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Abstract – Water scarcity and pollution are growing global 

concerns, making wastewater recycling a vital solution for 

sustainable water management. This paper presents the 

design and implementation of an IoT-based Automatic Waste 

Water Treatment System that automates the filtration 

process using a multi-stage purification approach. The 

proposed system utilizes four primary stages: sand filtration, 

charcoal filtration, alum coagulation, and membrane 

filtration, which work together to remove physical, chemical, 

and fine particulate impurities from wastewater. 

The process is monitored and controlled using a NodeMCU 

ESP8266 microcontroller, which manages a water pump 

based on real-time data from water level sensors. Through 

an IoT dashboard (such as Blynk), users can remotely 

monitor the system’s status, receive alerts, and control water 

inlet operations. The system ensures that water is only 

pumped when required, reducing manual intervention and 

energy consumption. Additionally, optional sensors such as 

turbidity or TDS can be integrated for water quality 

assessment. 

This smart, low-cost, and energy-efficient solution can be 

deployed in domestic, agricultural, and industrial settings 

for effective water recycling. The proposed design 

demonstrates the potential for combining traditional 

filtration techniques with modern IoT technologies to 

promote sustainable, automated, and decentralized 

wastewater treatment. 

Keywords—Wastewater Treatment, IoT, NodeMCU, Sand 

Filter, Charcoal Filter, Alum, Membrane Filtration, 

Automation, Smart System, Water Recycling, ESP8266, 

Water Level Sensor, Blynk, Relay Control, Sustainable 

Water Management, Remote Monitoring 

I. INTRODUCTION 

Water is a fundamental resource essential for life, yet its 

availability is rapidly declining due to overuse, pollution, and 

climate change. Wastewater from domestic, industrial, and 

agricultural sources contributes significantly to water pollution, 

making it unsuitable for reuse without proper treatment. 

Conventional wastewater treatment methods are often labor-

intensive, energy-consuming, and not scalable for small or 

remote applications. Therefore, there is a critical need for a smart, 

cost-effective, and automated solution to treat wastewater for reuse. 

This paper proposes an IoT-based Automatic Waste Water 

Treatment System that integrates traditional multi-stage filtration 

techniques with modern microcontroller-based automation. The 

system consists of four purification stages—sand filter, charcoal 

filter, alum-based coagulation, and membrane filtration—to 

effectively remove suspended solids, chemicals, and fine 

impurities. A NodeMCU ESP8266 microcontroller is used to 

control the water pump operation based on real-time feedback from 

water level sensors. It also enables remote monitoring and control 

through a mobile application such as Blynk, reducing the need for 
manual intervention. 

The proposed system offers a low-cost, scalable, and efficient 

alternative for domestic and small-scale industrial wastewater 

treatment. By automating the process and enabling real-time 

control, this solution promotes sustainable water reuse, helping 
address the growing global water crisis. 

II. PROPOSED WORK 

 
 The proposed work focuses on the development of an Automatic 

Waste Water Treatment System that combines conventional 

multi-stage filtration techniques with modern IoT-based 

automation. The aim is to create a smart, affordable, and efficient 

system that treats wastewater for safe reuse in non-potable 

applications, such as irrigation, cleaning, and flushing. 

The system comprises four key filtration stages, each targeting 

specific types of impurities: 

1. Sand Filter – Removes large suspended particles like 

mud, grit, and debris, serving as the primary physical 

barrier. 

2. Charcoal (Activated Carbon) Filter – Adsorbs 

chemical pollutants, odors, and organic contaminants, 

improving the water's appearance and smell. 

3. Alum Treatment Chamber – Introduces alum 

(aluminum sulfate) to coagulate fine particles and 

colloids, facilitating their settling as sludge. 

4. Membrane Filter – Provides micro-filtration to eliminate 

bacteria, viruses, and residual fine impurities, ensuring 

high purification. 
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A NodeMCU ESP8266 microcontroller serves as the central 

control unit. It receives data from water level sensors or 

ultrasonic sensors placed in the inlet and outlet tanks. Based on 

the tank levels, the NodeMCU controls a water pump via a relay 

module. When the inlet tank level drops or the outlet tank is full, 

the system automatically stops the pump to prevent overflow or 

dry running. 

The system is enhanced with IoT capabilities using platforms 

like Blynk or a custom web dashboard. This allows real-time 

monitoring of water levels, pump status, and filtration activity. 

