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Use of Ceramic Material and Granite to Increase the Thermal Efficiency of the Solar Stills
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The increase in population has intensified the demand for water resources, leading to scarcity due
to constraints in their availability, extraction, and sustainable utilization across various regions of the
world. This study aimed to evaluate the performance of asymmetric pyramid-shaped solar stills units
enhanced with photothermal materials to improve distilled water yield. Three identical solar still
systems were constructed, with sensible heat storage materials incorporated into the trays of two of
the units. In the first solar still unit (SS1), ceramic tiles were used as the heat storage medium; in the
second (SS2), granite was employed; and in the third (SS3), no additional material was introduced.
The corresponding distilled water outputs were 2424.80 mL.m™ for SS1, 2992.00 mL.m? for SS2,
and 2121.00 mL.m? for SS3. The incorporation of granite and ceramic tiles in the solar still units led
to efficiency increases of 23% and 7%, respectively, compared to the reference system. Following the
solar still process, significant reductions were observed in physicochemical parameters, particularly
sodium, which decreased by 97%, 96%, and 96% in SS1, SS2, and SS3, respectively. All remaining
parameters were also reduced and remained within acceptable potable water standards.
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1. Introduction

Drought is one of the most devastating natural disasters
in the world and can occur in all climate zones'. However,
as noted by Hammoodi et al.2, this issue can be mitigated
through the use of high-capacity water distillation systems.
Nevertheless, the operation of such equipment typically relies
heavily on fossil fuels, resulting in significant environmental
impacts. Consequently, distillation technologies powered
by renewable energy sources, particularly solar energy, are
strongly recommended due to their economic viability and
reduced environmental footprint.

In the context of increasing water scarcity, solar still has
emerged as a highly effective and indispensable technology
for addressing this challenge®. Solar distillation is a physical
separation process aimed at removing excess dissolved salts
from water, producing low-salinity water suitable for a variety
of uses®. A solar still unit is a system designed to convert
saline or brackish water into potable water by harnessing
solar energy as the primary power source®.

Solar still systems are considered reliable due to their
simplicity, low cost, ease of maintenance, and minimal
environmental impact. However, their relatively low efficiency
and limited productivity remain significant challenges that
need to be addressed®. The pyramid-type solar still unit
features an increased evaporation surface relative to the basin
area, enhancing its thermal performance. Ongoing research
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efforts focus on the integration of additional components
to improve system efficiency and, consequently, increase
freshwater yield’.

The use of photothermal materials for thermal energy
storage has been widely recognized as an environmentally
sustainable approach for producing clean water from saline
sources. In recent years, significant research efforts have
focused on enhancing solar-to-thermal energy conversion
efficiency to improve the overall performance of solar still
systems®. Another emerging technology is photothermal
membrane distillation (PMD), which generates water vapor
from thin-film surfaces. In this process, solar radiation
is absorbed and converted into localized heat, thereby
minimizing thermal losses and enhancing the efficiency
of solar-to-thermal energy conversion’. The integration of
photothermal materials in solar still systems has garnered
significant interest due to their positive impact on thermal
management and key operational parameters, ultimately
enhancing overall system efficiency. This improvement stems
from their superior sunlight absorption capabilities and high
efficiency in converting solar radiation into thermal energy'’.

Photothermal materials can be classified based on their
thermal energy storage mechanisms into three categories:
sensible heat, latent heat, and thermochemical heat storage'!.
Although sensible heat storage materials exhibit lower
energy density compared to the other types, they are the
most extensively developed and widely used due to their
simplicity and cost-effectiveness'?. The incorporation of
thermal energy storage materials in solar distillers enhances
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system efficiency and, consequently, water productivity by
minimizing heat losses within the distillation unit'3.

Owing to their thermal stability, favorable heat transfer
properties, and low cost, Sensible Heat Storage (SHS)
materials are widely utilized in both high- and low-temperature
applications. These materials may originate from natural
sources or be synthetically manufactured'. SHS materials are
primarily classified into solid-state and liquid-state categories,
which are further subdivided into natural and manufactured
thermal energy storage materials''. Figure 1 illustrates the
classification scheme for sensible heat storage materials.

