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Abstract. The productivity of conventional solar stills simple devices used
to obtain potable water from saline or brackish resources depends strongly
on both the salinity of the feed water and the geometric characteristics of the
unit. The present work examines the influence of these two parameters on
still performance, with particular emphasis on how variations in salt
concentration modify the efficiency of freshwater production. A numerical
investigation is carried out for a conventional solar still operating under the
climatic conditions of Agadir, using local profiles of solar irradiance, wind
speed and ambient temperature as inputs. The system is described by energy
balance equations applied to the main components of the distillation unit,
and the coupled nonlinear differential equations are integrated using a
fourth-order Runge-Kutta method. On this basis, the effects of seawater
salinity and key operating conditions on the instantaneous and daily yield,
as well as on overall solar still dimensions, are systematically analyzed.

Keywords: Modeling, desalination, salinity, conventional solar still
dimension.

1. Introduction

Freshwater is a basic requirement for human and ecosystem sustainability, supporting
domestic consumption, agriculture and industry. However, supplying safe drinking water
remains a critical challenge in many regions, particularly in arid and semi-arid climates. This
situation is paradoxical: although about 75% of the Earth’s surface is covered by water, most
of it is saline, and more than 40% of the global population still faces water stress. Desalination
of seawater has therefore become an essential option for many coastal countries. Among the
available technologies, solar stills represent a simple and sustainable solution for
decentralized freshwater production, especially in remote or coastal areas where conventional
infrastructure is lacking. In a solar still, incident solar radiation heats the saline (or brackish)
water, which evaporates; the vapor then condenses on a cooler surface and is collected as
distilled water. Despite the simplicity of this principle, the actual yield of a solar still depends
on many interacting parameters, including the salinity and mass of the feed water. Numerous
theoretical and experimental investigations [1], [2] and [3] have been devoted to enhancing
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still productivity. The main influencing factors identified in the literature are ambient
temperature, solar irradiance, wind speed, the temperature difference between basin water
and glass cover, inlet water temperature, glass cover inclination, exposed water surface area,
absorber plate area and water depth. Agrawal et al. [4] analysed the thermal behaviour of a
single-basin, single-slope still and showed that reducing water depth enhances daily distillate
output and overall efficiency, underlining the importance of design optimization and material
selection for given climatic conditions. Sarhaddi et al. [5] performed an energy and exergy
study on cascade solar stills with and without phase change material (PCM), demonstrating
that PCM integration increases efficiency and productivity under semi-cloudy weather,
mainly by reducing irreversibility’s in components such as the absorber plate. Tiwari and
Tiwari [6] examined a passive single-slope still and confirmed that shallow water layers (0.02
m) markedly improve distillate yield, particularly in summer, with model predictions in good
agreement with experiments. More recently, Zabour et al. [7] investigated the use of metal-
oxide nanofluids (Cu20, Al-Os and TiO:) to enhance heat absorption in the basin, reporting
productivity gains of up to 33.25% compared with conventional operation and maximum
efficiencies approaching 59% when the absorber plate absorptivity is appropriately
improved. Dumka and Mishra. [8] are investigates the effect of salt concentration on heat
transfer in a conventional solar still, finding that a 1% salt concentration significantly
enhances the evaporative heat transfer coefficient compared to other concentrations. Results
show that at 1% salt concentration, the solar still achieves the best overall performance.

While many studies have addressed the effects of water depth or salinity on solar still
performance, their relative influence under a fixed water inventory and for different still sizes
are less often quantified in a single framework, particularly for Moroccan winter conditions.
In this context, the present work develops and validates a transient thermal model of a
conventional single slope still and then performs a parametric analysis for Agadir
(03/03/2023). Three geometrical configurations are compared at a constant basin water mass,
and the salinity is varied over a practical range to rank the sensitivity of productivity to
geometry versus salinity. The results provide design-oriented insights into the dominant
controlling mechanisms.

