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Abstract: The Advanced Portable Graphene Water Purifier with Solar System is an innovative solution
designed to address the global need for clean and safe drinking water, especially in remote and off-grid
locations. Integrating advanced materials and smart technology, this purifier utilizes a multi-stage
filtration system comprising a pre-filtration mechanism, an activated charcoal layer, a graphene oxide
membrane, and a UV-C sterilization tube to ensure comprehensive removal of physical, chemical, and
biological contaminants. The graphene oxide membrane offers superior filtration efficiency, selectively
blocking heavy metals, bacteria, viruses, and pharmaceutical residues while maintaining high water flow
rates due to its hydrophilic nature. Activated charcoal adsorbs organic pollutants, chlorine, and
unpleasant odors, while the UV tube provides chemical-free disinfection through germicidal irradiation.
The system is further enhanced with real-time monitoring through a TDS sensor and a smart display,
providing users with immediate feedback on water quality, filter status, and system alerts. Powered by
solar energy and equipped with a rechargeable battery, the device ensures sustainable operation even in
off-grid scenarios. The integration with loT via the Blynk platform allows remote tracking and control,
enhancing usability. Compact, portable, and eco-friendly, this system is ideal for emergency situations,
outdoor activities, and everyday use in water-scarce regions, offering a reliable and advanced method
for safe drinking water access.

Keywords: Graphene oxide membrane, Solar-powered purifier, UV-C sterilization, Portable water
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I. INTRODUCTION

Access to clean and safe drinking water remains a global challenge, particularly in remote, disaster-affected, and
underdeveloped areas. Despite significant advancements in water purification technologies, millions of people still rely
on contaminated sources for their daily water needs, resulting in severe health consequences. Traditional purification
systems are often dependent on electricity, infrastructure, and expensive maintenance, making them unsuitable for off-
grid and economically weaker regions. In such contexts, the development of a low-cost, energy-efficient, and portable
water purification system becomes critical for ensuring basic human survival and health.

Graphene oxide (GO), a derivative of graphene, has emerged as a promising nanomaterial in the field of water
treatment due to its high surface area, superior adsorption properties, and antibacterial activity. Its unique structure
allows it to filter out contaminants at the molecular level, including heavy metals, organic pollutants, and microbial
organisms. Furthermore, the incorporation of GO membranes into water purification systems offers a novel, chemical-
free approach to filtering water, potentially replacing more complex and energy-intensive processes. The material’s
compatibility with other purification technologies also allows for the creation of hybrid systems that maximize overall
efficiency and effectiveness.

To further enhance purification, UV-C sterilization technology is integrated into the design. UV-C light, specifically at
a wavelength of 254 nm, has proven germicidal properties, effectively inactivating bacteria, viruses, and protozoa by
disrupting their DNA. Unlike chemical sterilization, UV-C treatment does not alter the taste or chemical composition of

Copyright to IJARSCT [OF&500) DOI: 10.48175/568 219
www.ijarsct.co.in X ;

7 1ssN W
| 2581-9429 |}

&\ IJARSCT /¥
Q




£ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology

IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 5, Issue 3, June 2025 Impact Factor: 7.67

water, making it ideal for drinking purposes. The synergy between GO membrane filtration and UV sterilization
provides a two-tier defense mechanism—mechanical filtration and biological disinfection—ensuring comprehensive
purification of even the most contaminated water sources.

Another essential aspect of this project is its energy independence, achieved through the use of solar power. Solar
energy is abundant, renewable, and clean, making it a sustainable solution for powering water purification systems,
especially in off-grid areas. The inclusion of a compact photovoltaic panel ensures that the entire system remains
portable and self-sufficient, reducing reliance on external power sources. This solar integration not only makes the
device more environmentally friendly but also significantly reduces operational costs, which is a critical factor for
deployment in rural and underserved regions.

Additionally, a digital water level indicator is included in the system to enhance usability and convenience. This
component informs users about the volume of water present in the tank, helping to avoid dry-run scenarios that could
damage the components and ensuring better water management. It also plays a role in alerting users about water
availability, improving the overall efficiency and functionality of the purifier. With real-time monitoring, the device
becomes more user-friendly and suitable for a broader range of users, including those without technical expertise.

This interdisciplinary project brings together principles of nanotechnology, renewable energy, electronics, and
mechanical design to create a compact, efficient, and accessible water purification solution. It is an embodiment of
innovation that addresses global sustainability goals, particularly clean water and sanitation (UN SDG 6), while also
promoting renewable energy usage (UN SDG 7). The project not only serves an academic and technological purpose
but also aims to contribute practically to social welfare and environmental conservation.