Several studies have explored the integration of
photothermal materials in solar still systems; however,
experimental investigations specifically employing granite
and ceramic tiles as thermal storage media remain scarce.
Mevada et al.”® conducted a comparative study on a basin-
type solar still system incorporating various photothermal
materials. Their findings indicated that the use of such
materials led to increased temperatures in both the glass
cover and the basin, resulting in a 76% improvement in
daily water yield compared to a conventional solar still unit.
Similarly, Selvaraj and Natarajan'® investigated the use of
black glass spheres as a thermal energy storage material in
a double-slope basin-type solar still system.

Attia et al."” employed black gravel of varying particle
sizes to enhance the heat transfer rate in a solar still system,
aiming to improve its overall efficiency. The study tested
four gravel sizes (4, 8, 11, and 16 mm) and compared the
performance of the modified system against a control unit
operating under identical climatic conditions but without
the addition of gravel. The results showed that the highest
cumulative water productivity was achieved with the solar
still unit containing 16 mm gravel. Li et al.'"® employed
polydimethylsiloxane/carbon nanotube (PDMS/CNT)
composites in modified solar still systems to enhance
operational efficiency.

Materials Research

Zhang et al."” developed a vinylidene fluoride-based
photothermal membrane coated with ferric tannate and
encapsulated with titanium dioxide. The material demonstrated
high efficiency and reusability under simulated solar irradiation,
exhibiting effective photothermal conversion, excellent fluid
transport, and stability in aqueous environments, highlighting
its potential for water distillation applications. Rajan et al.?
investigated methods to enhance the performance of pyramid-
type solar still units through the incorporation of sensible heat
storage materials (such as metal parts, stones, and shells),
latent heat storage billets (including water and wax), and
evaporative surface materials (wick and sponge). The study
reported that the use of sensible and solid thermal storage
materials increased productivity by 84% compared to a
conventional distiller. Latent heat storage materials in billet
form improved productivity by 69%, while evaporative surface
modifications expanded the exposure area and led to a 61%
increase in water yield relative to the unmodified system.

Considering the foregoing, the present study aims to
evaluate the efficiency of employing photothermal materials
for sensible heat storage in asymmetric pyramid-type solar
stills systems, with the objective of increasing distilled water
production. While previous studies have investigated the use
of materials for sensible heat storage, the innovation of this
research lies in the application of granite and ceramic tiles
within an asymmetric pyramid configuration. These materials
were selected for their favorable thermophysical properties,
low cost, wide availability, and ease of acquisition. The use
of such photothermal materials is therefore justified as a
strategy to enhance the thermal performance and productivity
of solar stills systems. Furthermore, the implementation of
this technology may offer substantial benefits to remote or
underserved communities exposed to high levels of solar
radiation and facing challenges in water availability, as
sustainable water supply solutions play a crucial role in
improving quality of life and promoting social well-being.
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Figure 1. Classification of sensible heat storage materials. Prepared by the author, 2024.
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2. Materials and Methods

The project was carried out at the Center for Science and
Technology of the State University of Paraiba, Brazil, located
at a latitude of 7°13°11” S and a longitude of 35°52°31” W,
with an average elevation of approximately 550 meters above
sea level. An asymmetric pyramid-shaped solar still model
was selected, as illustrated in Figure 2a the conventional
pyramid configuration and (b) the pyramid configuration
incorporating sensible heat storage materials and Figure 3
presents the schematic diagram of the solar still.

Glazs cover
Solar radiation . / -
9, X,
< 4
. \ Distilled water
p \ collection trough
A et e ettt d N
‘}'a!er:.':”‘ ke ils
s Desalinated
l Isolation FAS water
(a)

2.1. Photothermal materials

Based on a literature review of photothermal materials,
sensible heat storage (SHS) was selected for investigation. This
selection was primarily motivated by the material’s accessibility,
low cost, and operational simplicity. Taking into account criteria
such as thermophysical properties, availability, and cost, the
following materials were selected for analysis: gravel, granite,
ceramic tiles, iron, and glass spheres (as detailed in Table 1).

