Design and Development of a Solar-powered Water Purifier Prototype




ABSTRACT
Access to safe drinking water remains a significant public health concern, particularly in educational institutions where students rely on shared water sources daily. This study aimed to design and develop a solar-powered water purifier prototype and evaluate its effectiveness in improving selected water quality indicators at Mindanao State University – Maigo College of Education, Science, and Technology (MSU–MCEST). An experimental-developmental research design was employed. Water samples were collected from selected campus locations, specifically the Senior High School (SHS) Building and the Administration Building (ADMIN). The collected samples were tested before and after treatment using the developed prototype. Water quality assessment focused on selected heavy metal indicators and microbiological quality through the use of heavy metal strips and bacteria testing kits.
The findings revealed that cadmium (Cd), which was detected in several pre-treatment water samples, was no longer present after treatment, indicating that the prototype contributed to reducing selected harmful contaminants. However, zinc (Zn) remained detectable in one SHS post-treatment sample, suggesting that the purification process had limited effectiveness in reducing certain heavy metal indicators. In terms of microbiological quality, all pre-treatment water samples tested positive for bacterial contamination, while all post-treatment samples tested negative after passing through the solar-powered water purifier prototype. These results indicate that the prototype was effective in reducing bacterial contamination in the tested water samples.
Overall, the study concluded that the solar-powered water purifier prototype was effective in improving microbiological quality and partially effective in improving selected chemical quality indicators. The prototype demonstrates potential as a practical, sustainable, and environmentally friendly solution for improving water safety within educational institutions.
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INTRODUCTION
A ccess to safe drinking water is essential for health, learning, and daily functioning. However, water quality in shared campus water sources is not always guaranteed. According to the World Health Organization (WHO, 2023), contaminated drinking water remains one of the major sources of preventable disease, especially where monitoring and maintenance are inconsistent. The United Nations (2025) further emphasized that access to safe water and sanitation remains a global priority under Sustainable Development Goal 6. Prüss-Ustün et al. (2019) also reported that unsafe water, sanitation, and hygiene remain major contributors to preventable diseases worldwide.
In the Philippines, studies have detected microbial contaminants such as coliform bacteria and Escherichia coli in community water sources and refilling stations, indicating that water safety cannot always be assumed (Cambarihan et al., 2022; Cuenca et al., 2021). Healing Waters International (2024) explained that waterborne diseases can negatively affect students’ learning because illness may lead to poor attendance and reduced academic focus. Tetteh and Tettey (2025) also highlighted that unsafe drinking water negatively affects public health and productivity. UNICEF (2019) emphasized the importance of clean drinking water and sanitation in schools to protect student health and learning outcomes.
Solar-powered water purification technologies have emerged as sustainable and environmentally friendly approaches to improving water quality. Methods such as Solar Water Disinfection (SODIS), ultraviolet sterilization, and solar distillation have been shown to effectively reduce microbial contamination while utilizing renewable energy (García-Gil et al., 2021; Ahmad et al., 2024). Bharathi et al. (2021) explained that solar-powered purification systems equipped with ultraviolet sterilization technologies effectively improve water safety while remaining energy efficient and environmentally sustainable. Dey et al. (2024) emphasized that integrating solar energy into water purification systems minimizes electricity dependence while improving accessibility to clean water.
Research by Hendrickson et al. (2020) demonstrated that decentralized solar-powered purification systems significantly reduced bacterial contamination in rural communities. Similarly, Ahmed et al. (2024) highlighted that integrating Internet-of-Things monitoring systems with solar-powered purification technologies improved operational efficiency and water quality monitoring. Gürsu (2024) also reported that solar purification systems are useful in underserved regions because they support potable water production in areas with limited conventional resources. Kim et al. (2022) explained that ultraviolet sterilization technologies effectively reduce bacterial contamination in drinking water purification systems.
In the Philippine setting, solar-powered water treatment systems have demonstrated effectiveness and community acceptance in improving water quality, particularly in areas with limited access to electricity (Yu Jeco et al., 2019). The Department of Science and Technology (DOST, 2021) also promoted research and development programs on sustainable water resources as a major priority. The International Renewable Energy Agency (IRENA, 2023) further noted that renewable energy technologies contribute to long-term environmental sustainability and reduced energy dependence.
Theoretical foundations related to sustainability and public health further support the development of renewable-energy-based water systems. Sustainable Development Theory emphasizes balancing environmental protection, social well-being, and future resource needs (Brundtland Commission, 1987). The United Nations Sustainable Development Goals, particularly SDG 3, SDG 6, and SDG 7, further support efforts toward clean water, improved health, and renewable energy integration (United Nations, 2015). Rosenstock (1974) further explained that health-related practices are influenced by individuals’ awareness and perception of health risks.
Despite the growing interest in solar-powered purification systems, limited studies have focused on their application within academic institutions where students rely heavily on communal water sources. These findings highlight the need for practical and sustainable solutions that can improve water quality within educational institutions.
METHODOLOGY
This study employed an experimental-developmental research design. The developmental aspect focused on designing and constructing a functional solar-powered water purifier prototype, while the experimental component evaluated the effectiveness of the prototype in improving selected water quality indicators.
The primary instrument used in the study was the solar-powered water purifier prototype developed by the researchers. The prototype consisted of a solar panel, charge controller, solar battery, power inverter, and a water purifier equipped with ultraviolet sterilization.
Water samples were collected from selected campus locations within MSU–MCEST using sterile containers. Samples were obtained before treatment to establish baseline water quality conditions. The collected samples were tested using bacteria testing kits and heavy metal test strips to determine initial water quality conditions. Afterwards, the water samples were processed through the solar-powered water purifier prototype.
Post-treatment water samples were then collected and tested using the same procedures to determine whether improvements in water quality occurred after purification. Descriptive statistical methods, including means and standard deviations, were utilized to summarize water quality results before and after treatment.
RESULTS AND DISCUSSION
The solar-powered water purifier prototype integrated solar energy technology with a water purification system. Solar energy served as the primary power source of the system. The prototype consisted of a solar panel, charge controller, solar battery, power inverter, and a water purification unit equipped with ultraviolet sterilization technology.
The purification system was designed to improve water quality by reducing bacterial contamination and selected heavy metal indicators. The use of solar energy allowed the system to operate sustainably while minimizing electricity consumption.
Table 1. Materials and Estimated Expenses for the Solar-Powered Water Purifier Prototype
	Materials/Components
	Function