Users can control the pump remotely, receive alerts (e.g., filter 

maintenance needed or system fault), and log data for analysis. 

Power is supplied via a 5V/12V regulated source, with future 

scalability to solar power for off-grid or rural deployment. 

Optional enhancements include integration of turbidity or TDS 

sensors to assess water quality before and after treatment. 

Overall, the system is designed for ease of implementation, cost-

effectiveness, and adaptability. It offers a sustainable solution for 

decentralized wastewater treatment and reuse in homes, small 

industries, and agricultural areas where water scarcity is a critical 

issue. 

III. HARDWARE REQUIREMENTS 

The proposed Automatic Waste Water Treatment System 

involves both water filtration hardware and an IoT-based 

control unit. The major hardware components required are: 

1. NodeMCU ESP8266 – A Wi-Fi-enabled 

microcontroller used for automation and IoT 

integration. 

2. Water Pump (DC or AC) – To transfer wastewater 

through the filtration stages. 

3. Relay Module (1 or 2 Channel) – To control the water 

pump through the NodeMCU. 

4. Water Level Sensors or Ultrasonic Sensor (HC-

SR04) – To monitor water levels in inlet and outlet 

tanks. 

5. Power Supply (5V/12V Adapter) – For powering the 

NodeMCU and the water pump. 

6. Filtration Chambers: 
o Sand Filter – For removing coarse particles. 

o Charcoal Filter – For chemical and odor 

absorption. 

o Alum Treatment Tank – For coagulating 

fine impurities. 

o Membrane Filter – For final purification. 

7. Tubes and Connectors – For water flow between 

chambers. 

8. Plastic or Acrylic Tanks – For holding untreated and 

treated water. 

 

IV. SOFTWARE IMPLEMENTATION 

 

The software implementation of the Automatic Waste Water 

Treatment System is based on programming the NodeMCU 

ESP8266 using the Arduino IDE. The NodeMCU code is written 

in C/C++ and handles real-time monitoring and control of the water 

pump based on sensor inputs. 

Water level data is collected from ultrasonic or level sensors and 

processed to decide when to turn the pump ON or OFF using a relay 

module. The system also includes IoT integration using platforms 

like Blynk, allowing remote control and monitoring via smartphone 

or web dashboard. 

The Blynk library is used to connect the NodeMCU to Wi-Fi, send 

sensor data, receive user commands, and trigger alerts. The interface 

provides live updates on water levels, pump status, and system 

activity. Optional features include logging water usage and sending 

notifications for maintenance. 

The combination of automation and IoT enables an efficient, user-

friendly, and remotely accessible treatment system. 

 

V. PROBLEM STATEMENT 

With the rapid growth of urbanization, industrialization, and 

agricultural activities, the generation of wastewater has significantly 

increased. In many areas, especially in rural and semi-urban regions, 

untreated or poorly treated wastewater is discharged directly into the 

environment, leading to severe water pollution, health hazards, and 

depletion of clean water resources. Traditional wastewater treatment 

plants are expensive, space-consuming, and require skilled labor for 

operation and maintenance. Moreover, in decentralized or small-

scale settings, such as homes, farms, and small industries, there is 

often no accessible or cost-effective treatment infrastructure 

available. 

Manual monitoring of water levels and filtration processes is 

inefficient and prone to human error. The lack of automation and 

real-time control further limits the effectiveness of conventional 

systems. In addition, the inability to remotely monitor or control 

water treatment systems reduces user engagement and system 

responsiveness. 

Therefore, there is a pressing need for a smart, automated, and 

scalable wastewater treatment solution that can operate 

independently with minimal human intervention. The system 

should be capable of removing physical, chemical, and 
biological contaminants while also being energy-efficient, cost-
effective, and suitable for small-scale deployment. 

The aim of this project is to design and implement an IoT-based 

Automatic Waste Water Treatment System using a 

NodeMCU ESP8266 microcontroller, sensor-based automation, 

and multi-stage filtration. The system will automate water flow 

control, monitor water levels, and enable remote supervision via 

a mobile or web application. This solution addresses both the 

environmental and operational challenges of conventional 
wastewater management. 

 

VI. BLOCK DIAGRAM 

 

 
 

 

VII. OBJECTIVES  

 

1. To design a smart and automated wastewater treatment 

system using IoT technology. 

