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Abstract

Population growth and changing consumption patterns are intensifying the use of fresh water worldwide. While
large-scale, expensive desalination solutions do exist, there is still a need for low-cost solutions for populations
located far from major centers and in financial need. The main objective of the project is to design a low-cost and
low-environmental footprint solar-powered seawater desalination unit and to verify its performance using a custom
numerical simulation tool. The second objective is to provide a summary economic analysis to target the potential
cost of water production when the single-basin still is compared with a double-basin still with similar characteristics.
This numerical study of two types of solar stills — without technological improvements such as fins, sponges, etc. —
shows that the production per m2 of the two solar stills remains relatively low. Nevertheless, when ground space is
available, simple solar stills appear to be robust, resilient, and cheaper solutions as a source of drinking water.
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1. Introduction

In 2015, 17 Sustainable Development Goals (SDGs) were proposed by the United Nations (UN). In particular, SDG
6 aims to "ensure access to sustainably managed water and sanitation services for all". Although fresh water is a vital
element for survival, this resource represents only 2.5% of all water on Earth, compared to the 97.5% occupied by
salt water, which is unsuitable for human consumption. The issues surrounding water continue to grow (WHO, 2017).
On the one hand, the amount of fresh water available is decreasing, whether through global warming, which
accelerates evaporation, causes glaciers to melt and raise sea levels, or through water pollution linked to human
activities, mainly industrial, agricultural, and domestic discharges. On the other hand, demographic pressure leads to
an increase in needs, and therefore in consumption (UN, 2020). This gap between supply and demand, known as
water scarcity or water stress, poses many risks, such as the transmission of diseases like cholera, premature deaths,
migratory movements or conflicts directly related to access to water (WHO, 2019). Alongside this crisis, fossil energy
sources commonly used to help with water pumping, treatment, and desalination are becoming increasingly
expensive and emit greenhouse gases that intensify global warming, amplifying the problem (Al-Shayji, 2018).
Moreover, technologies involving processes such as osmosis (direct or reverse), electrodialysis, nanofiltration, or ion
exchange, even when operated using renewable energies, are often too expensive for many communities. In this
context, the solar still is an ideal source of fresh water for both drinking and agriculture in remote areas. There are
many types of solar stills; the simplest and most proven is the basin type (Bloemer et al., 1961).

However, among the many variations of solar basins, several involve technologies designed to increase performance.
Indeed, since the 1960s study by Bloemer et al. (1961) cited by Malik et al, (1982), which indicates that only about
31% of the incoming radiation is used to evaporate the distillate (while cover reflection (11%) and absorption (5%),
ground and edge losses (2%), radiative losses from the basin water to cover (26%), internal convection (8%), re-
evaporation of distillate and other losses (17%) complete the balance), researchers tried in many ways to improve
this 60 years old threshold. To improve solar basins, fins, sophisticated absorbing materials, multi-basin stills, phase-
change materials, storage tanks, hybridation, nanocomposites, adjacent solar pond, specific configurations, floating
plates, perforated plates, cascades, glass treatments, double glass, etc. were proposed (Panchal and Mohan, 2017)
(Velmurugan and Srithar, 2011).

Indeed, these improvements lead to increases in efficiency. But when space is available, is it the efficiency gains that
matter?

The main objective of the project reported in this article is to design a solar-powered seawater desalination unit to
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reduce costs and environmental footprint and verify its performance using a numerical simulation tool. The unit,
basically designed to avoid any fancy technological improvements such as those mentioned above, will be used to
produce drinking water for small, isolated communities (i.e. communities that are not connected to a reliable drinking
water distribution system, and for which drinking water supply options are limited and/or expensive) located on the
seafront. The sole comparison is carried out between the single- and double-basin to discuss productivity in kg m2
per unit time and unit cost in $CA m™ per unit time

2. Brief literature review

2.1. Desalination processes

There are two main families of desalination processes: those with a phase change of the water, and those without.
This review, due to limited space, can only mention a few references to available technologies and instead offers
references on the state of desalination in the world. Table 1 and Table 2 list some of the studies reviewed in
preparation for this article.

