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Template case study – EcoBot

0. Overall

· Short project summary:
The EcoBOT – Intelligent Waste Separation project is an educational and eco-innovative initiative developed by students from the Multimedia VET course (10th and 12th grades) of Agrupamento de Escolas de Vila Viçosa, in collaboration with local partners such as the Municipality of Vila Viçosa and GESAMB. The project addresses a persistent challenge identified within the school community: despite existing awareness campaigns and the presence of recycling bins in all school spaces, many students and adults still struggle with correctly sorting waste, leading to poor recycling performance compared to other schools in the municipality. 
EcoBOT proposes a low-cost, automated, and intelligent waste-sorting system capable of detecting, identifying, and separating different types of waste (plastic, paper, and general waste) using a combination of ultrasonic sensors, servo motors, microcontrollers (Arduino), Raspberry Pi, computer vision, and an AI model trained through Teachable Machine. When an item is placed near the system, a sensor detects its presence, the camera captures the image, and an AI model classifies the material. Based on this classification, motors automatically direct the waste to the correct compartment, while LEDs and sound provide real-time feedback to the user. 
Beyond automation, EcoBOT includes an educational interface displaying sustainability tips and information on recycling, reinforcing environmental literacy. Its structure incorporates reused components, such as repurposed monitors and containers, and has the potential to be powered by renewable energy, aligning the system with sustainable design principles.
Throughout the development process, students engaged in iterative testing, including programming exercises with Arduino and LEGO Spike, building and training machine-learning models, experimenting with waste samples, designing mechanical solutions for automated lids, implementing classification models in Python with OpenCV, and refining prototypes after several rounds of trial and error. Activities were documented through regular sessions, partner meetings, mentoring, and hands-on prototyping sessions.
EcoBOT stands out for combining technology, sustainability, community engagement, and educational innovation. It addresses a real local need while empowering students with practical experience in robotics, AI, programming, teamwork, and environmental responsibility. The system is scalable and replicable, with potential for implementation not only in other schools but also in municipal services, health centres, and other community spaces where improving waste separation can have a direct environmental impact.

· Including logos or icons for visual navigation (e.g. SDG icons, VET symbols, ENNEPlus visual identity and EU visibility requirements).



1. Context

· Country: Portugal
· Full Name of the VET provider: Agrupamento de Escolas de Vila Viçosa
· Persons involved: 20 students, 2 teachers and 1 member of the local community.
· Relevant Challenge Based Learning Scenarios (CBLSs)
	List of the 10 CBLSs

	Sustainable transport
	Protecting Biodiversity in Renewable Energy Power Plants

	Green Construction
	Circular Economy

	Renewable energy
	Water Scarcity

	Environmental awareness
	Water and Human Health

	Short Food Supply Chain
	Improving Water Quality



2.  Developed Idea

· Title and short description of the idea: EcoBOT – Intelligent Waste Separation
EcoBOT is an educational and eco-innovative project developed by students and teachers from the Agrupamento de Escolas de Vila Viçosa. The idea consists of designing and prototyping an intelligent waste-sorting system that can identify, classify, and automatically separate different types of recyclable materials using artificial intelligence, sensors, and microcontrollers.
The core concept is to create a low-cost, sustainable and replicable solution that supports proper waste sorting in the school environment while promoting digital, environmental and technological literacy among students.

The system detects the presence of a waste item, captures an image, and classifies it using a machine learning model trained with Teachable Machine and implemented in Python with OpenCV. Based on the classification result, Arduino-controlled servo motors open the corresponding bin compartment, while LEDs and sound provide user feedback. The prototype also incorporates an educational screen where users can access information about recycling, sustainability and the environmental impact of their choices.
· Start and end date of the prototyping process: 10 February 2025 / 10 May 2025
· Main objective of the initiative:
EcoBOT addresses a real challenge at the school: persistent difficulties in waste separation despite existing awareness campaigns. By combining robotics, AI and environmental education, the project aims to reduce sorting errors, increase recycling rates and foster more sustainable behaviors in the school community.
· Local Community Impact: 
The EcoBOT initiative generated a clear and measurable impact on the local community, particularly within the school ecosystem of Vila Viçosa. The project addressed a real sustainability challenge identified by the municipality and the local waste management company, GESAMB, which reported that the school had some of the lowest waste-separation performance indicators in the region. By developing a functional prototype capable of identifying, classifying, and separating common school waste, the project contributed to improving recycling habits and raising awareness among students, teachers, and staff.