2. Description of the system

The schematic representation of the solar still is shown in Fig. 1. The device corresponds
to a conventional single-slope solar distiller, composed mainly of a basin, saline water layer,
transparent glass cover, insulation, water inlet, and distillate outlet. The basin is constructed
from an iron plate, and its internal surface is painted in black to maximize the absorption of
incident solar radiation. Thermal insulation is applied at the bottom and side walls of the
basin to minimize heat dissipation. The distiller is sealed at the top by a glass cover inclined
at about 30°, which permits solar transmission and promotes vapor condensation on its inner
surface.
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Fig.1. Schematical of the solar still single slop

3. Mathematical model

The numerical model is developed by applying transient energy balance equations to the

principal components of the solar still, mainly the basin water, absorber plate, and glass

cover. Solving these governing equations makes it possible to predict the instantaneous

thermal response of each component during the operating period, including the temporal

variation of the saline water, basin plate, and cover temperatures. To reduce the complexity

of the mathematical formulation and ensure a practical numerical resolution, several

simplifying assumptions are introduced as follows:

—  The glass cover is assumed to remain fully transparent and free from dust or impurities
during operation.

— Heat losses through the side walls are neglected, and these walls are considered
thermally insulated.

— The saline water, glass cover, and absorber plate are each represented by a uniform
average temperature, without considering spatial temperature gradients.

—  Water vapor is assumed to condense exclusively on the inner face of the glass cover,
while condensation on the lateral walls is ignored.

—  The condensate film on the glass surface is considered continuous and evenly distributed,
reflecting adequate wettability of the cover material.

To describe the transient thermal response of the conventional solar distiller, energy
conservation is applied individually to each component, leading to the following set of heat
balance equations:

e Energy balance for the glass cover [9]:

dT
MgCpg—F = Qg + Quvg + Qhimg — Qg-a — Qp-s + tgALI(D)

e Energy balance for the saline water [9]:
dT,
chpwd_:v = Qg—w - Sv—g - I\;v—g - Qslv—g — Qpw + O(ngAwI(t)
e Energy balance for basin plate [9]:
dT,
My, Cpy, E = —Qloss — Q%—w + abTngAbI(t)

e  Hourly production is calculated using the following equation [10]:



EPJ Web of Conferences 371, 05005 (2026) https://doi.org/10.1051/epjconf/202637105005
AMT’2026

hg,_¢(Tw — Ty) X 3600
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The term hg 4 refers to the latent heat of vaporization of water. Its value is determined based

on the water temperature using the empirical expression provided in [11]:

hg, = (2401.67 — (2.389 X T,,)) x 103

The convective heat exchange occurring between the basin water surface and the inner
surface of the glass cover can be expressed as follows [12]:

w-g = hiy_g X Ay, X (T, — Ty)
The corresponding convective heat transfer coefficient is evaluated using the empirical
correlation proposed in the literature [12]:

(P — Py) X (T + 273.15)
268900 — P,,

In this relation, P,, and P, are the saturated vapor pressures evaluated at the water and glass

hS,_, = 0.884 x |T,, — T, +

cover temperatures, respectively. This expression accounts for the combined influence of the
temperature difference and vapor pressure gradient inside the solar still enclosure [12].

5144
P, = e[24'314_(TW+273)]

5144
[2sta— (24|
_ To+273
Pg = e g

The evaporative heat exchange between the basin water and the inner surface of the glass
cover is described by the following relation [13]:

Q\i’—g = hﬁ/—g X Ay X (T, — Tg)

where hj,_, denotes the evaporative heat transfer coefficient, is evaluated as a function of
the convective heat transfer coefficient and the vapor pressure difference between the water
surface and the glass cover, according to the following expression [13]:

e c Pw=Pg)
hy-g = 0.016237 X hi, g X (e

In addition to evaporation, the radiative heat exchange also occurs between the basin water
surface and the glass cover. This radiative heat transfer rate can be expressed as

Qw-g = hy—g X Ay X (Tyy — Tg)

The radiative heat transfer coefficient between the water surface and the glass cover is
expressed in terms of an equivalent linearized coefficient as follows [9]:

(T, + 273.15)* — (T, + 273.15)"

(Tw - g)
where o is the Stefan—Boltzmann constant, and .5 is the effective emissivity between the
water surface and the glass cover:

(1,1 1‘1
Eeff = tw | £

The convective heat exchange between the absorber basin and the saline water is evaluated
using the following expression [13]:

Qf)—w = hf)—w X Ab X (Tb - Tw)

h‘r;v_g = Eeff X o X
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Where the corresponding convective heat transfer coefficient hy_,,, is estimated from
empirical natural convection correlations, depending on the Rayleigh number range [13]:

0.54 x (KFW) x Ra®?5 ,  if 10* < Ra < 107
B-w = Kw) .1 .

