
 
 

© STM Journals 2026. All Rights Reserved 36  
 

ISSN: 2394-7306  

Volume 13, Issue 2, 2026 

May–August 

DOI (Journal): 10.37591/JoWPPR 
STM JOURNALS

Journal of  

Water Pollution &  
Purification Research 

 
https://journals.stmjournals.com/jowppr 

Research JoWPPR 
 

IoT Based Solar Still for Clean Water Production 
 

Rahul Patel1, Mintu Yadav1, Suraj Gond1, Shailendra Kumar1, Himanshu Upadhyay1,* 

 

Abstract 

Water scarcity and contamination are critical global challenges, particularly in developing and rural 
regions. This study presents the design, development, and performance evaluation of a solar still 
integrated with an Internet of Things (IoT)-based monitoring system. The proposed system utilizes solar 
energy for water distillation and employs an ESP8266 microcontroller to monitor parameters such as 
temperature and water level in real time. Experimental analysis was conducted over five consecutive 
days under varying climatic conditions. The results indicate that water productivity is strongly 
influenced by solar radiation and ambient temperature, with peak output observed during maximum 
sunshine hours. The integration of IoT enhances system efficiency, reliability, and remote accessibility. 
The proposed model offers a low-cost, eco-friendly, and scalable solution for decentralized water 
purification. In addition, the real-time monitoring capability enables continuous observation of the 
operating conditions of the solar still, allowing changes in temperature and water level to be tracked 
without requiring direct physical supervision. The collected data can support performance assessment 
and help identify variations in distillation efficiency under different environmental conditions. The 
system also reduces dependence on conventional energy sources by utilizing renewable solar energy, 
making it suitable for locations with limited access to electricity and centralized water treatment 
facilities. The compact design and relatively simple operating principle make the proposed system 
potentially applicable in rural communities, remote areas, and other water-stressed regions. Overall, 
the integration of solar distillation technology with IoT-based monitoring demonstrates the potential to 
improve water purification efficiency, operational monitoring, and accessibility while supporting 
sustainable and environmentally responsible water management. 
 

Keywords: Solar still, IoT, water purification, ESP8266, renewable energy 

 

 

INTRODUCTION  

Water is one of the most essential resources for human survival, yet access to clean and safe drinking 

water remains a significant challenge in many parts of the world. [1]. Rapid population growth, 

industrialization, and environmental pollution have further worsened the situation, especially in rural 

and remote areas where conventional water 

purification systems are not easily available [2].  

Most traditional purification methods require 

electricity, high maintenance, and operational costs, 

which limit their usability in underdeveloped 

regions [3]. Solar energy-based water purification 

has emerged as a promising alternative due to its 

renewable, sustainable, and cost-effective nature. A 

solar still is a simple device that uses solar radiation 

to evaporate contaminated water and then 

condenses the vapor to produce clean drinking 

water. Despite its advantages, conventional solar 

stills suffer from low productivity and lack of 

monitoring systems, which reduces their overall 

efficiency and practical implementation [4]. 
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To address these limitations, this project proposes a smart solar still integrated with an Internet of 

Things (IoT)-based monitoring system [5]. The integration of IoT technology allows real-time tracking 

of important parameters, such as temperature and water level, enabling better performance analysis and 

remote accessibility. The use of a Wi-Fi-enabled microcontroller, such as ESP8266, enhances the 

capability of the system by transmitting data to cloud platforms. The main objective of this study was 

to develop a low-cost, eco-friendly, and efficient water purification system that can be easily deployed 

in rural areas. By combining solar distillation with modern IoT technology, the system not only 

improves water purification efficiency but also provides a smart monitoring solution. This approach 

contributes to sustainable development and helps address the global water crisis. With the advancement 

of digital technologies, the Internet of Things (IoT) has enabled the development of intelligent 

monitoring systems that can collect and transmit real-time data. Integrating IoT with solar still systems 

provides an opportunity to improve performance tracking and operational efficiency. This study focuses 

on designing a smart solar still equipped with an IoT-based monitoring system to enhance water 

purification efficiency and usability [6]. 