Tab. 1: Phase change desalination processes

Process Reference

Multiple Effect Distillation Guimard, 2019, Liponi et al., 2020

Flash Distillation by Successive Expansions Nannarone et al., 2017, Darawsheh et al., 2019
Vapor Compression Lara, 2005, Bahar et al., 2004

Freezing Kadi & Janajreh, 2017, Mandri, 2011
Membrane Distillation Saadat et al., 2018, Lawson & Lloyd, 1997
Direct Solar Desalination Chauhan et al., 2021, Arunkumar et al., 2019

Tab. 2: Desalination processes without phase change

Process Reference

Reverse osmosis Kim et al., 2019, Shafagnat, Eslami & Baneshi. 2023
Electrodialysis Akther, Habib & Qamar, 2018, Sedighi et al., 2023
Nanofiltration Wafi et al., 2019, Yadav, Karki & Ingole, 2022
Direct osmosis McCutcheon et al., 2019, Qasim et al., 2015

lon exchange Subban & Gadgil, 2019, Wang et al., 2020

2.2. Direct Solar Desalination

To provide an overview of the current situation of desalination in the world, a few recent studies can be
recommended, including those by Eke et al. (2020), Ghazi et al., (2022), Janaireh et al., (2023), Jones et al., (2019),
Li et al., (2023) and Ray et al., (2023). More specifically, Aboulfotoh et al. (2023) investigated the effectiveness of
a solar still for desalination to produce fresh water for small and rural communities in Zagazig, Egypt. They studied
the effect of variations in water depth, salinity, and cover angle on the still's water production. Not surprisingly, it
was shown that reducing water depth and salinity, along with increasing the cover angle in winter, increased water
output. Removing chloride and total dissolved solids, the still demonstrated high efficiency in producing water. The
developed theoretical models predicted the still's thermal performance with good agreement compared to
experimental data. Furthermore, the economic analysis showed that the solar still is more cost-effective than
commercially available water. In He et al. (2024), water scarcity in rural regions was studied by introducing a solar-
powered electrodialysis reversal system used for desalination. It was showed that the system can harnesses 77% of
available solar energy. They evaluated this technology for a village-scale case study in India and they concluded that
water production costs can decrease by 22%. The authors declared that this technology can be a reasonable alternative
to fossil fuel-powered reverse osmosis systems.

2.3. Recent reviews

However, the important thing to remember about current literature reviews is that, due to the preponderant
importance of water for humanity and the growing supply difficulties discussed in the introduction, this field is
experiencing exceptional research activity, as evidenced by the 46 review articles and 246 research articles reported
in Solar Energy alone (with term: desalination) in 2022, 2023, and 2024 (by 2024-08-06).
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3. Methodology

3.1. Location

To choose a location to simulate the desalination system among the 15 non-landlocked countries most exposed to
the risk of water stress, the method used was a multi-criteria comparison of different countries according to three
indicators:

1) water stress, related to freshwater withdrawals as a proportion of available resources. This is SDG 6 indicator

6.4.2 (clean water and sanitation) managed by the World Resources Institute;

2) the Human Development Index (HDI). Created by the United Nations Development Programme (UNDP),

it takes into account three criteria: life expectancy at birth, GDP/capita, and level of education;

3) the mortality rate attributed to unsafe water, sanitation, or hygiene. This is SDG 3 indicator 3.9.2 (good

health and well-being) managed by the WHO (WHO, 2019).

After a multi-criteria analysis (not presented here), the study showed that Eritrea obtains the highest average score,
particularly due to the lowest HDI and the highest, by far, mortality rate attributed to insufficient water supply,
inadequate sanitation or unsanitary hygiene. As a result, the modeling is carried out for the city of Assab, located in
southern Eritrea. Its latitude is 13°01' North, its longitude is 42°44' East, while its standard meridian is 45°.

3.2. Meteorological and oceanic data

The climate in Assab is hot and dry, with average temperatures between 25 and 35°C. Four different sources of
weather data were selected for comparison:

1) an EPW file provided on the Climate.OneBuilding website (Lawrie & Crawley, 2019);
2) hourly data from the European Commission's website (European Commission, 2019);
3) the SoDa website (HELIOCLIM-3 ARCHIVES *DEMO¥*, 2006);
4) daily data from the RETScreen tool (NRCan, 2016).
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Fig.1: Yearly variations of the average daily global horizontal irradiance in Assab, Erytrea, from four different sources

The EPW has been kept for simulations, as it can easily be read by TRNSYS to obtain irradiance on an inclined
plane.

