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PART I: GENERAL CONTENT ON CIRCULAR ECONOMY 
1.1 What is the Circular Economy? 
The circular economy is a comprehensive and sustainable economic model that redefines traditional notions 

of growth by focusing on the continuous use and regeneration of resources. It is based on three core principles: 

designing out waste and pollution, keeping products and materials in use, and regenerating natural systems. 

This model challenges the prevailing linear economy, which operates on a “take-make-consume-dispose” 

basis—extracting raw materials, manufacturing products, using them, and then discarding them as waste. 

In a circular economy, products are intentionally designed for durability, reuse, remanufacturing, and 

recyclability, enabling resources to circulate within the economy for as long as possible. Instead of being 

thrown away, materials are given a new life through strategies such as repairing, refurbishing, repurposing, 

recycling, and sharing. For instance, used electronic devices might be repaired and sold again, or old textiles 

could be turned into insulation materials for buildings. 

This model also integrates innovative business strategies like product-as-a-service (leasing instead of owning), 

reverse logistics, and industrial symbiosis—where the waste of one process becomes the input for another. 

These strategies help to reduce dependence on finite raw materials, lower greenhouse gas emissions, and 

create new economic opportunities, particularly in sectors such as renewable energy, eco-design, and waste 

management. 

Moreover, the circular economy supports resilience in global supply chains and promotes localized production 

models, which can reduce transportation costs and environmental footprints. It aligns closely with the goals of 

the European Green Deal and the United Nations Sustainable Development Goals (SDGs), particularly those 

related to responsible consumption and production (SDG 12), climate action (SDG 13), and decent work and 

economic growth (SDG 8). 

Ultimately, the circular economy is not just an environmental necessity but an economic and social 

opportunity, aiming to decouple economic growth from resource consumption and environmental 

degradation. It envisions a future where growth is regenerative by design and where economic systems 

contribute positively to the planet and society. 

 

1.2 Why Integrate Circular Economy in STEM Education? 
Integrating the principles of the circular economy into STEM (Science, Technology, Engineering, and 

Mathematics) education equips students with the knowledge and skills needed to address some of the most 

pressing environmental and societal challenges of our time. It fosters a forward-thinking mindset that goes 

beyond technical proficiency, preparing learners to become innovative problem-solvers, ethical engineers, 

and responsible global citizens.  

• Encourages Interdisciplinary Learning 

Circular economy education naturally crosses disciplinary boundaries. It requires students to blend 

concepts from environmental science, engineering, chemistry, economics, and even social sciences. 
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By working across disciplines, students learn to see the bigger picture and appreciate how 

interconnected systems—ecological, economic, and social—function together. This holistic approach 

mirrors the complexity of real-world challenges and fosters collaborative learning environments. 

• Stimulates Critical Thinking and Systems Thinking 

Understanding and applying circular economy principles requires a shift from linear to systems 

thinking—the ability to analyze how parts of a system influence one another within a whole. Students 

are encouraged to explore questions like: What are the environmental impacts of material choices? 

How does product design influence end-of-life options? What feedback loops exist in natural or 

industrial systems? This cultivates critical thinking, strategic planning, and the ability to anticipate long-

term consequences—essential competencies for 21st-century careers. 

• Connects Science and Technology to Real-World Sustainability Issues 

By embedding circular economy concepts into STEM subjects, educators can make science and 

technology relevant and applicable to everyday life. Students explore how scientific innovation and 

technological advancements—such as bio-based materials, renewable energy, or smart recycling 

systems—can solve real environmental problems. This not only enhances student engagement but 

also deepens their understanding of sustainability, climate change, and resource efficiency. 

• Promotes Innovation and Entrepreneurial Thinking 

The circular economy thrives on innovation—rethinking products, redesigning systems, and 

reimagining business models. STEM education that incorporates circularity can inspire students to 

develop new solutions, from biodegradable packaging to modular electronics designed for repair. This 

entrepreneurial mindset nurtures creativity and adaptability, traits that are crucial in an ever-evolving 

job market. 

• Aligns with Global Educational Goals and Green Transitions 

Teaching circular economy principles supports global agendas like the UN Sustainable Development 

Goals (SDGs) and the EU Green Deal, which advocate for sustainability, responsible consumption, and 

climate action. It also prepares students to participate in the green and digital transitions, fostering 

the skills needed in emerging sectors such as green engineering, eco-innovation, and clean 

technologies. 

1.3 Frameworks Used 
The integration of circular economy principles into STEM education is supported by a combination of European 

competence frameworks that provide structured guidance on how to develop essential transversal skills. The 

following frameworks offer complementary perspectives that are particularly valuable in building a holistic 

educational approach: 

GreenComp – The European Sustainability Competence Framework 

GreenComp (2022) is the European framework for sustainability competences developed by the Joint Research 

Centre (JRC) of the European Commission. It provides a comprehensive guide to what learners need to know, 

understand, and be able to do to live, work, and act in a sustainable manner. 