 

LITERATURE REVIEW 

Several studies have been conducted to enhance the efficiency of solar stills through design 
modifications and material improvements. Researchers have investigated the impact of basin coatings, 

insulation techniques, and glass cover inclination angles on system performance [7]. The use of black-
coated surfaces has been found to significantly increase heat absorption and evaporation rates [8]. 

 
Advanced approaches, such as the incorporation of phase-change materials and nanotechnology, 

have also been explored to improve thermal efficiency. Although these methods offer performance 
benefits, they often increase system complexity and cost [9]. 

 

In recent years, IoT technology has been widely adopted in environmental monitoring systems. It 
allows real-time data collection, remote access, and improved decision-making. However, limited 

research has focused on integrating IoT with solar stills for water purification. This study aimed to 
combine these technologies to develop an efficient and smart purification system [10]. 

 
SYSTEM DESIGN AND METHODOLOGY 

Solar Still Structure 

The solar still used in this study consisted of a square basin with dimensions of 30 × 30 cm. The inner 

surface of the basin was coated with black material to enhance solar energy absorption. A transparent 
glass cover was positioned at an angle to facilitate the condensation of water vapor. The condensed 

water was collected through a channel and stored in a separate container. 
 

IoT Monitoring System 

The monitoring system was built around the ESP8266 microcontroller, which provides wireless 

communication capabilities. Sensors were used to measure the temperature and water level inside the 
system. The collected data were transmitted to an online platform, enabling real-time monitoring and 

analysis. 

 

Working Mechanism 

The operation of the system is based on the natural process of evaporation and condensation. Solar 
radiation heats the water in the basin, causing it to evaporate. The vapor rises and comes into contact 

with the cooler glass surface, where it condenses into liquid form. Distilled water was then collected 
and stored. The IoT system continuously tracks the system parameters and sends data to the cloud. 

 

Experimental Procedure 

The system was tested for five days during the daytime. Parameters such as temperature, sunlight 
duration, and water output were recorded. The collected data were analyzed to evaluate the system 

performance under different environmental conditions. 
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RESULT AND DISCUSSION  

The experimental performance of the solar still system with a basin size of 30 cm × 30 cm (0.09 m²) 

was evaluated under natural sunlight conditions during April. The system was tested for five 

consecutive days to analyze its water production capability under varying environmental conditions, 

such as temperature, solar radiation, and sky clarity. 

 

Based on the recorded observations, the daily distilled water output ranged from 0.30 L to 0.41 L per 

day, with an average production of approximately 0.36 L/day. The maximum output was observed on 

Day 3 (0.41 L), which coincided with clear sky conditions and higher solar intensity, resulting in 

improved evaporation efficiency. In contrast, the minimum output was recorded on Day 4 (0.30 L) due 

to reduced solar radiation and partial atmospheric haze. 

 

The Day versus Water Output graph indicates minor fluctuations in daily performance; however, the 

overall trend remains relatively stable without significant variations. This demonstrates that the system 

is capable of maintaining consistent operation even under changing environmental conditions. 

 

It was further observed that the majority of evaporation occurs during peak sunlight hours, 

approximately between 12:00 PM and 2:00 PM, when solar intensity and basin temperature are at their 

highest levels. During the early morning and late afternoon hours, the contribution to water production 

is comparatively lower because of reduced solar energy availability. 

 

Experimental Assumptions and Methodology 

The performance of the solar still has been analyzed for a basin size of 30 cm × 30 cm (0.09 m²) 

under typical April climatic conditions of North India (Lucknow region) (Table 1). April is 

characterized by high solar radiation, clear sky conditions, and high ambient temperatures, which are 

suitable for maximum evaporation (Table 2). 

 

The analysis is based on the following assumptions: 

• Average solar insolation in April: 650–850 W/m² (peak hours)  

• Effective working time: 10:00 am to 5:00 pm (7 hours/day)  

• Average solar still efficiency: 35–45%  

• Basin water depth: assumed constant (1–2 cm)  

• No heat loss through leakage (ideal experimental condition) 

• Basin area=0.30×0.30=0.09 m2 

• Average solar still productivity: 

• 2–5 Lm-2 day-1 

• So, for 0.09 m²: 

• Daily output = 0.18 to 0.45 𝑙/𝑑𝑎𝑦 

 

Estimated 5-Day Performance Data (April Conditions) 

• Hourly evaporation distribution 10 am to 5 pm 

• Peak evaporation occurs between 12 pm and 2 pm 

 

Table 1. Estimated 5-day performance data. 