045 x (1) xR, if 107 <Ra < 10"

In these correlations, K, is the thermal conductivity of water and D denotes the characteristic
length of the basin. The Rayleigh number, Ra is used to characterize the intensity of
buoyancy-driven convection within the water layer and is calculated according to the relation
reported in [9]:

Ra = Pr X Gr pr = MwXCpw Gr = BXDIXPEX(Ty=Tw)
Kw T

In this expression, B is the thermal expansion coefficient of the fluid, while Cpy, oy , and py,
refer respectively to the specific heat capacity, density, and dynamic viscosity of water.
The radiative heat transfer from the glass cover toward the sky is determined using the
following formulation [13]:

g-s = hg_s X Ay X (Ty = T,)
The radiative heat transfer coefficient between the glass cover and the sky is given [13]:
(T, +273.15)" — (T, + 273.15)*

(Tg - Ta)
where T, denotes the ambient air temperature, while Ty refers to the effective sky

hg

s =&, XO0X

temperature. In this model, the sky temperature is estimated from the ambient temperature
using the following simplified relation: Ts = Ta — 6
The convective heat loss occurring between the glass cover and the ambient environment is
described by:

g-a = hg_a X Ag X (Tg — Ty)
Where the convective heat transfer coefficient between the external surface of the glass cover
and the ambient air, hg_, is mainly governed by the wind velocity. In this work, it is
estimated using the following empirical correlations [12]:
he = { 6.15 x V08, if V>5(m/s)

g2 (28+3xV if V<5 (m/s)
The thermal losses occurring from the basin bottom and side walls toward the ground and the
surrounding environment are evaluated as [9]:
Qioss = Up X Ap X (T, — T,)
Where U, = % , with K; and L; representing the thermal conductivity and the thickness of

the insulation, respectively [9].

4. Model validation

The numerical model was validated by comparing the results obtained in the present work
with reference data available in the literature. For this purpose, the predicted performance
was evaluated against the experimental measurements reported by Agrawal et al. [4] and the
theoretical results presented by El-Sbaii et al. [14]. Figure 2 shows the comparison between
the present predictions and the experimental data in terms of the hourly variation of
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freshwater productivity. In addition, Fig. 3 compares the simulated basin water temperature
obtained in this study with the numerical results of El-Sbaii et al. for a conventional solar
still. These comparisons were used to assess the reliability and accuracy of the developed

thermal model.
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Fig.2. Comparison of the simulation results with the experiment data of Agrawal et al. [4]
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Fig.3. Comparison of the simulation results with the numerical data of EI-Sbaii et al. [14]

The following equations have been utilized to calculate the root mean square of the

percentage deviation:
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The validation results indicate good agreement between the simulated results and the
reference theoretical and experimental data, with RMSE values lower than 10% for water
temperature and hourly productivity.

5. Numerical simulation

The numerical computation program was implemented in Matlab. To solve the system of
nonlinear ordinary differential equations and obtain the temperatures Ty, T,,,, Tj, as well as the
hourly yield of distilled water, a fourth-order Runge-Kutta method was employed. In this
model, the heat and mass transfer coefficients depend on the temperatures of the different
parts of the solar still, which are initially unknown.

The calculations begin at 5:00 a.m., assuming that all components of the still have an initial
temperature equal to the ambient air temperature. From these initial values, the internal and
external heat transfer coefficients are evaluated. Using these coefficients, together with the
meteorological inputs, the temperatures of the basin plate, saline water, and glass cover are
updated over a time step of 1 second. The same procedure is then iterated for each subsequent
time increment At throughout the simulation.