· Social Relevance and Innovation:
The EcoBOT addresses an urgent social and environmental challenge within the school community: the persistent difficulty in correctly separating waste, despite existing awareness campaigns and recycling infrastructure. By integrating intelligent automation and artificial intelligence into a familiar daily routine, the project promotes more responsible environmental behavior among students, teachers, and staff. It encourages sustainable habits through immediate visual and sound feedback, as well as an educational display that raises awareness about the impact of recycling. This approach transforms waste separation into an engaging learning moment, increasing the likelihood of long-term behavioral change.
The project is innovative because it combines low cost hardware, machine learning, and practical engineering in a fully functional prototype designed and built by students. Instead of relying on traditional static bins, EcoBOT uses sensors, servo motors, a trained image recognition model, and microcontrollers to identify plastic, paper, and general waste. The system also integrates a recycled materials approach and the possibility of renewable energy use, reinforcing ecological principles through its own construction. The iterative development process led students to test multiple solutions, reassess mechanisms, and improve accuracy, which helped the prototype evolve into a reliable and educational tool.
EcoBOT stands out by merging environmental sustainability, digital competence development, and community relevance. It demonstrates how intelligent technology can support more efficient recycling practices in schools and potentially in wider municipal services. The project has the potential to inspire similar low cost, open-source solutions in other institutions, reinforcing its value as an innovative and socially meaningful initiative.
· Transferability and Openness: 
The EcoBOT solution has a high potential for transferability due to its modular structure, low-cost components, and use of open-source software. The system relies on technologies such as Arduino, Raspberry Pi, Python, OpenCV, and Teachable Machine, all of which are widely accessible and supported by large online communities. This makes it possible for other schools or local institutions to replicate or adapt the solution without major financial or technical barriers.
The prototype can be scaled up or down depending on available resources. Other schools can implement a simplified version using only sensors and LEDs, or a more advanced version that includes machine learning classification and automated servo mechanisms. Because the machine learning dataset is customizable, each school or organization can train the system to recognize the waste types most relevant to its local context.
The code developed for EcoBOT uses widely accessible, open-source tools such as Arduino, Python, OpenCV, and Teachable Machine, which makes it easy to reuse, adapt, or expand in different contexts. This openness facilitates collaboration between schools, institutions, and potentially partners in other countries. The project’s modular design also supports implementation in a variety of community settings, including municipal buildings, health centers, youth centers, or any public space where improving recycling practices and environmental awareness is relevant.
By integrating sustainability education with hands-on digital and technological learning, the project can inspire other VET programs to adopt similar interdisciplinary approaches. Its openness promotes ongoing experimentation, local adaptation, and collective improvement, reinforcing EcoBOT's potential to become a reference model for intelligent recycling systems in educational environments.
· Adherence to the SDGs: 
The EcoBOT initiative demonstrates a clear alignment with several Sustainable Development Goals by promoting responsible waste management, environmental awareness, and sustainable technological innovation within the school community. The project directly supports SDG 11 on Sustainable Cities and Communities by contributing to cleaner and more resilient educational environments through improved waste separation practices. By reducing contamination in recycling streams and encouraging responsible disposal behaviors, the system helps create more sustainable community habits. EcoBOT also advances SDG 12 on Responsible Consumption and Production, since it reinforces conscious material use, encourages recycling literacy and introduces students to the lifecycle of waste and resource management. Additionally, the project indirectly contributes to SDG 13 on Climate Action by fostering behavioral changes that reduce environmental impact and by exploring future use of renewable energy sources to power the prototype. Through its educational component and hands-on engagement with sustainability topics, the initiative empowers young people to adopt greener practices and promotes a broader cultural shift toward environmental responsibility in the school and the community. 