GreenComp identifies four key competence areas: 
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1. Embodying sustainability values 

2. Embracing complexity in sustainability 

3. Envisioning sustainable futures 

4. Acting for sustainability 

By applying GreenComp in STEM education, educators can support learners in becoming systems thinkers, 

responsible citizens, and agents of change—key for engaging with circular economy concepts such as resource 

efficiency, product life cycles, and ecological regeneration.1 

EntreComp – The Entrepreneurship Competence Framework 

EntreComp (2016) defines the key components of an entrepreneurial mindset and is designed to support the 

development of entrepreneurial learning across all levels of education and training. 

It is built around three competence areas: 

1. Ideas and opportunities 

2. Resources 

3. Into action 

Each area includes five competences, ranging from creativity and ethical thinking to mobilizing resources and 

learning through experience. In the context of circular economy and STEM, EntreComp fosters innovation, 

problem-solving, and initiative-taking—empowering students to develop sustainable solutions and potentially 

launch green ventures2. 

DigComp – The Digital Competence Framework for Citizens 

DigComp provides a structured understanding of what digital competence means across five key areas: 

1. Information and data literacy 

2. Communication and collaboration 

3. Digital content creation 

 

1 Bianchi, G., Pisiotis, U., & Cabrera Giraldez, M. (2022). GreenComp – The European sustainability 
competence framework. Publications Office of the European Union. 
https://publications.jrc.ec.europa.eu/repository/handle/JRC128040 

2 Bacigalupo, M., Kampylis, P., Punie, Y., & Van den Brande, G. (2016). EntreComp: The Entrepreneurship 

Competence Framework. Publications Office of the European Union. 

https://publications.jrc.ec.europa.eu/repository/handle/JRC101581 

 

https://publications.jrc.ec.europa.eu/repository/handle/JRC128040
https://publications.jrc.ec.europa.eu/repository/handle/JRC101581
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4. Safety 

5. Problem-solving 

Now in its updated version (DigComp 2.2, 2022), the framework supports digital literacy and lifelong learning 

by helping educators and learners understand how to safely and effectively use digital tools3. 

In the context of STEM and circular economy education, DigComp is crucial for teaching students how to: 

• Analyze data on environmental impact 

• Use digital tools for designing sustainable products 

• Collaborate on green tech projects 

• Leverage open-source innovation and digital platforms to share sustainable solutions 

1.4 Circular Economy in Practice 
The circular economy is not just a theoretical concept—it is a practical and transformative approach reshaping 

the way we produce, consume, and manage resources. This section highlights key areas where circularity is 

applied and how these practices are relevant to students, professionals, and everyday citizens. Understanding 

these applications provides a solid foundation for implementing sustainability in STEM education and beyond. 

1. Circular Business Models 

Circular business models reimagine the traditional way goods and services are delivered by prioritizing 

longevity, reuse, and regeneration over volume-based sales. These models include: 

• Product-as-a-service: Companies retain ownership of products and offer them via leasing or 

subscription models (e.g., renting appliances or clothing). 

• Take-back schemes: Producers collect used products for repair, refurbishment, or recycling (e.g., 

electronics manufacturers reclaiming old devices). 

• Sharing platforms: Digital services that facilitate peer-to-peer sharing of goods, from tools to vehicles, 

increasing asset utilization. 

• Remanufacturing and upcycling: Businesses that restore used components or transform waste into 

new, higher-value products. 

These models support sustainable value creation and are increasingly aligned with EU green policies and 

market incentives. 

 

2. Sustainable Design and Production 

Circularity starts at the design phase, where products are engineered for durability, repairability, modularity, 

and recyclability. This includes: 

• Eco-design principles: Minimizing environmental impact throughout the product’s lifecycle. 

 

3 Vuorikari, R., Kluzer, S., & Punie, Y. (2022). DigComp 2.2: The Digital Competence Framework for Citizens – 
With new examples of knowledge, skills and attitudes. Publications Office of the European Union. 
https://publications.jrc.ec.europa.eu/repository/handle/JRC128415 

https://publications.jrc.ec.europa.eu/repository/handle/JRC128415
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• Material innovation: Using biodegradable, non-toxic, or recycled materials in production. 

• Energy efficiency: Designing processes and products that consume less energy and generate less 

waste. 

• Industrial symbiosis: Where the by-product of one industry becomes the input for another, reducing 

waste across value chains. 

In STEM education, incorporating sustainable design encourages students to think critically about the full 

lifecycle of what they create. 

 

3. Waste Minimization Strategies 

Minimizing waste is a core tenet of the circular economy, emphasizing prevention over treatment. Key 

strategies include: 

• Designing out waste: Avoiding the generation of waste in the first place through smarter design. 