The performance of the solar still was numerically investigated under the climatic conditions
of the Agadir region, Morocco, as illustrated in Fig. 4. A representative winter day, dated 03
March 2023, was selected for the simulation. The corresponding meteorological profile was
obtained from the Photovoltaic Geographical Information System (PVGIS) database. The
main operating parameters and design conditions considered for the system are summarized
in Table 1.

https://doi.org/10.1051/epjcont/202637105005
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Fig.4. Weather conditions in Agadir for a typical day (03/03/2023)
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Table 1. Parameters of solar still

Parameter Value Parameter Value Parameter Value
&g 0.88 K,(W.m LK™ 204 Ew 0.96
ag 0.5 ay 0.9 a,, 0.05
T, 0.90 Cpp(J. kg L. K™Y 896 Ty 0.95
Cpg(].kg_l.K‘l) 800 K (W.m LK™ 0.059 Xins (M) 0.05

6. Results and discussion

The set of governing equations derived in the theoretical analysis has been used to simulate
the thermal response and water production of the solar still under typical winter conditions
in Agadir. This section reports and comments on the main numerical outcomes, with
particular attention to the roles of still geometry and feed-water salinity for a constant water
mass of 10 kg. We begin by examining how the basin water temperature evolves over time
for the three configurations. Next, the corresponding hourly and daily cumulative distillate
yields are evaluated in order to quantify the influence of water depth on overall productivity.
Finally, the effect of salinity on the relevant thermophysical properties and on the global
performance of the system is analyzed and compared with trends reported in earlier
experimental and numerical investigations.

6.1 Effect of the dimension of solar still

This study investigates the performance of a solar still operating with the same water mass
(My, = 10 kg) comparing three different geometrical configurations, their parameters are
summarized in Table 2.

Table 2. Geometrical and physical characteristics of the three solar still sizes

Parameter Small Medium Large
Ag(m?) 0.87 1.15 1.73
Mg (kg) 6.545 8.728 13.082
Ap(m?) 0.75 1 1.50
My(kg) 4.05 54 14.97
Ay (m?) 0.75 1 1.50

Fig.5 depicts the hourly evolution of water temperature comparing the three dimensions of
solar still (small, medium and large). As solar radiation increases, the water heats up rapidly
between about 10:00 and 16:00, the maximum temperature was achieved about 13h for the
large sizes achieving about 67°C. after that the water temperature decrease steadily and
approaches the ambient level again by late evening. During daytime, the large solar still
records the highest basin water temperature. In contrast, during the late afternoon and evening
the small unit attains the greatest water temperature. This behaviour is related to the larger
water depth in the small still, which increases the thermal capacity (thermal inertia) of the
saline water. Consequently, it requires more energy to heat up during the day, but once heated
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it stores more thermal energy and cools more slowly, maintaining higher temperatures into

the evening and thus sustaining water evaporation over a longer period.
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Fig.5. Effect of still size on hourly basin water temperature

Figure 6(a) and 6(b) show the effect of solar still size on the hourly and cumulative distillate
production during the day. In Fig. 6(a), the hourly productivity follows a typical daily trend:
it remains very low during the early morning, increases progressively with the rise of solar
radiation, reaches its maximum around 13:00-14:00, and then decreases during the late
afternoon and evening. Among the three configurations, the large solar still gives the highest
hourly production over most of the operating period, followed by the medium and then the
small still.

The peak production of the large still is about 1.3 kg/h, whereas the medium and small units
reach approximately 0.85 - 0.90 kg/h and 0.60 - 0.65 kg/h, respectively. This means that, at
peak time, the large configuration produces nearly 50% more distillate than the medium one
and more than twice the production of the small still. After about 16:00—17:00, the hourly
yield decreases sharply for all cases due to the reduction in solar intensity and the gradual
cooling of both the basin water and the glass cover.