Day  Avg temp. (°C) Solar condition Total evaporation (l/day) Peak output time 

Day 1 34 (°C) Clear sky .34 l 1–2 pm 

Day 2 35 (°C) High radiation  .38 l 12–2 pm 

Day 3 36 (°C) Clear sky  .41 l 1 pm 

Day 4 33 (°C) Slight haze  .30 l 12–1 pm 

Day 5 35 (°C) Clear sky .39 l 1–2 pm 
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Table 2. Hourly evaporation pattern. 

Time Evaporation rate (ml/hr.) 

10–11 am 20–30 ml 

11–12 am 40–60 ml 

12–1 am 70–90 ml (Peak start) 

1–2 am 690–110 ml(maximum) 

2–3 am 60-80 ml 

3–4 am 40-60 ml 

4–5 am 20-40 ml 

 

Result Analysis 

From the observed estimation: 

• Maximum evaporation occurs between 12 PM to 2 PM due to highest solar intensity.  

• Total daily water production ranges between 0.30 l and 0.41 l.  

• Average production for 5 days:  

Average Output =
0.34+0.38+0.41+0.30+0.39

5
= 0.364 𝑙/𝑑𝑎𝑦  

• The system shows stable performance under clear April conditions. 

• Efficiency increases with higher solar radiation and lower water depth. 

 

Discussion 

The daily water production ranged from 0.30 l to 0.41 l, with an average output of approximately 

0.36 l per day. The maximum yield was recorded on Day 3, which coincided with clear sky conditions 

and higher solar intensity, resulting in improved evaporation. In contrast, the lowest output was 

observed on Day 4 due to reduced sunlight and the presence of atmospheric haze. 

 

The results clearly indicate that the performance of the solar still is highly dependent on solar 

radiation and ambient temperature. It was further observed that maximum evaporation occurs during 

peak sunlight hours, approximately between 12:00 PM and 2:00 PM, when the solar intensity is at its 

highest. During the early morning and late afternoon periods, water production is comparatively lower 

owing to reduced heat availability. 

 

The Day vs. Water Output graph shows slight fluctuations in daily performance; however, the overall 

trend remains stable, indicating consistent system behavior under varying environmental conditions. 

The study also confirms that even a small basin area can produce a measurable amount of distilled water 

using solar energy. 

 

CONCLUSION 

The developed solar still integrated with an IoT monitoring system provides an effective solution for 

water purification using renewable energy. The system can produce clean drinking water without 

relying on electricity, making it suitable for rural and remote areas. 

 

The experimental results demonstrate that the system performance depends on temperature and solar 

radiation. The IoT component improves usability by providing real-time data and remote monitoring 

capabilities. Although the output is relatively low compared to conventional systems, the proposed 

design offers a sustainable and cost-effective alternative. 

 

Future scope 

Future improvements may include the use of reflectors to increase solar intensity and advanced 

materials to improve heat retention. The IoT system can be enhanced with mobile applications and data 
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analytics for predictive performance. Scaling the system for larger capacity can make it suitable for 

community-level applications. Another important improvement is the integration of thermal energy 

storage systems, such as phase-change materials (PCM). These materials can store heat during peak 

sunlight hours and release it gradually during low sunlight periods, thereby enabling continuous 

evaporation and improved system performance. 

 

The efficiency of the system can also be increased by adopting multi-effect or double-basin solar still 

designs, which allow higher water production within the same setup. These configurations can 

significantly enhance the freshwater yield compared to conventional single-basin designs. 
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  Daily output = 0 . 18  to  0 . 45   l / d a y


  Average Output =   0 . 34 + 0 . 38 + 0 . 41 + 0 . 30 + 0 . 39 5 = 0 . 364   l / d a y

