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Abstract 

 

The drinking water supply is a global challenge that is particularly severe in coastal regions such as the Department of 

La Guajira, Colombia, where water scarcity remains a persistent issue affecting children and young people and directly 

impacting the provision of essential hygiene and food services in local schools, often leading to student absenteeism. 

To address these challenges, various technologies have been implemented to harness local water resources; however, 

many of these solutions are costly and present significant implementation barriers, making cost-effective and 

technically viable alternatives necessary. This work proposes a solar seawater desalination plant as an emergency 

solution for producing potable water from saltwater. The system integrates three main subsystems to improve process 

efficiency: a heat exchanger subsystem to accelerate vapor condensation and increase liquid yield, a fluid distribution 

subsystem to ensure uniform operation, and a level control subsystem to maintain optimal water levels in the reactor. 

The main objective of the proposed system is to produce up to 1300 liters of water per day for general use. The results 

demonstrate the technical feasibility and cost-effectiveness of the proposed desalination plant, particularly for 

educational institutions with limited student populations facing water supply constraints. The selection of solar 

distillation technology is justified by the high solar radiation potential of La Guajira, and its operational simplicity, 

safety, and low maintenance requirements make it especially suitable for remote regions and emergency scenarios. 
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Resumen 

 

El suministro de agua potable representa un desafío global, que se ve agravado en regiones costeras como el 

Departamento de La Guajira en Colombia. La escasez de agua es una preocupación constante que afecta especialmente 

a niños y jóvenes. Esta situación impacta directamente la prestación de servicios esenciales de higiene y alimentación 

en las escuelas de la región, lo que a menudo provoca ausentismo estudiantil. Para abordar los problemas de escasez 

de agua, se han utilizado diversas tecnologías para aprovechar los recursos hídricos locales. Sin embargo, muchas de 

estas soluciones tecnológicas son costosas y presentan dificultades durante su implementación. Por lo tanto, se 

requieren alternativas eficaces. Estas alternativas son necesarias para el desarrollo de una planta solar de desalinización 

de agua de mar como una solución de emergencia para obtener agua potable a partir de agua salada. El sistema de 

desalinización solar está compuesto por tres subsistemas que se utilizan para mejorar la eficiencia del proceso: un 

sistema de intercambiador de calor que acelera el enfriamiento del vapor de agua destilada para producir un mayor 

rendimiento líquido; un sistema de distribución de fluidos y un sistema de control de nivel que mantienen el nivel 

óptimo de agua en el reactor y maximizan la producción de agua destilada. La solución propuesta tiene como objetivo 

producir un máximo de 1300 litros de agua por día para uso general. Los resultados ilustran la eficiencia y rentabilidad 

del sistema de desalinización propuesto, especialmente para instituciones educativas con un número limitado de 

estudiantes que enfrentan dificultades en el suministro de agua. La selección de esta tecnología de destilación solar se 

basa en el abundante potencial de radiación solar en la zona del proyecto (La Guajira, Colombia). La destilación solar 

seleccionada se caracteriza por su seguridad y simplicidad de uso, lo que la convierte en una solución ideal para el 

suministro de agua potable en regiones remotas o en situaciones de emergencia. 

 

Palabras clave: Desalinizador de agua; zona costera; instituciones educativas; escasez de agua. 

 

1. Introducción 

 

The availability of water is a fundamental element for the 

proper functioning of educational institutions along the 

Colombian Caribbean Coast. Access to this resource is 

vital for ensuring the hygiene conditions of students and 

facilitating the cleaning and maintenance of school 

facilities. In the Caribbean region, various municipalities 

have endured prolonged periods of drought and water 

shortages. Based on the National Water Study in 2018 

and among all the national departments, the Caribbean 

departments are the most vulnerable to water scarcity. 

This is evident as five out of their seven departments have 

experienced an impact rate of more than 50% in their 

municipalities due to the recurrent droughts in the region 

[1]. 

