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ABSTRACT 

Access to clean and safe drinking water remains a critical challenge in rural areas worldwide. This 

paper presents the design and analysis of a solar-powered water purification system aimed at 

providing a sustainable, cost-effective, and eco-friendly solution for rural communities. The system 

integrates photovoltaic (PV) solar panels with water purification techniques such as ultrafiltration 

and ultraviolet (UV) sterilization, operating independently of grid electricity. Experimental 

evaluations and statistical analysis demonstrate the system’s efficiency in removing contaminants 

and its feasibility in remote locations. The results confirm that the system can provide potable water 

while leveraging renewable energy, making it an ideal solution for off-grid rural environments. 

KEYWORDS Solar power, water purification, rural areas, photovoltaic, ultrafiltration, ultraviolet 

sterilization 

INTRODUCTION 

Safe drinking water is essential for human health, yet many rural regions across developing countries lack 

access to potable water due to inadequate infrastructure and energy supply. Contaminated water sources 

lead to waterborne diseases, significantly impacting public health and economic development. 

Conventional water purification systems often rely on grid power, which is unreliable or unavailable in 

many rural settings. 

Solar energy offers a renewable, sustainable alternative to power water purification, especially in sunny 

rural areas where sunlight is abundant. The integration of solar photovoltaic (PV) panels with water 

purification technologies provides an autonomous system capable of delivering clean water without 

dependence on fossil fuels or grid electricity. 



International Journal of Research in Modern Engineering and Emerging 
Technology (IJRMEET)                                                  

  Vol. 08, Issue: 11, November: 2020 
     (IJRMEET) ISSN (o): 2320-6586 

 

8  Online International, Refereed, Peer-Reviewed & Indexed Monthly Journal                      
   

 

This manuscript focuses on the design, implementation, and evaluation of a solar-powered water 

purification system tailored for rural applications. It addresses the system components, operational 

principles, performance metrics, and statistical validation of the purification efficiency. 

LITERATURE REVIEW 

Several studies have investigated the use of solar energy for water purification. Solar water disinfection 

(SODIS) is one traditional method relying on sunlight exposure to inactivate pathogens, but its efficacy 

is limited by weather conditions and exposure time [1]. Other researchers have combined solar thermal 

energy with distillation processes for water purification, though these systems often have high initial costs 

and low throughput [2]. 

Photovoltaic-powered water treatment systems have gained prominence due to their direct electricity 

generation capability. According to Patel et al. (2018), PV-powered ultrafiltration membranes effectively 

removed turbidity and microbial contaminants in rural pilot projects [3]. Similarly, UV sterilization 

powered by solar PV has been demonstrated to inactivate bacteria and viruses reliably, as described by 

Singh and Kumar (2019) [4]. 

                             
Fig: Challenges in Providing Safe Drinking Water in Rural Areas 
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The challenge remains in optimizing the system for cost, durability, and minimal maintenance, especially 

under harsh rural conditions. Combining ultrafiltration with UV sterilization powered by solar energy is 

a promising approach that leverages physical filtration and pathogen inactivation, as noted by Sharma et 

al. (2017) [5]. 

STATISTICAL ANALYSIS TABLE 

Parameter Before Purification (Mean 

± SD) 

After Purification (Mean 

± SD) 

% 

Reduction 

Turbidity (NTU) 15.6 ± 2.1 0.4 ± 0.1 97.44% 

Total Dissolved Solids 

(mg/L) 

850 ± 45 120 ± 20 85.88% 

E. coli (CFU/100 mL) 220 ± 30 0 100% 

pH 6.5 ± 0.2 7.2 ± 0.1 N/A 

Electrical Conductivity 

(µS/cm) 

1200 ± 75 250 ± 30 79.17% 

NTU: Nephelometric Turbidity Units; SD: Standard Deviation; CFU: Colony Forming Units 

METHODOLOGY 

System Design 

The solar-powered water purification system comprises the following components: 

1. Solar Photovoltaic Panels: 250 W PV panels selected based on average solar insolation in the 

targeted rural region (5.5 kWh/m²/day). The PV array charges a 12 V battery bank to ensure 

operation during low sunlight periods. 

2. Water Pre-filtration Unit: A sediment filter to remove suspended particles and large debris to 

protect downstream components. 

3. Ultrafiltration Membrane Module: Hollow-fiber ultrafiltration membranes with pore size ~0.01 

microns physically remove bacteria, protozoa, and suspended solids. 

4. UV Sterilization Chamber: A UV lamp (254 nm wavelength) powered by DC from the battery 

system inactivates remaining viruses and bacteria. 
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5. Control and Monitoring: A microcontroller-based unit controls the operation, monitors water 

flow rate, battery status, and UV lamp operation. 

Experimental Setup 

Water samples were collected from a local rural water source known for high turbidity and microbial 

contamination. The system was operated for 8 hours daily over 15 days. Parameters such as turbidity, 

total dissolved solids (TDS), pH, electrical conductivity, and microbial load (E. coli count) were tested 

before and after purification using standard methods (APHA, 2017) [6]. 

Data Collection and Analysis 

Each parameter was measured in triplicate, and the results were statistically analyzed to determine the 

mean, standard deviation, and percentage reduction. A paired t-test was used to assess the significance of 

changes post-purification, with p < 0.05 considered significant. 

RESULTS 

The water purification system demonstrated substantial improvements in water quality parameters. 

Turbidity decreased from an average of 15.6 NTU to 0.4 NTU, exceeding the WHO guideline of 5 NTU 

for potable water. The ultrafiltration membrane effectively reduced suspended solids, reflected in the 

85.88% reduction in TDS levels. 

Microbial analysis showed complete removal of E. coli bacteria after the UV sterilization stage, indicating 

the system’s effectiveness in pathogen inactivation. The pH was adjusted slightly towards neutrality (7.2), 

beneficial for taste and safety. 

Electrical conductivity, indicating the presence of dissolved ions, also reduced significantly, enhancing 

water palatability. The statistical analysis confirmed the purification improvements were highly 

significant (p < 0.01). 

The system operated reliably throughout the testing period, with battery backup enabling continuous 

purification during intermittent sunlight. Energy consumption of the ultrafiltration and UV components 

remained within the limits of solar power availability. 
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CONCLUSION 

This study presents a practical solar-powered water purification system tailored for rural areas lacking 

reliable electricity. Combining ultrafiltration with UV sterilization, powered by photovoltaic solar energy, 

provides a sustainable method for producing safe drinking water. 

The system significantly reduced turbidity, dissolved solids, and microbial contamination, complying 

with international water quality standards. Its autonomous operation ensures continuous water supply 

even during non-sunny periods, making it suitable for remote locations. 

Future work should focus on optimizing system scalability, cost reduction, and integration with local 

water distribution methods. The presented design contributes to engineering solutions that enhance rural 

water security using renewable energy, addressing both environmental and public health concerns. 
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