2. To implement a multi-stage filtration process 

including sand, charcoal, alum, and membrane filters. 

3. To control water flow automatically using a 

NodeMCU and water level sensors. 

4. To enable real-time monitoring and remote control via 

a mobile/web IoT platform. 

5. To develop a cost-effective, scalable, and energy-

efficient solution for small-scale wastewater recycling 

and reuse. 

 

VIII. Literature Review 

Several research efforts have been made in the field of 

wastewater treatment and automation using embedded systems 
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and IoT. Traditional treatment methods often involve manual 

processes for filtration, monitoring, and maintenance, which are not 

only labor-intensive but also inefficient in terms of real-time 
responsiveness and scalability. 

Patel et al. (2019) proposed a sand and activated carbon-based 

household water purification system, demonstrating effective 

removal of suspended and chemical impurities but lacking 
automation or remote monitoring features. 

Sharma and Gupta (2020) introduced a semi-automatic 

wastewater treatment plant using basic microcontrollers to control 

pumps and monitor tank levels. However, it was limited to offline 
control and did not include filtration stages for finer purification. 

Kumar et al. (2021) explored IoT-based water quality monitoring 

using NodeMCU and various sensors like turbidity and TDS. While 

effective in quality detection, the study did not integrate an actual 
treatment mechanism. 

Ravi and Rani (2022) presented a smart irrigation system using 

filtered wastewater, with real-time monitoring via IoT. Although the 

system used treated water efficiently, the purification process itself 
lacked a robust, automated, multi-stage design. 

These studies highlight the growing interest in combining water 

treatment with smart control, yet many lack a complete, integrated 

approach. The proposed system in this project fills this gap by 

introducing a fully automated, IoT-enabled, multi-stage wastewater 

treatment system that not only purifies but also controls and 

monitors the process in real time. It ensures a scalable, low-cost 
solution suitable for decentralized applications. 

METHODOLOGY 
 

The proposed Automatic Waste Water Treatment System is 

designed using a combination of conventional filtration techniques 

and modern IoT-based automation. The methodology focuses on 

sequential water purification, automated control, and real-time 

monitoring. 

1. Filtration Design 

The system includes four filtration stages: 

 Sand Filter: The first stage removes large suspended 

particles such as dirt and debris through a layered sand 

medium. 

 Charcoal Filter: Activated carbon is used in the second 

stage to absorb organic compounds, odors, and chemical 

pollutants. 

 Alum Chamber: In this third stage, alum (aluminum 

sulfate) is introduced to coagulate fine particles and 

suspended solids. 

 Membrane Filter: The final stage uses a micro or nano-

pore membrane to remove bacteria and microscopic 

impurities, ensuring clean water output. 

3. Controller and Automation 

A NodeMCU ESP8266 microcontroller is programmed using the 

Arduino IDE. It receives input from the sensors and controls the 

water pump through a relay module. When the inlet tank is full and 

outlet tank is not, the pump is activated. The process is halted when 

the treated tank is full. 

4. IoT Interface 

The system is connected to the internet via Wi-Fi and monitored 

using the Blynk IoT platform. The user can view real-time tank 

levels, system status, and control the pump remotely through a 

mobile application. 

5. Power Supply 

The NodeMCU operates at 5V, while the pump is powered through 

a 12V supply. Proper voltage regulation is maintained using a DC 

adapter or step-down module. 

This methodology ensures a fully automated, efficient, and user-

friendly wastewater treatment process. 

 

 
 

CONCLUSION 

The Automatic Waste Water Treatment System combines 

conventional multi-stage filtration with modern IoT-based 

automation for efficient wastewater purification. The system 

uses sand, charcoal, alum, and membrane filters to remove 

various physical, chemical, and microbial impurities from 

wastewater. A NodeMCU ESP8266 microcontroller, connected 

to water level sensors and a relay-controlled pump, manages the 

automated water flow. Instead of third-party apps like Blynk, a 

custom HTML-based web interface is developed, allowing 

users to remotely monitor water levels and control the system 

through any web browser. This approach ensures real-time 

feedback, better control, and platform independence. The 

solution is low-cost, scalable, and suitable for decentralized 

wastewater treatment in homes, farms, and small industries, 

contributing to sustainable water reuse and environmental 
conservation. 
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