• Closed-loop recycling: Creating systems where materials are continuously recovered and reused 

without quality loss. 

• Composting and biological cycles: Returning organic waste to the soil to restore nutrients and support 

biodiversity. 

• Repair and maintenance ecosystems: Encouraging repair skills, repair cafés, and maker communities 

to extend product life. 

Embedding these strategies into classroom projects helps develop problem-solving and systems thinking skills. 

 

4. Circularity in Everyday Choices 

Circular economy principles extend into daily consumer behavior, demonstrating how individuals can actively 

contribute to sustainability through conscious decisions in areas such as: 

• Fast fashion: Choosing quality, ethically-produced, or second-hand clothing; supporting brands with 

transparent, circular supply chains. 

• Food waste: Planning meals, storing food correctly, composting organic waste, and supporting circular 

food businesses. 

• Technology: Extending the life of electronics through repair, buying refurbished devices, and recycling 

e-waste responsibly. 

Educators can engage students with real-world case studies and challenges that highlight how individual 

choices ripple across environmental and economic systems. 

By connecting theory to practice, this section aims to inspire learners to adopt and promote circular behaviors 

in their personal, academic, and professional lives—building a generation of sustainability-minded innovators 

ready to reshape the future. 

 

1.5 Teaching Strategies 
Effectively integrating circular economy principles into STEM education requires dynamic, student-centered 

teaching approaches that foster engagement, critical thinking, collaboration, and real-world problem-solving. 

The following teaching strategies are particularly well-suited to support this aim and to prepare students for 

the complexities of sustainability-focused innovation. 

1. Project-Based Learning (PBL) 
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Project-Based Learning empowers students to engage in extended, interdisciplinary investigations centered 

around meaningful, real-world problems. Within the context of the circular economy, students might: 

• Design sustainable products using eco-design principles 

• Analyze the environmental impact of waste in their school or community 

• Prototype circular business models or services 

PBL promotes active learning, encourages teamwork, and helps students develop 21st-century skills such as 

creativity, communication, and resilience. It allows learners to take ownership of their learning journey while 

tackling sustainability issues through concrete actions and deliverables. 

2. Inquiry-Based Learning 

Inquiry-Based Learning (IBL) places curiosity at the heart of the learning process. It encourages students to 

formulate questions, conduct research, test hypotheses, and draw evidence-based conclusions. In a circular 

economy context, students might explore: 

• Why do some materials recycle better than others? 

• What are the economic and environmental costs of planned obsolescence? 

• How can we design a circular system for school cafeteria waste? 

IBL cultivates scientific literacy, investigative skills, and a deeper understanding of cause-and-effect 

relationships, essential for engaging with the complex systems that underpin circularity. 

3. Real-World Challenges and Simulations 

Bringing authentic, real-world challenges into the classroom enables students to bridge theory with practice. 

This can include: 

• Simulating product life cycles and material flows 

• Participating in sustainability hackathons or innovation labs 

• Collaborating with local businesses or municipalities on green initiatives 

Simulations and scenario-based activities expose learners to systems thinking, allowing them to consider 

multiple stakeholder perspectives, balance trade-offs, and assess the long-term impacts of decisions. These 

experiential approaches are particularly effective in building empathy and social responsibility. 

4. Use of Digital Tools and Collaborative Platforms 

Technology plays a pivotal role in enriching learning environments and supporting collaboration. Digital tools 

help visualize complex systems, co-create content, and communicate ideas. Examples include: 

• Canva and Google Slides for designing sustainability campaigns, posters, and digital presentations 

• Padlet, Jamboard, and Miro for collaborative brainstorming, mapping, and ideation 
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• Tinkercad or SketchUp for prototyping circular design solutions 

• LMS platforms (e.g., Moodle, Microsoft Teams) for managing interdisciplinary projects and tracking 

progress 

These tools foster digital fluency, creativity, and cooperative learning while enabling students to present their 

work to real or virtual audiences—enhancing both impact and motivation. 

 

PART II: TRAINING METHODOLOGY AND MODULE STRUCTURE 
The methodology and training structure are based on an integrated framework developed by the project 

partners and tested through pilot activities. Each module below is paired with a corresponding PowerPoint 

resource containing theoretical and practical materials. 

Module 1: Introduction to Circular Economy 
Focuses on key CE principles, comparisons between linear and circular models, economic benefits, eco-

design, and real-life applications. Includes interactive activities like infographics and domestic upcycling. 

 

                         

                

                                                       

                                                                                                                         

                                                                                                                        

                                                                                                                    

                                      



10                                                                                                                                                                                                                                            

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for 

them. "Boosting Circular Economy Competences for STEM Teachers", project number 2022-1-PT01-KA220-SCH-000086954.  