3.  Educational Process

· Description of the educational phases:
The EcoBOT project relied on a combination of active, inquiry based and technology intensive teaching methodologies that supported both the technical development of the prototype and the educational goals of the Eco Digithon. Throughout the project, students engaged in hands on experimentation with robotics, programming and artificial intelligence, which created an environment of continuous problem solving and iterative learning.
A Challenge Based Learning approach guided the entire process. Students started from a real problem reported by the local waste management company GESAMB, which indicated that the school had poor recycling performance compared with other institutions in the municipality. This problem is documented in the Model of the Project, where teachers describe the incorrect separation of waste and its negative impact on the recycling chain. Students were invited to explore the issue, gather information and propose a technological solution that addressed an authentic community need.
Throughout the project, teachers implemented learning by doing and learning through experimentation. Students tested electronic components, servo motors, sensors and microcontrollers in the laboratory, beginning with simple trials using Lego Spike, Tinkercad and Arduino Uno. They learned by assembling circuits, programming basic actions and correcting mistakes during the tests. The project logs describe these sessions as moments when students explored the equipment, made errors, adjusted components and progressively acquired computational thinking skills through direct manipulation of real materials.
Iterative prototyping was also central. Students repeatedly designed, built and redesigned mechanisms for the waste bins. Early prototypes did not work due to lack of motor force, misalignment of components or incorrect servo calibration. Instead of providing ready-made solutions, teachers encouraged learners to analyse each failure, discuss possible adjustments and test new approaches. This iterative loop developed resilience, technical reasoning and precision.
Another key methodology was the integration of digital tools for artificial intelligence. Students used the Google Teachable Machine to create datasets, train image recognition models and test classification accuracy. They learned to refine training conditions by adjusting the environment, adjusting the surface for capturing images and changing the number of samples, as described in the project documentation. Later, the work transitioned to Python and OpenCV, where students implemented the trained model in real time and linked it to the Arduino controlled components.
The project also incorporated collaborative learning. Students from two different grade levels, tenth and twelfth, worked together. Older students supported younger ones in understanding programming or tools they had used in previous years. Teachers reported that teamwork grew stronger during the process, especially in the final stages that required coordination between coding, circuitry and physical design.
Finally, mentoring and external consultation were used as pedagogical support. The team met with representatives of Sociedade Ponto Verde to collect insights for the user interface. They also participated in a mentoring session within the ENNE Plus platform, which helped them reflect on sustainability, economic impact and scalability of the solution.
Overall, the methodologies adopted created a dynamic learning ecosystem focused on exploration, experimentation and authentic problem solving while strengthening both technical and transversal skills.


· Involved educators/trainers: Who led or facilitated the activity? (Number, role)
A total of three teachers facilitated and guided the EcoBOT project throughout all phases of its development.
· Ana Matos: Supported the coordination of activities related to programming, digital tools, and the overall planning of the project sessions.
· Elizabete Semedo: Acted as a lead facilitator in the practical laboratory sessions, assisting students with electronics, sensors, servo motors, Arduino experimentation, and the integration of machine learning tools.
· José Padilha: Provided technical guidance in robotics, prototyping, testing, and troubleshooting, especially during the construction and mechanical adaptation of the waste separation system.
These teachers jointly supervised the students, coordinated with external partners, facilitated the mentoring session, and ensured that the educational process aligned with curricular objectives and the goals of the ENNEPlus EcoDigithon initiative.

· Student involvement level: Active co-design, passive participation, etc.
Students were actively involved in the project through continuous hands-on experimentation, problem solving and iterative prototyping documented throughout the project updates. Their participation can be classified as active co-design, since they contributed directly to the development, testing and refinement of the EcoBOT system.
They explored and tested technologies such as Arduino, Lego Spike, servo motors, sensors and Python with OpenCV, often troubleshooting issues independently and proposing alternative solutions when components or approaches did not work as expected. Examples include adapting the mechanism for opening the recycling bins, redesigning the testing surface for machine learning image capture and rebuilding training datasets to improve model accuracy.
Students also collected real waste samples for dataset creation, trained machine learning models using Teachable Machine and integrated software and hardware components during the final implementation. This demonstrates a high level of engagement, responsibility and ownership over the solution. Overall, their involvement went beyond executing predefined tasks and reflected meaningful participation in ideation, design, testing and iteration.