Red ceramic tiles are manufactured from common clay,
with their properties being influenced by both the raw material
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Figure 2. Schematic drawing of the solar still: (a) conventional pyramid type and (b) pyramid type using sensible heat storage materials.

Prepared by the author, 2024.
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Figure 3. Schematic drawing of the solar still. Prepared by the author, 2024.

Table 1. Thermophysical properties of photothermal materials under investigation. Adapted from

10,19.20

Material Density Specific heat Thermal conductivity Thermal Volumetric heat
(kg.m™) (kI kg'.K") (W.m' K" diffusivity (m?.s™) capacity (kJ.m3K")
Gravel® 2400 1.0 1.8 0.75 x10° 2400
Granite'’ 2640 0.82 1.7-4.0 1.84 x10° 2164
Tile! 1400 0.80 09-12 0.52x 10 1120
Iron® 7200 0.56 37.0 22.8x 10° 3571
Glass® 2710 0.80 0.7-0.9 0.3x10° 2168
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composition and the production process. These tiles typically
exhibit a high-water affinity, resulting in greater absorption rates
compared to natural stones?'. Glass is a transparent surface that
generally allows a high heat flow due to its ability to directly
transmit incident solar radiation to the interior, increasing the
internal temperature and promoting the greenhouse effect.
Because it is transparent, glass absorbs short-wave radiation
and consequently has a high transmittance index?.

Gravel, granite, ceramic tiles, iron, and glass spheres were
placed in separate trays, each containing identical volumes
of water and material, as illustrated in Figure 4. These trays
were exposed to solar radiation from 9:00 a.m. to 2:00 p.m.,
corresponding to the period of highest solar irradiance. The
experiment was subsequently repeated using the same basins
and materials coated with black paint, aiming to enhance
heat absorption by increasing surface absorptivity.

To monitor the temperatures of the materials, the Integrated
Multianalysis System? was employed, enabling temperature
recordings at 30-minute intervals throughout the specified
time range. A thermal analysis of the photothermal materials
was conducted to support the selection of the two materials
exhibiting the highest thermal efficiency.

2.2. Productivity and efficiency of solar still

The efficiency of solar still systems can be assessed on
both hourly and daily bases. Hourly efficiency is defined as
the ratio between the average latent heat associated with
the volume of water produced per hour and the amount
of solar energy absorbed during that same period. As a
result, variations in solar irradiation throughout the day
lead to corresponding fluctuations in hourly solar energy
efficiency 2. Both hourly and daily efficiencies were
calculated using Equations 1 and 2, respectively®:
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where M,, is the hourly water production (kg), 4, is the
area of the basin (m?), » is the duration of the experiment in
hours, j is the solar irradiation (W.m?) and 4,, is the latent
heat of vaporization of water (J.kg"'), which is calculated as
a function of water temperature, as shown in Equation 3:

2501,9-2,40706T,, +1,192217-1073-| 5
= 10 3)

T2 -1,5863-107-T

The volume of water produced by solar still systems varies
according to the design configuration, solar radiation levels,
and prevailing weather conditions®. The hourly productivity
of distilled water is determined using Equation 4°7.

m
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where m is the water production (L.m>.dia"), 4, is the
latent heat of water vapor (J.kg™).

The mass of distilled water is calculated using the equation
proposed by Dunkle?, using the measured values of water
temperature, glass cover temperature, and tray temperature,
the physical parameters were fixed and not sourced from
external references. During the experimental period, the
solar still units were operated simultaneously under identical
environmental conditions. This setup enabled the collection
of data related to estimated daily distillate production, water
temperature, and glass temperature, thereby allowing a
comprehensive evaluation of the effectiveness and efficiency
of the proposed system modifications.

2.3 Experimental model setup

Three identical solar stills units were constructed,
each designed to meet the operational requirements of
the proposed technology. The design prioritized ease of
operation, minimized thermal losses, corrosion resistance,
and enhanced durability. The units were designated as SS1,
SS2, and SS3, as illustrated in Figure 5.
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Figure 4. Temperature check of materials used. Prepared by the author, 2024.
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Figura 5. Experimental solar still system. Prepared by the author, 2024.