To estimate the contribution that a solar still can make to the drinking water production of an isolated community,
the 2020 edition of Domestic water quantity, service level and health was used as a reference (Howard et al., 2020).
50 litres/day/person are recommended as the minimum volume to ensure medium health risk (Optimum: 100
litres/day/day optimal low risk, Basic: 20 litres/day/person basic high risk) by Omarova et al. (2019). The basic 20
litres per person daily should be considered partly sufficient for beverages and food but not for hygiene purposes.

In desalination, it is mostly important to retrieve the characteristics of the local seawater (salinity and properties) as
these will have an impact on the operation of the system. The use of the CoolProp library (Bell et al., 2014) allows
quick access to these properties, which depend on salinity in addition to pressure and temperature.

3.3. Energy balance

Among the technologies previously cited, direct solar desalination in basin is the most appropriate for small, isolated
communities located by the sea when cost matters. Two types of basins are studied: Figure 2 schematically illustrate
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the heat transfers associated with the conventional single-stage (left) and two-stage (right) basins with single glazing.
In both cases, the horizontal surface area of the collector is 2m x 0.5m or 1m? footprint.
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Fig.2: Energy balance on the investigated still configurations: single-basin (left); double basin (right)
The energy balance on the glazed cover (g-index) of the conventional single-basin still (Figure 2, left) is:
dlg _
mgcpg ? - IT(t)agAg + qconv,w—g + Qev,w—g + qrad,w—g - qconv,g—amb - qrad,g—sky (eq-l)
This balance at the surface of the salt water (index w) is:
daT,
my CPw d_:V = IT (t)TgawAw + Qconv,p-w ~ Qeonvw—g — Qevw-g ~ Qradw-g — 9w — Q5w (eq.2)
The balance sheet on the volume of the basin (index b) is:
dTy
myCpp ar IT(t)TgTwabAb — Gconv,p-w — Qloss (eq3)

In these equations and figures, subscripts ev, conv, and rad refer to evaporation, convection, and radiation while loss,
amb, g, sky, w, b, and fw, pertain to losses to the ground and walls, ambient air, glass, surroundings, water, basin,
and feed water, respectively. Subscripts | and u refer to the lower and upper basin of the double basin still.

Each of the terms is familiar to the heat transfer analyst and the reader wishing to obtain the entire mathematical
model involving 49 equations is invited to contact the authors. A similar balance can be explained for the two-stage
basin shown in Figure 1, right.

3.4. Production and efficiency
The average annual daily productivity results of the desalination system are obtained in kg.m2.d"?, which then makes
it possible to determine the floor area needed to support an entire community.

Equations (4) and (5) provide the hourly productivity, in kg.m2.h’, for the single- and double-basin stills,
respectively.

', = 3600 x v (eq.4)
whfg

N7 3600 X (Qev,lw—lg Qev,uw—ug) ea.5

m’y Ahirg + Auwlirg (eq.5)

The daily unit production, in kg.m, is simply the cumulative sum of equation (4) or (5) over 24 hours. The daily
recovery efficiency of the ponds is defined for the two types of ponds such as:

_ %4- m”hhfg
Na = 100 x L2 (eq.6)

3.5. Simplifying assumptions

In addition, it is important to specify the assumptions made during the implementation for the two types of basins
(Fig.2):

e There are no air leaks and the stills are waterproof.
e The window is supposed to be clean.
e  Water vapor and dry air act as ideal gases.

e There are no temperature gradients along the vertical axis, the temperature is considered uniform in the
chamber and initially the temperatures of all surfaces are equal to the ambient temperature.

e The surfaces of the water and the basin are of equal dimensions.
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e Conduction is neglected in the glass and in the absorbent plate, due to their low thicknesses, and
condensation only takes place on the inner surface of the glass.

e Foradeep basin, the reduction in water mass due to evaporation is negligible. However, in a shallow basin,
the effect of the mass of evaporated water on performance is significant. It is therefore assumed that the
evaporated mass is continuously replaced and that the volume of water in the basin is thus constant. The
water replaced is assumed at atmospheric temperature and it exchanges heat with the water in the basin.

