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ABSTRACT

The project “Design and Implementation of an IoT Monitoring System for the Optimization of Solar Distillers 
in Water Desalination” sought to improve the efficiency of desalination in La Guajira, a region with critical 
water scarcity. The objective was to develop an IoT system to optimize solar stills, offering a sustainable 
solution. A prototype solar still with IoT monitoring was built. The study included the creation of circuits 
to integrate sensors and an HTML dashboard to visualize real-time variables, such as internal and external 
temperatures, humidity, and water level in the basin, facilitating the calculation of efficiency. The IoT 
monitoring system proved to be effective in increasing efficiency and providing valuable data for design 
decisions, marking a step towards water autonomy.
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RESUMEN

El proyecto “Diseño e Implementación de un Sistema de Monitoreo IoT para la Optimización de Destiladores 
Solares en la Desalinización de Agua” buscó mejorar la eficiencia de la desalinización en La Guajira, una región 
con escasez crítica de agua. El objetivo fue desarrollar un sistema IoT para optimizar destiladores solares, 
ofreciendo una solución sustentable. Se construyó un prototipo de destilador solar con monitoreo IoT. El 
estudio incluyó la creación de circuitos para integrar sensores y un dashboard en HTML para visualizar variables 
en tiempo real, como temperaturas interna y externa, humedad, y nivel de agua en la cuenca, facilitando 
el cálculo de eficiencia. El sistema de monitoreo IoT demostró ser efectivo para aumentar la eficiencia y 
proporcionando datos valiosos para decisiones de diseño, marcando un avance hacia la autonomía hídrica.

Palabras clave: Desalinización Solar; Internet de las Cosas (Iot); Eficiencia en Destiladores Solares; 
Monitorización Remota.

INTRODUCTION
In the Department of La Guajira, the critical shortage of drinking water is a major challenge, exacerbated 

by adverse weather conditions and limitations in water infrastructure. In response to this situation, the 
project “Design and Implementation of an IoT Monitoring System for the Optimization of Solar Distillers in 
Water Desalination” set out to monitor the main variables of solar desalination processes through Internet 
of Things (IoT) technology as a starting point for obtaining more efficient solutions. This approach seeks not 
only to increase the availability of drinking water but also to ensure the sustainability and scalability of future 
solutions.

© 2024; Los autores. Este es un artículo en acceso abierto, distribuido bajo los términos de una licencia Creative Commons (https://
creativecommons.org/licenses/by/4.0) que permite el uso, distribución y reproducción en cualquier medio siempre que la obra original 
sea correctamente citada 

1Universidad de La Guajira. Colombia.

Cite as: Pimienta Barros RD. Design and implementation of an IoT monitoring system for the optimization of solar stills for water 
desalination. LatIA. 2024; 2:101. https://doi.org/10.62486/latia2024101

Submitted: 01-02-2024                   Revised: 06-05-2024                   Accepted: 15-08-2024                 Published: 16-08-2024

Editor: Prof. Dr. Javier González Argote 

https://crossmark.crossref.org/dialog/?doi=10.62486/latia2024101
https://doi.org/10.62486/latia2024101
mailto:rdpimientab@uniguajira.edu.co?subject=
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.62486/latia2024101
https://orcid.org/0000-0003-0257-1176


https://doi.org/10.62486/latia2024101

Solar desalination, taking advantage of the abundant solar radiation in La Guajira, is presented as a 
viable strategy to address the water crisis. However, traditional methods have faced significant limitations 
regarding efficiency and adaptability. IoT-based systems for monitoring and controlling solar stills introduce 
an unprecedented ability to optimize operational conditions in real-time, adjusting processes according to 
environmental variations and region-specific needs (Benghanem et al., 2021; Gil et al., 2019).

A prototype solar still equipped with an IoT monitoring system was designed and experimentally evaluated to 
address these challenges. This system was configured to record multiple critical variables, such as internal and 
external distiller temperatures, humidity, and water level, whose fluctuations directly impact the efficiency of 
the desalination process (Alshehri et al., 2021; Muñoz et al., 2020). Integrating specific sensors and creating 
schematic circuits adapted for this purpose were crucial to the project’s success. In addition, a user-friendly 
interface was also developed, and a dashboard was programmed in HTML, allowing real-time visualization of 
all relevant metrics. This tool facilitates constant monitoring and provides valuable data for decision-making 
and continuous system improvement.

