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1. INTRODUCTION 

Water scarcity remains a pressing global issue, with many communities lacking access to clean drinking 
water due to rapid population growth and climate change [1]. While solar-powered water purification 

presents a promising solution, challenges such as limited research on its effectiveness across varying 

environmental conditions [2], economic feasibility in low-income regions and scalability issues remain 

[3]. Although innovations like low-cost solar filtration systems have shown potential, real-world 
validation is necessary to ensure their practicality, requiring further research and development [4].  

These systems have the potential to provide clean water access to remote and underserved communities 

while reducing reliance on traditional energy-intensive and environmentally harmful purification 

methods [5]. Continued advancements in solar panel efficiency, membrane technologies, and system 

integration can further improve the cost-effectiveness and scalability of these solutions, contributing to 
the achievement of sustainable development goals related to clean water and affordable energy [6]. 

Comprehensive studies on the performance, economic feasibility, and user acceptance of solar-powered 

filtration systems are essential to drive widespread adoption and ensure long-term sustainability. 

Implementing solar-powered water purification systems in Bukidnon, Philippines, represents a 

significant advancement in addressing the local issues of water scarcity and quality. This innovative 
solution improves access to clean water and promotes sustainability by harnessing renewable energy 

resources, effectively meeting the community's critical needs. The region, characterized by its 

agricultural landscape and remote communities, faces challenges in accessing clean drinking water, 
mainly where traditional purification methods could be more practical [7]. The Ateneo Innovation 

Center has pioneered a Solar Clean Water System that utilizes cost-effective materials to create 

sustainable solutions for clean drinking water. This system incorporates solar energy to power filtration 
processes, ensuring that water is tested for contaminants like E. coli and coliform, enhancing safety and 

reliability [8]. Additionally, integrating rain catchment systems and community training programs 

promotes local engagement and empowers residents to maintain these technologies, fostering health 

improvements and economic opportunities [9].  
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Abstract: Access to clean drinking water remains a critical challenge in remote areas like Cabulohan, 

Cabanglasan, and Bukidnon. This study aims to develop a solar-powered water purification system utilizing 

banana peel-derived activated carbon to improve water quality sustainably. The system harnesses photovoltaic 

(PV) energy to power a filtration process, integrating UV disinfection and activated carbon filtration to remove 
contaminants. Water samples were tested for turbidity and pH levels before and after purification. Results 

demonstrated a significant improvement in water quality. Purified water showed a low turbidity level of 0.37 

NTU, well below the DENR standard of 1 NTU, compared to untreated river water, which had an average of 

6.5 NTU. The pH of purified water was 7.64, within safe drinking limits, while untreated water had an alkaline 

pH of 9.38. This study highlights the potential of integrating solar energy with sustainable filtration methods to 

provide safe drinking water in underserved areas. This would offer an eco-friendly and cost-effective alternative 

to traditional water purification methods. 
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Cabulohan, Cabanglasan, faces challenges in accessing clean drinking water due to its remote 

agricultural setting and the high cost of solar-powered purification systems dominated by large 
companies. This research aims to address this gap by developing a sustainable, cost-effective system 

powered by solar energy. Key objectives include designing a modular, self-sustaining system using 

photovoltaic technology to drive advanced filtration processes tailored to diverse community needs. 
The system incorporates locally available materials to reduce costs and ensure feasibility for widespread 

adoption. Additionally, community training programs will empower residents to operate and maintain 

the system, fostering local ownership and long-term sustainability. By integrating cutting-edge 
techniques and reducing reliance on fossil fuels, the study seeks to provide a reliable, clean water source, 

improve health, promote environmental sustainability, and enhance economic opportunities in off-grid 

areas. 