These assumptions are appropriate for this feasibility study and also allow for consistency with the literature, so that
different studies can be compared with each other more rigorously. Nevertheless, the impact and actual accuracy of
these simplifying assumptions should be reassessed in future studies.

3.6. Implementation details

For each still, the mathematical model was developed and then implemented in MATLAB. This model makes it
possible to solve the systems of ordinary differential equations partially presented above, to obtain the temperatures
of the different components of the solar still (glass-g, water-w, and the absorbent plate of the basin-b) and to deduce
its instantaneous and cumulative productivity as well as its efficiency as a function of time.

Usually, it is advisable to use the ode45 solver, based on an explicit Runge-Kutta formula (of order 4 and 5), more
specifically the Dormand-Prince method. This method uses six function evaluations to compute precise fourth- and
fifth-order solutions. The difference between these solutions is then considered the error of the solution. However,
this solver is not recommended in the case of a so-called "stiff" system of differential equations. This is more of a
qualitative notion than a quantitative one, and it means that sensitivity to the parameters of the equations makes it
difficult to solve by explicit numerical methods. This is due to the fact that the ode45s solver would need a very
small time step to ensure the stability of the solution, but over a high time interval, which would result in a long
computation time. It is then recommended to use the odel5s solver, which also integrates the system of differential
equations according to a given time interval and initial conditions. But this solver is implicit, usually based on a
variable-order numerical differentiation formula, or on an inverse differentiation formula. This solver calculates the
solution at time t + At taking into account the value of the function in t and t + At. This method also uses a variable
time step, which therefore makes it possible to reduce computation times (Shampine & Reichelt, 1997).

3.7. Irradiance calculation

The driving force behind the system is the irradiance, Gt in W.m2, which hits the sloping glass surface. The classical
equations of radiative transfer are implemented in TRNSY'S. This software is used to feed the MATLAB code. The
theory and equations for radiation models are not reproduced here since they are standard. However, it is important
to note that the data extracted from TRNSY'S show that the Perez, Reidl, and Hay Davis models differ by up to 3.8%
from the isotropic model (overshoot). Since the sunshine data values predicted with the latter are lower, the sizing
will be conservative regardless of the type of desalination unit simulated.

3.8. Cost evaluation

For a community with limited financial means, it is also important to study the economic viability of a solar still
throughout its lifespan to justify the interest in this potential solution. The cost of water produced in a solar still
depends on several parameters, mainly the initial investment (CAPEX), the costs of operation (OPEX), maintenance,
storage and repair, the lifespan of the still, and its freshwater production capacity. Usually, seawater desalination
involves high operating costs due to a large energy cost. However, in the case of the solar stills, the energy is drawn
directly from solar radiation. The operation and maintenance (O&M) costs of the solar stills must be as low as
possible to meet the objectives set at the beginning of the study. It is interesting to compare the cost of the solar still
with other approaches, to estimate its possible economic interest. Other possible options include the delivery of fresh
water from a conventional source, or the use of another desalination technique.

The specific cost of freshwater production, CPL in $.litres™, can be found with equation (7).

. . N
cAPEX x | A0+ D - ](1 + Xo,) — Yo, X CAPEX X (eq. 7)

i
A+oN - a+nv-1

CPL = .
My

w

1000 x XA

The denominator of equation (7) denotes the average annual production, in litres.y*, which can be expressed as a
function of the annual mass production per unit area, M/ , the density of the water, p,,, as well as the surface area of
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the solar basin studied, A.

The first term (on the left-hand side) of the numerator refers to the fixed annual costs or FAC, in $.y*, which is
expressed as a function of the CAPEX of the solar basin studied, in $, the interest rate i and the estimated lifetime of
the system, N, in years. That is FAC = CAPEX x[f(i, N)]. The term x,, indicates that the annual operation and
maintenance costs or 0&M, in $.y%, are expressed as a percentage of the annual fixed costs. 0&M =x,, x CAPEX x[f{i,

N)]

The last term (on the right-hand side) of the numerator refers to the annual residual value or ARV of the solar still
studied, expressed in terms of RV, the residual value of the solar still at the end of its lifetime, in $, and a sinking
fund factor. Here, RV is expressed as a percentage of the CAPEX of the solar still studied, i.e. RV =y,, X CAPEX.