 

In [2], a study about the social repercussions of water 

scarcity is presented, where the results illustrate that the 

absence of this essential service sets in motion a cascade 

of consequences affecting the health of the local 

population. These consequences encompass intestinal 

diseases, escalated financial burdens, and detrimental 

effects on water systems. The absence of this vital service 

represents a critical challenge, which profoundly impacts 

the well-being of the individuals affected. Authors in [3] 

evaluate the viability and the environmental, social, and 

economic impact of implementing the solar distillation 

systems in the department of La Guajira, Colombia. This 

region is particularly afflicted by water scarcity 

throughout most of the year. The research proposes the 

utilization of renewable energy sources for the 

desalination process, with the goal of reducing reliance 

on fossil fuels. The chosen method is reverse osmosis, 

known for its cost-effectiveness, efficiency, and lower 

energy consumption. In [4], a prototype is developed for 

brackish water solar distillation. This innovation is built 

upon the insights gained from the Bajo Alto church 

prototype. The daily output of this system, approximately 

3 liters per square meter per day, not only demonstrates 

its feasibility but also serves as an encouraging model for 

current governments to embrace renewable energy 

sources for environmental advancement. This output is 

largely influenced by the favorable solar energy 

conditions in the area. In [5], a comprehensive analysis 

on the design and construction of a solar distillation 

system is conducted. The primary focus was to ensure the 

viability of the system by harnessing solar energy for 

water distillation, making it available for human 

consumption. The development of the system 

components and their design is informed by meticulous 

research and testing, which helped to determine the most 

efficient way to capture solar radiation. The results they 

obtained regarding water quality were highly 

satisfactory. 

 

Water scarcity in semi-arid regions such as La Guajira 

arises not only from natural limitations but also from 

deficiencies in water distribution and treatment 

infrastructure. According to the World Bank Water 
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Global Practice, rural communities are particularly 

vulnerable to climatic variability and the high energy 

costs associated with water pumping and treatment [6] 

[7]. In this context, solar-powered desalination 

technologies emerge as a sustainable alternative, 

especially when integrated with automated control and 

monitoring systems [8]. Several studies have 

demonstrated that solar distillation systems, when 

combined with heat recovery strategies, can achieve 

thermal efficiencies of up to 60%, significantly reducing 

the cost per liter of produced water [9]. This evidence 

reinforces the importance of developing low-cost, 

replicable solutions that can adapt to the irradiance and 

humidity conditions characteristic of the Colombian 

Caribbean. 

 

Several research studies have been published to carry out 

the distillation systems design and implementation. 

However, it is not common to find an investigation that 

can provide a solution to supply water to an educational 

institution in case of emergency and meet the community 

requirements regarding water shortage in the Caribbean 

departments. Consequently, the work outlined in this 

article is notable for its novelty, as it introduces the 

application of water level control and monitoring 

systems. It also includes the implementation of a pressure 

control system for fluid distribution in specific areas of 

the institution. Furthermore, the focus lies on utilizing 

systems powered by renewable energy sources, such as a 

solar concentrator and heat exchanger, alongside the 

introduction of a water desalination system. In addition, 

this study develops a scaled prototype for a desalination 

system, where it carries out functional tests. These tests 

provided us with data on the amount of desalinated water 

produced   per hour over the course of several days. Using 

these values, we’ve estimated the approximate 

performance of a full-scale system through scalability.  

 

This estimation is grounded in the relationship between 

the surface area of the solar collector and the daily 

desalination capacity, as well as the correlation between  

material costs and the system’s production capability. 

The rest of the article is organized as follows: in Section 

2, the methodology used for the design of the desalination 

system is described, including the conceptual design, 

solar concentrator, flow distribution system, and 

selection of equipment and materials; Section 3 presents 

the construction of the prototype and its subsystems; 

Section 4 explains the operation of the proposed system; 

Section 5 discusses the experimental results and 

scalability analysis; and finally, Section 6 presents the 

conclusions of this work. 

 

 

 

2. Methodology 

 
2.1. Conceptual Design 

 

This work proposes the development of a solar 

desalination system with the capacity   to distill 1300 

liters of saltwater daily.  This achievement is made 

possible through a parabolic mirror dish serving as a solar 

concentrator, heating the water within a stainless-steel 

sphere used as a reactor. Furthermore, the system is 

composed of three subsystems that enhance the overall 

process efficiency: the heat exchanger subsystem, which 

expedites the cooling of distilled water vapor to augment 

liquid flow; the fluid distribution subsystem; and the 

level control subsystem. These subsystems ensure that 

the reactor maintains an optimal water level that can be 

evaporated at specific times during the day, maximizing 

the yield of distilled fluid. The final design is illustrated 

in Figure 1. 

 

 
 

Figure 1. CAD design of the proposed desalination 

system showing the heat exchanger subsystem, fluid 

distribution subsystem, and level control subsystem. 

 

2.2. Solar concentrator and container system 

 

The proposed solar distillation system operates using a 

parabolic dish solar concentrator constructed with 

mirrors, along with a stainless-steel spherical reactor. 