Each solar still unit consists of three main components:
a thermal insulation system, a glass cover for condensate
collection, and an aluminum tray. The solar still measure
0.50 m in length, 0.40 m in width, with a total effective
area of 0.20 m?. The aluminum trays are rectangular,
measuring 0.44 m in length, 0.30 m in width, and 3 mm in
thickness, and were painted black to enhance solar radiation
absorption. The photothermal materials were placed on the
tray surfaces, as illustrated in Figure 4. Subsequently, 4 mm-
thick glass covers were installed at a 48° inclination to the
horizontal plane. These covers were hermetically sealed
to prevent vapor leakage and to intensify the greenhouse
effect within the system.

The solar still units were operated from 07:00 to 17:00,
positioned in an open, unobstructed area to ensure maximum
solar exposure. Multiple experimental trials were conducted,
maintaining a constant water depth of 1 cm in each unit.
All solar stills systems were operated simultaneously under
identical environmental conditions to ensure the reliability
and comparability of the results.

Solar radiation was measured in the range between
1.0 to 1,300.0 W.m? with an accuracy of = 1.0 W.m™.
Temperatures at different points of the system were
measured using K-type thermocouples, with a measurement
range of -50 to 300 °C and an accuracy of + 1.0 °C. All
readings were stored in a data acquisition system. The
datalogger used for monitoring the solar stills units was
developed by*. The system was also employed to measure
meteorological parameters, including solar radiation and
ambient temperature, through a photovoltaic panel-based
setup. Additionally, it recorded the water and glass cover
temperatures of the solar stills, as illustrated in Figure 6.
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Figura 6. Integrated Multianalysis System for measuring operational
parameters. Prepared by the author, 2024.

The volume of distilled water produced was measured
using a graduated cylinder (0 a 1000 mL) with an accuracy
of £ 10.0 mL. Standard accuracies and uncertainties of
measuring instruments are shown in Table 2, were calculated
for thermocouples, radiometer, and graduated cylinder.
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In the experiments, the uncertainties were classified as
Type B, as they are associated with systematic errors and were
determined based on external sources, such as calibration certificates
and manufacturer specifications. Accordingly, the uncertainty
analysis for each measuring instrument was performed using
Equation 5%, where u represents the estimated uncertainty and
a denotes the standard accuracy of the instrument.

a

-5 )

u

Water is considered unsuitable for use when its quality
parameters exceed the limits established for a specific purpose®.
To evaluate the potability of the water before and after the
experiments, physicochemical analyses were conducted on
both brackish and desalinated water samples, following the
procedures outlined in the Standard Methods for the Examination
of Water and Wastewater®'. As shown in Table 3, the selected
parameters are key indicators of water salinity.

3. Results and Discution

To determine the most suitable photothermal material
for integration into the solar still systems, preliminary tests
were conducted using gravel, granite, ceramic tiles, iron, and
glass spheres. These materials were placed in multiple trays
containing identical volumes of both water and material, as
illustrated in Figure 4.

Figure 7 presents a comparative analysis of the hourly
temperature variations for different photothermal materials,
gravel, glass spheres, iron, granite, and ceramic tiles, along
with solar radiation. The test commenced at 9:00 a.m., with
maximum temperatures recorded at 12:00 p.m. as follows:
water (29.00 °C), gravel (37.12 °C), glass spheres (36.81 °C),
iron (37.10 °C), granite (38.50 °C), and tiles (38.91 °C). The
results demonstrate a clear temperature increase across all

Table 2. Accuracy and standard uncertainty for measuring instruments.

Standard
Instrument Range Accuracy uncertainty
Radiometer 1to 1300 W.m? £ 10 W.m? 2.5%
Digital 50t0300°C  £0.1°C  0.05°C
thermocouple
Graduated 1000 mL  £10mL  0.05mL
cylinder

Table 3. Physical-chemical parameters used.

Physico-chemical properties Unity
pH -
Electric conductivity uS-em™!
Total hardness as CaCO, mg-L!
Total alkalinity as CaCO, mg-L!
Sodium as Na* mg L
Chlorides as Cl mg-L!
Turbidity NTU
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photothermal materials, with respective increases of 8.1 °C (gravel),
7.8 °C (glass spheres), 8.1 °C (iron), 9.5 °C (granite), and
9.9 °C (tiles), when compared to the temperature of water
alone. These peak temperatures coincided with the highest
recorded solar irradiance of 1009 W-m™.