2. METHODOLOGY  

2.1. Research Design 

This study utilized a research and development (R&D) approach with a quantitative experimental 

design to develop and evaluate a solar-powered filtration system. The system was designed, prototyped, 

and refined using advanced photovoltaic technology, with experiments assessing efficiency, water 

output, and energy consumption under various conditions. Quantitative data was analyzed and 
compared to safe drinking water standards set by regulatory bodies like DENR and DOH, demonstrating 

the system's feasibility and potential for broader application. The experimental design employed 

controlled experiments to examine the effects of independent variables on dependent outcomes, using 
random assignment to establish cause-and-effect relationships. Researchers manipulated variables, 

controlled for external factors, and used statistical analysis to validate findings while ensuring internal 

and external validity for real-world relevance. 

2.2. Entry Protocol 

Prior to conducting the study, permission letters were sent to key individuals. These letters outlined the 

study’s objectives, methodologies, and ethical considerations, ensuring transparency and compliance 

with necessary regulations. Approval was sought to conduct research in designated locations and utilize 
specific resources. The letters also emphasized that all research procedures would adhere to safety 

protocols and ethical standards.  

2.3. Locale of the Study 

This research was conducted at the Bobonawan River in Cabulohan, Cabanglasan, Bukidnon (Figure 

1). The Bobonawan River, which flows through this region, is a tributary of the larger Pulangi River. 

Bobonawan River's location and role as a water source for the surrounding communities made it an 

ideal site for exploring innovations in photovoltaic-driven filtration technologies. To further analyze 
water quality, turbidity and pH testing was conducted at the San Isidro College Science Laboratory 

(Figure 2), ensuring accurate and reliable measurements.   
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2.4. Research Instruments 

The researchers employed several instruments to evaluate the solar-powered water purification system. 

A solar charge controller measures sunlight intensity, critical for determining available energy to power 
the system. Portable test kits assessed water quality parameters, including pH and turbidity, providing 

immediate insights into filtration effectiveness. Additionally, a power analyzer measured the solar 

panels' electrical output and efficiency, ensuring optimal system performance. Together, these tools 

ensured comprehensive monitoring and evaluation of the system's functionality. 

2.5. Data Gathering Procedures 

A solar-powered water purification system was installed according to the electrician's specifications, 

utilizing photovoltaic technology for effective filtration. Water samples were collected from untreated 
river water, and water purified by the system. These samples were stored in sterile containers under 

proper conditions to maintain their quality and sent to the San Isidro College Science Laboratory for 

physicochemical focusing on pH and turbidity. The pH levels were measured using a calibrated pH 

meter, ensuring accuracy by accounting for sample temperature. This process provided key insights into 
the water's acidity or alkalinity. Turbidity was assessed with a calibrated meter, with readings recorded 

in Nephelometric Turbidity Units (NTU) to evaluate water clarity.  

2.6. Statistical Treatment 

In this study, researchers collected data on turbidity and pH levels from river water and solar-powered 

purified water, then used descriptive statistics to summarize the results, calculating measures such as 

mean, median, and standard deviation. A t-test was applied to assess significant differences between 
the water sources, particularly in turbidity and pH levels, to evaluate the purification system's 

effectiveness in reducing contaminants. This comprehensive statistical analysis enables meaningful 

conclusions about the solar-powered system's performance and supports its potential for improving 

water quality and access to clean water in regions with limited resources. 

2.7. Ethical Consideration 

The researchers adhered to ethical guidelines, ensuring compliance with the Data Privacy Act of 2012 

to protect personal information. This law establishes data collection, processing, storage, and sharing 
protocols, requiring security measures to uphold privacy rights. Additionally, the researchers declared 

no conflicts of interest, maintaining independence throughout the study. By following these ethical 

standards, the researchers promoted responsible data management and fostered public trust in handling 
personal information. 
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2.8. Documentation 

The researchers implemented thorough data documentation practices to ensure the accuracy and 
reliability of water quality analysis, including detailed records of data and sampling methods. 

Photographs were taken during sample collection, and standardized protocols for handling and storage 

were followed to prevent contamination and maintain sample integrity. Regular calibration was 
performed to ensure precise measurements, and all data underwent statistical analysis to validate the 

findings. 