This technology is selected considering that the intended 

project location possesses substantial solar radiation 

potential as an energy source. To design the selected solar 

desalination system, the following parameters must be 

considered: 

 

Solar Radiation: In the context of this project, solar 

radiation in La Guajira plays a fundamental role, as it 

forms the basis for all calculations presented later. The 

relevant data is obtained from the GLOBAL SOLAR 

ATLAS website. A typical day for each month during the 
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year 2021 is considered, and the collected data are 

presented in Table 1. Direct normal irradiation [Wh/m²]. 

 

Solar concentrator efficiency: This parameter pertains to 

the effectiveness of the parabolic dish as a solar 

concentrator in capturing and directing solar radiation. 

When undertaking a solar desalination project, it is 

recommended to employ solar concentrators specifically 

designed for this purpose. These concentrators often 

incorporate geometries and optical properties carefully 

crafted to optimize solar radiation capture, thereby 

enhancing system efficiency. 

 

Calculation of the Parabolic Dish Solar Concentrator 

Area: Determining the radius of the parabolic dish solar 

concentrator involves the need for some additional 

information. Specifically, it is essential to have 

knowledge of the concentrator efficiency and the incident 

solar radiation at the dish location. The calculation of the 

energy required can be performed using the specific heat 

equation given by equation 1. 

 

𝑄 = 𝑚 ∗ 𝐶𝑝 ∗ (𝑇𝑓 − 𝑇𝑖) (1) 

 

where 𝑄 is the energy [joules (J)], 𝑚 is the mass of water 

[kilograms (kg)], 𝐶𝑝 is the specific heat [joules per 

kilogram-kelvin (J/(kg·K))], 𝑇𝑓is the final temperature 

[degrees Celsius (°C) or kelvins (K)], and 𝑇𝑖  is the initial 

temperature [degrees Celsius (°C) or kelvins (K)]. The 

mass of water is calculated from the density–volume 

relationship reported in [10]: 

 

m =  V ∗  ρ (2) 

 

Where m is the mass of water [kg], V represents the 

volume of water [m³], and ρ denotes the density of water 

[kg/m³]. 

 

The useful thermal energy obtained from the solar 

concentrator is expressed as: 

 

𝑄 =  𝐴 ·  𝑅𝑖 ·  𝜂    (3) 

 

where Q represents the useful thermal energy [J], A 

represents the collector area [m²], Ri represents the 

incident solar radiation [W/m²], and η represents the 

concentrator efficiency (dimensionless). 

 

Finally, equation 4 is used to calculate the radius of the 

parabolic dish solar concentrator; the formula for the area 

of a disk is employed. 

 

𝐴 = 𝜋 ∗ 𝑟2 (4) 

 

Given the variation in solar radiation throughout the day, 

the radius is computed by factoring the radiation for each 

hour of a typical day in the year.  

 

Table 2 displays the necessary radius in meters to 

produce 1300 liters of desalinated water during each hour 

of a typical day. This encompasses a range of radius sizes 

that align with the requirements for both minimum and 

maximum water production periods. 

 

Based on the information above, an average radius of 

17.2 meters is calculated. This implies that the average 

area required for the concentrator should be 

approximately 931.4 square meters. Furthermore, 

referring to Table 2, a radius range is derived, ranging 

from 4.3 to 17 meters.  

Table 1. Direct normal irradiation [Wh/m²] 

 

H Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

5 0 0 0 4 7 11 7 6 6 6 0 0 

6 96 102 100 118 128 170 169 175 171 177 182 128 

7 383 346 267 230 232 290 297 333 334 332 368 386 

8 455 402 311 269 292 374 383 418 412 415 427 450 

9 468 448 359 313 350 448 467 489 463 459 434 466 

10 524 523 440 379 418 505 533 552 531 506 469 498 

11 598 593 498 455 489 586 617 595 567 536 498 551 

12 646 641 537 492 488 562 607 608 567 527 515 568 

13 657 660 553 487 457 541 586 581 521 493 492 560 

14 631 627 522 428 395 469 527 498 440 408 446 536 

15 569 565 456 333 298 365 433 389 311 288 368 466 

16 433 440 333 223 188 247 309 266 193 171 231 327 

17 124 165 127 74 69 114 153 123 55 21 13 39 
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A 4.3-meter radius allows the system to achieve 

evaporation of around 1300 liters daily under favorable 

solar radiation conditions. Conversely, a 17-meter radius 

corresponds to a conservative theoretical scenario in 

which the total daily production target is assumed to be 

achieved within a single effective solar hour under 

minimum radiation conditions. 

