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ABSTRACT
This capstone project, titled "Design and Development of a Plastic Bottle-Activated Fan Prototype," addresses the growing global concern of non-biodegradable plastic waste by integrating discarded materials into a functional electrical system. The study aimed to design a prototype that utilizes plastic bottles as a triggering mechanism to activate a battery-powered fan, evaluating the system's effectiveness and its potential to promote environmental awareness. Using a descriptive-developmental research design, the researchers constructed a model where the insertion of a plastic bottle is acting similarly to a coin-operated mechanism which completes a circuit to power a small DC fan. Testing was conducted at Mindanao State University – Maigo College of Education, Science, and Technology (MSU-MCEST) to measure response time, consistency, and power stability using electrical measurements and observation checklists. Results indicated that the triggering system effectively activated the fan, with the battery providing sufficient and stable power for operation. Participant feedback through a Likert scale evaluation suggested that the prototype serves as an effective educational tool, demonstrating practical waste utilization and the principles of basic automation. The study concludes that simple, low-cost trigger-based systems offer a viable and accessible approach to promoting sustainable waste management and environmental responsibility within a campus setting.
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INTRODUCTION
The increasing problem of plastic waste and improper waste segregation continues to contribute to environmental issues such as flooding and drainage blockage in developing countries like the Philippines (Greenpeace Philippines, 2022; Jambeck et al., 2015). This situation highlights the need for practical, low-cost, and accessible solutions that promote environmental awareness and responsible waste management.

Several studies have emphasized the importance of circular economy approaches in addressing plastic pollution (Van Caneghem et al., 2019; Ritchie et al., 2023). However, many existing systems rely on industrial-scale processing such as waste-to-energy technologies, which require complex infrastructure and high operational costs (Brunner & Morf, 2025; MDPI Energies, 2024). As an alternative, this study focuses on a simplified “waste-as-trigger” mechanism that directly utilizes plastic bottles as a physical input for activating an electrical system (ScienceDirect Topics, 2024; IntechOpen, 2011).

The system follows a basic input-process-output structure commonly used in automation and control systems (Bolton, 2015; Universalium, 2024). When a plastic bottle is inserted into the prototype, it triggers a circuit that activates an electrical load for a controlled duration. The design is supported by fundamental principles of switches and relay-based control systems (Wikipedia, 2024c; Hameed et al., 2021). The electrical system uses a battery-based power supply with inverter conversion to support alternating current operation (Goodwin, 2024; Comtar, 2024). Sensors and control elements are used to ensure proper activation and system reliability (Fraden, 2016; Eaton, 2024). Similar educational prototypes have shown that hands-on engineering models are effective in teaching basic electrical and sustainability concepts (Yilmaz et al., 2018; López et al., 2024).

This study aligns with Sustainable Development Goal 12, which promotes responsible consumption and production, by demonstrating how waste materials can be repurposed into functional educational systems (UNESCO, 2023; United Nations Environment Programme, 2023). Ultimately, the project bridges environmental awareness and basic automation through a low-cost and accessible design.

REVIEW OF RELATED LITERATURE

SYNTHESIS
Plastic waste remains one of the most pressing environmental challenges globally, particularly in developing countries where waste management systems are limited (Greenpeace Philippines, 2022; Nature Sustainability, 2024). Studies show that recycling rates remain low, and much of the plastic waste ends up in landfills or natural environments (Society of Chemical Industry, 2025; Yaqoob et al., 2025).

Circular economy approaches have been proposed as a sustainable solution, focusing on resource recovery and reuse rather than disposal (Van Caneghem et al., 2019; Brunner & Morf, 2025). However, most implementations remain large-scale and industrial in nature (MDPI Energies, 2024; Schiffer et al., 2015). This creates a gap for small-scale, educational, and community-based systems In response, this study adopts a simplified automation model using a plastic bottle as a trigger mechanism for activating an electrical circuit. The system incorporates basic automation principles such as input-output control, relay switching, and timed operation (Bolton, 2015; Hameed et al., 2021; Eaton, 2024). It also demonstrates the application of embedded system concepts in a simplified form suitable for educational use (Lee & Seshia, 2017). 

Previous studies have shown that small-scale engineering prototypes can improve understanding of electrical systems and sustainability concepts among students (Putra et al., 2020; García et al., 2024; Yilmaz et al., 2018). Therefore, this study fills the gap by presenting a low-cost and accessible system that combines waste utilization and basic automation in a practical learning tool.