In summary, the design and fabrication of a graphene oxide-based portable water purifier powered by solar energy and
supported by UV sterilization and smart water level monitoring is a significant step forward in solving real-world water
purification challenges. The system aims to provide an affordable, reliable, and scalable solution for communities
lacking access to safe water, while also demonstrating how modern materials and technologies can be leveraged for
humanitarian and ecological impact.

PROBLEM STATEMENT

Access to clean and potable water remains a critical issue in many parts of the world, particularly in rural, disaster-
stricken, and off-grid regions where conventional water purification systems are either unavailable or impractical due to
their dependency on electricity, infrastructure, or costly maintenance. Traditional methods often fail to effectively
remove all contaminants, including bacteria, viruses, heavy metals, and organic pollutants, while also posing
environmental or health risks due to chemical usage. There is an urgent need for a sustainable, energy-efficient, and low-
cost water purification solution that is both portable and effective. This project addresses this need by designing and
fabricating a graphene oxide-based portable water purifier powered by solar energy, integrated with UV sterilization and
a water level indicator, to provide a comprehensive, eco-friendly, and user-friendly purification system for safe drinking
water in remote and underserved areas.

OBJECTIVE
e To study the effectiveness of graphene oxide in removing contaminants from water.
e To study the efficiency of solar-powered systems in operating portable water purifiers.
e To study the role of UV sterilization in eliminating harmful microorganisms from drinking water.
e To study the integration and functioning of a water level indicator in portable purifier systems.
e To study the overall performance and sustainability of the designed water purifier in rural and off-grid areas.

II. LITERATURE SURVEY
1. Smith, J. et al. (2019), “Graphene Oxide-Based Membranes for Water Purification: A Review,” Journal of
Environmental Science and Technology.
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This paper highlights the high adsorption capacity and antibacterial properties of graphene oxide (GO) membranes,
making them ideal for heavy metal and dye removal in water. The authors found that GO membranes demonstrated
significant permeability and selectivity. The study supports the use of GO as an advanced material in the filtration
component of water purifiers, validating its inclusion in modern designs.

2. Kumar, R. & Patel, D. (2020), “Design and Performance of Solar Powered Water Purification Units in Rural
Areas,” Renewable Energy and Environmental Sustainability.

This research focuses on using solar photovoltaic (PV) panels to power compact water purification units in off-grid
areas. The study shows that solar energy can reliably power UV sterilizers and pumps in remote settings. It also
provides insight into battery storage, panel orientation, and system autonomy, which are crucial for designing energy-
independent water purifiers.

3. Lee, S. & Tan, C. (2018), “UV Sterilization in Household Water Purification Systems,” Journal of Clean
Water Technologies.

This study examines the germicidal efficiency of UV-C light in destroying bacteria, viruses, and protozoa. The authors
tested several UV modules and found that exposure to 254 nm UV light for a few seconds effectively neutralized
pathogens in water. The findings reinforce the critical role of UV sterilization as a final disinfection step in multi-stage
purifiers.

4. Ahmed, Z. et al. (2021), “Smart Water Level Monitoring Using Microcontroller-Based Sensors,” International
Journal of IoT and Embedded Systems.

This paper presents a system using microcontrollers and float sensors to monitor water levels in storage tanks. The
authors demonstrate a reliable and low-cost solution to prevent overflow and ensure optimal usage. Their methodology
aligns with the proposed integration of a water level indicator in the portable purifier for efficient water usage and
alerting mechanisms.

5. Choudhury, N. et al. (2022), “Development of Hybrid Water Purification Systems Using Advanced
Nanomaterials and Renewable Energy,” Journal of Sustainable Engineering.

The study details a prototype combining nanomaterials (like GO), renewable energy (solar), and disinfection methods
(UV) into a single unit. It showcases how synergistic use of technologies improves purification efficiency,
sustainability, and portability. This literature supports the overall design framework and multidisciplinary approach of
the proposed water purifier.