 

It is important to clarify that this upper-bound value does 

not represent the practical operational design of the 

system. In real implementation, water production is 

distributed across multiple effective solar hours 

(typically 8–10 hours per day), which significantly 

reduces the required collector area. Additionally, large-

scale solar concentrators are subject to thermal losses, 

optical misalignment, structural constraints, and heat-

transfer limitations that prevent strictly linear scalability 

between collector area and water production. Therefore, 

the presented radius range should be interpreted as a 

theoretical estimation framework rather than a direct 

construction specification. 

 

Reactor Surface Area computation: To determine the 

radius of the container where the evaporation process will 

occur, several factors are considered, including the 

evaporation area, the amount of liquid to be evaporated, 

and the duration of solar exposure. The container has a 

spherical shape, and based on the previous calculations, 

a table is created, which describes the volume of water 

required to achieve the desired liquid quantity in a day. 

From this table, it is concluded that the maximum volume 

that can be evaporated is 183.4 liters. As this volume 

represents 70% of the container capacity, it is inferred 

that the total volume of the container should be 262 liters, 

equivalent to a radius of 0.397 meters. 

 

 

 

 

2.3. Flow distribution system 

 

In this project, an integrated water distribution system 

has been established, comprising a pump and a control 

panel. This system guarantees a consistent and 

dependable water supply across the entire distribution 

network, contingent upon the availability of water 

produced by the process. To achieve precise control of 

the water supply, an array of sensors has been seamlessly 

integrated. These sensors play a pivotal role in 

overseeing and modulating critical variables such as 

water level and pressure. Thanks to these sensors, the 

system can autonomously fine-tune the pump’s 

operation, thereby upholding an optimal flow and 

ensuring uninterrupted distribution. 

 

2.4. Equipment and Material Selection and Sizing 

 

This section covers the design of the water distribution 

system. It commences with the calculation of the required 

diameter for the pump discharge pipe to ensure adequate 

flow. Subsequently, a basic design of the pipeline 

network is formulated, encompassing necessary fittings 

and quantities. Finally, a pump meeting the project’s 

requirements is selected, and the attributes of the 

polypropylene pipe are emphasized, particularly its 

resilience and internal antibacterial layer. These steps are 

pivotal in ensuring the efficiency and reliability of the 

water distribution system in the project. 

 

2.4.1. Calculation of the pump discharge pipe 

diameter in the system 

 

The calculation of the pump discharge pipe diameter is 

essential to determine the correct cross-sectional area of 

the pipe (A) and flow rate (Q), ensuring an adequate 

discharge velocity (νd).  

Table 2. Solar concentrator radius [m] 

 

H Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

7 30 29,1 29,4 27,1 26 22,6 22,6 22,2 22,5 22,1 21,8 26 

8 15 15,8 18 19,4 19,3 17,3 17,1 16,1 16,1 16,1 15,3 15 

9 13,8 14,7 16,7 17,9 17,2 15,2 15 14,4 14,5 14,4 14,2 13,9 

10 13,6 13,9 15,5 16,6 15,7 13,9 13,6 13,3 13,7 13,7 14,1 13,6 

11 12,8 12,9 14 15,1 14,4 13,1 12,7 12,5 12,8 13,1 13,6 13,2 

12 12 12,1 13,2 13,8 13,3 12,1 11,8 12,1 12,4 12,7 13,2 12,5 

13 11,6 11,6 12,7 13,3 13,3 12,4 11,9 11,9 12,4 12,8 13 12,3 

14 11,5 11,4 12,5 13,3 13,8 12,6 12,1 12,2 12,9 13,2 13,3 12,4 

15 11,7 11,7 12,9 14,2 14,8 13,6 12,8 13,2 14 14,6 13,9 12,7 

16 12,3 12,4 13,8 16,1 17 15,4 14,1 14,9 16,7 17,3 15,3 13,6 

17 14,1 14 16,1 19,7 21,4 18,7 16,7 18 21,2 22,5 19,3 16,3 

18 26,4 22,9 26,1 34,2 35,4 27,5 23,8 26,5 39,7 64,2 81,6 47,1 
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The relationship between flow rate, pipe diameter, and 

velocity is described below. The flow rate Q through a 

pipe is given by equation 5 as follows. 