This tool facilitates constant monitoring and provides valuable data for decision-making and continuous 
system improvement, ensuring that each adjustment effectively contributes to optimizing desalinated water 
production.

The results have demonstrated that implementing IoT technologies can significantly increase the efficiency 
of solar stills. This breakthrough is a testament to the potential of IoT technology in environmental engineering 
applications. However, it also represents an essential step towards self-sufficiency and sustainability in water 
management in La Guajira, marking a path towards innovative and lasting solutions in the context of the global 
water crisis.

This study provides a framework for future research and development in the field of solar desalination, 
highlighting the importance of integrating new technologies to address our era’s environmental and social 
challenges. Through the detailed exploration of the possibilities offered by the IoT, this work contributes to 
redefining water management strategies in arid regions, aiming towards greater operational efficiency and 
reduced environmental impact.

METHOD
Developing IoT monitoring systems for optimizing solar stills requires a rigorous methodology integrating 

experimental design, systems engineering, and data analysis. This multidisciplinary approach is essential to 
ensure the findings’ accuracy, relevance, and applicability, especially in water-scarce contexts such as La 
Guajira, where solar distillation technology represents a vital solution.

Experimental Design
The methodology adopted for this study began with selecting a solar distiller design based on the criteria of 

efficiency, simplicity, and cost-effectiveness. This selection was informed by previous studies that demonstrated 
the applicability of such systems in similar regions (Benghanem et al., 2022; Bisaga et al., 2017). The experimental 
design was oriented toward developing a functional prototype that would allow for incorporating and testing 
different monitoring configurations and components.

Prototype Construction
Following the proposed design logic, a distiller prototype was constructed. The predominant material 

was glass due to its solar heat transmission and capture properties, which are essential for the efficiency of 
the distillation process (Burbano, 2014). The base and support structure were manufactured with materials 
resistant to corrosion and a saline environment, which are relevant characteristics for the system’s durability 
in La Guajira.

IoT integration
The core of the monitoring system was an ESP32 microcontroller, selected for its robustness, flexibility, and 

compatibility with various types of sensors. This choice was supported by references from similar studies where 
the ESP32 has been successfully employed in IoT applications (Alshehri et al., 2021). Sensors were integrated to 
measure critical parameters, such as ambient and internal temperature, humidity, and water level. These sensors 
were chosen based on their accuracy and stability, which are fundamental for monitoring critical processes 
(Benghanem et al., 2021; Bisaga et al., 2017). Data captured by the sensors were collected and transmitted 
through the ESP32, which is configured to operate as a node within an IoT network. The network infrastructure 
was designed to ensure uninterrupted and secure data transmission, a critical aspect of real-time monitoring.

User Interface Development
The user interface was programmed in HTML and complemented with JavaScript and CSS style sheets, 

allowing a clear and accessible visualization of the collected data. This dashboard was developed with usability 
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and intuitive interpretation of the data, allowing non-specialized users to understand and respond to sensor 
readings in real-time.

Efficiency Evaluation
The efficiency of the distillation process was quantitatively evaluated by comparing the volume of desalinated 

water versus the volume of evaporated water. The mathematical formulation for this evaluation was adopted 
from relevant literature, which provides a standard for efficiency evaluation in distillation systems (Benghanem 
et al., 2021d; Daud et al., 2020).

RESULTS AND DISCUSSION
The information gathered through an IoT monitoring system to optimize solar stills for water desalination 

provides a valuable opportunity to analyze potential improvements in the efficiency and design of these 
systems, especially in water-scarce regions such as the Department of La Guajira. As the first tests, two 
different configurations of the solar distillation process were implemented: one using a Fresnel lens and the 
other without. Efficiency metrics are crucial performance indicators calculated from the initial salt water 
volume, the distilled water obtained, and the evaporation loss. In the case of the distiller equipped with the 
Fresnel lens, the efficiency reached 60 %, while the distiller without the lens recorded an efficiency of 28,27 %, 
a figure within the range of conventional solar distillers (Abdenacer & Nafila, 2007; Essa et al., 2022; Sivakumar 
& Ganapathy Sundaram, 2013). These results in a remarkable improvement from the use of solar concentrating 
elements(Chakravarthy et al., 2022; Dellicompagni & Franco, 2019; Elashmawy, 2017; Sales, 2016; Singh & 
Tiwari, 2017b, 2017a), corroborating similar findings in the literature. The incorporation of IoT technologies 
enables finer control and data-driven decision-making, which can lead to iterative optimizations in the design 
of solar stills (Khechekhouche et al., 2021; Meukam et al., 2004; Yousefi et al., 2021).