As illustrated in Figure 7, all tested materials contributed
to an increase in water temperature within the trays. Among
them, granite and ceramic tile exhibited the highest volumetric
heat capacity values. According to Patel and Kumar® thermal
conductivity refers to a material’s ability to conduct heat,
while volumetric heat capacity indicates its capacity to store
thermal energy. Gravel and granite are distinct types of rock
materials that offer several advantages, including low cost,
wide availability, non-toxicity, and non-flammability'?. These
characteristics make them excellent candidates for use as
heat storage media in solar stills systems.

Priya and Mahadi® investigated the effect of applying
black paint in solar stills systems and observed a 35% increase
in water production, confirming that the use of black paint
enhances heat transfer. Based on the temperature profile
results of the photothermal materials inside the solar still
unit, granite and ceramic tile were selected for the present
study, as both exhibited consistently higher temperatures
throughout the experimental period.

3.1. Analysis of the initial performance of solar
stills

An initial performance analysis of the solar still system
was conducted to evaluate its operational efficiency under
the proposed conditions. Key parameters, including water
temperature, photothermal material temperature, incident
solar radiation, and distillate yield, were continuously
monitored. These indicators enabled the characterization
of the thermal behavior of the selected materials and
the assessment of the effectiveness of the implemented
modifications. The results provided a basis for system
validation and informed adjustments aimed at maximizing
process efficiency.

The performance of solar still systems is strongly
influenced by the internal temperature distribution. In
particular, the temperature gradient between the water
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Figure 7. Temperature profile of photothermal materials. Prepared
by the author, 2024.
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surface and the glass cover plays a critical role in enhancing
evaporation and condensation processes, thereby improving
system efficiency. Figure 8 presents the results of a new
experimental run, illustrating the dynamic variation of
water temperature, glass cover temperature, ambient
temperature, and solar radiation for solar still units SS1,
SS2, and SS3, operated simultaneously. SS1 incorporated
ceramic tiles, SS2 employed granite as the photothermal
material, while SS3 served as the control unit without any
heat storage material.

All monitored temperatures reached their peak values
at 12:30 p.m., approximately two and a half hours after
the maximum recorded solar radiation of 1039.0 W-m™.
At this time, the water temperature reached 62 °C in SS1,
63 °C in SS2, and 57 °C in SS3. It was observed that the
temperature profiles closely followed the fluctuations in
solar radiation. Variations in irradiance were primarily
attributed to climatic conditions, particularly cloud
cover. Notably, between 12:30 and 13:00, a period
during which peak solar radiation is typically expected,
the experiment recorded unusually low irradiance values
due to transient cloud shading. Similar trends were
reported by Cardoso et al.?®. Between 15:30 and 17:00,
the water temperatures in solar stills units SS1 and SS2
were 41 °C and 39 °C, respectively, at 15:30, indicating
enhanced thermal retention within the trays. This resulted
in a slower temperature decline compared to SS3, which
registered 37 °C at the same time. These results confirm
that the incorporation of photothermal materials in solar
stills units enhanced both the temperature elevation and
thermal retention capacity of the system.

3.2. Temperature and water productivity profile
of solar stills

Several factors can influence the productivity of solar
stills systems. Design parameters such as the inclination
angle of the condensing glass cover, the water depth, the
tray surface area, and the effectiveness of thermal insulation
can be optimized to enhance system performance. However,
meteorological variables such as solar radiation intensity,
wind speed, and ambient temperature are uncontrollable
and represent external factors that significantly affect
desalination efficiency.