 

𝑄 = (𝜋 ∗ 𝐷^2/4) ∗ 𝑣 (5) 

 

Where Q = Volumetric flow rate [m³/s], D = Pipe internal 

diameter [m], and ν = Fluid velocity [m/s] 

 

To estimate the discharge diameter Dd, the relation given 

by equation 6 is used. 

 

𝐷𝑑 = √(((4 ∗ 𝑄)/(𝜋 ∗ 𝑣))) (6) 

 

Where Dd = theoretical discharge diameter [m], Q = 

volumetric flow rate [m³/s], and ν = desired fluid velocity 

[m/s]. 

 

Once the diameter is determined, the discharge velocity 

 

𝑣𝑑 = 𝑄/𝐴                 (7) 

 

Where 𝑣𝑑 is the discharge velocity [m/s], 𝐴 representing 

the cross-sectional area of the pipe [m²], and A = (π · 

D²)/4. 

 

In this case, for a flow rate of 1.8 m³/h and a commercial 

pipe diameter of 0.0206 m, the discharge velocity is 

calculated as: 𝑣𝑑 = (1.8𝑚3/ℎ)/(𝜋 ∗ (0,0206𝑚)2/4 ≈
0.99𝑚/𝑠 
 

2.4.2.  Calculation of the pump discharge 

pipe diameter in the system 

 

Considering the data provided, it is now feasible to 

ascertain the minimum required suction diameter to 

guarantee the necessary flow in the water distribution 

process.   With this information, a fundamental design for 

the pipeline network sections has been developed. This 

design is complemented with Table 3 that provides 

details about the fittings, pipes, diameters, and the 

quantity of units needed for this specific installation, as 

illustrated in Figure 2. 

 

 

Figure 2. Fluid distribution system. 

 

2.4.3. Pump Equipment Calculations 

 

In order to identify a suitable pressure pump for the 

system, equation 8, which represents the hydraulic 

potential energy, will be used, initially expressed in units 

of water column (mca). 

 

ℎ𝐵 = ℎ𝑔 + ℎ𝑓 + ℎ𝑡 (8) 

 

Where ℎ𝐵  is  the pump startup pressure (mca), ℎ𝑔  is  the 

geometric height (mca),  ℎ𝑓 is the friction losses in pipes 

and fittings (mca), and ℎ𝑡 is the working pressure or 

spearhead pressure (mca). 

 

Friction Loss Due to Fittings: To calculate the losses due 

to fittings, also known as secondary losses, equation 9 is 

used, where k is the coefficient of singular loss, 

determined through experimentation for each of the 

elements [7]. 

 

ℎ𝑚 = 𝐾 ∗
𝑣2

2𝑔
 

(9) 

 

 

 

Table 3. Water distribution system accessories 

 

Item Fitting description Quantity (units) 

1 Polypropylene elbow 1” 3 

2 Polypropylene tee 1” 3 

3 Polypropylene reducer 1”x1/2” 4 

4 Polypropylene knee 1/2” 4 

6 Brass check valve 1” 1 

7 Brass gate valve 1” 1 
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Calculation of Working Pressure or Critical Point: To 

determine the working pressure (PDT) or critical point, it 

is necessary to identify the device located furthest from 

the pump equipment and the required pressure for its 

optimal operation. This point is considered critical in the 

system. Based on this information, it is established that 

the pump starting pressure should be a minimum of 39.44 

psi, and the equipment closing pressure should fluctuate 

within a range of an additional 10 to 20 psi to ensure the 

flow and water velocity as outlined in the distribution 

system design in Figure 2. 

 

2.4.4. Selection of equipment and materials 

 

Selection of Water Pump: In order to ensure that the 

hydraulic system operates efficiently and in accordance 

with the design calculations, it is essential to establish the 

minimum equipment specifications. These parameters 

define the operational requirements for flow, pressure, 

and piping dimensions, guaranteeing that the pump and 

associated components function under safe and optimal 

conditions. 

 

• Required Flow Rate: 8 GPM 

• Suction Diameter: 1” 

• Discharge Diameter: 1” 

• Available Net Positive Suction Head (NPSH): 3 m 

• Starting Pressure: 40 PSI 

 

With this information and the previously established flow 

rate, we aim to find a pump curve, as shown in Figure 3, 

that aligns with the cost-benefit of the system.  

 

 

Figure 3. Pump Curve. 