Table 1. Solar distiller test with Fresnel lens application

Time Salt water 
(ml)

Distilled water 
(ml)

Water lost due to 
evaporation

(ml)

Start 
(9:51am)

1000 0 0

Final 
(5:30pm)

500 300 200

For our case:

Table 2. Solar still test without Fresnel lens application

Time Salt water 
(ml)

Distilled water 
(ml)

Evaporated Water

Evaporation loss (ml)

Start 
(10:00am)

1000 0 0

Final 
(5:30pm)

855 41 104
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For our case:

The HTML and JavaScript code used for the dashboard provided a simple and functional interface for data 
visualization, which is essential for remote monitoring and effective management of system performance. This 
functionality is consistent with current trends in water resource management and automation in agriculture (Paul, 
Agnihotri, Kavya, & Tripathi Prachi and Babu, 2022b; Sandhu et al., 2021a).

Figure 1. First version of distiller using Fresnel lens

Finally, the long-term implications of these findings are worth discussing. Monitoring and optimizing solar 
stills through the IoT can improve the desalination process’s efficiency and contribute to sustainable solutions 
to water challenges in vulnerable areas. These developments, aligned with the UN Sustainable Development 
Goals, underscore the importance of integrating technology into water management to improve the quality of 
life and environmental resilience in disadvantaged communities (United Nations, 2017).

Figure 2. Schematic circuit of the IoT monitoring system based on the ESP32 processor

Future research should focus on the adaptation and scalability of these systems in different environments, 
as well as on continuous efficiency improvement and cost reduction, which could significantly amplify the real-
world impact of these technologies.
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Figure 3. Dashboard designed in HTML code with a server in the cloud, for real-time data visualization

Figure 4. Final design of solar still monitoring system through IoT

Figure 5. Real-time monitoring data from ESP 32
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CONCLUSIONS
After this project entitled “Design and Implementation of an IoT Monitoring System for the Optimization of 

Solar Distillers in Water Desalination,” the main achievement is the significant improvement in the efficiency 
of the solar distillers, reaching an efficiency value of 60 % by integrating a Fresnel lens. This result represents 
a considerable improvement compared to the 28,27 % efficiency obtained by the systems without lenses. The 
relevance of this increase lies in optimizing the desalination process and in the potential replicability of the 
system for other regions with similar water challenges.

The adoption of the Internet of Things (IoT) for data monitoring and analysis has proven to be a transformative 
technological component, enabling real-time adjustments and real-time decision real-time adjustments and 
decision-making based on accurate information. This remote and intelligent monitoring capability of the distillers 
contributes directly to the scalability of the system and its adaptability to different scenarios, evidencing the 
project’s flexibility and viability in different geographical contexts. From a socioeconomic perspective, the 
project transcends the technical aspects, positively impacting the Department of La Guajira communities. 
Facilitating access to potable water through a sustainable solution benefits public health and socioeconomic 
well-being, aligning with the United Nations Sustainable Development Goals.

The current work sets important precedents for future research, where various solar concentrating 
configurations and technologies can be explored to boost efficiency and reduce costs associated with desalination. 
This opens a promising horizon for applying these technologies in mitigating the global water crisis, proposing 
an effective, economically accessible, and technologically advanced methodology.

Finally, the combination of solar stills with IoT technology emerges as a promising and sustainable solution 
to the water problem, demonstrating the capacity for innovation and practical application of scientific and 
technical knowledge in the resolution of critical environmental challenges and marking a path toward autonomy 
and intelligent management of water resources in vulnerable communities.

ACKNOWLEDGMENTS
Acknowledgments to the Ministry of Science, Technology and Innovation of Colombia, program Fondo de 

Ciencia, Tecnología e Innovación del Sistema General de Regalías, and its Programa de Becas de Excelencia 
Doctoral del Bicentenario, defined in article 45 of Law 1942 of 2018, Colombia (Programa de Becas del 
Bicentenario), project: “Formación de capital humano de alto nivel pontificia universidad javeriana sede 
central national”, BPIN 2019000100028 (Roger et al.). Eternal gratitude to the University of La Guajira.