3. RESULTS AND DISCUSSION  

3.1. The Design of the Solar-Powered Water Purification System 

The Solar-Powered Water Purification System features carefully positioned solar PV panels for optimal 

energy capture. It uses activated carbon from banana peels for effective impurity removal and includes 

a UV disinfection unit to eliminate microbial pathogens. The feed pump is optimized for efficient water 
flow without overloading the system. This design enhances purification, energy efficiency, and system 

durability, making it a reliable, sustainable solution for water purification using renewable energy. 
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The Solar-Powered Water Purification System comprises essential components that work together to 

ensure efficient water purification. Key elements include a 180-watt water pump [10], 300-watt solar 
panels [11], a solar charge controller, reliable batteries [12], a 500-watt power inverter, and a 25-watt 

UV sterilizer. The construction of the system emphasizes structural integrity and operational efficiency. 

Additionally, PVC pipes transport water between components like pumps and UV sterilizers, while 

steel provides a durable framework. Plywood serves as a base for mounting key components; the 
system's electrical functionality is supported by switches for manual control and wires that transfer 

energy from solar panels to batteries and components; additional features like battery clips and screw 

nails enhance stability. At the same time, wheels provide mobility for transport to locations. The 
modular design allows for customization based on specific needs, making it adaptable for various 

applications. Together, these components create an integrated system capable of delivering safe 

drinking water effectively while promoting sustainability through renewable energy use. 

Moreover, Cotton and coconut husk trap particulates [13], while wood-based charcoal prevents battery 
issues like overcharging. Banana peel activated carbon stores energy for low sunlight periods [14], and 

anthracite and silica sand assist in filtration and microbial removal [15]. Gravel, limestone, and rocks 

balance pH, add minerals, and enhance alkalinity [16]. Together, these components create an efficient 
system that purifies water, balances pH, and provides safe drinking water. 

3.2. Results of the physical properties of water based on the obtained samples  

Table1. Turbidity 

Water Type Test 1 (NTU) Test 2 (NTU) Test 3 (NTU) Average 

Purified Water 0.3 0.3 0.5 0.37 

Untreated River Water 6.3 6.5 6.7 6.5 
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Table 1 shows purified and untreated river water turbidity levels across three tests. Purified water had 

low turbidity values of 0.3 NTU (Tests 1 and 2) and 0.5 NTU (Test 3), averaging 0.37 NTU—well 
below the DENR standard of 1 NTU. Untreated river water had significantly higher turbidity, averaging 

6.5 NTU, indicating harmful particles. This demonstrates the importance of water treatment to ensure 

safety, as untreated water poses serious health risks. In addition, turbid waters may harbor pathogens or 
pollutants, posing health risks to humans and wildlife alike [17]. 

In the study of [18], turbidity is a key parameter in assessing water quality. It is defined as the cloudiness 

or haziness of a fluid caused by suspended particles that are generally invisible to the naked eye. These 
particles can include sediments, plankton, and organic matter, which scatter and absorb light, reducing 

clarity in water bodies. 

The results of the physical properties of water, as shown in Table 1, highlight the effectiveness of the 

Solar-Powered Water Purification System in improving water quality. Table 1 presents turbidity levels 
measured across three purified and untreated river water tests. The purified water recorded turbidity 

values of 0.3 NTU in Tests 1 and 2 and 0.5 NTU in Test 3, resulting in an average turbidity of 0.37 

NTU. This average is significantly below the DENR standard of 1 NTU for safe drinking water, 
indicating that the purified water is clear and free from harmful particles. In contrast, untreated river 

water exhibited much higher turbidity levels with values of 6.3 NTU, 6.5 NTU, and 6.7 NTU across the 

tests, leading to an average turbidity of 6.5 NTU. This high turbidity suggests a substantial presence of 
suspended solids and impurities that can pose health risks if consumed.  

The findings emphasize the critical importance of adequate water treatment systems in ensuring safe 

drinking water. The stark contrast between the purified and untreated water highlights how the Solar-

Powered Water Purification System successfully addresses water quality issues in remote areas like 
Cabulohan. The results demonstrate that purified water meets safety standards for turbidity, providing 

a reliable source of clean drinking water while protecting public health.        