 

 

 

                        

       

                 

                                            

                                           

                                                             

                                 

      

                            

       

                                                                                          

                                                                                               

                                                                                                



11                                                                                                                                                                                                                                            

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for 

them. "Boosting Circular Economy Competences for STEM Teachers", project number 2022-1-PT01-KA220-SCH-000086954.  

 

 

 

                          

                

                    

                                            

                  

                           

                       

                             

                     

                                                                           

                           

               
         
                                                                                            

                                                                                                                                  

                                                                                                                               

                                                        

                                                                                                                            

              



12                                                                                                                                                                                                                                            

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for 

them. "Boosting Circular Economy Competences for STEM Teachers", project number 2022-1-PT01-KA220-SCH-000086954.  

 

 

 

                       

                   

                                  

                                                                                                                           

             

                                                                                                                            

                                                                                                                          

                                                                                         

      

                   

                



13                                                                                                                                                                                                                                            

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for 

them. "Boosting Circular Economy Competences for STEM Teachers", project number 2022-1-PT01-KA220-SCH-000086954.  

 

 

 

      

                   

               

          
                                                             

                                                           

                                                       

                                                            

                         
                                                           

                                                               

                                                                

                                                          

                                                

                       

                   

                 

                                                                            

                                         

                                                                            

                                                                                        



14                                                                                                                                                                                                                                            

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for 

them. "Boosting Circular Economy Competences for STEM Teachers", project number 2022-1-PT01-KA220-SCH-000086954.  

 

 

 

      

                                    

                                     

                                                                                                                          

                                                                                                                         

                                                                                                                            

                      

                                                                                                                         

                                                                                                                   

                                                                                

                                            

                                                    

                    

                                                               

             

                                     

                        

                                                                       

                                  

                                                           

                                                               

                                                              

                                                                 

                            

                                                                 

                                                                      

                                                                   

                                                               

                                                                 

                                                             

                                               



15                                                                                                                                                                                                                                            

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for 

them. "Boosting Circular Economy Competences for STEM Teachers", project number 2022-1-PT01-KA220-SCH-000086954.  

 

 

 

                                            

                              

                 

                          

                    

                                                                     

                                                         

          

      

                                    

                   

                        

                                                                          

                               

                                                                      

                                                                      

                                                                            

                                                                    

                                                                  

                                                               

                                                                          

                                                                    

        

                                                                       

                                                                          

                                                                           

                                                                    

                              

      

            

                      

                                                      

                                                                             

          

                                                             

                                



16                                                                                                                                                                                                                                            

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for 

them. "Boosting Circular Economy Competences for STEM Teachers", project number 2022-1-PT01-KA220-SCH-000086954.  

 

 

 

      

                        

                       

                                                                                                                   

                                                    

                                             

      

                                   

                                              

                                                                                                

                             

                                                                                                                                  



17                                                                                                                                                                                                                                            

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for 

them. "Boosting Circular Economy Competences for STEM Teachers", project number 2022-1-PT01-KA220-SCH-000086954.  

 

 

 

      

                                   

                                            

                                         

                                                      

                                              

          

                                                           

                                                           

                                                           

             

                 

                                                     
                                     

                                                                    

                                                                  

                                                             

                                                  

      

                                   

                                              

              

                                                                                                

                                                                        

                                                                                                  

                                                                           

       

                                                                                    

                                                                      

                                                                                     

                                                                            



18                                                                                                                                                                                                                                            

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for 

them. "Boosting Circular Economy Competences for STEM Teachers", project number 2022-1-PT01-KA220-SCH-000086954.  

 

 

 

                                          

                                                          

                                                             

                                                                

                                                  

                                                                                                                   

                                                                                                               

          

                                                                                                 

                                                                        

      

                                   

                    

                                                                                                                           

                                                                                            

                                                                                                                        

                                                                                                                       

                                                                                                                   

                                                           



19                                                                                                                                                                                                                                            

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for 

them. "Boosting Circular Economy Competences for STEM Teachers", project number 2022-1-PT01-KA220-SCH-000086954.  

 

 

 

 

      

                        

                     

                                                                                

                                                                          

                                                          

                                                                               

                                                                              

                                                                     

                                                                        

                                                                                  

                               

      

                                              

                                                                                         

                    

                                        

                                 

                                                 

                        

                                                                                        

                                                                                               

                                            

         

                                                                                              

                                                                                              

                                                                                             

                                                                  

           

                                                                                         

                                                                                            

                                                                  

         

                                                                                             

                                                                                       

                                                                                        

                                              

                                   

                                                                                        

                                                         



20                                                                                                                                                                                                                                            

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for 

them. "Boosting Circular Economy Competences for STEM Teachers", project number 2022-1-PT01-KA220-SCH-000086954.  