BIBLIOGRAPHIC REFERENCES
1. Abdenacer, Pr. K., & Nafila, S. (2007). Impact of temperature difference (water-solar collector) on solar-

still global efficiency. Desalination, 209(1-3 SPEC. ISS.), 298–305. https://doi.org/10.1016/j.desal.2007.04.043 

2. Alshehri, M., Bhardwaj, A., Kumar, M., Mishra, S., & Gyani, J. (2021). Cloud and IoT based smart 
architecture for desalination water treatment. Environmental Research, 195. https://doi.org/10.1016/j.
envres.2021.110812 

3. Benghanem, M., Mellit, A., & Emad, M. (2022). IoT-based performance analysis of hybrid solar heater-
double slope solar still. WATER SUPPLY, 22(3), 3027–3043. https://doi.org/10.2166/ws.2021.414 

4. Benghanem, M., Mellit, A., Emad, M., & Aljohani, A. (2021). Monitoring of Solar Still Desalination System 
Using the Internet of Things Technique. ENERGIES, 14(21). https://doi.org/10.3390/en14216892 

5. Bisaga, I., Puzniak-Holford, N., Grealish, A., Baker-Brian, C., & Parikh, P. (2017). Scalable off-grid 
energy services enabled by IoT: A case study of BBOXX SMART Solar. ENERGY POLICY, 109, 199–207. https://doi.
org/10.1016/j.enpol.2017.07.004 

6. Burbano, A. M. (2014). Evaluation of basin and insulating materials in solar still prototype for solar 
distillation plant at kamusuchiwo community, high guajira. Renewable Energy and Power Quality Journal, 1(12), 
547–552. https://doi.org/10.24084/repqj12.395 

7. Chakravarthy, M. R. D., Gopalakannan, V., Prasanth, S. V, & Yogeshwaran, V. (2022). 
Treatment of Brackish Water Using Acrylic Solar Still with Concentrating Dish. Indian Journal of 
Environmental Protection, 42(3), 350–356. https://www.scopus.com/inward/record.uri?eid=2-s2.0- 
85131233893&partnerID=40&md5=17c5ce0cbc8c3c59b637dbc9731eba4f

8. Dellicompagni, P., & Franco, J. (2019). Potential uses of a prototype linear Fresnel concentration 
system. Renewable Energy, 1044–1054. https://doi.org/10.1016/j.renene.2018.10.005 

 LatIA. 2024; 2:101  6 

ISSN: 3046-403X

https://doi.org/10.62486/latia2024101
https://doi.org/10.1016/j.desal.2007.04.043
https://doi.org/10.1016/j.envres.2021.110812
https://doi.org/10.1016/j.envres.2021.110812
https://doi.org/10.2166/ws.2021.414
https://doi.org/10.3390/en14216892
https://doi.org/10.1016/j.enpol.2017.07.004
https://doi.org/10.1016/j.enpol.2017.07.004
https://doi.org/10.24084/repqj12.395
https://doi.org/10.1016/j.renene.2018.10.005


9. Elashmawy, M. (2017). An experimental investigation of a parabolic concentrator solar tracking system 
integrated with a tubular solar still. Desalination, 411, 1–8. https://doi.org/10.1016/j.desal.2017.02.003 

10. Essa, F. A., Abdullah, A., Majdi, H. S., Basem, A., Dhahad, H. A., Omara, Z. M., Mohammed, S. A., 
Alawee, W. H., Ezzi, A. A., & Yusaf, T. (2022). Parameters Affecting the Efficiency of Solar Stills—Recent Review. 
Sustainability (Switzerland), 14(17). https://doi.org/10.3390/su141710668 

11. Gil, J. D., Munoz, M., Roca, L., Rodriguez, F., & Berenguel, M. (2019). An IoT based control system for a 
solar membrane distillation plant used for greenhouse irrigation. Global IoT Summit, GIoTS 2019 - Proceedings. 
https://doi.org/10.1109/GIOTS.2019.8766370 

12. Khechekhouche, A., Manokar, A. M., Sathyamurthy, R., Essa, F. A., Sadeghzadeh, M., & Issakhov, A. 
(2021). Energy, Exergy Analysis, and Optimizations of Collector Cover Thickness of a Solar Still in El Oued 
Climate, Algeria. International Journal of Photoenergy, 2021. https://doi.org/10.1155/2021/6668325 

13. Meukam, P., Njomo, D., Gbane, A., & Toure, S. (2004). Experimental optimization of a solar still: 
Application to alcohol distillation. Chemical Engineering and Processing: Process Intensification, 43(12), 1569–
1577. https://doi.org/10.1016/j.cep.2004.02.007 

14. Muñoz, M., Gil, J. D., Roca, L., Rodríguez, F., & Berenguel, M. (2020). An iot architecture for water 
resource management in agroindustrial environments: A case study in almería (Spain). Sensors (Switzerland), 
20(3). https://doi.org/10.3390/s20030596 

15. Naciones Unidas. (2017). Objetivos de Desarrollo Sostenible Manual de referencia Sindical sobre la 
Agenda 2030 para el Desarrollo Sostenible.