3.3. Results of the chemical properties of water based on the obtained samples 

Table2. pH 

Water Type Test 1 (pH) Test 2 (pH) Test 3 (pH) Average 

Purified Water 7.65 7.64 7.64 7.64 

Untreated River Water 9.39 9.35 9.4 9.38 

The results of the pH levels measured in three separate tests for both purified water and untreated river 

water are presented in Table 2. The purified water recorded 7.65, 7.64, and 7.64 across the tests, 
resulting in an average pH of 7.64. This average falls within the acceptable range for drinking water as 

set by the Department of Health (DOH) and DENR, typically between 6.5 and 8.5. These findings 

indicate that the purified water is safe for everyday consumption and meets health standards. For safety 
and taste, most drinking water should have a pH between 6.5 and 8.5, and pH can also indicate other 

contaminants or bacterial growth [20]. 

In contrast, the untreated river water exhibited higher pH levels of 9.39, 9.35, and 9.40, leading to an 

average pH of 9.38. This average exceeds the recommended limits for safe drinking water, indicating 

potential safety concerns for consumption. The elevated pH levels in untreated river water suggest that 
it may affect taste and pose health risks if consumed over time. The pH scale, ranging from 0 to 14, is 

a logarithmic measure of the acidity or basicity of water-based solutions, with 7 representing neutrality 

[21]. Solutions with pH values below seven are considered acidic, with lower numbers indicating higher 

acidity, while those above 7 are basic or alkaline, with higher numbers signifying increased basicity [22]. 

The significant difference in pH levels between the two water sources underscores the effectiveness of 
the Solar-Powered Water Purification System in providing safe drinking water. The purified water's pH 

levels indicate that it is well within a safe range, while the untreated river water's high pH highlights 

the necessity of treatment processes to ensure water safety. This disparity emphasizes the importance 

of utilizing effective purification systems to mitigate risks associated with consuming untreated water, 
ensuring communities can access clean and safe drinking water. 

4. CONCLUSIONS AND RECOMMENDATIONS 

In conclusion, this study successfully developed a Solar-Powered Water Purification System that 
utilizes banana peel-derived activated carbon to improve water quality. The system is designed with 
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solar photovoltaic (PV) panels that efficiently capture sunlight to provide a reliable power source. It 

includes a filtration process employing activated carbon specifically designed to remove various 
impurities and a UV disinfection unit that effectively eliminates harmful microorganisms. This 

innovative design ensures effective water purification and highlights the potential for sustainable 

solutions to address water quality challenges.  

The Solar-Powered Water Purification System was completed for 10,139 and was built in 

approximately two weeks. This efficient timeline and cost demonstrate the system's practicality and 

feasibility as a sustainable water purification solution.  

The water quality analysis before and after using the Solar-Powered Water Purification System shows 

significant improvements in physical and chemical properties. The purified water demonstrated low 

turbidity levels well below the DENR standard for safe drinking water, while untreated river water 

exhibited high turbidity, indicating a concentration of harmful particles. Chemical assessments revealed 
that the average pH of purified water falls within the acceptable range for drinking, whereas untreated 

river water had a higher pH that exceeds recommended limits.  

Significant differences in water properties exist before and after using the solar-powered water 
purification system. The study confirms substantial reductions in turbidity levels and pH levels in 

purified water compared to untreated river water. These differences highlight the system's effectiveness 

in providing safe drinking water that meets health standards. Overall, this research illustrates how 
combining renewable energy with innovative filtration methods can lead to sustainable solutions for 

improving community access to clean drinking water while protecting public health through effective 

treatment systems.  

Recommendations include conducting regular assessments and updates to the design of the Solar-

Powered Water Purification System to ensure it remains efficient and effective under various 

environmental conditions; implementing a routine monitoring program to evaluate physical properties 
such as turbidity and   load regularly; expanding chemical property analyses beyond pH levels to include 

testing for heavy metals and other contaminants; and encouraging further research on the long-term 

impacts of using the purification system on water quality. 
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