 

The selected brand is Barnes, as it is certified with the 

ISO 28000: 2007 standard. The chosen pump model is 

the BE 1 10-1 HF. According to the graphical analysis in 

Figure 3. Pump Curve: The pump aligns with the flow 

demand and the required system pressure. Additionally, 

it provides the possibility to extend the pipeline sections 

and use fittings, as the critical point is below the curve 

and in a sector where the efficiency is higher, at 

approximately 64%. 

 

Polypropylene Pipe Characteristics: 

 

The polypropylene pipe consists of two specialized 

layers. The external layer is resistant to external factors 

such as corrosive substances, cement, frost, high 

temperatures, and seismic events, thanks to its high 

flexibility and elasticity. The internal layer is 

antibacterial, offering high mechanical resistance and a 

smooth, non-porous surface that reduces friction losses, 

prevents scale and corrosion buildup, and inhibits the 

growth of microorganisms that could compromise the 

quality of the water conveyed. 

 

2.5. Level Control Subsystem 

 

To enable the system to operate most of the available 

sunlight time, a control system is designed within the 

container. It consists of a level controller for the tanks, 

two solenoid valves, a level sensor, and a 

microcontroller-based board. A robust and durable 

cabinet should be selected to protect the electrical 

components from moisture, dust, and other 

environmental elements. Additionally, automatic 

switches and protection devices against overloads and 

short circuits are essential to safeguard both the pump 

and the control board from possible electrical failures. 

The pump should be controlled by a contactor, which is 

operated based on signals received from pressure and 

level sensors for the final system control. With these 

selection parameters, a controller is found that enables 

system automation called Hidrosmart M521. This control 

system is operated with a voltage of 110V single phase, 

and it has signal inputs for pressure switches and level 

sensors. 

 

The primary function of the system is to always maintain 

the same level within the container. It achieves this by 

opening and closing a solenoid valve, which is controlled 

by the microcontroller, which receives signals from the 

level sensor used in the system. Additionally, there is a 

second solenoid valve that allows the system to purge     

the container when it has accumulated a high residue of 

salt left behind after the evaporation of the saltwater. 

 

3. Prototyping 

 

Creating a prototype of the system is advantageous to test 

the system functionality, assess performance, identify 

improvements, validate technical and economic 

feasibility, obtain external feedback, and demonstrate 
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viability to potential investors. The subsystems that 

comprise the developed solar distillation system are 

listed in the next sections. 

 

3.1. Solar Concentrator and Container 

 

Although conventional basin distillers are the simplest 

option, their daily output is often limited. However, 

numerous studies have shown that it is possible to 

significantly increase their productivity by integrating 

heat exchangers, phase change materials (PCM), wick-

type absorbers, or by optimizing the vacuum and 

inclination [11] [12]. 

 

The solar concentrator is fabricated by outfitting a 

parabolic antenna with an adjustable base, enabling users 

to track the sun path and optimize its trajectory 

throughout the day [13]. In addition, a gray base coat and 

a corrosion-resistant metallic paint layer are applied to 

the antenna to shield it from the corrosive effects of the 

saline environment.  

 

For the concentration of solar rays, square mirrors 

measuring 25 mm on each side are meticulously affixed 

and perfectly aligned on the paraboloid plate as shown in 

Figure 4. This meticulous alignment minimizes 

discrepancies in the focal distance during the reflection 

of solar radiation. Consequently, it achieves efficient 

energy concentration, necessary to heat the container. 

This results in a surface temperature of approximately 

150°C.  

 

 

Figure 4. Solar concentrator Prototype. 

 

The utilized reactors in the desalination process 

comprises stainless steel containers joined together 

through silver welding, resulting in a robust and long-

lasting connection [14]. As part of the design, three 

points on the reactor have been perforated to allow for 

the insertion of threaded stainless steel female bushings. 

These enable the connection of various accessories and 

ensure an airtight seal within the container, as depicted in 

Figure 5.  

 

 

Figure 5. Storage Container Prototype. 

 

This configuration has facilitated the installation of three 

solenoid valves and manual valves, streamlining the 

processes of purging, filling, and releasing water vapor 

within the reactor. Furthermore, this arrangement sets the 

groundwork for the development of a backwashing 

control program within the reactor, with the goal of 

averting the excessive accumulation of brine on the 

container walls over time. Additionally, it considers 

valve openings in the event of overpressure. To ensure 

the system's integrity and durability, stainless steel piping 

was used for transporting saltwater to the reactor, water 

vapor to the heat exchanger, and discharging 

accumulated brine during the purging process. This 

material choice has provided the requisite strength and 

reliability for sustaining the efficient operation of the 

desalination process [15]. 