 

 

 

 

 

 

 

      

                                   

                             

                                                                                                                                 

                                                                                                                                             

                                                                           

                                                                  

                                              

                                     

                                                                                                                                         

                                                                                               

                   

                                                          

                                        



21                                                                                                                                                                                                                                            

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for 

them. "Boosting Circular Economy Competences for STEM Teachers", project number 2022-1-PT01-KA220-SCH-000086954.  

 

Module 2: Environmental Sustainability and Impact  
Covers climate change, biodiversity, responsible consumption, renewable energy, and policy frameworks 

such as the EU Green Deal. Includes simulations and games for digital learning. 
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  e ng to know the concept of sustaina ility and
ecological footprint

  nderstanding the importance of sustaina ility
educa on

  evelopment of digital literacy and research skills in
students

                            

                              

  eacher educa on plays a             in

raising awareness of sustaina ility among

students.

  ducators are                 in ins lling

values of                             and

sustaina le living.

                        

                                          

                leading to issues such as

                                          .

  t s crucial to           the e tent of this

impact           and mi gate these pressing

challenges.
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Module 3: STEM in Circular Economy 
Highlights the interdisciplinary application of STEM for CE, showcasing innovations in recycling, energy, and 

resource optimization. Includes student challenges and real-world case studies. 

 

 

 oos ng  ircular  conomy
 ompetences for    M

 eachers

 unded  y the  uropean  nion.  iews and opinions e pressed are

however those of the author s only and do not necessarily re ect those

of the  uropean  nion or the  uropean  duca on and  ulture   ecu ve

 gency        .  either the  uropean  nion nor      can  e held

responsi le for them.   oos ng  ircular  conomy  ompetences for    M

 eachers , pro ect num er                                

   M            
     M 

                                        

                      par cularly in promo ng

promo ng the principles of the circular economy.

economy.

 y emphasizing                              

                                        

                                , with

with    M providing the knowledge, tools, and

and innova on essen al to achieving these goals.

goals.
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   M  elds are leading the charge in

revolu onizing product and system design,

design,                                 

                                        

            .  ngineers and designers

designers colla orate to develop         

                                  

                                        

           

                  
            

 rawing                      

                         

                            

                        

pushing crea ve  oundaries,

minimizing environmental footprints

and ma imizing resource u liza on.

            
          

 his interdisciplinary

colla ora on        

                      ,

op mizing designs for

performance, longevity, and

sustaina ility through data 

driven approaches.

                   

                    

                        ,

alongside cu ng edge technologies,

                         

                        .

 hrough mathema cal modeling and

data analy cs, e perts uncover

nuanced e ciencies,          

                           

                               .

                  

                                

                                

                          

                        

         .    M e tends  eyond

tradi onal resource management,

encompassing lifecycle assessments

assessments and eco design strategies.

strategies.

                       

 hese advancements empower

 usinesses to                    

                       and

prac ces for e cient resource

u liza on.
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 he                     etween

science and engineering propels

advancements in material science and

and recycling technologies,          

                                  

                         esearchers

 esearchers e plore alterna ve materials,

materials,  iodegrada le polymers, and

and  io  ased plas cs, yielding products

products easily recycled or composted.

composted.

                       

 reakthroughs in                     

                         herald

resource recovery from waste streams,

streams, mi ga ng waste  urdens and

and fostering a sustaina le ecosystem of

ecosystem of resource circula on.

                             

                            

                                                         vital for the circular

circular economy.  ngineers and scien sts op mize solar, wind, and hydroelectric power,

power, reducing reliance on  nite resources and mi ga ng greenhouse gas emissions.

emissions.

                          

 nnova ons in solar panel materials and wind tur ine design enhance e ciency and

and a orda ility.  ydroelectric power genera on is op mized with  sh friendly tur ines and

tur ines and advanced monitoring systems.

                              

 ddi onally,    M drives advancements in energy storage technologies, like lithium ion

lithium ion  a eries, and smart grid integra on, op mizing renewa le energy u liza on and

u liza on and grid e ciency.
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 he primary o  ec ve is to foster a

foster a culture of crea vity within

within    M disciplines, propelling

propelling inven ve solu ons for

for sustaina le produc on and

and consump on.

                 
            

 olla ora on across    M

disciplines and industries is

encouraged to create

interdisciplinary solu ons

addressing the comple ity of

circular economy challenges.

             

  uipping individuals with    M

skills and knowledge is pivotal for

e ec ve par cipa on in the

circular economy landscape.

 eal  orld    M  pplica ons:
 nnova ons in  ecycling,  enewa le
 nergy, and  ustaina ility

 e showcases cu ng edge    M innova ons
innova ons that are driving progress in
                                        
                               .  rom
 rom advanced recycling technologies to
to large scale renewa le energy pro ects,
pro ects, these case studies demonstrate the
demonstrate the power of    M to create a
create a more sustaina le future.
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 n countries like  orway,  weden, and  ermany,

advanced  everse  ending Machines    Ms 

e uipped with  arcode scanners and sensors

incen vize recycling  y providing refunds or rewards

for returned  everage containers.  hese machines

use machine learning algorithms to iden fy and sort

di erent types of materials, improving recycling rates

and reducing contamina on.