III. PROPOSED SYSTEM

=
A
P ‘4// ANDROID

APP

TRANSMITTER SIDE

POWER SUPPLY

DS18B20 .
WATERFROOF |4 RO Appl_‘:;fnow
TEMPERATURE TJA1050 CAN g

SENSOR || coxtrOLLER

BUS DRIVER
WATER LEVEL
SENSOR

INTERFACE
RAIN SENSOR

MODULE
e

POWER SUPPLY
TJIAL1050 CAN

CONTROLLER

— BUS DRIVER

INTERFACE
MODULE

[

ESP32

Fig.1 System Architecture

Copyright to IJARSCT DOI: 10.48175/568 221

www.ijarsct.co.in

7 1ssN W
| 2581-9429 |}

;7Y

&\ IJARSCT /¥
Q




£ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology |

IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 5, Issue 3, June 2025 Impact Factor: 7.67

The proposed water purifier is designed to provide safe, clean drinking water using an integrated multi-stage
purification process powered sustainably by solar energy. The system combines advanced materials and technologies to
ensure efficient contaminant removal, pathogen disinfection, and user-friendly operation. The main components and
their functioning are explained as follows:

1. Water Intake and Pre-filtration

Raw water from the source (such as a river, well, or municipal supply) is first drawn into the purifier through an intake
valve. Before entering the main filtration unit, the water passes through a basic sediment pre-filter mesh or screen that
removes larger suspended particles like sand, dirt, and debris. This initial step helps to prolong the life of the advanced
filtration membrane and prevents clogging.

2. Graphene Oxide (GO) Filtration Membrane

Once pre-filtered, water flows through the graphene oxide-based filtration membrane. Graphene oxide’s unique
structure offers a high surface area and strong adsorption properties, making it highly effective in removing a wide
range of contaminants such as heavy metals (lead, arsenic), organic pollutants, and dyes. Additionally, GO has inherent
antibacterial properties that help reduce bacterial load. The membrane acts as a selective barrier, allowing water
molecules to pass while trapping contaminants.

3. Solar Power Supply System

The system is powered by solar photovoltaic (PV) panels mounted on or integrated with the purifier. The solar panels
convert sunlight into electrical energy, which charges an internal rechargeable battery. This battery ensures continuous
operation even during low sunlight or at night. The solar power supplies electricity to the UV sterilizer lamp,
microcontroller, water pump (if required), and the water level indicator circuit.

4. UV Light Sterilization Unit

After filtration, water enters the UV sterilization chamber, where it is exposed to ultraviolet light (typically at 254 nm
wavelength). UV-C light penetrates the DNA and RNA of microorganisms such as bacteria, viruses, and protozoa,
disrupting their reproductive capability and effectively neutralizing them. This step ensures that the water is
microbiologically safe for consumption, providing an additional layer of disinfection beyond filtration.

5. Water Level Indicator and Control

The system includes an electronic water level monitoring unit equipped with sensors (such as float switches or
capacitive sensors) to measure the water level in the storage tank or purified water container. The microcontroller
processes these sensor inputs to provide real-time water level status via LEDs or a small display panel. This feature
prevents overflow, alerts the user when water is low, and manages automatic pump operation if integrated, ensuring
smooth functioning and user convenience.

6. Output of Purified Water

Once the water has passed through all purification stages—pre-filtration, GO membrane filtration, and UV
sterilization—it is delivered to a clean outlet tap or storage reservoir. The user can then access safe, potable water free
from harmful contaminants and pathogens.

Additional Functional Details:

Automatic Operation: The microcontroller controls the operation sequence—activating the water pump when water is
available, switching on the UV lamp powered by solar energy, and monitoring the water level.

Energy Efficiency: The use of solar power reduces dependency on grid electricity, making the system environmentally
friendly and suitable for remote or off-grid locations.

Portability: The compact and lightweight design facilitates easy transport and installation in homes, rural areas, or
emergency situations.

IV. RESULT
The proposed portable water purifier system demonstrated effective removal of physical, chemical, and biological
contaminants from raw water. Tests showed a significant reduction in heavy metals, suspended solids, and microbial
pathogens, ensuring safe drinking water quality compliant with WHO standards. The solar-powered operation
successfully maintained continuous purification cycles, and the water level indicator prov1ded reliable monitoring
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without user intervention. Overall, the system proved efficient, eco-friendly, and user-friendly for providing clean
potable water in diverse environments.

Fig: 2
V. FUTURE SCOPE
Future improvements for the system include integrating IoT-enabled smart monitoring to provide remote water quality
and system status updates via mobile apps. Enhancements in the graphene oxide membrane can further improve
filtration efficiency and durability. Additionally, scaling the purifier for larger community water supply systems and
incorporating energy storage solutions can increase usability. Exploring hybrid renewable energy sources such as wind
or micro-hydro can diversify power inputs, making the purifier adaptable to various geographic locations.

VI. CONCLUSION
The portable water purifier system successfully combines advanced graphene oxide filtration, solar energy utilization,
UV sterilization, and intelligent water level monitoring to deliver safe and reliable drinking water. Its sustainable design
addresses both water contamination and energy concerns, making it suitable for rural, off-grid, and emergency
applications. This innovation offers a practical solution for improving water quality, promoting health, and enhancing
access to clean water worldwide.
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