 

3.2. Flow Distribution System 

 

The water distribution system in the prototype relies on 

the use of PN 10 polypropylene pipes. These pipes are 

joined to various fittings through a heat fusion process at 

a temperature of 260°C, ensuring a robust and long-

lasting connection. Once connected, the pipes are linked 

to a 1 hp peripheral pump, serving as the distribution 

component. Additionally, a check valve is integrated to 

safeguard and maintain pressure within the system. 

Various bronze valves are employed to regulate water 

flow, including a foot valve for retaining water in the 

suction line and other brass mechanical valves for 

controlling water flow to the main polypropylene pipe 

outlets, as depicted in Figure 6.  

 



                           103 
 

 

 

Water desalination plant as an emergency alternative in educational institutions of La Guajira, Colombia 

 

Figure 6. Fluid Distribution Prototype. 

 

This controller is compliant with the Colombian RETIE 

certification and provides a broad array of safeguards 

against potential hazards, such as phase shifts, over-

voltage, under-voltage, and dry running, among other 

specifications. To control the pressure variable within the 

pipe networks, a pressure sensor is employed. This sensor 

serves as a switch, sending a signal to the controller. In 

addition, a pressure gauge or manometer is included for 

the user to monitor this variable at any point along the 

line. To prevent the pump from running without water, 

level probes are used. These probes provide digital 

signals that assist the controller in making decisions, 

enabling the pump equipment to be turned on or off. 

 

3.3. Level Control System 

 

The system employs two cables connected to inputs of a 

microcontroller (Arduino) to detect the presence of water 

at a specific level in the reactor, taking advantage of the 

difference in potential. Subsequently, a level transducer 

connected to probes       is introduced, serving the same 

purpose but with the advantage of delivering more 

dependable signals to the controller.  

 

These probes, by mitigating parasitic currents, decrease 

the probability of erroneous readings. The level control, 

depicted in Figure 7, integrates an electronic board with 

a solid-state relay that enables swift switching. This not 

only prolongs the transducer’s lifespan but also offers the 

advantage of more precise control over the reactor’s 

level. 

 

 

 

Figure 7. Level Control Prototype. 

 

4. Operation 

 

Figure 8 illustrates the elements of the process. The 

prototype operations are as follows: saltwater is initially 

stored in the first tank, then it flows by gravity through a 

1/4” pipe into the reactor, where the solar desalination 

process occurs. The liquid quantity is regulated by a level 

sensor within the reactor and a solenoid valve.  

 

Once inside the reactor, the temperature rises due to the 

concentration of sunlight at a specific point in the 

container, causing the saltwater to evaporate. 

Subsequently, the water vapor moves through another 

1/4” pipe into the heat exchanger, where the 

condensation stage has occurred, resulting in distilled 

water that is stored in a second tank. 

 

 

Figure 8. Operation of the solar concentrator and 

container. 

 

This distilled water is distributed through the water 

distribution system. Additionally, the prototype features 

an automated purging system to prevent the 

accumulation of brine in the reactor. 
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5. Results 

 

As indicated in the project scope, the system is 

anticipated to yield 1300 liters of water daily. To assess 

whether the system can meet these expectations, a 

prototype is developed. This prototype offers an initial 

evaluation of its efficiency, considering design 

proportions, material selection, cost, climatic factors, and 

the salt concentration in the water. These elements 

collectively determine the correlation between the 

prototype and the envisioned system. Table 4 shows the 

results obtained from the prototype operation during the 

period from May 27 to June 7, 2023. 

 

The daily yield ranged from 6.6 to 9.7 liters, with the 

highest values recorded during early June, indicating 

efficient operation under favorable climatic conditions. 

Water production increased progressively from morning 

to early afternoon, peaking around 2:00 p.m., and then 

decreased as solar intensity declined. Overall, the results 

confirm that the prototype operates efficiently, 

maintaining an average daily output of approximately 8 

liters and demonstrating reliable behavior under varying 

environmental conditions.  

 

As summarized in Table 5, the practical values of 

maximum, minimum, and average daily yield show a 

strong alignment with the model’s predictions, 

confirming the scalability and reliability of the proposed 

system. 

 

To evaluate the system, we perform an approximate 

calculation of the relationship between the practical and 

theoretical values. The key factor for system scalability 

is the surface area of the solar concentrator. Therefore, 

we compare the correspondence between the actual 

values and theoretical values in Table 5.  