Figure 9 presents the temperature profiles of the
solar stills alongside the cumulative water productivity.
It is evident that the distillate production follows the
temperature variations of the water and glass cover, as
observed at 12:30 p.m., when the glass temperature in
SS1 reached 48 °C and the hourly distillate yield peaked
at 333.3 mL.m™. This contributed to a cumulative daily
production of 2,424 mL.m>.day™!. In SS2, it is observed
that distillate production closely follows the variation in
glass temperature. At 12:30 p.m., the glass temperature
reached 45 °C, and the subsequent measurement recorded
the highest water yield, with a production 0f 340.9 mL.m".
SS2 achieved a daily desalinated water production of
2,992 mL.m>.day"!. These results are consistent with the
findings of Attia et al.'”, who investigated the effect of
gravel in solar stills systems and reported a maximum
daily yield of 4,900 mL.m>.day".

The highest hourly production of desalinated water
from SS3 was 250.0 mL.m™, which occurred after a
considerable increase in solar radiation intensity, when the
glass temperature reached 45 °C. The accumulated water
production at the end of the experiment was 2,121 mL.m.
day'. The solar stills using photothermal materials not only
reached their peak desalinated water production faster than
SS3 but also achieved a higher total water yield.

Conserva et al.** studied the experimental performance
of two asymmetric pyramid-type solar stills: a hybrid solar
still (SSH) and a passive solar still (SSP). The passive solar
still (SSP) achieved a daily water productivity of 4,794 L.m™.
day'. Khechekhouche et al. reported a maximum hourly
water production of 640 mL.m? using a zinc plate in a
single-slope type solar still.

3.3. Production of desalinated water according
to solar radiation

Figure 10 shows the water production as a function
of solar radiation in solar stills SS1, SS2, and SS3. It can
be observed that SS2 achieved higher water production
compared to the other two systems, SS1 and SS3. Specific
mass and specific heat are key properties commonly used
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Figure 8. Temperature profiles and incidence of solar radiation
SS1, SS2 and SS3. Prepared by the author, 2024.
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in thermodynamic analysis. The product of these two
properties is referred to as the volumetric heat capacity, which
represents a material’s ability to store thermal energy>. The
enhanced productivity observed in SS2 can be attributed
to the incorporation of photothermal material in the solar
still basin, specifically granite, which possesses a higher
thermal storage capacity compared to tile, as indicated
in Table 1. Furthermore, the application of black paint
improved the thermophysical performance of the materials,
with granite exhibiting more favorable properties than tile.
Ravichandran et al.*’ studied the application of granite as
a sensible heat storage material in solar still systems and
concluded that its use resulted in a 29% increase in the
overall productivity of the solar still.

Throughout the experiment, variations in solar
radiation intensity resulted in changes in water and glass
temperatures, which directly impacted the productivity
of the solar stills. The selection of a 1 cm water layer in
the basin enhanced the system’s performance, as thinner
water layers facilitate faster heating, promoting quicker
evaporation and subsequent condensation of the distillate
due to the reduced thermal mass. Panchal and Sathyamurthy?
state that the convective heat transfer coefficient between
the inner glass cover and the water depends significantly
on the depth of the water in the basin.

3.4. Thermal efficiency of solar still

Thermal efficiency is an important parameter for evaluating
the performance of a solar still. It is influenced by factors
such as solar irradiance, ambient temperature, wind speed,
and relative humidity3®. Figure 11 presents the variation in
the hourly efficiency of SS1, SS2, and SS3 as a function of
operating time and solar radiation. Higher efficiency values
were observed during periods of decreasing solar irradiance,
which can be attributed to the thermal energy accumulated in
the water, due to its high specific heat capacity. This property
enables water to act as an effective absorber and reservoir
of thermal energy. Furthermore, the construction of the
solar stills prioritized effective thermal insulation, reducing
heat losses and contributing to the maintenance of elevated
internal temperatures even under lower solar irradiance.

It can be observed that the hourly efficiencies obtained
generally follow the solar radiation trend, indicating that
the efficiency of the solar stills is directly proportional to
solar irradiance. However, from 2:30 p.m. onwards, an
unexpected increase in efficiency was recorded for systems
SS1, SS2, and SS3, despite the decline in solar radiation.
This phenomenon can be attributed to the high thermal
capacity of the water and the heat retention of the materials
used, which sustained the distillation process even under
reduced solar input. Tabrizi et al.*® also concluded that the
thermal capacity of water enables the solar still process to
persist, resulting in increased efficiency even during periods
of declining solar radiation.