METHODOLOGY
This study employed a descriptive-developmental research design in the development and evaluation of a plastic bottle-activated fan prototype conducted at Mindanao State University – Maigo College of Education, Science and Technology (MSU-MCEST).  The prototype was constructed using a vertical PVC frame structure designed to hold plastic bottles as the main input material. The system was arranged with electrical components placed at the lower section for stability, while the output device, an electric fan, was positioned at the upper section for demonstration purposes.
Figure 1
System Diagram of the Plastic Bottle-Activated Fan Prototype
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The system operates through a simple input-process-output mechanism. The input stage involves the insertion of a plastic bottle, which activates a triggering mechanism. The process stage involves signal handling through a control system that manages activation timing. The output stage delivers electrical power to the fan for a controlled duration using a relay-based switching system (Hameed et al., 2021; Eaton, 2024).

The electrical system is powered by a 12V 32Ah battery and supported by a 200W inverter to convert DC power to AC supply for the fan (Goodwin, 2024; Comtar, 2024). Proper insulation and wiring were applied to ensure safety during operation. Testing procedures included multimeter readings to monitor voltage stability and system performance (Fraden, 2016). In addition, a 5-point Likert scale was used to evaluate user feedback regarding the prototype’s effectiveness and educational value (Yilmaz et al., 2018; López et al., 2024).

SUMMARY OF FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS

SUMMARY OF FINDINGS
The evaluation of the plastic bottle-activated fan prototype demonstrated a highly reliable and operational system capable of delivering continuous 220V AC output through a 12V 32Ah storage battery and a 200W inverter setup. Respondents and researchers noted that the system functioned smoothly with minimal voltage fluctuations, confirming that the integrated 4-digit timer module successfully managed power distribution and regulated operation runtimes to maximize energy efficiency. While minor, manageable power interruptions occurred occasionally, they did not hinder overall system performance. Most notably, both students and faculty highly agreed that the physical model successfully demonstrated the concept of circular waste utilization. It effectively increased ecological awareness and promoted proper plastic handling within the Mindanao State University - Maigo College of Education Science and Technology (MSU-MCEST) campus, showcasing a direct link between technological automation and environmental responsibility.

CONCLUSION
Based on these findings, it is concluded that the plastic bottle-activated fan prototype is technically feasible, functionally viable, and highly reliable as an off-grid educational tool. The project successfully confirms that small-scale, everyday electrical appliances can be safely powered and controlled through a standalone, trigger-based input-process-output circuit layout. By utilizing ordinary plastic bottles to directly complete an operational circuit loop, the mechanism effectively bridges the gap between complex hardware automation and practical recycling. Ultimately, this low-cost, simplified engineering architecture provides an engaging, hands-on instructional model that proves sustainability and electronic automation can be combined into a cost-effective system to foster campus environmental stewardship.

RECOMMENDATIONS
Based on the findings and conclusions of the study, the following recommendations are proposed:
1. Improvement of the Triggering Mechanism: Future designs should enhance the sensitivity and durability of the triggering system, such as using more reliable sensors or switches, to ensure consistent activation when plastic bottles are inserted.
2. Use of Higher-Quality Components: It is recommended to use higher-quality electrical components, such as pure sine wave inverters, to improve system performance, reduce power interruptions, and extend the lifespan of the device.
3. Integration of Solar Charging System: Future researchers are recommended to integrate a solar charging system to support the battery when it is low. This will help maintain continuous operation of the prototype, improve energy sustainability, and reduce dependency on external electrical charging sources.
4. Expansion of System Capability: Future studies may explore expanding the system to power additional low-energy devices to test its capacity, efficiency, and scalability.
5. Structural and Material Enhancement: The use of more durable and stable materials is recommended to improve the overall safety, stability, and longevity of the prototype, especially for long-term or public demonstrations. Incorporating robust, low-cost structural enclosures from small-scale design frameworks ensures the device withstands public school environments safely (Universidad Industrial de Santander, 2018).
6. Educational Utilization: The prototype may be utilized as an instructional tool in teaching basic electrical systems, automation, and environmental awareness in academic settings. Deploying interactive, small-scale experimental sets acts as an excellent mechanism for green technology education (Yilmaz et al., 2018).
7. Regular Maintenance and Safety Checks: Periodic inspection of the battery, wiring connections, and components is recommended to ensure safe, efficient, and continuous operation of the system. Special attention should be given to monitoring the power cells through a basic battery management strategy to preserve their performance lifecycle (Zhang et al., 2025).
8. Transition to Performance-Based Testing: Future studies should transition from perception-based observations to objective engineering testing to improve empirical validity. This involves using tools like multimeters and tachometers to quantitatively measure voltage, RPM, and actual energy efficiency during operation.