                          

 he  ircular  conomy  ackage introduced  y the

 uropean  nion includes                     

                                       

          ro ects like the                     

                           encourage

innova on in recycling technologies and sustaina le

materials development across  urope.

                           

 

                  

 uropean countries, par cularly the  nited

 ingdom,  enmark, and the  etherlands,

lead the world in o shore wind energy

deployment.  echnological advancements in

o shore wind tur ine design and installa on

techni ues have ena led the construc on of

larger, more e cient wind farms in deeper

waters, signi cantly e panding the capacity

for renewa le energy genera on.

                        

 ountries like  ermany and  pain have invested heavily in solar

in solar energy infrastructure, leveraging advancements in

in photovoltaic technology and grid integra on techni ues to

techni ues to increase solar energy penetra on.  nnova ve

 nnova ve pro ects, such as  oa ng solar installa ons on

on reservoirs and solar panels integrated into ur an

infrastructure, demonstrate  urope s commitment to

e panding solar energy capacity.
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 uropean companies like  olt torage and     urope are developing redo  ow

redo  ow  a ery systems for grid scale energy storage applica ons.  hese

 hese  a eries u lize li uid electrolytes stored in separate tanks, allowing for

allowing for scala le and long dura on energy storage solu ons that can help

can help  alance supply and demand in renewa le energy systems.

                               

 uropean countries are inves ng in hydrogen storage and fuel cell technologies

technologies as key components of their decar oniza on strategies.  ro ects

 ro ects such as the  y    ini a ve in  ermany and the    orts pro ect in

pro ect in  pain demonstrate the poten al of hydrogen as a clean energy carrier

energy carrier for transporta on, industry, and grid  alancing.

                          

                             

 iogas produc on facili es using anaero ic

diges on technology are widespread across

 urope, par cularly in countries like  weden,

 enmark, and  ustria.  hese facili es convert

organic waste from agricultural, municipal, and

industrial sources into  iogas for electricity

genera on, hea ng, and transporta on fuel.

                                

 uropean companies like   M  and   hler

  hler  roup are developing advanced sor ng

sor ng and recycling technologies to improve

improve the e ciency and e ec veness of

of waste processing opera ons.  hese

technologies, including op cal sor ng systems

systems and automated sor ng ro ots, ena le

ena le the recovery of valua le materials from

from mi ed waste streams while minimizing

minimizing environmental impact.
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Many schools and educa onal ins tu ons

ins tu ons in  urope have installed

renewa le energy systems such as solar

solar panels or wind tur ines on their

premises.  tudents can engage in pro ects

pro ects where they monitor and analyze

analyze the performance of these

renewa le energy systems, collec ng data

data on energy genera on, e ciency, and

and environmental impact.

                
         

 ommunity gardens are prevalent

prevalent across  urope, providing

providing spaces for local residents to

residents to grow their own food and

and engage in sustaina le gardening

gardening prac ces.  tudents can

can par cipate in community garden

garden pro ects where they learn

learn a out organic farming,

compos ng, water conserva on, and

and  iodiversity conserva on.

                  
         

Many  uropean schools and municipali es

municipali es have implemented waste

waste reduc on and recycling programs

programs aimed at minimizing waste

genera on and promo ng recycling.

 tudents can par cipate in waste audits,

audits, where they assess the composi on

composi on and volume of waste

generated in their school or community.

community.

 hallenge
                    

                     

 tudents work in teams to develop innova ve

 uilding designs that incorporate features such as

passive solar design, natural ven la on, energy 

e cient ligh ng, and renewa le energy systems.

                        

 tudents par cipate in water sampling and

tes ng ac vi es, analyzing parameters such as

such as p , dissolved o ygen, tur idity, and

and nutrient levels in local water  odies.
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 he  co  chools  rogramme in  ortugal encourages

schools to develop eco friendly prac ces, including the

esta lishment of school gardens.  chools integrate

gardening ac vi es into their curriculum, providing

students with opportuni es to learn a out sustaina le

agriculture,  iodiversity conserva on, and healthy

ea ng ha its.

              

 chule im  r nen   chool in the  reen  is a network of

schools in  ermany that promotes outdoor learning and

environmental educa on through garden  ased

ini a ves.  ar cipa ng schools esta lish garden plots on

their premises where students cul vate fruits, vegeta les,

her s, and  owers.