 

In Table 5, the acquired values exhibit a noteworthy 

similarity to theoretical values. This supports the 

proposed mathematical model aligns with the results of 

the experimental tests. Consequently, the system is 

proven to be effective in producing a significant volume 

of water when compared to similar systems developed in 

the region. On average, small scale solar desalination 

systems can yield approximately 3 to 6 liters of fresh 

water per square meter of collection area per day. It is 

worth noting that this calculation represents a rough 

estimate and may vary depending on specific site 

conditions, including solar radiation intensity and 

duration, ambient temperature, and relative humidity. It 

is important to consider that solar desalination systems 

are particularly well suited for low-capacity applications, 

such as providing water for domestic or community use 

in remote areas where conventional water supply 

infrastructure is unavailable. 

 

Table 4. Water volume[litres] 

 

Hour 27/5 28/5 29/5 30/5 31/5 1/6 2/6 3/6 4/6 5/6 6/6 7/6 

7 0,2 0,2 0,2 0,2 0,2 0,3 0,3 0,3 0,3 0,3 0,3 0,2 

8 0,7 0,6 0,5 0,4 0,4 0,5 0,5 0,6 0,6 0,6 0,6 0,7 

9 0,8 0,7 0,5 0,5 0,5 0,6 0,7 0,7 0,7 0,7 0,7 0,8 

10 0,8 0,8 0,6 0,5 0,6 0,8 0,8 0,8 0,8 0,8 0,8 0,8 

11 0,9 0,9 0,8 0,7 0,7 0,9 0,9 1,0 0,9 0,9 0,8 0,9 

12 1,0 1,0 0,9 0,8 0,8 1,0 1,1 1,0 1,0 0,9 0,9 1,0 

13 1,1 1,1 0,9 0,9 0,8 1,0 1,1 1,1 1,0 0,9 0,9 1,0 

14 1,1 1,1 1,0 0,8 0,8 0,9 1,0 1,0 0,9 0,9 0,9 1,0 

15 1,1 1,1 0,9 0,7 0,7 0,8 0,9 0,9 0,8 0,7 0,8 0,9 

16 1,0 1,0 0,8 0,6 0,5 0,6 0,8 0,7 0,5 0,5 0,6 0,8 

17 0,8 0,8 0,6 0,4 0,3 0,4 0,5 0,5 0,3 0,3 0,4 0,6 

18 0,2 0,3 0,2 0,1 0,1 0,2 0,3 0,2 0,1 0,0 0,0 0,1 

Sum 9,7 9,6 7,8 6,6 6,6 8,1 8,8 8,7 7,9 7,5 7,7 8,6 

Table 5. Scalability 

 

C Real Theoretical 

Máximum value (Liters) 1,22 1,1 

Minimum value (Liters) 0,18 0 

Average value (Liters) 0,77 0,7 
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6. Conclusions 

 

The solar concentrator and heat exchanger are employed 

as an efficient alternative to enhance the water production 

capacity of a solar distillation system. The solar 

concentrator effectively harnesses solar radiation by 

directing it towards the distillation system, thereby 

increasing the efficiency of evaporation and distilled 

water output. Simultaneously, the heat exchanger 

maximizes heat transfer from the evaporated water to the 

condensed water, facilitating condensation and further 

amplifying water production. The construction of the 

prototype enables the scalability of the system, as     the 

obtained results heavily depend on geometric and 

environmental factors like solar radiation and the surface 

area of the solar concentrator. This means that the system    

can be adapted and enlarged to meet specific water 

production needs. For instance, you can increase the 

dimensions of the solar concentrator and heat exchanger 

to enhance the capacity for distilled water production. 

The efficiency of the solar distillation system is also 

affected by various factors, including the quality of 

materials used, the characteristics of the feedwater, and 

the effectiveness of the condensation process.  

 

 It is crucial to take these factors into account when 

designing and building a scalable and efficient solar 

distillation system. The viability and success of a large-

scale solar distillation system will depend on a 

comprehensive evaluation of costs, resource availability, 

and demand for distilled water. In addition, it is essential 

to consider the environmental and social impact of 

implementing such systems, as well as the regulations 

and standards associated with the production and use of 

distilled water. In summary, the implementation of a 

solar concentrator and heat exchanger in a solar 

distillation system offers an efficient alternative to 

enhance distilled water production. The construction of 

the prototype enables scalability, allowing it to be 

customized to specific requirements. However, it is 

essential to carefully consider other factors, evaluate 

feasibility, and assess the overall impact before 

deploying the system on a larger scale. 
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