Figure 6(b) confirms this behavior through the accumulated distillate yield. The cumulative
production starts to increase noticeably from around 9:00, then rises rapidly during the period
of high solar radiation. After 18:00, the curves tend toward a plateau, indicating that the
evaporation process becomes weak as the available thermal energy decreases. At the end of
the day, the large solar still reaches the highest cumulative yield, around 8.5 kg/m?, compared
with nearly 5.4 kg/m? for the medium still and about 4.0 kg/m? for the small one.

This improvement is mainly related to the geometrical effect of the system. For the same
water mass, increasing the basin size spreads the water over a larger surface, which reduces
the water depth. A thinner water layer has lower thermal inertia and therefore heats up faster
under solar radiation. This leads to higher basin water temperature, stronger evaporation, and
consequently greater hourly and daily freshwater production. In contrast, the smaller still
contains a deeper water layer, which requires more energy to reach high temperatures,
resulting in slower heating and lower distillate yield.
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Fig.6. Effect of solar still size on hourly and cumulative distillate yield
6.2 Effect of the salinity of water

fig.7 presents the variation of the specific heat capacity of saline water during the day for
three salinity levels: S=10, 20, and 38 g/kg. In general, the curves show only a slight daily
variation, with a small increase around midday, when the basin water temperature becomes
higher due to stronger solar radiation.

The main observation is that the specific heat capacity decreases as salinity increases. The
lowest salinity case, S=10 g/kg, gives the highest values, around 4130 J/kg.k, while
S=20 g/kg shows intermediate values close to 4080 J/kg.K. The highest salinity, S=38 g/kg,
gives the lowest values, approximately 3980 - 4005 J/kg k.

This behavior indicates that more saline water requires less heat energy to increase its
temperature. As a result, under the same solar input, highly saline water can heat up slightly
faster, which may enhance evaporation. However, since the variation in Cp remains limited,
its effect on distillate production is moderate and should be analyzed together with water
temperature, vapor pressure, and evaporation rate.

10
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Fig.7. Effect of salinity on the hourly evolution of water specific capacity

Fig.8 shows the influence of salt concentration on the daily cumulative distillate yield for the
three still sizes at a fixed water mass of 10 kg. For each configuration, productivity increases
almost linearly as salinity rises from 10 to 60 g/kg, but the effect remains modest: the small
still output grows from 4.25 to 4.35 kg. m2.day "' (2 - 2.5%), the medium from 5.75 to 5.95
kg. m™. day ' (3.5%), and the large from 8.7 t0 9.05 kg. m2.day ' (4%). These results indicate
that, within the investigated range, the overall performance of the still is only weakly

sensitive to salinity.
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Fig.8. Effect of salinity on daily cumulative distillate yield for different solar still sizes

At any given salt concentration, the large still systematically exhibits the highest daily
production, followed by the medium and the small units. At 60 g/kg, for example, the large
configuration yields about 9.05 kg. m™2. day™!, which is roughly 52% higher than the medium

11
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still (5.95 kg. m.day ") and about 108% higher than the small one (4.35 kg. m™. day™'); the
medium still itself outperforms the small by nearly 37%. The slight increase in yield with
salinity can be attributed to the reduction in specific heat capacity of saline water, which
allows the basin water to reach slightly higher temperatures for the same solar input.
Nevertheless, the large separation between the three curves compared with the small intra-
curve variations confirms that geometric factors (basin area and water depth) play a much
more dominant role than salinity in determining daily distillate production.

The salinity effect appears secondary compared with geometry, because its influence is
mainly mediated through modest changes in thermophysical properties. As salinity increases,
the basin water specific heat decreases about 4120 J kg™! K! at 10 g/kg, 4080 J kg™! K™! at
20 g/kg, and roughly 3990 - 4010 J kg™' K™ at 35 g/kg, meaning slightly less energy is
required to raise the water temperature under the same solar input. This leads to a small but
systematic rise in daily productivity when salinity is increased from 10 to 60 g/kg: the small
still grows from 4.25 to 4.35 kg m™ day ' about 2-2.5%, the medium from 5.75 to 5.95 kg
m2 day ! around 3.5%, and the large from 8.7 to 9.05 kg m™2 day! approximately 4%. Even
at 60 g/kg, the differences between sizes remain far larger than the salinity induced change:
the large still reaches about 9.05 kg m day™', which is 52% higher than the medium 5.95 kg
m2 day™' and about 108% higher than the small 4.35 kg m™2 day'. Hence, within the
investigated range, salinity only weakly affects overall performance, while basin area and the
associated water depth remain the primary design parameters.

