving, integrated with

15S: CRITICAL. Critical thinking skills

Review article: Critical thinking to embed sustainability in engineering courses activities: A systematic

Literature Review Explores the current trend in engineering studies to include sustainability through critical

thinking.

Tool: Kialo A free platform that facilitates structured debates, allowing students to engage in reasoned

discussions on complex topics.

Toolkit: Sustainability Toolkit: Teaching tools Toolkit from the Engineering Professors Council that includes

learning activities that incorporate critical thinking skills.

0K1: BACKGROUND. The evolution of sustainability and the SDGs
UN Report: Qur Common Future (the Brundtland Report). UN Report that laid the foundation for the SDGs.

UN Agenda: Transforming our World: the 2030 Agenda for Sustainable Development. The UN’s blueprint,
adopted in 2015, that set out the 17 Sustainable Development Goals (SDGs).

Journal article: Evolution of the concept of sustainability. From Brundtland Report to sustainable development

goals. Paper explores the emergence and evolution of the concept of sustainable development.

05K: THREATS. Principal environmental threats & how they are measured

Journal article:_A safe operating space for humanity. Presents the planetary boundary framework, which

identifies nine critical Earth system processes that must stay within safe limits to prevent catastrophic
environmental change. Framework links principal environmental threats like climate change and biodiversity
loss to scientifically measurable thresholds.

Journal article: The 2023 state of the climate report: Entering uncharted territory. Presents trends in planetary

vital signs.

OER: Using Student Perceptions and Cooperative Learning to Unpack Primary Literature on Global Change.

Presents a three-part assignment which aims to teach students about earth systems processes in an ecological
context and to have students effectively communicate their perceptions of environmental change to their
peers.

Blog article: Environmental risks: what they are, types and management. Article describes different types of
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https://link.springer.com/chapter/10.1007/978-3-030-15577-3_25
https://link.springer.com/chapter/10.1007/978-3-030-15577-3_25
https://centaur.reading.ac.uk/111861/1/BEPAM_RAMSCOM_Manuscript_Accepted%20version.pdf
https://www.diva-portal.org/smash/get/diva2:1078225/FULLTEXT01.pdf
https://hipatiapress.com/hpjournals/index.php/rise/article/view/15125/4945
https://hipatiapress.com/hpjournals/index.php/rise/article/view/15125/4945
https://online-journals.org/index.php/i-jac/article/view/11067
https://end-educationconference.org/wp-content/uploads/2023/06/04_OP_235.pdf
https://end-educationconference.org/wp-content/uploads/2023/06/04_OP_235.pdf
https://www.kialo-edu.com/
https://epc.ac.uk/resources/toolkit/sustainability-toolkit/sustainability-toolkit-teaching-tools/
https://sustainabledevelopment.un.org/content/documents/5987our-common-future.pdf
https://sdgs.un.org/2030agenda
https://www.sciencedirect.com/science/article/abs/pii/B9780128243428000183
https://www.sciencedirect.com/science/article/abs/pii/B9780128243428000183
https://www.nature.com/articles/461472a
https://academic.oup.com/bioscience/article/73/12/841/7319571
https://qubeshub.org/community/groups/coursesource/publications?id=2691&tab_active=about&v=1
https://qubeshub.org/community/groups/coursesource/publications?id=2691&tab_active=about&v=1
https://universidadeuropea.com/en/blog/environmental-risks/

environmental risks and strategies for prevention and mitigation.
06K: RISK. Risk Assessment for Sustainability (12S)

Conference paper: Sustainability Risk Management: The Case for Using Interactive Methodologies for

Teaching, Training and Practice in Environmental Engineering and Other Fields. Paper highlights the need for

sustainability risk management (SRM) as a critical skill for engineers and promotes interactive techniques to
build risk assessment capabilities.

Journal article: Sustainability risk assessment in_mega construction projects. Paper presents a novel risk

assessment method for mega construction projects.

Masters thesis: Risk Management in Sustainable Projects in the Construction Industry. Case studies of Swedish

companies experience of assessing and managing risks faced in green building construction.
07K: SOCIETY. Sustainability and social systems

Journal article: A strategic approach to social sustainability — Part 1: exploring the social system. Presents a

systems-based approach to social sustainability.

Report by the EC (chapter 6): Sustainability and governance: the role of social dialogue. Explores the role of

social dialogue in achieving the SDGs.