            
                         

 iolandhof  chulze  amann is an organic farm and

educa onal center located in  ower  a ony,  ermany,

that o ers educa onal programs on renewa le energy

and sustaina le agriculture.  he farm u lizes various

renewa le energy technologies, including solar

photovoltaic panels, solar thermal systems, and

 iomass  oilers, to meet  ts energy needs.

                    

  sterh  dsgymnasiet, a high school in  k vde,  weden,

has integrated renewa le energy monitoring systems into

its science and technology curriculum.  he school s

roo op solar panels and wind tur ine are connected to

monitoring e uipment that allows students to track

energy produc on and consump on pa erns.



37                                                                                                                                                                                                                                            

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for 

them. "Boosting Circular Economy Competences for STEM Teachers", project number 2022-1-PT01-KA220-SCH-000086954.  

 

Module 4: Digital Literacy and Tools in Circular Economy 
Explores digital technologies like IoT, blockchain, AR/VR, and simulation software for understanding and 

managing circular systems. Includes collaborative platforms and virtual workshops. 

 

 

 oos ng  ircular  conomy
 ompetences for    M

 eachers

 unded  y the  uropean  nion.  iews and opinions e pressed are

however those of the author s only and do not necessarily re ect those

of the  uropean  nion or the  uropean  duca on and  ulture   ecu ve

 gency        .  either the  uropean  nion nor      can  e held

responsi le for them.   oos ng  ircular  conomy  ompetences for    M
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          :  lockchain is a decentralized and
transparent ledger system where transac ons are
recorded and cannot  e altered.
 n the circular economy,  lockchain helps keep things
clear and easy to follow in supply chains.  t does this  y
recording all the steps of ge ng materials, making stu ,
and how long products last.  or e ample, companies
can use  lockchain to see e actly where recycled
materials go from when they re collected to when
they re used again.  his helps customers trust that
products are real and good for the environment.

             
            
        
            o sensors are devices em edded in
products, e uipment, or infrastructure to collect and
transmit data over the internet.
 n the circular economy, special sensors called  nternet
of  hings   o  sensors can watch how we use stu , how
much energy we use, and how well things work.  ike,
smart trash cans with these sensors can see when
they re ge ng full,  nd the  est way to pick up trash,
and avoid picking up trash when it s not needed.  his
makes sure we don t waste stu and helps things run
 e er.
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            ata analy cs pla orms use advanced
analy cs techni ues to process and analyze large
volumes of data for insights and decision making.
 n the circular economy, special computer programs
called data analy cs pla orms help companies use
resources  e er,  nd ways to make less waste, and see
how they a ect the environment.  or instance,
 usinesses can use these programs to guess how much
people will want   ed up products, manage their stock
 e er, and make less waste  y making stu people
want more.

                        
                              

             and   technologies create immersive
digital e periences  y overlaying digital content onto
the real world     or  y simula ng virtual
environments     .
 n the circular economy, special   and   tools help
with making,   ing, and looking a er products.  or
instance, companies can use   apps to show how to   
things step  y step, see how to take stu apart, and
teach workers how to make old stu like new again,
making it all work  e er and faster.
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 ere are speci c e amples of using digital
simula ons for understanding resource
management and circular processes

         

                                        

                                         

                                          

                  

                                    

                                     

                                   

                                        

                                       

                                    

                                       

             

 ere are speci c e amples of using digital
simula ons for understanding resource
management and circular processes
         
 escrip on:  ny ogic is a mul  method simula on
so ware that ena les users to model and analyze
diverse systems, including supply chains,
manufacturing processes, and transporta on
networks.
 ompanies can use  ny ogic to pretend how to make
supply chains work  e er in the circular economy.  or
e ample, they can pretend to set up systems for
 ringing products  ack and making them new again, to
see if it saves money and helps the environment.  lso,
 ny ogic can pretend how changes in how much
people want stu , delays in making things, and ways to
manage stock a ect how well circular supply chains
work.
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 ere are speci c e amples of using digital
simula ons for understanding resource
management and circular processes
        
 escrip on:  ima ro is a life cycle assessment      
so ware tool that  uan  es the environmental
impacts of products and processes.
 ompanies can use  ima ro to look closely at how
much their products a ect the environment, like how
much car on they make, how much water they use,
and how many resources they use up.  y pu ng in
data a out what they use to make stu , how much
energy they use, and what they throw away, people
can see how it all a ects the environment from
 eginning to end and  nd ways to do things  e er and
come up with new ideas.

 ere are speci c e amples of using digital
simula ons for understanding resource
management and circular processes
                
 escrip on:  tella  rchitect is a simula on modeling
so ware that allows users to create dynamic models of
comple systems.
 rganiza ons can use  tella  rchitect to make pretend
versions of how resources move, how materials get
used again, and how circular processes work in their
 usiness.  or instance, manufacturing companies can
pretend to set up systems where waste materials go
 ack into making more stu .  y changing things like
how much gets recycled, how much they make, and
what they use to make things, people can see if it s
possi le and how it would a ect their  usiness to do
more in line with the circular economy.
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 c vi es for students:  ircular economy

challenges to  e used as inspira on for

lesson topics
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Module 5: Circular Economy Challenges and Projects  
Presents real and proposed projects addressing CE challenges such as product lifespan extension and reuse of 

resources (e.g., coffee grounds, used oil, fashion waste). Includes group work and lab-based activities. 