This concludes the partial presentation of the methodology used in this study. The following section presents selected
results obtained from the simulations carried out on the two solar stills.

4. Selected results

As part of this project, the solar basin will be south oriented, towards the equator. The azimuth angle y is equal to the
magnetic declination dmag, in the opposite sign. As the latter is close to zero, a zero azimuth is chosen. Since the
drinking water requirements are assumed to be constant throughout the year, and because we are close to the equator,
the value of the slope B angle is equal to the value of the latitude ¢ to induce optimal irradiance throughout the year.
The inclination must also be large enough to allow the condensed water to flow, which is the case here. September
20 and December 21 were selected for the simulations, as these days respectively provide strong and low sunlight on
the inclined plane of the simulated solar stills. With these parameters chosen, TRNSY'S can then extract and read the
supplied .EPW file and output the irradiance on the inclined plane for the two selected typical days and according to
five different models. For example, on September 20, a maximum at 11:00 is observed between 1020 W.m
(isotropic model) and 1035 W.m 2 (Perez 1999 model). On December 21, a maximum at 12:00 was observed between
790 W.m2 (isotropic model) and 820 W.m (Perez 1999 model).

4.1. Validation of the formulation and implementation

Before looking at the results obtained from the use of the implemented MATLAB models, it is worth comparing the
results of the numerical simulations with a few references, when possible. Here, validation is carried out using
experimental data (Table 3) from a paper published in 2021 (Raj Kamal et al., 2021) as well as theoretical data (Table
4) from a paper published in 2009 (El-Sebaii et al., 2009). These two papers deal in particular with a conventional
single-glazed solar still (Figure 2), the first being tested from 9:30 to 16:00, in Tamil Nadu, India, and the second
being simulated over 24 hours with meteorological data from the city of Jeddah, Saudi Arabia.

The relative difference E, in %, between the external data X and the calculated data Y is estimated using equation (8),
where the two variables X and Y can designate the temperature of the still, T», the water, Ty, the glass, Ty, or the
instantaneous and cumulative daily productivity, M.

Ee = 1X, = ¥,] / [Preme] x 100 (ea)

The relative difference was computed every 30 minutes from 9h30 to 16h00 for comparison with experimental data
from (Raj Kamal et al., 2021) and from 7h00 to 18h30 for comparison with the theoretical calculations of (El-Sebaii
et al., 2009).

Tab.3: Comparison with experimental and theoretical data from Raj Kamal et al., 2021 and El-Sebaii et al., 2009, respectively.

o ) o qr -2 h-1

Source Relative difference TLC P TuCI 3 TICI ] Mg (kgm ]
E [%] E [%] E [%] E [%]
Raj Kamal et al., 2021 Average 7.77 11.05 10.37 10.25
Standard deviation 5.14 8.86 8.47 10.32
El-Sebaii et al., 2009 Average 1.47 1.82 2.15 1.65
Standard deviation 0.77 1.65 2.09 1.90

The adequacy with the first study is correct with maximum deviations of 10%, while this maximum does not exceed
2% in the case of the results proposed in El-Sebaii et al. (2009). The values for the 4 variables were always higher in
the morning and lower in the afternoon when compared to the experimental data. This could suggest a different
weather on those days in Tamil Nadu, India than that embedded in the data file and a relative inertia of the still
structure to heat up. The discrepancies with the experimental study by Raj Kamal et al. (2021) could also be explained
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in different ways: 1) some values are collected from graphical readings, which leads to an error in the result; 2)
information was omitted from the article, such as the depth of the basin (which has an influence) or whether the
irradiance provided is on a horizontal or inclined plane; 3) the properties of materials such as insulation have also
been estimated due to the lack of full citation in the article; 4) the reality on the real site may compromise some
assumptions made for the simulation, such as the absence of leaks or the absence of conduction in the glass or the
absorbent plate.

Nevertheless, these results validate the correct formulation and implementation of the model.

4.2. Some results for Assab, Erytrea

Table 5 provides a summary of the data required to conduct the simulations and for the reader who would like to
benchmark their own method relative to this one.