It is also observed that SS2 exhibited the highest daily
efficiency, reaching a maximum hourly efficiency of 174%,
followed by SS1 with 166% and SS3 with 159%. These results
indicate that the use of thermal energy storage materials, such
as granite and tile, contributed significantly to improving
the performance of the solar stills.

Materials Research

Sensible Heat Storage (SHS) systems offer the advantage
of operating at higher temperatures, making them more
favorable than Liquid Heat Storage Systems (liquid SHS).
It is important to highlight that, in SHS, the storage medium,
whether liquid or solid, does not undergo a phase change®.
Table 4 presents selected studies involving the application
of SHS systems.

Gravel and granite are rock materials that exhibit excellent
thermal performance, making them suitable for thermal energy
storage applications. Solid-state SHS materials, including
rocks, metals, concrete, sand, bricks, and pebbles, are widely
used in various energy storage applications due to their ability
to withstand very high temperatures. These materials have
no leakage problems, exhibit high thermal consistency, low
investment cost, are easy to implement, and are suitable for
various practical applications. In addition, they do not face
challenges such as high vapor pressure of water, freezing
or boiling, and do not present the disadvantages typically
associated with other liquids*.

3.5. Monitoring the quality of desalinated water

Physicochemical analyses of multiple potability parameters
were conducted to evaluate the performance of the solar still
system. Based on the results, the solar still process proved
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Figure 10. Water productivity solar stills SS1, SS2 and SS3. Prepared
by the author, 2024.
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Prepared by the author, 2024.
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Table 4. Application of sensible heat storage (SHS) materials in

solar stills.

Authors Materials SHS

Results

An increase of

Thermal oil 11.24% in solar still
32
Patel and Kumar (HP-500) productivity was
achieved.
Their results
Samuel et al.*! Sponge demonstrated a

22.73% increase in
water production.

Kabeel et al.* Fabric and sand

This resulted in an
18% increase in water
productivity.

Gravel, sand and

. 43
Benatiallah et al. polyethylene

Gravel yielded
the highest water
production
(5.00 L.m>.day™),
followed by black
polyethylene

(4.48 L.m™.day™") and
sand (3.84 L.m?.day™")

Kabeel et al.* Graphite

The efficiency of the
single-basin solar still
was improved within a

range of
25% to 27%

Pebbles, stones,
bricks, granite
and marble

Balaji et al.*

Solar stills
incorporating heat
storage materials
demonstrate higher
efficiency.

Panchal et al.* Sandstone and

The use of sandstone
and marble as heat
storage materials
resulted in an increase

marble in solar still efficiency
by 30% and 14%,
respectively.
Polyvinyl Alcohol  The use of sponge,

(PVA) sponges,
pebbles, spherical
clay balls and
copper oxide
nanocoated
absorber plate

Arunkumar et al.*’

pebbles, spherical clay
balls, and absorber
plate led to efficiency
increases of 32%,
44%, 39%, and 53%,
respectively.

Table 5. Result of physical-chemical parameters.

effective for treating brackish water, as values for electrical
conductivity, chlorides, hardness, turbidity, and sodium
remained within the potability limits established®. Table 5
presents the average physicochemical parameters of both
raw and desalinated water.

The pH of the raw water sample was measured at 8.1.
Following the solar still process, a reduction in pH was
observed, with values of 5.9 (SS1), 6.0 (SS2) and 5.8 (SS3).
Electrical conductivity, which reflects the water’s ability to
conduct electrical current and is directly influenced by the
concentration of dissolved salts, showed a significant reduction.
Specifically, a 99% decrease in electrical conductivity was
recorded in SS1 and SS2, while SS3 exhibited a 98% reduction,
indicating the high effectiveness of the solar still process.

Sodium was another critical parameter that exhibited
a substantial reduction following the solar still process.
The initial water sample presented a salinity concentration
of 200 mg Na*-L™', which was reduced by 97%, 96%, and
96% in SS1, SS2, and SS3, respectively. These findings
demonstrate the system’s effectiveness in sodium removal.
Comparable results were reported by Cardoso et al.*’, who
achieved reductions of 99.48% and 99.76% in electrical
conductivity and complete (100%) sodium removal.