REFERENCES
1. Bolton, W. (2015). Instrumentation and control systems (2nd ed.). Elsevier. https://shop.elsevier.com/books/instrumentation-and-control-systems/bolton/978-0-08-100613-9
2. Comtar. (2024). How do DC to AC inverters work. Comtar Blog. https://www.comtar.com/blog/how-do-dc-to-ac-inverters-work
3. Eaton. (2024). Understanding relays and timers. https://www.eaton.com/us/en-us/products/controls-drives-automation-sensors/control-relays-and-timers/understanding-relays-and-timers--.html
4. Fraden, J. (2016). Handbook of modern sensors: Physics, designs, and applications (5th ed.). Springer. https://link.springer.com/book/10.1007/978-3-319-19303-8
5. García, L., et al. (2024). Educational simulation of electric power systems. Electric Power Systems Research, 228, Article 110050.
6. Goodwin, D. (2024). Converting DC to AC: Basic principles of inverters. Control.com. https://control.com/technical-articles/converting-dc-to-ac-basic-principles-of-inverters/
7. Greenpeace Philippines. (2022). Plastic pollution in the Philippines. https://www.greenpeace.org/philippines/plastic-2/
8. Hameed, A. A., Sultan, A. J., & Booneya, M. F. (2021). Design and implementation of multifunction relay based on microcontroller. Journal of Techniques, 3(3), 31–43. https://www.researchgate.net/publication/355102341_Design_and_Implementation_of_Multifunction_Relay_Based_on_Microcontroller
9. IntechOpen. (2011). Waste utilization as resource recovery systems. IntechOpen Chapters. https://www.intechopen.com/chapters/18482
10. Jambeck, J. R., Geyer, R., Wilcox, C., Siegler, T. R., Perryman, M., Andrady, A., Narayan, R., & Law, K. L. (2015). Plastic waste inputs from land into the ocean. Science, 347(6223), 768–771. https://doi.org/10.1126/science.1260352
11. Lee, E. A., & Seshia, S. A. (2017). Introduction to embedded systems: A cyber-physical systems approach (2nd ed.). MIT Press. https://leeseshia.org/
12. López, R., et al. (2024). Project-based learning approach for undergraduate electrical engineering laboratories. ResearchGate. https://www.researchgate.net/publication/387254274_Project-Based_Learning_Approach_for_Undergraduate_Electrical_Engineering_Laboratories_A_Case_Study
13. MDPI Energies. (2024). Waste-to-energy and functional recovery systems. MDPI. https://www.mdpi.com/1996-1073/17/16/4188
14. Nature Sustainability. (2024). On the plastics crisis. Nature Sustainability, 7, 1–2. https://www.nature.com/articles/s41893-023-01236-z
15. Putra, I. G. N., et al. (2020). Development of cooperative learning-based electric circuit kit trainer for basic electrical and electronics practice. ResearchGate. https://www.researchgate.net/publication/339168959_Development_of_cooperative_learning_based_electric_circuit_kit_trainer_for_basic_electrical_and_electronics_practice
16. Ritchie, H., Samborska, V., & Roser, M. (2023). Plastic pollution. Our World in Data. https://ourworldindata.org/plastic-pollution
17. Schiffer, J., Zonetti, D., Ortega, R., Stankovic, A., Sezi, T., & Raisch, J. (2015). A survey on modeling of microgrids. arXiv. https://arxiv.org/abs/1505.00136
18. ScienceDirect Topics. (2024). Waste utilization. Earth and Planetary Sciences. https://www.sciencedirect.com/topics/earth-and-planetary-sciences/waste-utilization
19. Society of Chemical Industry. (2025). Plastic recycling rates are stubbornly low: Here's what's going wrong. SCI News. https://www.soci.org/news/2025/4/plastics-recycling-rates-are-stagnating-heres-why
20. UNESCO. (2023). Education for sustainable development. UNESCO Articles. https://www.unesco.org/en/education/sustainable-development
21. Universalium. (2024). Automation. Academic Dictionaries and Encyclopedias. https://universalium.en-academic.com/77332/automation
22. Van Caneghem, J., et al. (2019). Waste management in circular economy frameworks. Clean Technologies and Environmental Policy, 21, 1–12. https://link.springer.com/article/10.1007/s10098-019-01686-0
23. Wikipedia. (2024a). Finite-state machine. Wikimedia Foundation. https://en.wikipedia.org/wiki/Finite-state_machine
24. Yaqoob, L., et al. (2025). Challenges in plastic recycling: Technical and economic perspectives. RSC Sustainability, 3, 112–131. https://pubs.rsc.org/en/content/articlelanding/2025/su/d4su00504j
25. Yilmaz, M., et al. (2018). A miniature smart city experimental set for engineering education. International Journal of Electrical Engineering Education, 55(3), 210–225. http://dergipark.org.tr/download/article-file/532807

image1.jpeg
MICRO-CONTROLLER, RELAY AND TIMER

INVERTER 220V

oLID STATE
v

Input: 12v
input: 220v.

outLer

_

bt}
T
.

ELECTRICAL FAN

BATTERY 12V POWER SUPPLY 220V TO 12V