Tab 5: Main technical characteristics of the simulated stills

System Parameter | Value System Parameter | Value
0] 13.00° Ew 0.02m
. Lioc 42.74° Olw 0.05
L-ocation Lst 45° Still water Tw 0.9
Pg 0.2 Ew 0.95
L 2m X 0.035
I 0.5m CPy 871 Jkg'K!
Global H 0.20m Absorbing olate | & 00015
y 0° gp % 0.9
B 13° Db 2719 kg m*®
CPq 840 J kg*K? . Lis 0.08m
Glass e, 0003m Insulation ke | 0.04WmIK?
U,g 005 Pref 101325 Pa
T 0.88 Other g 9.81 ms?
&g 0.90 o 5.67e-08 W m2K*

4.3. Daily production and conversion efficiency

Figure 3 and Figure 4 present the daily evolution of the instantaneous and cumulative productivity of the two types
of solar stills for the two days that were studied. Concerning the conventional basin, its maximum productivity is
0.89 kg.h"t.m2 around noon on 20 September, with a total daily production of 6 kg.m, compared to 3.8 kg.m2 for
21 December. On September 20, its production began between 6:30 and 7:00 and ended around 19:45. As for the
double-stage still, its maximum productivity is 0.93 kg h™* m2 around 1:30 p.m. on September 20, with a total daily
production of 7.9 kg.m2, compared to 4.7 kg.m2 for December 21. On September 20, its production begins between
6:30 and 7:00 and ends around 20:00. for the lower basin, and from 9:00 to 21:00. for the upper basin. Basin 2 shows
an increase in daily production of 31.7% compared to Basin 1 for 20 September and 23.7% for 21 December.
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Fig.3: Daily evolution of productivity for the conventional still
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Fig.4: Daily evolution of productivity for the two-stage still

Variations in the conversion efficiency of the two stills were also determined (Figure 5). The conventional single-
basin still shows a yearly average value of 49%, while the double-basin counterpart has an average efficiency of
61%. In both cases, the maximum values are observed during the late summer and early fall periods. The peaks
observed at the end of June can be explained by abnormally high ambient temperatures for these days, sometimes
approaching 50°C. This consequently promotes the heat exchange of the upper basin of the double-basin still with
the upper glass cover. This results in a considerable production surplus compared to the standard basin which loses
more of this energy to the environment.
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Fig 5: Variations in daily efficiencies during the year: blue — single-basin still; orange — double-basin still.

4.4, Brief parametric study

The graphs presented here concern the conventional basin (Figure 2, left) for a variation in the thickness of the
insulation and the depth of the water admitted to the latter. Figure 6 shows the evolution of daily freshwater
productivity for the day of September 20 as a function of the thickness of the insulation (left) and the depth of the
basin (right). It can be seen that production increases significantly when the insulation thickness is increased by up
to 4 cm. Beyond that, the increase continues, but less markedly, and it ends up being negligible when this thickness
is greater than 6 cm. This suggests that care must be taken to avoid making the still too expensive with respect to the
water production gain. On the left-hand side of Figure 6, when the depth of the water increases in the basin, the daily
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production decreases significantly almost linearly. For example, a 33% drop is observed when the depth increases
from 2 to 10 cm. It is probably this parameter that explains the predictions lower than the measurements in Table 3
(Raj Kamal et al. 2021) as the authors do not specify this parameter.
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Fig. 1 : Variation in daily production as a function of insulation thickness (left) and water depth (right) in the single-basin still.

4.5, Economic results

The estimated material (glass, absorbing plate, insulation, ply-wood, structure, paint, tank, sealant, pipes, gutters,
hardware) and labor costs for the simulated basins are CA$200 for the conventional still and CA$295 for the two-
stage still. These benchmark costs were obtained by consulting with suppliers in Montreal, Canada and assuming
very low production. Thus, unit costs could decrease with greater production and design optimization, for both
types of stills. With an estimated lifespan of 10 years and a residual value of 20% of CAPEX for both types of
basins, a specific cost of 21.2 $CA.m for the conventional solar basin is obtained compared to 25.5 $CA.m for
the two-stage solar basin. Table 6 summarizes the results.