7. Conclusion

This study developed a transient thermal model for a conventional single slope solar still.
Under the investigated winter day in Agadir and for a fixed water mass of 10 kg, the still size
(basin area and the resulting water depth) emerges as the main driver of productivity:
enlarging the basin spreads the same mass over a wider surface, accelerates water heating,
and increases the evaporation potential during the peak irradiance period. By contrast,
increasing salinity from 10 to 60 g/kg leads to only modest changes in daily yield (about 2—
4% depending on the still size), indicating that the overall performance is weakly sensitive
to salinity within the examined range. Therefore, for design purposes, geometric optimization
(basin area and water depth, together with insulation quality) should be prioritized over
salinity effects. Future work will combine controlled experiments and improved interfacial
modeling to further examine salinity related mechanisms and extend the analysis to other
seasons.

Funding This research was supported by the National Centre for Scientific and Technical
Research (CNRST) within the framework of the PhD-Associate Scholarship - PASS
program, under grant number 28 UIZ2023.

Nomenclature

A Area [m?] Ra  Rayleigh number

D Characteristic length [m] Pr Prandtl number

€ Emissivity Gy Grashof number

M Mass [kg] K Thermal conductivity [W/m. K]

12
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Cp Specific heat [J.kg™1. K™1] Xins  Insolation thickness [m]
p Density [kg.m™3] W, Viscosity of water
a Absorptance Tm Melting temperature [°C]
T Transmittance I(t)  Solar radiation [W.m 2]
B Thermal expansion coefficient of the fluid
o Stefan—Boltzmann constant [W. m™2, K™*]
Eoff Effective emittance between glass cover and water
P, P,  Partial pressures at the water surface and the inner glass surface
h® Evaporative heat transfer coefficient [W/m?. K]
h¢ Coefficient of convection [W/m?. K]
h' Radiative heat transfer coefficient [W/m?. K]
Subscripts
a Ambient w  Water
Sky g Glass cover
Basin absorber ins Insulation
ev Evaporative fw  Feed water
Appendix

Specific heat (J. kmol '.K™") [15]:
Cpyw = (A + B X (Ty, + 273.15) + C X (T,, + 273.15)2 + D x (T,, + 273.15)%) x 103
A =1.2288x102x8%2 - 6.6197xS + 4206.8
=-1.1262 + 5.4178x102xS — 2,2719x10*xS?
C=1.2026x102—5.3566x10*xS + 1.8906x107xS?
D =6.8777x107 + 1.517x10°xS — 4.4268x10xS?
Thermal conductivity (W. m™'.K™") [15]:
Ky = (10C1+€2)) x 1073
C; = log((240 + 2 x 10%)

1
3

343.5 +0.037 X S T, + 273.15
€, = 0434 x (2'3 T T, +273.15 ) ( T 647 +0.03 s)
Density (kmol.m™) [15]:
pw=a;+V;+V,

Vy = (az X Ty) + (az X T, ?) + (ay X T, %) + (as x T, *)

V, = (by XS) + (by X SXT,) + (b3 X SX Ty,?) + (by X SX T, %) + (bs X S x T, *)
a; = 9.999 x 102

a, = 2.034 x 1072

a; = —6.162 x 1073

a, =2.261x 1075

ag = —4.657 x 1078

b, = 8.020 x 102
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b, = —2.001

by = 1.677 X 1073

b, = —3.060 x 1075

bs = —1.613 x 1075

Dynamic viscosity (kg. m ™. s™!) [15]:

Hy = UX[1+IXS+]XS?]

W= 4.2844 x 1075 + [0.157 X (T,, + 64.993)% — 91.296]"!
I=1.541+ (1.998 x 1072 x T,,) — (9.52 x 1075 X T, %)

] =7974 - (7561 x 1072 X T,,) + (4.721 x 10~* x T,,*)
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