4.  Results

· Final product or solution developed: Explain the tangible result achieved (e.g. an app, a campaign etc.)
The final outcome of the project is a functional prototype of EcoBOT, an intelligent waste separation system designed to classify and direct different types of school waste with the support of artificial intelligence, sensors, and automated mechanical components. The prototype combines a Raspberry Pi for real-time image capture and AI-based classification, an Arduino board for servo motor control, ultrasonic or infrared sensors for object detection, and LED and buzzer components for user feedback. The system was trained using a machine learning model developed with Google Teachable Machine, which was fed with image datasets created by the students using real materials collected from the school’s recycling points.
Throughout the prototyping phase, students built several iterations of the mechanical system, starting with preliminary experiments using Lego Spike and Tinkercad simulations and progressing to fully assembled circuits with servo motors controlling the opening of waste bins. Due to mechanical constraints related to the original large bins provided by the municipality, the team experimented with different container sizes and ultimately created a smaller and more manageable prototype that allowed consistent testing of the automated opening mechanism. The prototype includes a camera positioned for optimal object framing, a trained AI model capable of recognizing plastic, paper, and mixed waste, and servo-driven mechanisms that open the correct bin based on the classification result.

The EcoBOT also integrates an educational component, consisting of an external monitor that can display information about recycling, sustainability practices, and statistics about the types of waste processed. This transforms the solution into both a technological tool and a pedagogical resource for environmental awareness. The design emphasizes sustainability by reusing available materials and exploring the future integration of renewable energy through solar power, which aligns with the project’s ecological goals.
The end result demonstrates a complete intelligent sorting workflow: detection of object presence, image capture, AI-based classification, communication between the Raspberry Pi and the Arduino, activation of the corresponding LED color, and movement of the servo motor to open the appropriate compartment. The prototype was successfully demonstrated during the EcoDigithon event and represents a scalable foundation for future expansion into a full school-wide intelligent recycling system.
· Intangible effect(s) of the final product or solution developed: (e.g. increased motivation, new competencies, new collaboration etc.)
The EcoBOT project generated several significant intangible outcomes for students, teachers, and the broader school community. One of the most relevant effects was the clear increase in student motivation. Throughout the prototyping process, students reported enthusiasm when achieving technical breakthroughs, such as successfully calibrating servo motors, improving the machine learning model, or integrating Python with Arduino. Their persistence in overcoming real technical obstacles strengthened their confidence and sense of ownership over the project.