	Water Purifier with UV Sterilizer
	Purifies and disinfects water using ultraviolet technology

	Solar Battery (12V)
	Stores electrical energy produced by the solar panel

	Solar Panel with Charge Controller and Power Inverter
	Converts solar energy into electrical energy and regulates power supply

	Bacteria Testing Kit
	Detects bacterial contamination in water samples

	Heavy Metal Test Strips
	Detects selected heavy metal indicators in water


The materials used in the prototype were selected based on affordability, availability, and suitability for a small-scale solar-powered purification system.
Table 2. Pre-Treatment and Post-Treatment Heavy Metal Indicator Results
	Sample Location
	Cadmium Before Treatment
	Cadmium After Treatment
	Zinc Before Treatment
	Zinc After Treatment

	SHS Building
	Detected
	Not Detected
	Detected
	Detected

	Administration Building
	Detected
	Not Detected
	Detected
	Not Detected


Table 3. Pre-Treatment and Post-Treatment Bacterial Results
	Sample Location
	Before Treatment
	After Treatment

	SHS Building
	Positive
	Negative

	Administration Building
	Positive
	Negative


The findings revealed significant improvements in microbiological water quality after treatment using the solar-powered water purifier prototype. All pre-treatment water samples tested positive for bacterial contamination, while all post-treatment samples tested negative after purification. Cadmium detected in several pre-treatment samples was no longer present after treatment. However, zinc remained detectable in one post-treatment sample, indicating that the purification process had limited effectiveness in reducing certain heavy metal indicators.
These findings support previous studies emphasizing the effectiveness of ultraviolet sterilization and solar-powered purification systems in improving microbiological water quality (Kim et al., 2022; Bharathi et al., 2021). García-Gil et al. (2021) also explained that solar-powered disinfection systems effectively eliminate harmful microorganisms while utilizing renewable energy. The persistence of zinc in one sample suggests that further enhancement of the filtration system may still be necessary to improve overall purification performance.
Overall, the study demonstrates that combining solar energy with water purification technologies can provide a practical and environmentally sustainable solution for improving water safety in educational institutions.
CONCLUSION
Based on the findings of the study, the solar-powered water purifier prototype was effective in improving microbiological water quality and partially effective in improving selected chemical water quality indicators. The prototype successfully reduced bacterial contamination in all tested water samples and contributed to the reduction of selected harmful contaminants such as cadmium.
However, certain heavy metal indicators such as zinc remained detectable in some post-treatment samples, indicating that further enhancement of the filtration system is still necessary. Overall, the study demonstrated that solar-powered purification systems have strong potential as sustainable and environmentally friendly technologies for improving water safety within educational institutions.
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