 

                     

 nstall the   clasroom tool on your
computers, choose a workspace,
and e ecute one of the cases.

 oos ng  ircular  conomy
 ompetences for    M

 eachers

 unded  y the  uropean  nion.  iews and opinions e pressed are

however those of the author s only and do not necessarily re ect those

of the  uropean  nion or the  uropean  duca on and  ulture   ecu ve

 gency        .  either the  uropean  nion nor      can  e held

responsi le for them.   oos ng  ircular  conomy  ompetences for    M

 eachers , pro ect num er                                
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  nvironmental protec on  reduc on of waste, greenhouse gas

emissions and natural resources e ploita on 

  educe dependence on raw materials  according to  urostat

the    imports around half of the raw materials it consumes 

  reate  o s and save consumersmoney   edesigning
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Module 6: Career Paths and Future Trends 
Guides teachers and students to explore career options in sustainability and CE, covering future trends, job 

roles, skills, and professional development. 
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PART III: PILOTED LESSON PLANS FROM SCHOOLS 
As part of the pilot phase of the Circular STEM project, partner schools co-designed and implemented 

innovative lesson plans that reflect the core principles of the circular economy, digital integration, and active 

learning. These hands-on educational experiences engaged students in meaningful challenges, helping them 

understand sustainability concepts, apply STEM knowledge in real-life scenarios, and develop key competences 

from the GreenComp and DigComp frameworks. 

Lesson Plan 1: Hydroponic Gardening System 

• Developed by: Agrupamento de Escolas de Frazão 

• Duration: 100 minutes 

• Target Age: 13–16 

• Objective: To introduce students to sustainable agriculture by designing and building a hydroponic 

gardening system using recycled materials and scientific methods. 

• Description: Students explored the environmental benefits of soil-free cultivation and learned how 

hydroponics can reduce land and water use while enhancing food sustainability. The project combined 

biology, chemistry, and engineering by challenging students to control nutrient flow and monitor plant 

growth. 

• GreenComp Links: Sustainable resource use, innovation, systems thinking 

• Skills Developed: Scientific inquiry, hands-on prototyping, data collection, teamwork 
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Lesson Plan 2: Infographic & Video Creation: Linear vs Circular Economy 

• Developed by: Politeknika Txorierri 

• Duration: 4 hours 

• Target Age: 14–18 

• Objective: To enable students to critically compare the linear and circular economic models and 

creatively present their understanding using digital media. 

Description: Students were introduced to circular economy concepts through class discussion and 

group research. Working in small teams, they used digital tools to create infographics or explainer 

videos illustrating the differences between linear and circular models, incorporating terms like reuse, 

eco-design, and lifecycle thinking. 

• DigComp Links: Digital content creation, information literacy, communication 

• Skills Developed: Visual literacy, digital storytelling, collaboration, environmental awareness. 

Lesson Plan 3: Domestic Upcycling & Awareness Campaign 

• Developed by: Politeknika Txorierri 

• Duration: 10 hours across 2 days 

• Target Age: 14–18 

• Objective: To foster creativity and environmental responsibility by transforming household waste into 

new products and organizing a school-wide awareness campaign. 

• Description: Following an awareness session with the EMAUS NGO, students engaged in creative reuse 

workshops using old textiles and other discarded materials. They produced handmade puppets and 

later organized a second-hand clothes market. The campaign emphasized responsible consumption 

and fundraising for local causes. 

• GreenComp Links: Circularity, responsible consumption, collective action 

• Skills Developed: Creative design, sustainability advocacy, project planning, ethical entrepreneurship 

Lesson Plan 4: Global Climate Summit Simulation 

• Developed by: Politeknika Txorierri 

• Duration: 2 hours 

• Target Age: 15–18 

• Objective: To simulate international climate negotiations and foster understanding of global climate 

policy through role-play and critical thinking. 

• Description: Students were assigned roles representing countries, NGOs, and international 

organizations. They researched climate data and positions, participated in structured negotiations, and 

drafted resolutions addressing emission reductions and financial mechanisms. The session concluded 

with presentations and reflective discussion. 

• GreenComp Links: Systems thinking, political agency, negotiation, collaboration 

• Skills Developed: Argumentation, diplomacy, strategic thinking, climate literacy 

 

 