16. Paul, B., Agnihotri, S., Kavya, B., & Tripathi Prachi and Babu, N. C. (2022). Sustainable Smart Aquaponics 
Farming Using IoT and Data Analytics. JOURNAL OF INFORMATION TECHNOLOGY RESEARCH, 15(1). https://doi.
org/10.4018/JITR.299914 

17. Sales, M. T. B. F. (2016). Solar powered desalination system using Fresnel lens. In K. K. (Ed.), IOP 
Conference Series: Materials Science and Engineering (Vol. 162, Issue 1). Institute of Physics Publishing. https://
doi.org/10.1088/1757- 899X/162/1/012002 

18. Sandhu, M. M., Khalifa, S., Jurdak, R., & Portmann, M. (2021). Task Scheduling for Energy-Harvesting-
Based IoT: A Survey and Critical Analysis. IEEE INTERNET OF THINGS JOURNAL, 8(18), 13825–13848. https://doi.
org/10.1109/JIOT.2021.3086186 

19. Singh, D. B., & Tiwari, G. N. (2017a). Exergoeconomic, enviroeconomic and productivity analyses 
of basin type solar stills by incorporating N identical PVT compound parabolic concentrator collectors: A 
comparative study. Energy Conversion and Management, 135, 129–147. https://doi.org/10.1016/j.
enconman.2016.12.039 

20. Singh, D. B., & Tiwari, G. N. (2017b). Performance analysis of basin type solar stills integrated with N 
identical photovoltaic thermal (PVT) compound parabolic concentrator (CPC) collectors: A comparative study. 
Solar Energy, 142, 144–158. https://doi.org/10.1016/j.solener.2016.11.047 

21. Sivakumar, V., & Ganapathy Sundaram, E. (2013). Improvement techniques of solar still efficiency: A 
review. Renewable and Sustainable Energy Reviews, 28, 246–264. https://doi.org/10.1016/j.rser.2013.07.037 

22. Yousefi, H., Aramesh, M., & Shabani, B. (2021). Design parameters of a double- slope solar still: 
Modelling, sensitivity analysis, and optimization. Energies,14(2). https://doi.org/10.3390/en14020480 

FINANCING
No financing.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

 7    Pimienta Barros RD

https://doi.org/10.62486/latia2024101 ISSN: 3046-403X

https://doi.org/10.1016/j.desal.2017.02.003
https://doi.org/10.3390/su141710668
https://doi.org/10.1109/GIOTS.2019.8766370
https://doi.org/10.1155/2021/6668325
https://doi.org/10.1016/j.cep.2004.02.007
https://doi.org/10.3390/s20030596
https://doi.org/10.4018/JITR.299914
https://doi.org/10.4018/JITR.299914
https://doi.org/10.1088/1757- 899X/162/1/012002
https://doi.org/10.1088/1757- 899X/162/1/012002
https://doi.org/10.1109/JIOT.2021.3086186
https://doi.org/10.1109/JIOT.2021.3086186
https://doi.org/10.1016/j.enconman.2016.12.039
https://doi.org/10.1016/j.enconman.2016.12.039
https://doi.org/10.1016/j.solener.2016.11.047
https://doi.org/10.1016/j.rser.2013.07.037
https://doi.org/10.3390/en14020480
https://doi.org/10.62486/latia2024101


https://doi.org/10.62486/latia2024101

AUTHORSHIP CONTRIBUTION
Formal analysis: Roger David Pimienta Barros.
Supervision: Roger David Pimienta Barros.
Display: Roger David Pimienta Barros.
Drafting - original draft: Roger David Pimienta Barros.
Writing - proofreading and editing: Roger David Pimienta Barros.

 LatIA. 2024; 2:101  8 

ISSN: 3046-403X

https://doi.org/10.62486/latia2024101