As shown in Table 5, the raw water exhibited a high
concentration of chloride ions, with Cl™ levels exceeding
the maximum permissible limit of 250 mg-L™' established
by regulatory standards. The solar still process resulted in
a significant reduction in chloride concentration, achieving
removal rates of 97% in SS1, 97% in SS2, and 98% in SS3.

In the hardness analyses, where current legislation sets a
maximum allowable limit of 500 mg CaCO,-L™", the values
obtained after the solar still process remained within the
acceptable range established by the ordinance. This result is
consistent with the results reported by Brito et al.'. Regarding
alkalinity, a reduction greater than 90% was observed across
all solar still units, with SS3 showing the most significant
decrease, reaching 96%.

As shown in Table 5, all color measurements for the
water samples fall within the maximum permissible value
established by legislation, which sets the limit at 15 uH.
According to Tosic etal.”!, certain physicochemical parameters
of water exhibit higher sensitivity and may show increased
concentrations during rainy periods.

PARAMETERS Bzizzh WalterS (éllstllled WaterS (élzstllled WaterS (;I;tllled "11(;15;@15(1)6
pH 8.1 6.5 6.7 6.8 6.5-8.5
Electrical conductivity (uS.cm™) 3,809.7 89.7 86.4 107.2 -
Chlorides (mg.CI"'.L") 4,036.0 95.4 120.0 43.5 250.0
Hardness (mg CaCO,.L") 446.4 50.5 38.3 322 300.0
Alkalinity (mg CaCO,.L") 432.9 33.9 31.6 17.2 -
Turbidity (uT) 2.6 0.5 0.4 0.4 4.0
Sodium (mg Na*.L") 200.0 6.8 8.2 7.6 200.0
Color (uH) 8.4 12.4 13.1 13.3 15.0
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4. Conclusions

Based on the discussions and the results obtained, the
following conclusions can be drawn:

*  The performance of the pyramid-type solar still system
is influenced by both solar radiation intensity and
water depth. The solar stills yielded production rates
0f2,424.80 mL-m™(SS1),2,992.00 mL-m~ (SS2),
and 2,121.00 mL-m (SS3), respectively.

»  Itwasobserved that SS2 exhibited the highest daily
productivity, reaching a peak hourly efficiency of
174%, compared to 166% for SS1 and 159% for
SS3. These results indicate that the incorporation
of sensible heat storage materials, granite and
ceramic tile, contributed to the enhanced thermal
performance and overall efficiency of the solar stills.

*  One ofthe key potability parameters that demonstrated
asignificant reduction was sodium concentration. The
experiment was conducted using water with an initial
salinity of 200 mg Na*-L™!. Following the solar still
process, sodium levels were reduced by 97%, 96%, and
96% in SS1, SS2, and SS3, respectively, confirming
the system’s effectiveness in improving water quality.

*  Withregard to the remaining potability parameters,
the results obtained are in compliance with current
regulatory standards, supporting the feasibility of
the system for both research applications and as
an innovative, viable solution for obtaining high-
quality water in semi-arid regions.

One of the main limitations of this study is the restricted
operating time of the distillers, as the experiments were
conducted exclusively during periods of direct solar radiation.
This constraint affects the system’s productivity by limiting
the volume of distilled water generated. Nevertheless, the
incorporation of photothermal materials shows promising
potential to overcome this limitation by enabling extended
operation under lower solar intensity, thereby improving
efficiency and increasing daily water yield. Although
additional limitations such as shading effects and the
challenges associated with large-scale implementation
must also be taken into account, the present study offers a
robust foundation for future research focused on optimizing
solar distillation systems.

For future research, it is suggested to extend the experimental
period to 12 hours, including the post-solar radiation phase,
in order to evaluate the impact of photothermal materials on
maintaining water temperature and distiller productivity in the
absence of sunlight. In addition, it is recommended to carry out
analyses addressing the ideal water depth, the investigation of
new photothermal materials, and the evaluation of the combined
use of different materials aiming at process optimization.
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