Tab 6: Annual economic results for the two simulated stills

Item (for a 1 m? still) Single-basin still Double-basin still
Annual fixed costs, [$] 35.41 52.3
Annual O&M costs, [$] 5.30 7.80
Annual residual value, [$] 2.28 3.37
Annual water production, [m®] 1.80 2.22
Specific costs, [$.m™] 21.20 25.50

To validate the results, an equation-solving package originally proposed with the 4™ edition of the classic heat transfer
textbook Fundamentals of Heat and Mass Transfer (Incropera and Dewitt, 1996) (Interactive Heat Transfer, IHT
4.0) was used. The software has been used to estimate the annual water production based upon the global cumulated
average daily radiative energy over a square meter from the EPW database, the yearly average conversion efficiency
calculated with the MATALB model for the single-basin still (49%), and the water properties functions embedded
within IHT. The annual amount of water calculated is 3.3% lower (1.743 m3 vs 1.796 m?) than the above result (Table
6).

5. Discussion

5.1. Technical and economic feasibility

For either solar still model investigated here, this type of approach seems technically viable to provide a solution for
producing drinking water for remote communities by the sea. It is suitable for an isolated area, as there is usually no
running water distribution system, or even any other option to get water, other than the use of unhealthy and/or
remote sources, or the purchase of bottles at high prices. However, the production per m? of the two types of solar
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basins remains relatively low, and this could represent a significant area when considering meeting the needs of a
family. Large open spaces are needed, since in Assab the production of 1795 litres.m? of surface per year
(approximatively 4.91 litres daily on average) by the conventional still unit means that at least 4 m? of surface is
required to satisfy basic needs and 10 m? for intermediate needs of one person (Omarova et al., 2019). This may call
for efficiency improvements. The double-basin model was compared with the single-basin model; the average
conversion efficiency increased from 49% to 61%. However, the specific cost for each cubic meter of fresh water
rose from 21.20 $CA to 25.50 $CA. Therefore, is it worth injecting technologies to improve the yield?

The answer seems to be no. However, to confirm it, we need to consider the premises of this article. The technological
and financial resources of the target communities are limited. Furthermore, it is assumed that there is sufficient space
to install several collectors close to each other or even per house. While this could be possible in Assab, where the
solar resource is abundant, particular care should be taken in extrapolating this study to other locations.

Nevertheless, even if it were possible to increase the conversion efficiency to 100% by technological means, i.e. all
available solar energy would be used (without loss) to evaporate the water from the brine and no water loss would
occur, the surface area required could not be divided by a factor greater than 2 as the efficiency is very near 50%
with the prescribed characteristics of the still.

Consequently, if ground space is available, the simplest solar basin appears to be a robust and resilient solution as a
source of drinking water, if only in addition to another main source. It would then free up some of the time spent by
people fetching and transporting clean water in many communities, especially by women and children.

6. Conclusion

Given that 97.5% of all water on earth is salty, that freshwater resources are under increasing pressure, that water is
becoming increasingly polluted, that the world's population is growing, and that financial disparities are exacerbating,
we need to find cheap, resilient, robust, and reliable solutions to produce drinking water for the world's remote and
poorest populations. In this context, several areas of the world rely on high-tech solutions such as osmosis (direct or
reverse), electrodialysis, nanofiltration, or ion exchange, to produce water for villages and cities. However, these
technologies are often too expensive for many remote and poor communities. In this context, the solar still could be
considered as a solution for the production of fresh water. But as these low-tech solutions basically have low yields,
is it worth trying to improve them with sophisticated technologies?

This study attempted to answer that question. First, it simulates a single-basin still unit and compares its production
with that of a double-basin still unit involving the same thermo-mechanical characteristics and properties. The article
shows that while the double-basin still unit offers better productivity than the conventional one, it nevertheless
involves a higher specific cost due to the increase in its manufacturing cost.

In general, the conversion efficiency ratio of a solar basin remains relatively low (here 49% for the basic single-
basin) and the technology therefore requires large areas to fully meet the needs of a community. In addition, it has a
high specific cost compared to other technologies. But, the isolation and size of the communities are often obstacles
to other options that require significant production to be profitable, making the solar basin a possible solution for
isolated communities of small sizes.
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