Case study: Systems Thinking case study — Social impact of the ‘green’ transition. Article describes the author's

experience of a free online course Designing for Environmental Sustainability and Social Impact, and presents

a case study on the Sami community of Sweden and their experience struggling to preserve their cultural
heritage and traditional way of life from the expansion of mining industries.

08K: ENVIRONMENTAL. Sustainability and the environment (02S)

Review paper: From environmental education to education for sustainable development in higher education:

a systematic review. Paper includes case studies in engineering where education for sustainable development

has been incorporated.

Teaching tools: Engineering Professors Council Sustainability Toolkit. Includes Activities, Case studies, Project

materials, and Assessment and Accreditation materials.

Book chapter: Sustainability in Engineering Education. Experiences of Educational Innovation. Presents and

analyses successful learning experiences, problems and difficulties, and testimonials from students and
professors from Universidad Politécnica de Madrid, complemented by other published cases.

15K: MATERIAL. Material classification from an environmental perspective (recyclable, renewable, bio-based)

Case studies: The Alliance for Sustainable Building Products (ASBP) - Case Studies of Sustainable Buildings and

Materials. A collection of case studies from the UK Alliance for Sustainable Building Products, featuring
examples building materials and practices with high sustainability credentials.

Journal article: Circular bio-based building materials: A literature review of case studies and sustainability

assessment methods. Paper presents a systematic review of literature describing circular bio-based building

materials.

Various resources (articles, videos etc.): International Council for Circular Economy Resources. Various

resources that can be integrated into OER modules.
17K: CIRCULARITY. Circular supply chain & sustainable resource management (06S)

Journal article: Towards the implementation of Circular Economy in Engineering Education: A systematic review

Reviews and summarizes the research work and some implementation initiatives on Circular Economy in
learning activities for engineering students.

Journal article: Integrating circular economy into STEM education: A promising pathway toward circular

citizenship development
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https://link.springer.com/chapter/10.1007/978-3-030-15577-3_25
https://link.springer.com/chapter/10.1007/978-3-030-15577-3_25
https://centaur.reading.ac.uk/111861/1/BEPAM_RAMSCOM_Manuscript_Accepted%20version.pdf
https://www.diva-portal.org/smash/get/diva2:1078225/FULLTEXT01.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0959652616302645
https://data.consilium.europa.eu/doc/document/ST-11082-2019-ADD-6/en/pdf
https://medium.com/design-bootcamp/systems-thinking-case-study-social-impact-of-the-green-transition-d7756518dd3f
https://acumenacademy.org/course/designing-environmental-sustainability-social-impact/
https://www.researchgate.net/publication/353778015_From_environmental_education_to_education_for_sustainable_development_in_higher_education_a_systematic_review
https://www.researchgate.net/publication/353778015_From_environmental_education_to_education_for_sustainable_development_in_higher_education_a_systematic_review
https://epc.ac.uk/resources/toolkit/sustainability-toolkit/sustainability-toolkit-teaching-tools/
https://www.researchgate.net/publication/367402239_Sustainability_in_Engineering_Education_Experiences_of_Educational_Innovation
https://globalabc.org/sustainable-materials-hub/resources/case-studies-sustainable-buildings-and-materials-asbp
https://globalabc.org/sustainable-materials-hub/resources/case-studies-sustainable-buildings-and-materials-asbp
https://www.sciencedirect.com/science/article/abs/pii/S0360132323008016?via%3Dihub&trk=public_post_comment-text
https://www.sciencedirect.com/science/article/abs/pii/S0360132323008016?via%3Dihub&trk=public_post_comment-text
https://ic-ce.com/
https://ieeexplore.ieee.org/abstract/document/9637395
https://www.frontiersin.org/journals/education/articles/10.3389/feduc.2023.1063755/full
https://www.frontiersin.org/journals/education/articles/10.3389/feduc.2023.1063755/full

3. EU Strategy: Circular Economy Action Plan An essential reference policy document providing a roadmap for

circularity in product lifecycles and resource flows.

Source: Various resources, including real world case studies and teaching resources: (1) Ellen MacArthur

Foundation (2) Higher Education Resources
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Engineering Education for a Sustainable Future

a


https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en
https://www.ellenmacarthurfoundation.org/
https://www.ellenmacarthurfoundation.org/
https://www.ellenmacarthurfoundation.org/higher-education-resources