Students also developed important transversal competencies. These included teamwork, problem solving, critical thinking, and project management, as they worked through multiple design iterations, learned from unsuccessful attempts, and adjusted their strategies to reach a functional prototype. Their communication skills improved through participation in mentoring sessions, presentations, and peer collaboration.
The project also nurtured digital and technological competencies at a deeper level. Students strengthened their understanding of programming with Python and C++, machine learning fundamentals using Teachable Machine, vision processing with OpenCV, microcontroller integration, and basic electronics. Working with real hardware and software tools helped them bridge the gap between theoretical learning and applied practice.
Collaboration improved across the school community. Teachers from different areas coordinated efforts, combining expertise in multimedia, robotics, informatics, and sustainability. Partnerships with external stakeholders, such as the Municipality of Vila Viçosa, GESAMB, and the Sociedade Ponto Verde, expanded the students' perception of how their work connected to real environmental challenges.
There was also a noticeable shift in environmental awareness. Students became more conscious of recycling practices and the impact of incorrect waste separation, which influenced their personal habits and attitudes. This increased awareness extended to peers, as the prototype and its educational component sparked curiosity among other students and staff.
Finally, the project fostered a stronger sense of purpose and belonging. Participating in the EcoDigithon and receiving feedback from mentors allowed students to feel part of a larger European initiative, reinforcing the idea that their work contributed to meaningful innovation and community improvement.
· Observed effects on students, teachers, and the educational context: 
The EcoBOT initiative generated several important intangible outcomes that extend beyond the creation of a functional prototype. Students significantly increased their motivation for learning, reporting higher engagement and enthusiasm, particularly when working with real hardware, programming challenges, and artificial intelligence tools. The hands-on nature of the project strengthened persistence, problem solving, and adaptability, since students repeatedly confronted technical obstacles and collaboratively sought solutions.
The project also fostered new technical and transversal competencies. Students developed computational thinking, programming skills in Arduino, Python, and block-based environments, and a strong understanding of machine learning concepts through Teachable Machine and OpenCV. They enhanced their abilities to work methodically with sensors, servomotors, and digital interfaces, and grew more confident when confronting unfamiliar technologies. In addition to technical skills, the project cultivated teamwork, communication, and collaborative planning, especially because the tasks required constant coordination between students of different grades.
Social and civic awareness were also strengthened. Students reported greater consciousness of sustainability issues and a deeper understanding of the real impact of waste mismanagement in their school community. The collaboration with external partners, such as the Municipality of Vila Viçosa and the Sociedade Ponto Verde, contributed to a sense of authenticity and responsibility, reinforcing the idea that their work was relevant to real community needs.

At the teacher level, the project strengthened interdisciplinary cooperation and created new opportunities to integrate digital, environmental, and technological education. Teachers also gained confidence in facilitating innovative and challenge-based learning activities.
Overall, EcoBOT generated a positive transformation in student mindset, strengthening agency, creativity, and the belief that they can contribute meaningful technological solutions to environmental challenges.
· Lessons learned / Recommendations:
The EcoBOT project generated several important lessons that can guide future initiatives involving challenge-based learning, sustainability education, and technological prototyping. One of the first lessons learned was the value of iterative experimentation. Students repeatedly tested, adjusted, failed, and improved their prototypes, from initial trials with Lego Spike and Arduino to refining servo placement, training image recognition models, and addressing issues like incompatible camera cables or insufficient motor torque. This highlighted the need to allow time for trial and error, to normalize failures as part of the learning process, and to maintain flexibility in planning.
Another key lesson was the importance of realistic scope and incremental goals. Early attempts to automate large waste bins proved unfeasible because of physical constraints, which led the team to temporarily use a smaller bucket and later consider building a custom eco-point structure. This shift demonstrated the importance of adapting expectations based on real-world constraints rather than theoretical assumptions. Teachers noted that unexpected obstacles were solved more smoothly when students were encouraged to test small components first and scale gradually.
Partnerships also played an important role. Even when external collaborations, such as the initial attempt with Sociedade Ponto Verde, did not progress as expected, the team still benefited from expert input and feedback. The mentoring session with APREMeta helped clarify sustainability dimensions, economic implications, and scalability considerations, reinforcing how outside perspectives enrich student projects and help them think beyond the classroom.
From a pedagogical standpoint, teachers observed that students were more engaged when they had ownership of decisions about design, data collection, and technical implementation. Activities that required hands-on work, such as collecting waste samples, training image datasets, or adjusting servo mechanism angles, produced higher motivation and collaboration. This suggests that future implementations should continue emphasizing active participation through authentic tasks.
Recommendations for other schools include allocating dedicated time for technical troubleshooting, ensuring access to appropriate hardware early on, and preparing backup solutions for equipment or compatibility issues. It is also advisable to schedule multiple short milestones rather than relying on one final deadline, since machine learning training, prototyping, and hardware integration often take longer than expected. Moreover, involving local partners early in the process can provide students with more accurate information about community needs and sustainability challenges.
Finally, the project showed the value of documenting each step, not only for evaluation but also for reflection. Keeping a consistent project log with photos, videos, and notes helped students understand their progress, strengthened their ability to present their work, and made the final case study and pitch preparation much easier. Encouraging students to reflect on what worked, what did not, and why, should be maintained as a standard practice in future challenge-based learning initiatives.
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